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Introductory details
Introductory details
What's the title of this project?
Focus on your broad aims and use simple language. For example 'Genes and lifestyle influences on brain ageing'.
CNS Neuron-glia interactions, myelin plasticity, and regeneration, in health and disease
___________________________________________________________________
Licence holder
Ragnhildur Thóra Káradóttir
___________________________________________________________________
Is this project for higher education and training purposes?
No
___________________________________________________________________
Which permissible purposes apply to this project?
· (a) Basic research
___________________________________________________________________
Project licence duration
5 Years 0 Months
Which types of animals will be used in this project?
· Mice
· Rats
___________________________________________________________________
Non-technical summary
Aims
What's the aim of this project?
Keep this to a short one or two sentence summary.
This project aims to understand how the brain develops and repairs itself in health and disease. We study how stem cells in the brain can become cells that make myelin (a fatty membrane that insulates neurons) throughout life. We want to know the importance of correctly made myelin for brain function, in health and disease. We are looking at how different cells in the brain communicate between each other to control development, and repair, throughout life. The ultimate aim is to learn how to enhance myelin repair or make new myelin as a therapy for several brain disorders.
___________________________________________________________________
Why is it important to undertake this work?
Neurological disorders are conditions that affect the brain or spinal cord, and are one of the largest groups of conditions without many treatments. They have a large social and economic cost and it is important that we find new ways to treat them.
This research will help us learn more about how the brain grows and works, and how it can sometimes fix itself – like spontaneous formation of new myelin in the white matter of the brain. We will learn more about the pathways and factors that help the brain repair itself. This could lead to new treatments for neurological disorders, such as:
(i) developmental brain disorders; like cerebral palsy, where there is damage to the brain around the time of birth (~17 million affected in the world) and the genetic disorders that are collectively called leukodystrophies, where the white matter doesn’t form properly or isn’t maintained properly leading to severe disability and death;
(ii) acquired disorders such as schizophrenia and multiple sclerosis (~2.5 million affected in the world); and 
(iii) age-related disorders such as dementia (~50 million worldwide; inc. Alzheimer’s disease, frontotemporal dementia and vascular dementia).
___________________________________________________________________
Key words that describe this project
Choose up to 5. For example: cancer, stem cells, therapy.
· Myelin
· Regeneration
· Glia
· Stem cells
· Brain circuits
___________________________________________________________________
Benefits
What outputs do you think you will see at the end of this project?
Outputs can include new information, publications, or products.
The aim of this project is to understand how, throughout our lives, stem cells in the brain turn into cells that make myelin, and in disease replace myelin when it is lost or damaged. In disease it becomes clear that myelin is essential for normal brain function, as when damaged or lost it can cause both mental and physical disability.  
The fact that myelin can be regenerated provides an exciting therapeutic target for a wide variety of neurological conditions. In fact, the MS (Multiple Sclerosis) society has set this as one of the main therapeutic targets for the next generation of combined treatments along with disease modifying drugs. 
The outputs of this licence will likely result in a new information and publications of the following:
1. Better understanding of how myelin is formed during development, and an insight on how dysregulated developmental myelination can alter brain function. This is important for understanding some neurodevelopmental disorders, and conditions, like cerebral palsy, autism and leukodystrophies.
2.  Understanding on how myelin changes during our lifespan, whether myelination is regulated differently at different ages, and potentially explain why myelination stops with old age – and why myelin is lost with age.  Researching these lifelong myelin changes using approaches that focus on brain function will give us clarity on how myelin influences learning and memory, behaviour and potentially dementia.
3. One of the main aims of this project is to understand how to promote myelin regeneration, to aid development of new therapies for several white matter disorders like multiple sclerosis. We expect to uncover a pathway to promote myelin regeneration, and test its therapeutic potential.
Amendment 2025;
The addition of electroretinogram (ERG - electrical recording from the eye) and eye injections allows us to use the visual system as an additional model.  We are interested in the visual system and in particular the optic nerve, because (1) the optic nerve is one of the few fully myelinated white-matter tracts in the brain; (2) altering the activity of retinal ganglion cells (RGCs) in one eye will not lead to behavioural effects that might affect the outcome; (3) eye injection of virus causes little to no immune activation in the optic nerve; (4) the visual system is well characterised, and activity in upstream neurons and downstream targets is accessible for injections and electrophysiological recording; (5) the visual system allows for a determination of myelin plasticity’s effect on long-range signals in the CNS (going from the eye to the back of the brain).  The visual system is now being used in clinical trials for myelin regenerative therapies, so this allows us to align our work to a more translatable system.
___________________________________________________________________
Who or what will benefit from these outputs, and how?
The impact of these outputs may be seen in the short-term, or they may not be fully realised until you've completed the project. Consider all timescales in your answer.
Our ultimate aim is to take the fundamental knowledge we gain in this project and use it to influence potential new therapies that will directly benefit people.  This is a very challenging, but the first step is identifying the processes that underlie myelin regeneration and understand how myelin influences brain function. With this knowledge gained we can identify new testable pathways for augmenting regeneration.  Some of these pathways may be targeted by using repurposed drugs – facilitating their path to clinical trials.
People with MS, in particular, will benefit from this research by the potential provision of cheap and safe drugs to promote remyelination and prevent progressive disability.
The myelin research field will also benefit from this work as we will advance the knowledge within the field.
___________________________________________________________________
Will this work be offered as a service to others?
No
___________________________________________________________________
How will you look to maximise the outputs of this work?
For example, collaboration, dissemination of new knowledge, or publication of unsuccessful approaches.
In order to maximise the output of this project, we plan to undertake the following measures:
We will share all our experiments and findings (both successful and unsuccessful) to the scientific community through publications, conference presentations, and workshops.  We aim to upload our results on open access platforms, either before or simultaneously with their publication, so that they can be promptly available to other scientists and to prevent unnecessary duplication of effort.
We will make the results of our project is accessible to the public, enabling those interested to learn more about this field. We have established platforms to actively engage with the public.
We will collaborate with other scientists and/or research and development companies, sharing our knowledge, skills, and techniques to facilitate scientific discoveries.
___________________________________________________________________
Project harms
Explain why you are using these types of animals and your choice of life stages.
Myelination only occurs in vertebrates (animals with a backbone) and so non-vertebrate species are inappropriate for understanding myelination and myelin regeneration/repair. There are no myelin regenerative models that have been developed in birds, reptiles, amphibians, or fish. Thus, we use rats and mice because they are the least aware species that can model interaction between brain cells (neurons and glia cells), myelination, cognition (thinking) and behaviour in neurological disorders. The brain circuitry implicated in many neurological disorders is very similar between rodents and humans.
As we are interested in myelin throughout the lifespan we will be using all ages of rats and mice, including older animals so that we can investigate the role of ageing in repair of myelin problems. We are also trialling the use of new-born animals (from birth to 5 days old) for some of our brain injection surgeries as this procedure is less invasive (no drilling of the skull) and requires fewer injection sites in order to get wide coverage of the brain. Another advantage of using the very young animals is that the brain structures needed for the sensation of pain are not yet fully developed before 5 days of age, reducing the overall severity of the discomfort that they will feel.
These experiments will largely be performed on mice, which are essential to this project, as it centres on using the power of genetic modification to highlight mechanisms of how neuronal activity can regulate myelination.  However, a substantial proportion of the experiments suggested will be conducted using rats as, due their size, rats are the ideal animal model for toxin-induced myelin damage, in addition to conventional cell culture methods being well established for rat tissue.  In some cases genetically altered rats will also be needed for experiments, these modifications will also be used to highlight mechanisms of myelination in experiments which require the increased size of rats and are currently not possible to perform in mice.
There are no demyelination/remyelination models that have been developed in birds, reptiles, amphibians or fish. An overwhelming majority of studies on the biology of CNS regeneration have been undertaken using laboratory rodents, especially mice and rats. Thus, for this work to contribute to mainstream translation-relevant research it is necessary to use mice and rats. These are also the mammals of the lowest neurophysiological sensitivity likely to produce satisfactory results.  Much of the proposed work will use tissues after the death of the animal and/or laboratory based methods, however due to the genetic manipulations of the animals this tissue is not generally available from established tissue banks.
___________________________________________________________________
Typically, what will be done to an animal used in your project?
For example, injections and surgical procedures. Include any relevant information about the duration of experiments and the number of procedures.
A variety of different procedures will be performed as part of this license, in most cases animals will recover quickly and without incident (mild severity) or occasionally will be non-recovery, where animals are anaesthetised for the procedure and are killed under anaesthesia.  Procedures that fall under the mild category include; injections, drug administration in food or water, blood sampling, breeding and maintenance of genetically altered animals where the alteration is not harmful, behavioural tests, or labelling (with dyes or fluorescent markers) the central nervous system under non recovery anaesthesia.  We use drugs or dyes, either injected or fed to the animals, for several different reasons; to activate genetic modifications, to provide pain relief before or after procedures, to label certain cells so that we can identify them, or to change the responses of certain cells to different stimuli e.g. so that we can boost or inhibit myelin formation or maintenance.  Once procedures are completed animals will be humanely killed, the methods used to do this will vary but will be carefully considered to balance the experience of the animal with the usefulness of the tissues that we can obtain after death.
Animals may be aged before or after any of the procedures, they are housed normally and kept until they are the age required for the experiment, this may vary from a few weeks old up to 2 years old.
Injections into the eye are used to investigate how myelin is normally made and ways in which it might go wrong. This is a relatively quick procedure performed under anaesthesia. Repeated eye injections are not typically performed and the total number is limited to two injections.
We use neural implants to either shine light into the brain to activate certain cells, to take pictures of the brain, to record brain activity, or to have a slow release of drugs into the brain over a long period of time so that we don't have to do lots of repeated injections into the brain.  We use injections into the brain for 3 main purposes; to change the activity of the brain cells, to label specific cells, or to generate a small demyelinated injury (or lesion, like in multiple sclerosis). 
The most severe work involves causing damage to the brain so that we can see how it heals, damage is initiated by injecting a chemical into the area of the brain that we want to have the injury. We have three protocols which involve causing damage to the brain. These protocols are split into the number of brain surgeries that the animal will undergo.  Our main protocol involves one surgery but can involve several procedures occurring within the same surgery. Some animals will undergo brain surgery on more than one occasion (maximum of three occasions). In these cases, one surgery will be an injection into the brain, another will be implantation of either a recording device or a cannula attached to a minipump to deliver substances to either prevent or improve repair, and the final surgery would be the injection to generate an area of damage. When animals have multiple major surgeries, they have time to heal and recover before the next surgery, and if they respond poorly and have the most severe side effects then they are not used for subsequent surgeries.  Before or after these surgeries animals may receive substances to control the repair, either by injection, infusion, or in their food or drinking water. We may also use the implanted devices to record brain activity or image  labelled cells in the brain so that we can see more of the repair process and what cells are responsible for it. We can also use behavioural tests to see how these procedures affect the learning, movement, and capabilities of the animal.  Some of these behavioural tests need to keep animals singly housed so that the right animal is recorded (e.g. a running wheel in their cage), some of the behavioural tests need the animals to be slightly hungry to perform the learning task, so they will be food restricted – they do still get fed everyday, just a smaller amount, as this ensures they will like their treats they receive as award for correct answer on a behavioural task. At the end of the experiment the animals are killed by various methods, such as fracturing the neck, perfusion fixation under anaesthesia, or decapitation. Where decapitation is used this is usually in alive and alert adults using a guillotine to ensure a simultaneous separation of the head.
Amendment 2025; There was ambiguity in the phrasing of administration of substances to animals throughout the protocols which would mean we were unable to achieve our experimental aims depending on how the wording was read. We have altered the wording to ensure that it is unambiguous that multiple routes of administration may be used concurrently, e.g. administration of clozapine (an activity modulator) in the drinking water alongside an injection of EdU (label for newly dividing cells) so that we can trace the newly dividing cells in animals where the activity has been altered using clozapine. 
We have also added a new electroretinogram step to protocol 9 and 18, this is a technique for electrical recordings from cells in the eye and is not expected to cause any harm beyond the need for anaesthesia. We have added intravitreal (eye) injections to protocol 9 in addition to the electroretinogram so that we can affect the activity within the eye and understand the effects on myelination.
___________________________________________________________________
What are the expected impacts and/or adverse effects for the animals during your project?
Examples can include pain, weight loss, tumours, or abnormal behaviour. State the estimated duration of these effects on an animal.
Some of the work under this license will lead to moderate adverse effects, these include; genetic alterations which can lead to tremors, maintaining animals as they age so that they show signs of ageing, eye injections (under anaesthesia) which could cause irritation, brain injections (under anaesthesia) and neural implants (under anaesthesia) which can lead to temporary functional difficulties such as low level problems with walking or head tilts.
For lesioned animals, in most cases the worst clinical sign is a head tilt and some difficulties in balance when moving around that resolves in 72 hours or less. In less than 10% of cases this damage to the brain can lead to spontaneous rolling of the animal or rolling when stressed, or the animal being temporarily unable to right itself.  Animals that continuously roll will be humanely killed immediately, and those that cannot right themselves and show consistent reactive rolling will be killed if they do not improve within 8 hours.  In up to 15% of animals injected with one of the substances, animals may show a side effect in which they uncontrollably extend their limbs, as this can stop them from being able to move around freely they will be killed as soon as this is seen, this is like a condition called dystonia which is seen in some diseases in humans.  
Painkillers will be provided to animals so that they are not in pain from any of these procedures, and during the recovery period they will be kept warm and in a low stress environment, we will also help them to eat and drink if they need it by giving them easily accessible soft food and long nozzled water bottles. Animals will be closely monitored at all times and will be checked on with increased frequency during the recovery period.  Surgical procedures will be performed under general anaesthesia and sometimes multiple separate general anaesthesias will need to be used, typically after anaesthesia animals are somewhat disorientated but will be receiving painkillers to minimise any post-operative pain.  Animals will only undergo multiple general anaesthesias if there is a scientific need for additional surgery, for example, in one surgery we may need to inject a substance that makes certain types of cells in the area respond to light, allow the animals to recover and the substance time to work, then perform a second surgery in which we make an injury then shine light onto the cells to see if that leads to faster healing.  Animals will only be used for multiple surgical procedures if they recovered quickly and completely from the first procedure.  In general recovery from anaesthesia should be quick and animals can return to normal behaviour without much intervention.  The cumulative effect of any procedures will be considered and kept to the minimum required to yield statistically meaningful data.  All animals used in this license are cared for by dedicated staff who follow detailed instructions regarding their care. Humane endpoints have been set throughout this license to minimise suffering, ultimately all animals will be humanely killed and their tissues harvested for further analysis.  Procedures are continually reviewed and refined whenever possible to improve the overall welfare of the animals.
Amendment 2025;
We have clarified that multiple routes of substance administration can be used for each animal and added reference to the limits in the protocol justification section so that the maximum number of times that an administration route can be used, and the maximum volumes that can be administered are clear. These limits apply across all the steps within the protocol and are based on dosing regimens that are well tolerated, so that even if multiple steps within the protocol involve, for example, a series of intraperitoneal injections, the animal will not exceed the stated maximum and is not expected to show more than transient discomfort as a result of the procedure itself. We also made it clear that in cases where multiple routes of administration are used concurrently only substances that will not adversely affect the animal will be given.
___________________________________________________________________
What are the expected severities and the proportion of animals in each category (per animal type)?
	
	Non recovery
	Mild
	Moderate
	Severe

	Mouse
	1%
	856%
	132%
	1%

	Rat
	6%
	446%
	431%
	6%


___________________________________________________________________
Fate of animals
What will happen to animals used in this project?
Select all fates that apply across the whole project. You will be asked later about the fate of animals used in each protocol. Only the fates you select here will be presented as options in the Protocols section.
· Killed
· Used in other projects
___________________________________________________________________
Replacement
Why do you need to use animals to achieve the aim of your project?
The use of animals is necessary for the current project which addresses several major outstanding questions about the role of myelin in the brain and how to regenerate myelin (the fatty coating around nerve cells) and achieve full functional recovery. The results of this project may have significant clinical relevance to a number of white matter disorders.
Existing data show that for most purposes the rodent nervous system is a good model of the human one, both for normal brain function and for the disease processes with which this project is concerned. As the brain is very complex with many different cell types interacting with each other, as well as different environments within the brain, it is not possible to model in a dish (in vitro).
A large part of experiments will be conducted using mice, which are essential to this project, as it centres on using the power of genetic modification to highlight mechanisms of how myelin is formed and its effect on brain function.   However, a substantial proportion of the experiments will be conducted using rats as due to their size they are the ideal animal model for toxin-induced lesion.
___________________________________________________________________
Which non-animal alternatives did you consider for use in this project?
We have considered cell culture based assays; both rodent and human based.
Whenever possible culture experiments, using human central nervous system cells derived from skin cells, will be conducted in specific cell culture petri dishes in the laboratory to reduce animal use. We will also use tissue from dead animals for culture assays to reduce the invasive procedures as much as possible. 
___________________________________________________________________
Why were they not suitable?
Cell culture based assays do not always represent an appropriate alternative to animal use, thus animal models are needed, especially to study complex environments with different cell types interacting, or to study behaviour, and are essential to understand complex disease mechanisms such as myelin regeneration and changes in the central nervous system with ageing. We know that many brain disorders worsen with ageing and replicating this process is not currently possible in a non animal model.
Though our human cell model is constantly improving we still cannot replicate the complexity of a live brain, such as in learning and memory, or the factors affecting myelin formation, damage, or repair such as in diseases like multiple sclerosis.
Existing data show that for most purposes the rodent nervous system is a good model of the human one, both for normal function and for the disease processes that we are investigating in this project.  Thus, making it our best choice to investigate these complex interactions.
We use cell culture models in conjunction with animal models to provide a hierarchy of models from which a full and detailed understanding will emerge. Where possible, if cell culture models will suffice to answer the question, then they will be used in preference to animal work. As cell culture models invariably involve the use of neonatal tissue, they do not fully replicate the effect of adult ageing that are critical to achieving the programmes objectives so cannot replace all the animal work.  This holds true for human cell culture models as cells derived from induced pluripotent cells also mimic foetal cells, more than mature brain cells.
___________________________________________________________________
Reduction
Enter the estimated number of animals of each type used in this project.
Mice: 19000 19200 Rats: 4000 3800
___________________________________________________________________
How have you estimated the numbers of animals you will use?
Do not mention POWER calculations here. If relevant, there will be an opportunity to provide these details elsewhere.
For establishing and maintaining each transgenic rodent line, we will follow available guidance on good breeding practices.  We estimate a minimum of 5 cages per line: 2 cages for the breeding pairs, and 2-3 cages for offspring and breeding stock animals (separated males and females after weaning). Equalling a total of 10-15 animals per line per week.  This is the minimum number that allows for an uninterrupted flow of offspring (taking into account the <100% mating success, and the fact that at any time some of the colony will be below breeding age).  To keep breeding and maintenance to a minimum for the duration of the project licence, we will cryopreserve each line and only keep lines active that are being used for experiments. Additionally, we have used our annual return of procedures data from our previous licence to estimate the numbers of animals we will need for breeding.
Experimental groups, and the number of animals required for statistically significant results, will be determined from our previous work, published data from others, and non-animal work used to identify potential mechanisms or pathways of interest. Routes, dosage volumes, frequencies and durations will be obtained from published literature where available. Pilot studies will be used to confirm that the chosen parameters are well tolerated by our specific models and genetic backgrounds, and to provide estimates of the expected variability and the size of the effect so that we can set the group sizes appropriately. Robust control groups are required to ensure validity of data – our surgical models can themselves cause responses not related to the experimental question being tested, but as a consequence of damage to the central nervous system from the implant or injection. In experiments where we implant a device for monitoring animals over multiple timepoints, we will use the initial recordings from before additional procedures to act as a control. 
We will use randomisation tools in order to assign animals to experimental or control groups, and analysis will be performed using computer automation or with experimenters blinded to the conditions.
___________________________________________________________________
What steps did you take during the experimental design phase to reduce the number of animals being used in this project?
You may want to reference online tools (such as the NC3R's Experimental Design Assistant) or any relevant regulatory requirements.
In all experiments we aim to use the minimum number of animals compatible with obtaining scientifically and statistically significant results. Experimental groups are chosen to contain age, sex and strain matched animals as far as is possible (on occasions where, for example, poorly breeding transgenic lines are used then groups may have mixed sexes in equal numbers).  
To minimise variability control animals will be obtained at the same time and from the same supplier (or littermates if bred in house) as the animals under experimental protocols where possible, housed in the same conditions, and procedures performed by either the same researcher or with conditions divided evenly between researchers. Within the same experiment the same batch of drugs or reagents will be used for all groups. 
Wherever possible data will be analysed blinded to experimental treatments until after the final statistical analysis.
The animal numbers used in experiments will be based on the number of different manipulations being carried out, and guided by animal usage that restricts animal numbers to the minimum.  Preliminary experiments and existing literature will be used to calculate, using reputable statistical experimental design tools, required sample sizes prior to the any full experiments being carried out, to ensure that we generate statistically meaningful data.
___________________________________________________________________
What measures, apart from good experimental design, will you use to optimise the number of animals you plan to use in your project?
This may include efficient breeding, pilot studies, computer modelling, or sharing of tissue.
In order to further reduce overall animal usage in this licence, where possible we design experiments across experimenters in the laboratory in such a way that tissue from an animal can be used for other experiments, for example one researcher using the brain, and another the optic nerve, or sharing of embryonic tissues so that the full litter can be used. Furthermore, we bank tissue from our transgenic animals for a few years, so these tissues can be used for future experiments instead of needing to set up a new experimental procedure. 
Where cross fostering of pups is required, foster mothers will be preferably sourced from within our ongoing breeding colonies rather than having additional matings set up as potential foster mothers.
We have established and will further explore, replacing some cross-sectional studies (where animals are killed at different timepoints) with longitudinal studies (where the same animal can be used to give results at different timepoints), to both reduce animal number but also improve the scientific output of those studies.
Whenever possible culture experiments will be conducted, however, cell culture based assays do not always represent an appropriate alternative to animal experiments. Thus, animal models are needed, especially to study complex environments with different cell types interacting, or to study behaviour. From our preliminary cell culture work using rodent myelinating co-culture, and primary oligodendrocyte cultures we have already identified candidate pathways and genes that may regulate myelination, this preliminary work reduces the numbers of animals used for the animal work as we are only taking forward promising candidates from our preliminary data.
We have access to a recently set up user run email list, where surplus wildtype animals generated from breeding and maintenance protocols can be shared. We have used this list to offer and obtain animals for control tissues, with the aim to minimise the purchase of wildtype animals where possible.
When our GA rats have reached the end of their breeding and maintenance protocol, we have coordinated with other labs to provide them with tissues or blood after sch1 killing.  We also do this with our wildtype rats bought in for tissue culture whenever possible.
___________________________________________________________________
Refinement
Which animal models and methods will you use during this project?
Explain why these models and methods cause the least pain, suffering, distress, or lasting harm to the animals.
These experiments will largely be conducted using genetically altered mice. However, a substantial proportion of the experiments suggested will be conducted using rats as, due their size, rats are the ideal animal model for toxin-induced lesion, in addition to cell culture methods being well established for rat tissue.  In some cases genetically altered rats will also be needed for experiments, these modifications will also be used to highlight mechanisms of myelination, in experiments which require the increased size of rats and are currently not possible to perform in mice. We use rats and mice because they are the least sentient species that can model glia-neuron interaction, myelination, cognition and behaviour in neurological disorders. 
For ageing experiments, animals will only be kept if they are showing no, or minor and controllable, ill effects from growing older. Teeth checks and general health monitoring ensures that animal suffering is kept to a minimum.
To induce gene expression or to modulate or deplete specific cells, some animals will be given substances by mouth, injection, oral gavage, or in their drinking water or food. We also use behavioural tests in some animals to see the functional effect of our modifications. The behavioural tests chosen are mostly observations of movement or teaching animals to use a touch screen and ‘punishments’ are in the form of lights or noises rather than electric shocks or other painful punishments.  
Injections into the eye are used because the optic nerve is normally fully myelinated with a well known timeline of myelination and this makes it an ideal model system that allows us to investigate how myelin is normally made and ways in which it might go wrong. Eye injections are safe and are routinely used in human patients. The eye injections take place under general anaesthesia (human patients receiving eye injections generally just have local anaesthesia) to ensure that the distress of the animals is kept to a minimum.
For some experiments we will use injections into the brain or spinal cord, with or without implanting a device to record or stimulate the area, this is the most refined method to provide a local effect on the brain.  Targeted manipulations in this way are more refined than disrupting the whole brain or spinal cord.  We also use injections to transplant cells into the central nervous system. 
In our most severe work, we will use brain lesion models in order to investigate the myelin regenerative (healing) process. Our lesion models create small areas of myelin damage and have been chosen partly because of the minimal behavioural and movement side effects. For example, our primary model does not cause progressively worsening symptoms, i.e. the animals are able to move freely and perform normal physiological functions, like feeding, drinking, grooming and movement after the initial surgical recovery period. Our lesion model is carried out by performing an injection under anaesthesia into a specific area of the central nervous system, animals get better over time and recover back to their pre-lesion state of fitness within 1-3 days, though the symptoms immediately post lesion surgery can be severe and distressing to the animal. Other lesion models can cause lasting or progressive symptoms such as paralysis or movement problems.
In undertaking these procedures, we are continually assessing how the procedures can be refined in order to minimise the discomfort that the animals may experience and seeking to replace procedures using live animals (in vivo) with procedures using tissues after death (ex vivo) where possible. 
We take the welfare of the animals very seriously and routinely use pain relief and provide appropriate supportive care during surgical procedures, we familiarise animals to handling for procedures where handling is necessary, and increase monitoring of animals that have undergone invasive procedures so that we can quickly identify and treat or minimise any adverse effects arising. Stress can also affect the healing process that we are investigating so it is important for the animals to be in the best possible condition not just from a welfare perspective, but also to make sure that we get good data. The humane end points proposed are a balance between the suffering of one animal and the potential need for a replacement animal to undergo procedure. Due to the nature of the processes that we are investigating, some clinical signs associated with myelin deficits are to be expected, we have already set our humane endpoints to be prior to the onset of more severe clinical signs.
___________________________________________________________________
Why can’t you use animals that are less sentient?
For example, animals at a more immature life stage, species that are less sentient, or animals that have been terminally anaesthetised.
Myelin only occurs in vertebrates (animals with a backbone) and so non-vertebrate species are inappropriate for myelination and myelin regenerative studies. 
We have tried to establish a model to study developmental myelination and its role on brain development in a frog larvae.   However, experiments are confined to the early developmental period, and experimental methods to study myelination are not well adaptable to this model making it hard to use for some of the fundamental questions on myelination.  Furthermore, it is not suitable as a model to study the role of myelin and glia on neuronal circuit function with age and myelin regeneration.  Indeed, there are no demyelination/remyelination models that have been developed in birds, reptiles, amphibians or fish.
An overwhelming majority of studies on the biology of CNS regeneration have been undertaken using laboratory rodents, especially mice and rats. Thus, for this work to contribute to mainstream translation-relevant research it is necessary to use mice and rats. These are also the mammals lowest on the evolutionary tree likely to produce satisfactory results.  Much of the proposed work will use ex vivo tissue and/or in vitro methods, however due to the genetic manipulations of the animals this tissue is not generally available from established tissue banks.
Currently the rodent nervous system is the most suitable model of the human one, both for normal brain function and for the disease processes with which this project is concerned. 
___________________________________________________________________
How will you stay informed about advances in the 3Rs, and implement these advances effectively, during the project?
We receive the NC3R newsletter that highlights latest NC3R publications and advances. We will regularly attend available workshops on welfare.  We regularly discuss our work with the animal facility staff, and named veterinary surgeons, as they are aware of new developments and have good guidance. 
We are active users of our 3Rs search tool, that is regularly updated. This database for example contains helpful information on ways to reduce the harm to animals used in research.  In addition, it has helpful advice on how to reduce the number of animals we use in experiments. 3Rs updates and suggestions are regularly shared with license holders.
Within the neuroscience field, when new technologies become available they are often presented at conferences or published in scientific journals, we attend numerous conferences and frequently check available publications for advances in the field.  Where these new technologies offer the opportunity for reduction or refinement of animal procedures, in a way not covered by our license, then we will apply for an amendment to allow pilot studies of their use. Where these new advances offer the chance of replacement of animals then we will compare them to our existing animal models to validate them for our research questions prior to adopting the new technology or technique.
___________________________________________________________________
How will you refine the procedures you're using to minimise the welfare costs (harms) for the animals?
Potential refinements include increased monitoring, post-operative care, pain management, and training of animals.
We have refined many steps in our procedures to minimise welfare cost to animals, and we will continue to do so for the duration of this licence.  Wherever possible we will use the least invasive method of administration and the minimal number of surgical interventions required to generate meaningful data.  
Over the course of this license we will seek out potential refinements by;
1. Evaluation of alternative forms of tamoxifen (a gene inducing agent) to minimise the ill effects associated with its use.
2. Frequent monitoring of animals during recovery periods. 
3. Personal license holders working under this license will meet regularly to review the methods used and identify any issues or areas of potential improvement.  
4. Attendance at locally run method workshops, such as tamoxifen workshops, where the different methods of administration are discussed in terms of how well they work and animal experience.  Where the conclusions of the workshop represent an improvement on current methods without compromising ongoing experiments we will switch to the new method if covered under this PPL and/or amend this license if required.
5. Monitoring the field for new developments and technologies to improve procedures. For example, we will test the use of powered minipumps with a larger reservoir rather than needing to replace osmotic minipumps.
The refinements we have established under our previous licence or within this new license are as follows:
1. We have refined our methods to minimise stress to the animals by administration of post-operative pain relief in jelly – this means that the animals often do not need to be restrained in the recovery period post-surgery and do not need analgesia injection (other than the pre-operative analgesia).  This refinement has been widely shared and implemented in other labs. 
1. We have further extended our jelly refinement to cover administration of experimental test substances in jelly/chocolate spread wherever possible, thus minimising the need for daily injections or minipump implantations. 
1. We have incorporated the use of minipumps to replace large numbers of injections, to reduce the handling stress to the animals and minimise the risk of needle injuries, to be used when administration in the food or drinking water is not a suitable route for dosing animals. 
1. We have introduced the use of an analgesic cream on the ear bars of the stereotactic frame to minimise post-operative discomfort.
1. We have refined the grading system from previous licenses based on our increased surgical experience and introduced some additional grades and clarification of how animals will be graded to maximise replicability of severity reporting between users,  further detail on the grading system is found within relevant protocols. Animals that are not showing signs of improvement will be killed, but those animals showing consistent improvements over time without reaching the humane end points detailed within the license will be kept such that future surgeries are minimised.
1. For our most severe protocols involving multiple stereotactic surgeries, we have introduced limits so that animals experiencing severe side effects after the initial surgery are not used for any subsequent surgeries, to ensure that animals do not experience severe suffering twice.
1. We have implemented a non-recovery protocol for injection of fast-acting-labelling substances into the brain to minimise the overall severity experienced by the animals and avoiding the adverse effects associated with brain injections and surgery.
1. We have developed body condition score sheets and/or clear grading systems based on input from the NVS, guidance on actual severity reporting, the adverse effects described in the literature and adverse effects encountered in our own experience.  These score sheets and grading systems will be made available to animal technicians as well as personal license holders to ensure that there is reproducible identification of potential problems as well as recognition of subtle combinations of effects which could impact on animal welfare.  These score sheets and grading systems will be regularly reviewed to ensure relevance and accuracy.
1. We have generated a new mouse model an alternative to the shiverer mouse, this has numerous advantages over the shiverer mouse as they are overtly normal and do not show seizures, tremor, or the reduced lifespan that is seen in shiverer mice. This will be shared with the scientific community to minimise the overall use of the shiverer mouse worldwide.
___________________________________________________________________
What published best practice guidance will you follow to ensure experiments are conducted in the most refined way?
We aim to follow the best practice guidance to ensure experiments are performed in the best possible way.  To achieve this, we do the following; 
1. We adhere to the Planning Research and Experimental Procedures on Animals: Recommendations for Excellence (PREPARE) and Animal Research: Reporting of In Vivo Experiments (ARRIVE) guidelines.
2. We have and will continue to adopt the Laboratory Animal Science Association (LASA) Guidance on Preparing for and Undertaking Aseptic Surgery (2017) and the Home Office Minimum Standards of Aseptic Surgery.  We participate in workshops relating to surgical procedures and follow the literature on how to keep our methods up to date with the best possible practise.
3. For breeding we observe the guidelines provided by the Home Office and the NC3Rs Resources on 'Genetically altered mice' and reputable laboratories for best practices to breed genetically altered rodents.
4. We have refined methods to administer drugs, and chemicals, we always seek the least invasive method, such as minimising injections of painkillers after surgical procedures by administering in jelly or chocolate spread.  We will continue to develop new methods, and follow new developments in the field, on refining procedures for the administration of substances. Again, we will refer to the NC3Rs website for guidance.
___________________________________________________________________
Applicant information
Experience
Have you managed similar work in this field before?
Yes
___________________________________________________________________
What were your, or your group's, main achievements that are relevant to this application?
We have contributed most extensively to our understanding of CNS white matter.
1.	I discovered the presence of NMDA receptors in oligodendrocyte lineage cells and their involvement in ischaemia related white matter damage, and that in the developing white matter, OPCs receive synaptic inputs (Káradóttir et al., Nature 2005; This work was highlighted by the editor in Nature and with research highlight articles in Nature Clinical Practice Neurology and Nature Reviews Neuroscience). 
2.	I demonstrated that OPCs in the CNS white matter fall into at least two functional classes that sense their environment differently, either receiving glutamatergic and GABAergic synaptic inputs from unmyelinated axons or not (Káradóttir et al, Nature Neuroscience 2008; rated by Nature as the best non-Nature paper of 2008 in the field of neuroscience).
3.	In my laboratory we have demonstrated that there are two modes of myelination: a mode independent of neuronal activity and a mode that depends on active neurons releasing glutamate to activate NMDA receptors on oligodendrocyte lineage cells. The growth factors neuregulin and BDNF switch the oligodendrocytes to myelinate in an activity-dependent manner (Lundgaard et al, PLoS Biol 2013; work recommended by F1000 and highlighted in Nature Reviews in Neuroscience), whereas axonal diameter regulates myelination that occurs in the absence of neuronal activity (Goebbels et al., Nature Neuroscience 2017). Recently, we have shown in vivo, in collaboration with Isabel Perez-Otano (Instituto de Neurosciencias, Spain), that NMDAR activation in OPCs is required for activity and learning-dependent myelination (in preparation).
4.	We have established for the first time that neuronal activity regulates remyelination (myelin regeneration). We demonstrated that OPCs recruited to demyelinated lesions receive synaptic inputs from demyelinated axons, and this synaptic transmission is important for regulating their differentiation (Gautier et al., Nature Communications 2015; This work received international media coverage and was awarded the Fabiane Carvalho Miranda award for the best myelin and multiple sclerosis related paper published between 2015-2017). Our most recent data show that enhancing this signalling with AMPAkines in vivo greatly improves remyelination (Volbracht, Gíslason et al., in preparation).
5.	We have recently identified that OPCs acquire ion-channels and become differentially heterogeneous with age and region. The most prominent age-related changes were those related to NMDAR densities, which peak when OPCs begin to differentiate into myelinating oligodendrocytes and decline when myelination ceases (Spitzer et al., Neuron 2019; This work was highlighted by News and Views article in Neuron and highlighted in Cell Stem Cell), and the pronounced increase in potassium conductance with age that pushes OPCs into cell cycle arrest (Pivonkova et al., in revision). We have now further identified that OPCs have different functional states and can transition between these states, for example out of cell cycle arrest and into a primed state for myelin regeneration (Kamen et al, Neuroscientists 2021; Pivonkova et al., in revision; Kamen et al., in preparation). 
6.	We have established in vitro and in vivo models of human myelination. We refined protocols to derive glia and neurons from human embryonic stem cells and induced pluripotent stem cells (iPSCs; in collaboration with Profs Smith, Spillantini and Chandran; Brain 2015; Stem Cell Reports 2013, Nature Protocols 2011, Cell Death & Differentiation 2011). To model focal white matter hypoxic lesions, as occur with age and in dementia, we collaborated with bioengineers and generated a miniscule oxygen scavenging electrode to evoke small focal hypoxic lesions in vitro (Wong et al., Front Cell. Dev. Biol. 2022). We have now mastered iPSC derivation protocols to generate layer specific cortical neurons (Varga et al., Nature Communication 2022), and glial cells (Varga et al., in preparation), and generated a mouse model with human oligodendrocytes and myelin (Crisp, Varga et al., in preparation). These new methods,  will allow us to ask important key questions about the role of oligodendrocytes and myelin in human neurological conditions, and to reduce the number of animals used in our research..
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What relevant scientific knowledge or education do you have?
I am an experienced neuroscientist, with a PhD in Neuroscience, from University College London, and an internationally recognised expert in the biology of central nervous system (CNS) stem cell fate, glia cells, myelination and regeneration of myelin (remyelination). I have published over 60 papers and authoritative reviews on this subject. I have been working in neuroscience research for ~ 25 years and have been involved in animal experimentation throughout this period: 
I first took animal handling course in Iceland, based on the Norwegian animal handling training course, acquired permission according to Icelandic law to work with animals. Then in 1999 I took a 6-month European animal handling course and acquired a pan European animal handling licence in February 2000. In 2001, I started my PhD in the UK, and I took the UK home Office animal handling course and acquired a UK home office personal licence in 2001.  Since then, I have regularly taken refreshers PiL or until 2022 when I revoked my PIL to fully concentrate my efforts on supervision. I have attended the project licence course and refresher course and I have held a project licence since 2018.
I am currently a professor in Cellular Neuroscience located at Wellcome - MRC Cambridge Stem Cell Institute and affiliated to the Department of Veterinary Medicine. Since establishing my own laboratory in 2008 I have run a research group of 4 - 15 researchers, many of whom hold personal licences, and I have supervised all animal work done in my laboratory, since 2008. 
___________________________________________________________________
What experience do you have of using the types of animals and experimental models stated in this licence application?
During my scientific training, I undertook research projects and taught practical sessions that included injecting hormones or psycho-active drugs (subcutaneously and peritoneally) into rats. I conducted psychological studies in rats and the effect of psychotic drugs on the central nervous system (CNS) and behaviour. Moreover, whilst studying the development of the pain circuit, I performed stereotaxic, single unit in vivo recordings in spinal cord of mice, and performed perfuse fixation of the animals after the recordings. Furthermore, I performed many UK schedule 1 Methods of Humane Killing of rodents, for ex-vivo electrophysiology recordings and tissue culture work. 
Since establishing my own laboratory, I have actively supervised stereotaxic EB-demyelinating lesions with minipump delivery of substances into the CNS and recording of neuronal activity with photometer. Furthermore, my lab has achieved proficiency in stereotaxic delivery of cells, viruses and implantation of optic fibres into the CNS. In addition, the lab has acquired extensive experience in complex transgenic mouse generation and breeding. Therefore, I have the knowledge, expertise and experience in animal models stated in this application. 
___________________________________________________________________
What experimental design and data analysis training have you had?
If you do not have this expertise, how will you access it?
I have an extensive experience and training in experimental design and data analysis. 
During my scientific training, I took several statistical courses, including statistical course specific for biological research and a course in animal experimental design. I regularly refresh my knowledge to keep up with new development by reading new material and I discuss more complicated experimental designs with statisticians.  
For 15 years I have successfully overseen research projects in my laboratory and their statistical analysis and design. 
We use randomisation of animals into groups when possible, and blinded data analysis. We have in the recent years started established data analysis pipelines utilising artificial intelligence or machine learning algorisms to increase reproducibility of our work. 
In the laboratory we implement the PREPARE and ARRIVE guidelines, to improve our scientific research and ensure reproducibility of our work in general.
___________________________________________________________________
Why are you the most suitable person to manage this project?
Your role, seniority or expertise in managing projects of this nature may be relevant.
I am an internationally renowned expert in CNS myelination, plasticity, and myelin regeneration.
I have extensive training and experience working with animals. I have successfully trained scientists in animal work, and good scientific practise, like experimental design and statistics.  In my lab we have implement new methods to try to refine research methods and developed methods to reduce number of animals used in our research.  For example, we reduced stress in animals for surgery by training them to get used to the experimenter, and we replaced the need of i.p injection of analgesic to rats post-surgery by training animals to eat jelly, that then could be used for drug administration. Furthermore, we have for the last 15 years established new complex tissue culture methods, to reduce the need for animals in our research.
I have shown I have the unique scientific expertise along with the managerial experience to manage the work being conducted under this project licence. 
___________________________________________________________________
What relevant expertise and staffing will be available to support you?
Include examples of practical or specialist support you'll be able to draw on. If anyone is going to help manage the project, explain how.
All necessary equipment and facilities are located within the University of Cambridge. The Biofacility units are all appropriately staffed with skilled technicians and a high standard of equipment necessary for this project.  Within each biofacility there are surgery technicians to assist with surgical procedures, and technicians experienced in basic procedures (such as injections, oral gavage). Study plans are reviewed by NACWOs prior to work beginning and we can obtain advice, support, and animal assessments from both the NACWOs and NVSs.
Work will predominantly occur in the recently purpose built animal facility, the Anne McLaren building, or in some cases, the Combined Facility in the department of Physiology Development Neuroscience (PDN) or Mira biofacility for access to specialised equipment. Animal husbandry and housing conditions within the units is excellent.
___________________________________________________________________
Funding
How do you plan to fund your work?
If you do not have full funding, explain how you will stage your work and the likelihood of you obtaining further funding.
The work detailed in this application has been and will be funded from a variety of sources, all peer-reviewed.  
Currently the laboratory is funded by the UK MS Society, Cambridge Centre for Myelin Repair - Combatting progression in MS - when and how? Total £1.8M (2021-2026); European Research Council Consolidator grant, Neuronal Regulation of CNS Myelin Plasticity (€1.99M) (2018-end 2023); Wellcome, Mapping Lifetime Myelin Changes in the Brain (£200K) (2022-2025).
Currently there are 3 grants under review, and one is being submitted.
I have an excellent track record in securing funding, I have won over ~£8M in competitive grants as principal investigator (PI) and ~ £4M as co-PI. Further project and programme grant funding will be applied for during the course of this project licence.
___________________________________________________________________
Will this work support basic or translational research, or non-regulatory drug or device development?
Yes
___________________________________________________________________
Were any grant applications for this work peer reviewed? If so, by whom and what was the outcome?
The work detailed in this application has been peer-reviewed by the UK MS society, by the Wellcome, and the European Research council - all currently supporting this work (see above).
Training
Do you need to update this training record?
No, this training record is up to date
___________________________________________________________________
Project location
Establishments
Will your project use any additional establishments?
No
___________________________________________________________________
Do the housing, husbandry, and care conditions at each establishment meet the requirements laid out in the Code of Practice for each type of animal you will be using?
Please read the Code of Practice for the housing and care of animals bred, supplied, or used for scientific purposes before you answer.
Yes
___________________________________________________________________
Places other than a licensed establishment (POLEs)
Will any part of your project be carried out in any places other than a licensed establishment (POLEs)?
No
___________________________________________________________________
Project plan
Scientific background
Will this work support basic or translational research, or non-regulatory drug or device development?
Yes
___________________________________________________________________
Briefly summarise the current state of scientific knowledge in this area of work to show how you arrived at the starting point of this project.
Be specific and relevant to your project aim - there's no need for a detailed overview of the entire field. Include any relevant non-animal research if it has contributed to the starting point of your project.
Half of the human brain is white matter. It is essential for normal brain function as it transmits information between the ~100 billion neurons situated in the grey matter. Unlike the grey matter, the white matter continues to develop long into adulthood. The function of white matter depends on oligodendrocytes that wrap myelin around neuronal axons to provide fast neurotransmission, action potential synchronisation and maintenance of neuronal function(1).  It is becoming clear that myelination is an ongoing process throughout our lives (2) and myelin is increasingly invoked as a fundamental mechanism for learning and memory (3). In addition, recent animal studies have highlighted similarities in life-long myelination to humans, and shown that, throughout life, unmyelinated axons become myelinated (4,5) and that myelin on already-myelinated axons can change, e.g. in internode number and length, myelin thickness (6,7) or geometry of the node of Ranvier (8). 
The importance of myelin becomes evident in diseases in which its disruption causes cognitive and motor disability. Myelin disruption occurs in multiple sclerosis, periventricular leukomalacia (cerebral palsy), traumatic brain and spinal cord injury (2,9). Sharp changes in myelin, loss of myelin due to disease, or dysmyelination at critical periods through life, can potentially impact on brain function and lead to serious disability, to varying degrees depending on the extent of damage and the white matter tracts that are affected (2). Recent MRI, transcriptome and genome-wide association studies have revealed myelin involvement in many diseases that were previously considered to be ‘neuronal’, such as dementia, schizophrenia, autism, and depression (2,3,10).  This highlights the importance of myelin for normal brain function and raises the question of how myelin contributes to learning and neurological disorders.  Therefore myelin - previously considered static - might in fact be plastic and responsive to changes in neuronal activity.  Despite its importance, the regulation of myelination throughout life and regeneration is poorly understood.
For over a century, the main focus of neurological disease has been on neurons in the brain’s grey matter. However, evidence is emerging that age and/or dementia-related cellular changes within the central nervous system (CNS) occur in glial cells, in particular oligodendrocytes (11–14), myelin (15,16) and the CNS white matter (17,18). In addition, with increasing age, microinfarcts accumulate in the white matter and their number correlates with cognitive impairment (2,16,19). Crucially, these lesions begin to accumulate before significant grey matter atrophy, and before the onset of clinical symptoms (2,16,20). This, along with cognitive disability in MS patients (21,22), known to have multiple white matter lesions, argues for a role of myelin in cognitive impairment. However, little is known about how white matter damage occurs in dementia and how it or oligodendrocyte lineage cells affect neuronal circuit function and cognition.
Human myelination is a protracted process that generally proceeds well into the sixth decade (2). Throughout this time, oligodendrocyte precursor cells (OPCs) differentiate into myelinating oligodendrocytes and are the main proliferative cells in the adult brain. In young adults, OPCs can respond effectively to demyelinating lesions, regenerate lost myelin and restore function (9). However, with normal ageing, brain functions such as conceptual reasoning, memory, and processing speed decline alongside age related failure of myelin maintenance and regeneration (2,19). The main cause for the failure of regeneration is OPCs failing to differentiate into new myelinating oligodendrocytes. In dementia this can be further exacerbated by the environment, such as amyloid beta pushing OPCs into quiescent/senescent cell state (23). The onset of age-related myelin loss occurs after OPCs have entered a quiescent state (24) and rejuvenating the environment is sufficient to revert OPCs to a young state (19,25) and restore memory function (2,19). Reverting OPCs back to a cell state that is primed for differentiation is therefore an important aim to augment myelin regeneration and potentially prevent the onset of age-related cognitive decline (24,26). 
Our lack of knowledge about how myelination is regulated, why myelin regeneration fails and how it impacts neuronal circuits are impediments to understanding the functional connectivity of the CNS and neurological disorders. Our research seeks to address the fundamental mechanisms underlying how the brain develops, with a focus on myelination, why regeneration fails, and the impact of these on neuronal circuit function.
The work set out in this license therefore ranges from fundamental questions about the biology of CNS stem cell differentiation, neuronal circuit development and function, and myelin damage and regeneration, to translational studies testing whether new approaches emerging from fundamental discoveries have pro-regenerative efficacy in suitable animal models.
What new knowledge do you hope to discover that will address a gap in fundamental scientific knowledge or meet a clinical need?
Refer to the basis for any scientific hypotheses you plan to test during this project.
The consequences of glial dysfunction, particularly that of oligodendrocytes and myelin, is becoming increasingly clear as being catastrophic for normal brain function. However, we lack understanding on why glial cells fail, how they change with age, and how they affect normal brain development, brain function and regeneration. This work will advance our knowledge of how the brain develops and functions throughout life and the mechanisms underlying the spontaneous regeneration process that can occur in the CNS white matter. It will reveal novel information about myelin function, particularly in learning and ageing, and pathways that affect differentiation of OPCs into myelinating oligodendrocytes. As listed above these are significant gaps in our understanding and are needed to address neurological disorders.
Does your project mainly involve translational or veterinary clinical applications?
Yes
How prevalent and severe are the relevant clinical conditions?
New insights into pathways and factors involved in myelin regeneration will be gained, which could lead to new strategies for treating neurological disorders: (i) developmental brain disorders; such as cerebral palsy (~17 million affected in the world), leukodystrophies; (ii) acquired disorders such as schizophrenia and multiple sclerosis (~2.5 million affected in the world); and (iii) age-related disorders such as dementia (~50 million worldwide; inc. Alzheimer’s Disease, frontal-temporal dementia and vascular dementia).
What are the problems with current treatments which mean that further work is necessary?
Currently there are no fully effective treatments of neurological disorders, mainly as we still have limited understanding of the pathogenies of neurological disorders, with the exception of Multiple Sclerosis (MS).  In recent years, great advances have been made in modifying the immunological aspects of MS by licensed therapies which, when given early, lead to a reduction in the accumulation of disability and the slowing of the onset of the progressive phase of the disease. The limitation of the current immunotherapies is firstly, that they do nothing to reverse damage accumulated before they were started and secondly, they do not completely suppress new inflammation (within acceptable toxicity profiles). So, despite significant advances for patients with MS, progressive MS cannot be prevented and most patients with MS have this form of the disease, which causes unremitting accumulation of disability. This is why the first research priority of the MS Society is to address the question “which treatments are effective to slow, stop or reverse the accumulation of disability associated with MS?”  - The work done under this licence will directly address this important question.
What is the scientific basis for your proposed approach?
The work done under this license aims to further our understanding of how the brain develops and functions throughout life, as well as the mechanisms underlying the spontaneous regeneration process that can occur in the CNS white matter. It will reveal novel information about brain development and regeneration, specifically myelin function in learning and aging, and pathways that affect the differentiation of OPCs into myelinating oligodendrocytes.
The experiments have been carefully designed to identify new pathways and mechanisms, with the aim of bridging the knowledge gap on why glial cells fail, how they change with age, and how they affect normal brain development, function, and regeneration. The identified pathways will be further tested in specific translational studies to determine whether they have pro-regenerative efficacy in suitable animal models, before being taken further into clinical trials.
Will you be producing data primarily for regulatory authorities that use standardised protocol frameworks?
No
___________________________________________________________________
Will you be undertaking non-regulatory testing or screening as a service to others?
No
___________________________________________________________________
Will you be producing genetically altered or surgically prepared animals/animal products using standardised protocol frameworks as a service to others?
This includes projects to create, breed, maintain and supply genetically altered animals to researchers within the establishment, projects taking blood and other tissues for researchers and other clients within and/or external to the establishment.
No
___________________________________________________________________
Will you be manufacturing vaccines and medicines for medical or veterinary use?
No
___________________________________________________________________
Do you need to transfer animals from a project that’s due to expire?
Yes
___________________________________________________________________

Project licence number
P9B1FBC4B
___________________________________________________________________
Expiry date
For example, 13 06 2019
05 August 2023
___________________________________________________________________
Action plan
Objective 1
Objective title
Identify a regulatory mechanism of myelination throughout life.
___________________________________________________________________
Objective 2
Objective title
Establish a mechanism of myelin loss and damage throughout life 
___________________________________________________________________
Objective 3
Objective title
Identify a mechanism of how glia effect neuronal circuit development and function in health and disease
___________________________________________________________________
Objective 4
Objective title
Determine a mechanism of how myelin plasticity and dysfunction can affect learning and memory.
___________________________________________________________________
Objective 5
Objective title
Identify whether white matter lesions impact on neural and circuit function.
___________________________________________________________________
Objective 6
Objective title
Determine a pathway of how myelin is regenerated in disease.
___________________________________________________________________
Objective 7
Objective title
Establish a mechanism of how myelin regeneration can be enhanced, and function restored.
___________________________________________________________________
How do each of these objectives relate to each other and help you to achieve your aim?
Outline any interdependencies, stop:go points, and milestones. Include any key in vitro, ex vivo or in silico work, clinical findings, or results from epidemiological studies carried out under other projects that will enable you to achieve your objectives.      Consider including images (.jpg and .png files) of annotated flow charts   and decision trees in your action plan to illustrate how objectives relate to   each other.
The overall aim of this project is to gain insight into how myelination is regulated throughout life and in disease, and its functional significance on brain function. 
The research carried out under this licence can be divided into three parts: 
(1) Formation and loss of myelin (i.e. determining mechanisms of myelination, myelin plasticity, myelin loss/damage and maintenance, and myelin regeneration throughout life). Objectives 1, 2 and 6 fall into this section.  
(2) Functional significance of myelin (i.e. how myelin, myelin dysfunction, and myelin loss effects function of brain circuits, and neural cells). Objectives 3, 4, and 5 fall into this section.
(3) Enhance myelin regeneration and function, i.e. testing compounds to determine putative novel therapeutic strategies.  (Objective 7)
The objectives are relatively independent workstreams that collectively address the aim of this research programme.  Progressing of one objective does not affect the progress of other objectives. However, knowledge gained informs workflow in other objectives. 
The protocols form a toolkit that enables us to address these specific objectives. Multiple protocols are needed to address each objective.  Myelination/remyelination is a complex process and many cell types come into play, thus individual pathways must be looked at in isolation and then combined to determine the outcome.  Hence multiple angles, and alternative explanations need to be evaluated to make accurate conclusions.  
This project focuses mostly on how changes in neurons and glia may affect myelination, and regeneration.  Furthermore, to determine the functional significance of myelination on brain function, it is needed to examine changes in glia (e.g. astrocytes, microglia, pericytes, and oligodendrocyte linage) and neurons. The objectives are designed to be addressed in a stepwise manner, and the steps are reflected in the protocols that will build the picture needed to complete the objectives and address the aim of this work programme.
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In parallel to the regulated work, unregulated work will be conducted in this research programme.  
We have extensive experience with working with in vitro rodent cultures. For example, preliminary work in vitro using rodent myelinating co-culture, and primary oligodendrocyte cultures we have already identified candidate pathways and genes that may regulate myelination, and that myelination is influenced by neuronal activity. For the duration of the licence, we will continue to identify mechanisms in vitro, prior to starting in vivo experiments.
Moreover, we have established in vitro models of human grey and white matter, by refining protocols to derive glia and neurons from induced pluripotent stem cells and culturing these in microfluidics systems to generate human white and grey matter. We will use this model for example in combination with our recently generated miniscule oxygen scavenging electrode to evoke small focal hypoxic lesions in vitro, thus we can model focal white matter hypoxic lesions, as occur with age. These new methods will allow us to ask important key questions about the functional role of glia and myelin in human neurological conditions, and to reduce the number of animals used in our research. 
In addition, human iPSC cultures allow us to validate pathways identified in our regulated work programme whether they work in the same way in human cells as in rodents, before testing their remyelination enhancing potentials in vivo, in objective. 6. Therefore minimising the number of experiments that might lead to a false positive result that would not be effective in clinical trials.
Lastly, we routinely use ex vivo/in situ (acute tissue slice) models for electrophysiology, and calcium imaging studies. These models give insight in functional differences in glia and neurons, and greatly inform in vivo work. When our ex vivo models suffice to answer the key questions, and then they will be used in preference to in vivo work. 
___________________________________________________________________
Where relevant, how will you seek to use or develop non-animal alternatives for all or part of your work?
We have as listed above, set a work programme to include alternatives to animal work. However, the experiments proposed are to advance our understanding of (1) how neurons, and surrounding glia cells, instruct oligodendrocyte precursor cells to differentiate into myelinating oligodendrocytes throughout life and in disease; and (2) the effect myelin and glia have on neuronal circuits in development and disease. Whenever possible culture experiments will be conducted to reduce animal use. However, cell culture based assays do not always represent an appropriate alternative, thus animal models are needed, especially to study complex environments with different cell types interacting, or to study behaviour, and are essential to understand complex disease mechanisms such as myelin regeneration. 
We are constantly improving our in vitro cultures and approaches, and most recently we have developed a human in vitro model of white matter within the brain, utilising induced pluripotent stem cell methodologies by reprogramming fibroblasts, sourced from biobanks with appropriate ethical approvals in place, into pluripotent stem cells in the hopes of further reducing animal use in the future.
In vitro and ex vivo (tissue slice) models are needed in conjunction with in vivo models to provide a hierarchy of models from which a full and detailed understanding will emerge. Where possible, if in vitro or ex vivo models will suffice to answer the question then they will be used in preference to in vivo work. As in vitro and ex vivo models invariably involve the use of neonatal tissue they do not fully replicate the effect of adult ageing that are critical to achieving the programmes objectives so cannot replace all the in vivo work.
___________________________________________________________________
Will you be producing data primarily for regulatory authorities that use standardised protocol frameworks?
No
___________________________________________________________________
Will you be undertaking non-regulatory testing or screening as a service to others?
No
___________________________________________________________________
Will you be producing genetically altered or surgically prepared animals/animal products using standardised protocol frameworks?
This includes projects to create, breed, maintain and supply genetically altered animals to researchers within the establishment, projects taking blood and other tissues for researchers and other clients within and/or external to the establishment.
No
___________________________________________________________________
Will you be manufacturing vaccines and medicines for medical or veterinary use?
No
___________________________________________________________________
General principles
Unnecessary duplication of work must be avoided. Under what circumstances would you knowingly duplicate work?
We endeavour to remain well informed of the latest literature within the field so that we can avoid unnecessary duplication of work, however there will be certain situations in which we will need to repeat work from ourselves or others to move the field forward.
We might repeat published work on a smaller scale to confirm that we obtain the same data before embarking on a new avenue of research building upon the published data. This ensures that we do not waste animals on experiments without an established foundation, if we are unable to replicate the initial data then our further work would be unlikely to lead to useful results.
Our work involves many technically difficult protocols and small inter-experimenter differences in technique could affect results. We minimise these confounding variables through training and standardising procedures as much as practicable, however, small scale studies may be replicated by new experimenters to confirm a complete grasp of the technique before engaging in more complex work building upon the foundational experiments and our established data. This ensures reproducibility of our work.
We also use experimental reagents which can have batch to batch variations, in general we aim to have sufficient quantities of a specific batch before running the experiment but in some cases batches might need to be changed during the course of the experiment (e.g. long running aging studies using a product with short shelf life), where this occurs the new batch might need to be tested in a small group on a faster readout, though this will often be tested ex-vivo on brain slices.
It is essential to repeat some experiments to provide confidence in the data and ensure that experiments are reproducible.
___________________________________________________________________
Will all of your protocols or experiments use animals of both sexes?
No
___________________________________________________________________
Why will you use animals of a single sex in some protocols or experiments?
In most experiments we use both sexes. In others, like our stereotactic brain models, the models have predominantly been established for female rats. We are testing the degree to which sex differences affect our stereotactic brain models to investigate whether males can be included in our experiments. For our invasive brain surgeries, we use well established stereotactic coordinates which are based on using females, so adjustments may be required to ensure comparability. Another concern is that post implant surgery there is a greater risk of connections coming loose or becoming detached if males fight, singly housing the males for long periods of time is likely to cause isolation stress which is known to affect white matter formation.  If the inclusion of males into our severe protocols would require a greatly increased number of animals per experiment, then we would be more likely to continue with females alone in order to minimise suffering.
Protocols
General constraints
Please note, constraints on procedures involving anaesthesia, surgery, substance administration and withdrawal of fluids apply to all protocols.
Anaesthesia
Induction and maintenance of general or local anaesthesia, sedation or analgesia to mitigate the pain, suffering or distress associated with the performance of other regulated procedures is indicated using the following codes in protocols:
· AA no anaesthesia
· ABL local anaesthesia
· AB general anaesthesia with recovery
· AC non-recovery general anaesthesia
· AD under neuromuscular blockade
General anaesthesia
If authorised in this licence and unless otherwise specified, all animals are expected to make a rapid and unremarkable recovery from the anaesthetic within two hours. Uncommonly animals that fail to do so or exhibit signs of pain, distress or of significant ill health should be humanely killed unless a programme of enhanced monitoring and care is instituted until the animal fully recovers.
Surgery
If authorised in this licence and unless otherwise specified:
· Surgical procedures should be carried out aseptically, to at least the published Home Office minimum;
· In the uncommon event of post-operative complications, animals will be humanely killed unless, in the opinion of a veterinary surgeon, such complications can be remedied promptly and successfully using no more than minor interventions. Minimally inflamed wounds without obvious infection may be re-closed on one occasion within 48 hours of the initial surgery. In the event of recurrence, NVS advice will be followed;
· Peri and post-operative analgesia will be provided; agents will be administered as agreed in advance with the NVS;
· All animals are expected to make a rapid and unremarkable recovery from the anaesthetic within two hours. Uncommonly animals that fail to do so or exhibit signs of pain, distress or of significant ill health will be humanely killed by a Schedule 1 method unless a programme of enhanced monitoring and care is instituted until the animal fully recovers;
· Any animal not fully recovered from the surgical procedure within 24 hrs (eating, drinking and return to normal behaviour) should be humanely killed.
Administration of substances and withdrawal of fluids
If authorised in this licence and unless otherwise specified, administration of substances and withdrawal of body fluids will be undertaken using a combination of volumes, routes, and frequencies that of themselves will result in no more than transient discomfort and no lasting harm using published guidelines on minimal severity.
Protocol 1
Title
Superovulation
___________________________________________________________________
Protocol 1: Protocol details
Briefly describe the purposes of this protocol
Ensure that you state any relevant regulatory guidelines.
Superovulation to generate ova, blastocysts or embryos for rederivation/genetically altered animals/cryopreservation
___________________________________________________________________
Given the controls and limitations in place, what is the highest severity that an animal could experience in this protocol?
Mild
___________________________________________________________________
What proportion of animals will experience this severity?
All animals
___________________________________________________________________
Why are you proposing this severity category?
All animals will be administered substances to cause superovulation using standard routes which will cause mild, transient distress and no lasting harm.
___________________________________________________________________
Locations where this protocol can be carried out
Select all that apply.
· University of Cambridge
___________________________________________________________________
Which of your objectives will this protocol address?
Select all that apply.
· Establish a mechanism of myelin loss and damage throughout life 
· Identify a mechanism of how glia effect neuronal circuit development and function in health and disease
· Determine a mechanism of how myelin plasticity and dysfunction can affect learning and memory.
· Identify whether white matter lesions impact on neural and circuit function.
· Determine a pathway of how myelin is regenerated in disease.
· Identify a regulatory mechanism of myelination throughout life.
___________________________________________________________________
Protocol 1: Animals used in this protocol
Mice
Which life stages will be used during this protocol?
Select all that apply
· Adult
___________________________________________________________________
Will any animals coming on to this protocol be classed as ‘continued use’?
‘Continued use’ describes animals that are specifically genetically altered and bred for scientific use or animals that have had procedures applied to them in order to be prepared for use in this protocol.
Yes
___________________________________________________________________
How did these animals start their use?
Describe the procedures that have been applied to animals that will continue their use on to this protocol.
Genetically altered animals for use in this protocol may be obtained from: 
•	This licence: Protocol 5 ‘Breeding and maintenance of genetically altered animals’ (mild)
 or 
•	other project licences with authority to breed and maintain genetically altered animals of a type authorised in this project, and to provide them for use on other projects. 
Will you be re-using animals on to this protocol?
‘Re-use’ describes using animals again for a new experiment when you could equally use a naïve animal to get the same results.
Yes
___________________________________________________________________
Describe any procedure that may have been applied to these animals, and why you are choosing to re-use them.
Wild type animals that have been genotyped using a regulated method and kept alive under the care of the NVS may be reused under this protocol.
What is the maximum number of animals that will be used on this protocol?
Please only enter numbers, e.g. 40
500
___________________________________________________________________
What is the maximum number of uses of this protocol per animal?
For example, if some animals will go through this protocol three more times after their first use, the number of uses will be four.   If no animals will go through this protocol more than once, enter '1'.  Please only enter numbers, e.g. 40
1
___________________________________________________________________
Rats
Which life stages will be used during this protocol?
Select all that apply
· Adult
___________________________________________________________________
Will any animals coming on to this protocol be classed as ‘continued use’?
‘Continued use’ describes animals that are specifically genetically altered and bred for scientific use or animals that have had procedures applied to them in order to be prepared for use in this protocol.
Yes
___________________________________________________________________
How did these animals start their use?
Describe the procedures that have been applied to animals that will continue their use on to this protocol.
Genetically altered animals for use in this protocol may be obtained from: 
•	This licence: Protocol 5 ‘Breeding and maintenance of genetically altered animals’ (mild)
 or 
•	other project licences with authority to breed and maintain genetically altered animals of a type authorised in this project, and to provide them for use on other projects. 
Will you be re-using animals on to this protocol?
‘Re-use’ describes using animals again for a new experiment when you could equally use a naïve animal to get the same results.
Yes
___________________________________________________________________
Describe any procedure that may have been applied to these animals, and why you are choosing to re-use them.
Wild type animals that have been genotyped using a regulated method and kept alive under the care of the NVS may be reused under this protocol.
What is the maximum number of animals that will be used on this protocol?
Please only enter numbers, e.g. 40
100
___________________________________________________________________
What is the maximum number of uses of this protocol per animal?
For example, if some animals will go through this protocol three more times after their first use, the number of uses will be four.   If no animals will go through this protocol more than once, enter '1'.  Please only enter numbers, e.g. 40
1
___________________________________________________________________
Protocol 1: Genetically altered animals (GAA)
Will this protocol use any genetically altered animals?
Yes
___________________________________________________________________
Which general types or strains will you be using and why?
This protocol allows us to generate ova or blastocysts for rederivation or cryopreservation of our lines, hence all lines within the project will potentially be used.
This project will use animals expressing altered myelin associated genes or genes that control glial proliferation, differentiation, or myelination. Genes will be modified that are involved in signalling pathways to glia and neurons - including ion channels, as our previous work has shown that these channels are expressed by oligodendrocyte precursor cells and may be important for proliferation and/or differentiation. Genetically encoded labels, and generic reporter mice will be used to identify different cells (e.g. for cell sorting or electrophysiology) and recombinant genes such as ChR2, hM4Di, hM3Dq, iGluSnFr, GCaMP or other activity modulators, or sensors, will also be used. 
Modifications will include overexpression, partial or full knockout of the gene. Predominantly the cre-lox system will be used, generally using cell/tissue specific cre lines or promoters specific to the genes of interest. Inducible cre models will be used to give temporal control over expression or knock out of genes, enabling us to study development, repair, or other processes such as learning and behaviour.  Additionally, immunodeficient mouse models will be used, alone or in combination with the other alterations mentioned above in order for cell transplantations to be performed or to investigate the role of immune cells in brain development and repair.
Mice with myelin deficits such as myrf (myelin regulatory factor) knock out mice will be used to investigate the role of myelin in the brain circuit, prevent myelin formation at critical points in development, or investigate rescue of myelin phenotypes through other interventions.  For this protocol animals will be used prior to any expected harmful phenotype from these myelin deficient mice.
These modifications are necessary to address our objectives. Our work aims to identify factors which affect myelination or remyelination and the mechanisms behind their action.  These factors can affect myelination or remyelination by perturbation of the survival, migration, myelin formation and compaction, differentiation or proliferation of oligodendrocyte precursor cells (OPCs).  Other factors that might affect myelination are interactions between OPCs and other cells within the brain, such as neurons, astrocytes or microglia. 
Do you expect any of these GAAs to show a harmful phenotype with welfare consequences?
No
Protocol 1: Steps
Step 1 (mandatory)
Describe the procedures that will be carried out during this step.
Explain where one or more steps are repeated in one experiment, list any alternative techniques within a step (e.g. dosing routes), and include all procedures performed under terminal anaesthesia.  When describing the technical aspects of a step, be broad enough to be flexible when the variation does not impact on animal welfare (e.g. use "antibiotic" instead of "penicillin"). Finally, avoid specifying volumes and frequencies when they do not impact on animal welfare.
Administration of agents to induce superovulation e.g. gonadotrophin, hormones or other agents typically twice but rarely up to four times by the following routes:
a) intra-peritoneal (AA)
b) subcutaneous (AA)
___________________________________________________________________
Is this step optional?
No
___________________________________________________________________
Do you expect this step to have adverse effects for the animals that are more than mild and transient?
Do not list uncommon or unlikely adverse effects, or effects from procedures that will cause no more than transient discomfort and no lasting harm. For example, an intravenous injection of a small volume of an innocuous substance.
No
___________________________________________________________________
Step 2 (mandatory)
Describe the procedures that will be carried out during this step.
Explain where one or more steps are repeated in one experiment, list any alternative techniques within a step (e.g. dosing routes), and include all procedures performed under terminal anaesthesia.  When describing the technical aspects of a step, be broad enough to be flexible when the variation does not impact on animal welfare (e.g. use "antibiotic" instead of "penicillin"). Finally, avoid specifying volumes and frequencies when they do not impact on animal welfare.
Killing by a schedule 1 method 
___________________________________________________________________
Is this step optional?
No
___________________________________________________________________
Do you expect this step to have adverse effects for the animals that are more than mild and transient?
Do not list uncommon or unlikely adverse effects, or effects from procedures that will cause no more than transient discomfort and no lasting harm. For example, an intravenous injection of a small volume of an innocuous substance.
No
___________________________________________________________________
Protocol 1: Fate of animals
What will happen to animals at the end of this protocol?
Select all that apply. These options are based on what you selected in the non-technical summary.
· Killed
Will you be using non-schedule 1 killing methods on a conscious animal?
No
___________________________________________________________________
Protocol 1: Animal experience
Summarise the typical experience or end-to-end scenario for an animal being used in this protocol.
Consider the cumulative effect of any combinations of procedures that you may carry out.
The mice will typically experience two injections, approximately 48hrs apart.  If embryos are needed these animals will also be mated.  Mice will be killed by a Schedule 1 method at the appropriate time to harvest oocytes/blastocysts/embryos post mortem.
___________________________________________________________________
Describe the general humane endpoints that you will apply during the protocol.
These will be in addition to the endpoints stated for each step.
Genetically altered animals used in this protocol are not expected to exhibit any harmful phenotype but, if they do, they will be immediately killed by a Schedule 1 method.       
Where the immune status of the animals might compromise health, they will be housed in a barrier environment. 
Females will be of an appropriate size, if they are to be mated. Over vigorous males will be replaced.   
Any animal showing any deviation from normal health and wellbeing will be immediately killed by a Schedule 1 method.
___________________________________________________________________
Protocol 1: Experimental design
What outputs are expected to arise from this protocol?
For example, test results, phenotypic information, or products.
Oocytes, blastocysts or embryos harvested post mortem
___________________________________________________________________
Will this protocol generate quantitative data?
No
___________________________________________________________________
Protocol 1: Protocol justification
Why is each type of animal, experimental model, and/or method selected for this protocol:
a) the most appropriate scientific approach?
Injection of hormones, such as gonadotrophins, is required to stimulate a greater number of ova to develop in the mouse ovary, which will generate higher numbers of oocytes/blastocysts /embryos (if mated).  This will enable a larger number of oocytes/blastocysts/embryos to be collected from a smaller number of females, which is a reduction. 
___________________________________________________________________
b) the most refined for the purpose?
The doses and routes used are well validated and are not anticipated to produce any adverse effects, beyond transient discomfort due to the injections.
___________________________________________________________________
For each model and/or method, what is the scientific need for the expected clinical signs?
No clinical signs are expected.
___________________________________________________________________
Why scientifically do the animals need to suffer to this degree?
No clinical signs are expected.
___________________________________________________________________
Why can't you achieve your scientific outputs with an earlier humane endpoint, or without animals showing any clinical signs?
N/A
___________________________________________________________________
Will you be administering substances for experimental purposes?
Yes
___________________________________________________________________
How will you assess the suitability of these substances, and minimise the unnecessary harms arising from their administration given the particular strain or type of animal you will be using?
When assessing suitability, state how you will consider toxicity, efficacy, and sterility.
Substances used are commercially available for pharmaceutical use and are not known to have toxic side effects
How will you determine an appropriate dosing regimen?
Include routes, dosage volumes, frequencies, and durations.
Routes, dosage volumes, frequencies and durations will be obtained from published literature.  No more than 20ml/kg will be administered by either route
Protocol 2
Title
Embryo recipients
___________________________________________________________________
Protocol 2: Protocol details
Briefly describe the purposes of this protocol
Ensure that you state any relevant regulatory guidelines.
Implant and grow embryos and blastocysts in recipients of an appropriate health status. 
___________________________________________________________________
Given the controls and limitations in place, what is the highest severity that an animal could experience in this protocol?
Moderate
___________________________________________________________________
What proportion of animals will experience this severity?
Approximately 50% of animals will experience moderate severity. 
___________________________________________________________________
Why are you proposing this severity category?
Animals undergoing surgical embryo transfer will experience short-lived post-operative pain and discomfort of moderate severity.
Animals undergoing non-surgical embryo transfer will experience no more than mild transient discomfort and no lasting harm.
___________________________________________________________________
Locations where this protocol can be carried out
Select all that apply.
· University of Cambridge
___________________________________________________________________
Which of your objectives will this protocol address?
Select all that apply.
· Establish a mechanism of myelin loss and damage throughout life 
· Identify a mechanism of how glia effect neuronal circuit development and function in health and disease
· Determine a mechanism of how myelin plasticity and dysfunction can affect learning and memory.
· Determine a pathway of how myelin is regenerated in disease.
· Identify whether white matter lesions impact on neural and circuit function.
· Identify a regulatory mechanism of myelination throughout life.
___________________________________________________________________
Protocol 2: Animals used in this protocol
Mice
Which life stages will be used during this protocol?
Select all that apply
· Adult
___________________________________________________________________
Will any animals coming on to this protocol be classed as ‘continued use’?
‘Continued use’ describes animals that are specifically genetically altered and bred for scientific use or animals that have had procedures applied to them in order to be prepared for use in this protocol.
No
___________________________________________________________________
Will you be re-using animals on to this protocol?
‘Re-use’ describes using animals again for a new experiment when you could equally use a naïve animal to get the same results.
Yes
___________________________________________________________________
Describe any procedure that may have been applied to these animals, and why you are choosing to re-use them.
We may re-use wild-type mice that have been genotyped by a regulated method.  We may re-use mice that have been implanted previously by a non-surgical method.
What is the maximum number of animals that will be used on this protocol?
Please only enter numbers, e.g. 40
200
___________________________________________________________________
What is the maximum number of uses of this protocol per animal?
For example, if some animals will go through this protocol three more times after their first use, the number of uses will be four.   If no animals will go through this protocol more than once, enter '1'.  Please only enter numbers, e.g. 40
2
___________________________________________________________________
Rats
Which life stages will be used during this protocol?
Select all that apply
· Adult
___________________________________________________________________
Will any animals coming on to this protocol be classed as ‘continued use’?
‘Continued use’ describes animals that are specifically genetically altered and bred for scientific use or animals that have had procedures applied to them in order to be prepared for use in this protocol.
No
___________________________________________________________________
Will you be re-using animals on to this protocol?
‘Re-use’ describes using animals again for a new experiment when you could equally use a naïve animal to get the same results.
No
___________________________________________________________________
What is the maximum number of animals that will be used on this protocol?
Please only enter numbers, e.g. 40
20
___________________________________________________________________
What is the maximum number of uses of this protocol per animal?
For example, if some animals will go through this protocol three more times after their first use, the number of uses will be four.   If no animals will go through this protocol more than once, enter '1'.  Please only enter numbers, e.g. 40
1
___________________________________________________________________
Protocol 2: Genetically altered animals (GAA)
Will this protocol use any genetically altered animals?
No
___________________________________________________________________
Protocol 2: Steps
Step 1 (mandatory)
Describe the procedures that will be carried out during this step.
Explain where one or more steps are repeated in one experiment, list any alternative techniques within a step (e.g. dosing routes), and include all procedures performed under terminal anaesthesia.  When describing the technical aspects of a step, be broad enough to be flexible when the variation does not impact on animal welfare (e.g. use "antibiotic" instead of "penicillin"). Finally, avoid specifying volumes and frequencies when they do not impact on animal welfare.
Embryos and blastocysts will be implanted surgically (AB) or non-surgically (AA/AB) into the reproductive tract of a mouse rendered pseudo-pregnant by mating with a sterile male.
___________________________________________________________________
Is this step optional?
No
___________________________________________________________________
Do you expect this step to have adverse effects for the animals that are more than mild and transient?
Do not list uncommon or unlikely adverse effects, or effects from procedures that will cause no more than transient discomfort and no lasting harm. For example, an intravenous injection of a small volume of an innocuous substance.
No
___________________________________________________________________
Step 2 (mandatory)
Describe the procedures that will be carried out during this step.
Explain where one or more steps are repeated in one experiment, list any alternative techniques within a step (e.g. dosing routes), and include all procedures performed under terminal anaesthesia.  When describing the technical aspects of a step, be broad enough to be flexible when the variation does not impact on animal welfare (e.g. use "antibiotic" instead of "penicillin"). Finally, avoid specifying volumes and frequencies when they do not impact on animal welfare.
All surgically implanted mice will be killed by a Schedule 1 method.
Non-surgically implanted mice will be killed by a Schedule 1 method or kept alive for potential re-use.
___________________________________________________________________
Is this step optional?
No
___________________________________________________________________
Do you expect this step to have adverse effects for the animals that are more than mild and transient?
Do not list uncommon or unlikely adverse effects, or effects from procedures that will cause no more than transient discomfort and no lasting harm. For example, an intravenous injection of a small volume of an innocuous substance.
No
___________________________________________________________________
Protocol 2: Fate of animals
What will happen to animals at the end of this protocol?
Select all that apply. These options are based on what you selected in the non-technical summary.
· Killed
Will you be using non-schedule 1 killing methods on a conscious animal?
No
· Kept alive at a licensed establishment for non-regulated purposes or possible reuse
___________________________________________________________________
Protocol 2: Animal experience
Summarise the typical experience or end-to-end scenario for an animal being used in this protocol.
Consider the cumulative effect of any combinations of procedures that you may carry out.
Female mice will be rendered pseudo-pregnant by mating with a sterile male.  Implantation will either be non-surgical, with or without brief anaesthesia, or by surgical procedure under general anaesthesia.  If embryos are required the dam will be humanely killed by a Schedule 1 method, otherwise they will be allowed to give birth naturally and raise the litter.
___________________________________________________________________
Describe the general humane endpoints that you will apply during the protocol.
These will be in addition to the endpoints stated for each step.
See General constraints.
Females will be of an appropriate size, if they are to be mated.
Over vigorous males will be replaced.
___________________________________________________________________
Protocol 2: Experimental design
What outputs are expected to arise from this protocol?
For example, test results, phenotypic information, or products.
Genetically altered mice/embryos
___________________________________________________________________
Will this protocol generate quantitative data?
No
___________________________________________________________________
Protocol 2: Protocol justification
Why is each type of animal, experimental model, and/or method selected for this protocol:
a) the most appropriate scientific approach?
The only method currently available for allowing GA embryos to develop is to implant them into the uterus of a pseudo-pregnant mouse.
___________________________________________________________________
b) the most refined for the purpose?
Non-surgical embryo transfer methods will be used where the success rate matches that of surgical embryo transfer methods or is satisfactory.
___________________________________________________________________
For each model and/or method, what is the scientific need for the expected clinical signs?
Animals are expected to make an uneventful recovery from any surgery.  No other clinical signs are expected. 
___________________________________________________________________
Why scientifically do the animals need to suffer to this degree?
This protocol follows current standard procedures.
___________________________________________________________________
Why can't you achieve your scientific outputs with an earlier humane endpoint, or without animals showing any clinical signs?
N/A
___________________________________________________________________
Will you be administering substances for experimental purposes?
No
___________________________________________________________________
Protocol 3
Title
Vasectomy
___________________________________________________________________
Protocol 3: Protocol details
Briefly describe the purposes of this protocol
Ensure that you state any relevant regulatory guidelines.
To produce sterile male mice for mating to obtain pseudo-pregnant female mice to be used for embryo transfer.
___________________________________________________________________
Given the controls and limitations in place, what is the highest severity that an animal could experience in this protocol?
Moderate
___________________________________________________________________
What proportion of animals will experience this severity?
All animals
___________________________________________________________________
Why are you proposing this severity category?
Animals undergoing vasectomies will experience short-lived post-operative pain and discomfort of moderate severity.
___________________________________________________________________
Locations where this protocol can be carried out
Select all that apply.
· University of Cambridge
___________________________________________________________________
Which of your objectives will this protocol address?
Select all that apply.
· Establish a mechanism of myelin loss and damage throughout life 
· Identify a mechanism of how glia effect neuronal circuit development and function in health and disease
· Determine a pathway of how myelin is regenerated in disease.
· Identify whether white matter lesions impact on neural and circuit function.
· Determine a mechanism of how myelin plasticity and dysfunction can affect learning and memory.
· Identify a regulatory mechanism of myelination throughout life.
___________________________________________________________________
Protocol 3: Animals used in this protocol
Mice
Which life stages will be used during this protocol?
Select all that apply
· Adult
___________________________________________________________________
Will any animals coming on to this protocol be classed as ‘continued use’?
‘Continued use’ describes animals that are specifically genetically altered and bred for scientific use or animals that have had procedures applied to them in order to be prepared for use in this protocol.
No
___________________________________________________________________
Will you be re-using animals on to this protocol?
‘Re-use’ describes using animals again for a new experiment when you could equally use a naïve animal to get the same results.
Yes
___________________________________________________________________
Describe any procedure that may have been applied to these animals, and why you are choosing to re-use them.
Wild type mice that have been genotyped by a regulated method may be reused under this protocol
What is the maximum number of animals that will be used on this protocol?
Please only enter numbers, e.g. 40
30
___________________________________________________________________
What is the maximum number of uses of this protocol per animal?
For example, if some animals will go through this protocol three more times after their first use, the number of uses will be four.   If no animals will go through this protocol more than once, enter '1'.  Please only enter numbers, e.g. 40
1
___________________________________________________________________
Rats
Which life stages will be used during this protocol?
Select all that apply
· Adult
___________________________________________________________________
Will any animals coming on to this protocol be classed as ‘continued use’?
‘Continued use’ describes animals that are specifically genetically altered and bred for scientific use or animals that have had procedures applied to them in order to be prepared for use in this protocol.
No
___________________________________________________________________
Will you be re-using animals on to this protocol?
‘Re-use’ describes using animals again for a new experiment when you could equally use a naïve animal to get the same results.
Yes
___________________________________________________________________
Describe any procedure that may have been applied to these animals, and why you are choosing to re-use them.
Wild type rats that have been genotyped by a regulated method may be reused under this protocol
What is the maximum number of animals that will be used on this protocol?
Please only enter numbers, e.g. 40
10
___________________________________________________________________
What is the maximum number of uses of this protocol per animal?
For example, if some animals will go through this protocol three more times after their first use, the number of uses will be four.   If no animals will go through this protocol more than once, enter '1'.  Please only enter numbers, e.g. 40
1
___________________________________________________________________
Protocol 3: Genetically altered animals (GAA)
Will this protocol use any genetically altered animals?
No
___________________________________________________________________
Protocol 3: Steps
Step 1 (mandatory)
Describe the procedures that will be carried out during this step.
Explain where one or more steps are repeated in one experiment, list any alternative techniques within a step (e.g. dosing routes), and include all procedures performed under terminal anaesthesia.  When describing the technical aspects of a step, be broad enough to be flexible when the variation does not impact on animal welfare (e.g. use "antibiotic" instead of "penicillin"). Finally, avoid specifying volumes and frequencies when they do not impact on animal welfare.
Vasectomy (AB)
___________________________________________________________________
Is this step optional?
No
___________________________________________________________________
Do you expect this step to have adverse effects for the animals that are more than mild and transient?
Do not list uncommon or unlikely adverse effects, or effects from procedures that will cause no more than transient discomfort and no lasting harm. For example, an intravenous injection of a small volume of an innocuous substance.
No
___________________________________________________________________
Step 2 (optional)
Describe the procedures that will be carried out during this step.
Explain where one or more steps are repeated in one experiment, list any alternative techniques within a step (e.g. dosing routes), and include all procedures performed under terminal anaesthesia.  When describing the technical aspects of a step, be broad enough to be flexible when the variation does not impact on animal welfare (e.g. use "antibiotic" instead of "penicillin"). Finally, avoid specifying volumes and frequencies when they do not impact on animal welfare.
Killing using a Schedule 1 method.
___________________________________________________________________
Is this step optional?
Yes
___________________________________________________________________
Do you expect this step to have adverse effects for the animals that are more than mild and transient?
Do not list uncommon or unlikely adverse effects, or effects from procedures that will cause no more than transient discomfort and no lasting harm. For example, an intravenous injection of a small volume of an innocuous substance.
No
___________________________________________________________________
Protocol 3: Fate of animals
What will happen to animals at the end of this protocol?
Select all that apply. These options are based on what you selected in the non-technical summary.
· Killed
Will you be using non-schedule 1 killing methods on a conscious animal?
No
· Kept alive at a licensed establishment for non-regulated purposes or possible reuse
· Continued use on other projects
___________________________________________________________________
Protocol 3: Animal experience
Summarise the typical experience or end-to-end scenario for an animal being used in this protocol.
Consider the cumulative effect of any combinations of procedures that you may carry out.
After a post-op recovery period (minimum 2 weeks) sterility will be assessed, e.g. by mating the vasectomised male with normal females.  Typically mice are then kept alive under the direct supervision of a Named Veterinary Surgeon for mating with embryo recipients to render them pseudo-pregnant until they are too large or too old, when they will be humanely killed.
___________________________________________________________________
Describe the general humane endpoints that you will apply during the protocol.
These will be in addition to the endpoints stated for each step.
See General constraints.
___________________________________________________________________
Protocol 3: Experimental design
What outputs are expected to arise from this protocol?
For example, test results, phenotypic information, or products.
Sterile male mice.
___________________________________________________________________
Will this protocol generate quantitative data?
No
___________________________________________________________________
Protocol 3: Protocol justification
Why is each type of animal, experimental model, and/or method selected for this protocol:
a) the most appropriate scientific approach?
Sterile male mice are required to induce pseudo-pregnancy in females prior to embryo transfer.  Surgical vasectomy is a reliable method to produce sterile males.
___________________________________________________________________
b) the most refined for the purpose?
Animals will not be used for mating until they are regaining weight and they are showing no adverse signs following surgery. 
___________________________________________________________________
For each model and/or method, what is the scientific need for the expected clinical signs?
No clinical signs are expected, apart from non-eventful recovery from surgery
___________________________________________________________________
Why scientifically do the animals need to suffer to this degree?
Where possible genetically altered sterile males will be used instead of vasectomised males.  When this is not possible, surgical vasectomy using a scrotal approach is currently considered the most refined standard procedure
___________________________________________________________________
Why can't you achieve your scientific outputs with an earlier humane endpoint, or without animals showing any clinical signs?
N/A
___________________________________________________________________
Will you be administering substances for experimental purposes?
No
___________________________________________________________________
Protocol 4
Title
In utero electroporation
___________________________________________________________________
Protocol 4: Protocol details
Briefly describe the purposes of this protocol
Ensure that you state any relevant regulatory guidelines.
The purpose of this protocol is to generate mice expressing transgenes of interest in specific brain regions.  Depending on the timing of the electroporation we can achieve layer specificity within the brain.
___________________________________________________________________
Given the controls and limitations in place, what is the highest severity that an animal could experience in this protocol?
Moderate
___________________________________________________________________
What proportion of animals will experience this severity?
All pregnant females undergoing abdominal surgery will experience moderate severity. Manipulated embryos should experience up to mild severity.
___________________________________________________________________
Why are you proposing this severity category?
All pregnant females will experience short-lived post-operative pain and discomfort.  Embryos manipulated in utero should only experience mild/no discomfort due to transplacental passage of anaesthesia and analgesia, and an underdeveloped nervous system (particularly so in pre-E15 embryos due to limited cerebral cortical and subcortical neural development).
___________________________________________________________________
Locations where this protocol can be carried out
Select all that apply.
· University of Cambridge
___________________________________________________________________
Which of your objectives will this protocol address?
Select all that apply.
· Identify a mechanism of how glia effect neuronal circuit development and function in health and disease
· Identify a regulatory mechanism of myelination throughout life.
___________________________________________________________________
Protocol 4: Animals used in this protocol
Mice
Which life stages will be used during this protocol?
Select all that apply
· Pregnant adult
· Embryo and egg
· Neonate
· Juvenile
· Adult
___________________________________________________________________
Will any animals coming on to this protocol be classed as ‘continued use’?
‘Continued use’ describes animals that are specifically genetically altered and bred for scientific use or animals that have had procedures applied to them in order to be prepared for use in this protocol.
Yes
___________________________________________________________________
How did these animals start their use?
Describe the procedures that have been applied to animals that will continue their use on to this protocol.
Genetically altered animals for use in this protocol may be obtained from: 
•	This licence: Protocol 5 ‘Breeding and maintenance of genetically altered animals’ (mild)
or 
•	other project licences with authority to breed and maintain genetically altered animals of a type authorised in this project, and to provide them for use on other projects.
Will you be re-using animals on to this protocol?
‘Re-use’ describes using animals again for a new experiment when you could equally use a naïve animal to get the same results.
No
___________________________________________________________________
What is the maximum number of animals that will be used on this protocol?
Please only enter numbers, e.g. 40
62
___________________________________________________________________
What is the maximum number of uses of this protocol per animal?
For example, if some animals will go through this protocol three more times after their first use, the number of uses will be four.   If no animals will go through this protocol more than once, enter '1'.  Please only enter numbers, e.g. 40
1
___________________________________________________________________
Protocol 4: Genetically altered animals (GAA)
Will this protocol use any genetically altered animals?
Yes
___________________________________________________________________
Which general types or strains will you be using and why?
For this protocol we expect to use mostly wild type animals in which we then introduce the genetic modification through electroporation of the embryos.  Genes introduced in this way are included below.  We may also use this protocol to generate more complex genetic modifications by electroporating embryos which are already genetically altered.
This project will use animals expressing altered myelin associated genes or genes that control glial proliferation, differentiation, or myelination. Genes will be modified that are involved in signalling pathways to glia and neurons - including ion channels, as our previous work has shown that these channels are expressed by oligodendrocyte precursor cells and may be important for proliferation and/or differentiation. Genetically encoded labels, and generic reporter mice will be used to identify different cells (e.g. for cell sorting or electrophysiology) and recombinant genes such as ChR2, hM4Di, hM3Dq, iGluSnFr, GCaMP or other activity modulators, or sensors, will also be used. 
Modifications will include overexpression, partial or full knockout of the gene. Predominantly the cre-lox system will be used, generally using cell/tissue specific cre lines or promoters specific to the genes of interest. Inducible cre models will be used to give temporal control over expression or knock out of genes, enabling us to study development, repair, or other processes such as learning and behaviour. 
These modifications are necessary to address our objectives. Our work aims to identify factors which affect myelination or remyelination and the mechanisms behind their action. These factors can affect myelination or remyelination by perturbation of the survival, migration, myelin formation and compaction, differentiation or proliferation of oligodendrocyte precursor cells (OPCs). Other factors that might affect myelination are interactions between OPCs and other cells within the brain, such as neurons, astrocytes or microglia.
None of these modifications should lead to harmful phenotype under this protocol, welfare consequences are detailed in each continued use protocol.
Do you expect any of these GAAs to show a harmful phenotype with welfare consequences?
No
Protocol 4: Steps
Step 1: Electroporation of in utero animals (mandatory)
Describe the procedures that will be carried out during this step.
Explain where one or more steps are repeated in one experiment, list any alternative techniques within a step (e.g. dosing routes), and include all procedures performed under terminal anaesthesia.  When describing the technical aspects of a step, be broad enough to be flexible when the variation does not impact on animal welfare (e.g. use "antibiotic" instead of "penicillin"). Finally, avoid specifying volumes and frequencies when they do not impact on animal welfare.
a. Pregnant dams will undergo surgery to expose their uteri 13-17 days after plugging. (AB)
b. Genetic material will be injected into the ventricles of the exposed foetuses and the electroporation administered via electrodes connected to an electroporator. Up to 8 embryos per dam will be electroporated. (AB)
___________________________________________________________________
Is this step optional?
No
___________________________________________________________________
Do you expect this step to have adverse effects for the animals that are more than mild and transient?
Do not list uncommon or unlikely adverse effects, or effects from procedures that will cause no more than transient discomfort and no lasting harm. For example, an intravenous injection of a small volume of an innocuous substance.
Yes
___________________________________________________________________
What are the likely adverse effects of this step?
State the expected adverse effect, including the likely incidence, and the anticipated degree and duration of suffering.
All pregnant dams will experience short lived post operative pain due to the laparotomy. Littering difficulties may occur, signs of this would be inability to pass pups, bleeding, dehydration, or distress. Poor injection technique or selection of unhealthy embryos could lead to death of the embryos in utero. Miscarriage or pup rejection could result from stress to the mother.
How will you monitor for, control, and limit any of these adverse effects?
If adverse effects can't be prevented, how will you attempt to ameliorate their initial signs?
Post operative checks will be performed to detect any signs of distress, and pre and post operative analgesia will be given to the mother to minimise the chance of rejection of the pups or stress related miscarriage.
Embryos are assessed on colouration and amniotic fluid clarity prior to injection to avoid using unhealthy embryos not likely to survive the procedure.
If pups are rejected by the mother they will be fostered to another dam.
What are the humane endpoints for this step?
This would be the point at which you would kill the animal to prevent further suffering.
Pups rejected by their mother and a potential foster mother will be killed.
Any dams showing signs of dystocia or littering difficulties will be killed.
Step 2: Maintenance (optional)
Describe the procedures that will be carried out during this step.
Explain where one or more steps are repeated in one experiment, list any alternative techniques within a step (e.g. dosing routes), and include all procedures performed under terminal anaesthesia.  When describing the technical aspects of a step, be broad enough to be flexible when the variation does not impact on animal welfare (e.g. use "antibiotic" instead of "penicillin"). Finally, avoid specifying volumes and frequencies when they do not impact on animal welfare.
Maintenance to the age of 15 months.
___________________________________________________________________
Is this step optional?
Yes
___________________________________________________________________
Do you expect this step to have adverse effects for the animals that are more than mild and transient?
Do not list uncommon or unlikely adverse effects, or effects from procedures that will cause no more than transient discomfort and no lasting harm. For example, an intravenous injection of a small volume of an innocuous substance.
No
___________________________________________________________________
Step 3: Terminal procedures (optional)
Describe the procedures that will be carried out during this step.
Explain where one or more steps are repeated in one experiment, list any alternative techniques within a step (e.g. dosing routes), and include all procedures performed under terminal anaesthesia.  When describing the technical aspects of a step, be broad enough to be flexible when the variation does not impact on animal welfare (e.g. use "antibiotic" instead of "penicillin"). Finally, avoid specifying volumes and frequencies when they do not impact on animal welfare.
Animals will be killed by:
a. Schedule 1 method; or
b. Perfusion fixation (AC); or
c. Perfusion without fixative (AC) followed by confirmation of death by a method in Schedule 1; or
d. Decapitation (AA/AC)
___________________________________________________________________
Is this step optional?
Yes
___________________________________________________________________
Do you expect this step to have adverse effects for the animals that are more than mild and transient?
Do not list uncommon or unlikely adverse effects, or effects from procedures that will cause no more than transient discomfort and no lasting harm. For example, an intravenous injection of a small volume of an innocuous substance.
No
___________________________________________________________________
Protocol 4: Fate of animals
What will happen to animals at the end of this protocol?
Select all that apply. These options are based on what you selected in the non-technical summary.
· Killed
Will you be using non-schedule 1 killing methods on a conscious animal?
Yes
For each non-schedule 1 method, explain why this is necessary.
Decapitation is necessary to give high quality, live brain slices to be used for electrophysiological experiments ex-vivo and cannot always be performed under anaesthesia, as the anaesthetic agents can affect the ion channels and cell activity that we are investigating.  Similarly, CO2 anaesthesia changes the pH of the brain dramatically with effects on all cell types thus making it unsuitable as an alternative.  
Decapitation will only be used in conscious animals when alternative methods are not viable, for example, in mice cervical dislocation immediately prior to decapitation can be used if the brain stem doesn’t need to be intact. A guillotine will be used for decapitation of non-neonate animals, to ensure an instantaneous separation of the head and a rapid loss of consciousness.
___________________________________________________________________
Protocol 4: Animal experience
Summarise the typical experience or end-to-end scenario for an animal being used in this protocol.
Consider the cumulative effect of any combinations of procedures that you may carry out.
Females of breeding age will be bought in (generally wild types) or already be within the unit, these animals will be mated and plug checked to confirm plug date. If animals are bought in they will be habituated to the facility for one week. At the appropriate time-point in the gestation, pregnant dams will be anaesthetised and the uteri exposed to allow embryos to be injected and electroporated (see protocols 12, 15, and 16 for the usage of the embryos not electroporated under this protocol). Embryos used under this protocol will receive a 1-2ul injection into the brain (most commonly into the ventricle). Once injected, embryos will be electroporated using small paddle or tweezer electrodes. The uteri are then returned to the abdomen of the dam, and the incision sutured. Analgesia is given to the dam pre and post surgery. The dam is then left to litter down normally. The litter size will be reduced down to 8 if needed to ensure the best care for the electroporated pups.  Disturbance of the dam post surgery will be kept to a minimum to reduce the risk of stress induced cannibalism or rejection of the pups.
Litters may be maintained on this protocol until they are killed via a schedule 1 method, decapitation, or perfusion under terminal anaesthesia (with or without fixative).
Mothers will be killed by a sch1 method once their pups are weaned.
___________________________________________________________________
Describe the general humane endpoints that you will apply during the protocol.
These will be in addition to the endpoints stated for each step.
See general constraints.
___________________________________________________________________
Protocol 4: Experimental design
What outputs are expected to arise from this protocol?
For example, test results, phenotypic information, or products.
This protocol will expose the uteri of pregnant mice in order to generate genetically altered rodents by electroporation with specific expression in discrete brain regions. 
From these mice we will also generate tissues for in vitro or ex vivo use; brain slices for electrophysiology, cells isolated either to be further cultured or other laboratory uses, immunostaining of tissues to quantify cells.
___________________________________________________________________
Will this protocol generate quantitative data?
Yes
___________________________________________________________________
Will your experimental design be determined by a regulatory guideline?
No
Where relevant, explain how and when pilot studies will be used.
Pilot studies will be used to generate a mean and standard deviation as an estimate of the difference we will detect in the proposed experiments. This will then be used in power calculations to determine the number of animals required to obtain a statistical power >0.95 at alpha=0.05 in a two-tailed t-test studies.
How will you choose different experimental groups?
For example, controls, dose levels, satellites etc.
Typically we will have a non electroporated control group (wild type animals, from non regulated breeding), a second control group which is electroporated with a fluorescent label, and an experimental group of animals electroporated with different genes affecting oligodendrocyte lineage cell development or signalling.  Quantities of DNA injected will be based on established protocols in our collaborators lab and the wider literature.
How will you choose control groups?
Provide a robust scientific justification for controls with significant suffering such as sham surgery controls or untreated infected controls.
Control groups will be animals which are electroporated with a fluorescent label and non electroporated animals, both of which would be compared to the experimental group. This is necessary to control for the effects of the electroporation procedure itself and enables us to compare the effect of the introduced experimental genes.
How will experiments and data analysis be randomised and blinded?
We will randomly allocate animals to different experimental conditions, such as by use of online randomiser tools https://www.randomizer.org/ or spreadsheet random number generation.
Experimental analysis will be carried out blinded or via automated analysis.
Blinding of files for analysis is performed by coding filenames to remove information that can be used to identify experimental condition (e.g. image files).  Where possible we use automated analysis using scripts or image processing software to minimise bias.
How will you minimise variables to ensure reproducibility?
Where possible, each litter will contain animals from control and experimental groups to minimise variability from intrauterine factors. Procedures will be performed by either the same researcher or with conditions divided evenly between researchers. Post birth, animals will be housed under the same conditions.
How will you determine group sizes?
You should reference POWER calculations you have made, if relevant.
The determination of the sample size needed for each experiment is based on power calculations, and effect size calculations. We assume that the datasets we will generate follow normal, i.e. Gaussian, distribution, as with our previous data. We used the mean and standard deviation from our preliminary data, previous work, and available published datasets relating to similar experiments as we propose to do, as estimates of the difference we will detect in the proposed experiments. These assumptions allow us to calculate Cohen’s effect size d and use this to determine the estimated effect size for an experiment.  The Cohen’s effect size d for most of our experiments was 3 or above, thus a sample size of n=5 for control and n=5 for most studies proposed will have at least a statistical power >0.95 at alpha=0.05 in a two-tailed t-test studies.  The variables for these exact experiments are not yet fully defined, but we would expect between 5-8 animals per group to be sufficient.
How will you maximise the data output from the animals you use on this protocol?
Where possible we will store any resultant isolated cells, fixed tissues, or RNA not used in the original experiment for future additional analysis.
Electrophysiological data generated ex vivo will be stored for additional analysis.  Ex vivo brain slices will be shared between researchers where possible.
Protocol 4: Protocol justification
Why is each type of animal, experimental model, and/or method selected for this protocol:
a) the most appropriate scientific approach?
In order to study very early time points we need to be able to introduce genetic modifications in both specific brain regions and at specific times during development.  This can be achieved in several ways; genetic approaches such as the cre-lox system, or by direct injection in utero. Hence our use of intrauterine electroporation. Under this protocol the mothers undergo a laparotomy in order to expose the uteri and the embryos.
For example, we know that the visual cortex is unmyelinated at P10, then progressively becomes more myelinated with time; at P21 myelinated axons can be found mainly in the lower cortical layers, whereas at P120, myelin is found at lower and upper layers of the visual cortex. 
This gives us a very tight window in which to investigate myelin changes and how to alter the rate of myelination within this area.
Introducing the genetic modification in utero provides us with a means of introducing the genetic modification at both a specific time and within a specific area. Depending on the timing of the injection and electroporation we can target specific layers within the cortex, for example electroporation at E15.5 targets superficial layer 2-3 neurons, whereas electroporation at E13.5 will target the deeper layer 5 neurons.
In utero modification also enables the use of multiple different lines in combination with the additional genetic modification – allowing small groups to be generated without the need for complex breeding strategies to generate mice with multiple transgenes.
___________________________________________________________________
b) the most refined for the purpose?
In utero electroporation allows us to address key questions in development by genetically modifying cells within the brain at early time points and without requiring complex breeding strategies (or creation of a new genetic line, both of which require many more animals).
Embryos are able to be assessed on colouration and amniotic fluid clarity prior to injection to avoid using unhealthy embryos not likely to survive the procedure.
___________________________________________________________________
For each model and/or method, what is the scientific need for the expected clinical signs?
We cannot access the embryos to administer the injections and electroporation without performing surgery on the pregnant dam, and some discomfort post surgery is an expected outcome of this. Analgesia will be provided before and after the surgery and the surgery itself carried out under anaesthesia.
___________________________________________________________________
Why scientifically do the animals need to suffer to this degree?
Animals are expected to make an uneventful recovery from any surgery.  No other clinical signs are expected other than potential littering complications. 
___________________________________________________________________
Why can't you achieve your scientific outputs with an earlier humane endpoint, or without animals showing any clinical signs?
Clinical signs of post surgical discomfort will be controlled through the use of analgesia. Littering complications are spontaneous and may not be readily apparent at the early stages without significant disturbance of the mother. As disturbance of the mother also leads to increased littering complications, observations of the dam during the birthing period will be performed through the cage. When littering complications are identified the dam will immediately be killed. The incidence of littering complications can be reduced through good surgical technique (e.g. minimising incision size, incision placement, careful handling of uteri) and all PIL holders carrying out the procedure will be thoroughly trained.
___________________________________________________________________
Will you be administering substances for experimental purposes?
Yes
___________________________________________________________________
How will you assess the suitability of these substances, and minimise the unnecessary harms arising from their administration given the particular strain or type of animal you will be using?
When assessing suitability, state how you will consider toxicity, efficacy, and sterility.
All solutions for injection into the brain will be prepared in a sterile environment.  In this protocol we are introducing non toxic genetic material.  The genetic promoters will be chosen based on the literature and preliminary work performed by our collaborators; typically a pCAGGS promoter will be used to drive expression in the electroporated cells as this is well established in mice electroporated in utero.
How will you determine an appropriate dosing regimen?
Include routes, dosage volumes, frequencies, and durations.
The dosing regimen for the injection into the brain is well established as part of the method. It is known that the volumes used are suitable for all gestational time points that we will use.
Protocol 5
Title
Breeding and maintenance of genetically altered rodents(mild)
___________________________________________________________________
Protocol 5: Protocol details
Briefly describe the purposes of this protocol
Ensure that you state any relevant regulatory guidelines.
To produce, maintain and provide genetically altered rodents.
___________________________________________________________________
Given the controls and limitations in place, what is the highest severity that an animal could experience in this protocol?
Mild
___________________________________________________________________
What proportion of animals will experience this severity?
Few – we expect most phenotypes to be sub-threshold and genotyping will generally be undertaken using surplus material from ear notching for identification.
___________________________________________________________________
Why are you proposing this severity category?
Animals are not expected to show harmful phenotypes that are more than minor or transient.
___________________________________________________________________
Locations where this protocol can be carried out
Select all that apply.
· University of Cambridge
___________________________________________________________________
Which of your objectives will this protocol address?
Select all that apply.
· Establish a mechanism of myelin loss and damage throughout life 
· Identify a mechanism of how glia effect neuronal circuit development and function in health and disease
· Determine a mechanism of how myelin plasticity and dysfunction can affect learning and memory.
· Identify whether white matter lesions impact on neural and circuit function.
· Determine a pathway of how myelin is regenerated in disease.
· Identify a regulatory mechanism of myelination throughout life.
___________________________________________________________________
Protocol 5: Animals used in this protocol
Mice
Which life stages will be used during this protocol?
Select all that apply
· Embryo and egg
· Neonate
· Juvenile
· Adult
· Pregnant adult
___________________________________________________________________
Will any animals coming on to this protocol be classed as ‘continued use’?
‘Continued use’ describes animals that are specifically genetically altered and bred for scientific use or animals that have had procedures applied to them in order to be prepared for use in this protocol.
Yes
___________________________________________________________________
How did these animals start their use?
Describe the procedures that have been applied to animals that will continue their use on to this protocol.
Genetically altered animals for use in this protocol may be obtained from other projects with authority to breed and maintain genetically altered animals of a type authorised in this project, and to provide them for use on other projects. 
Will you be re-using animals on to this protocol?
‘Re-use’ describes using animals again for a new experiment when you could equally use a naïve animal to get the same results.
No
___________________________________________________________________
What is the maximum number of animals that will be used on this protocol?
Please only enter numbers, e.g. 40
13000
___________________________________________________________________
What is the maximum number of uses of this protocol per animal?
For example, if some animals will go through this protocol three more times after their first use, the number of uses will be four.   If no animals will go through this protocol more than once, enter '1'.  Please only enter numbers, e.g. 40
1
___________________________________________________________________
Rats
Which life stages will be used during this protocol?
Select all that apply
· Embryo and egg
· Neonate
· Juvenile
· Adult
· Pregnant adult
___________________________________________________________________
Will any animals coming on to this protocol be classed as ‘continued use’?
‘Continued use’ describes animals that are specifically genetically altered and bred for scientific use or animals that have had procedures applied to them in order to be prepared for use in this protocol.
Yes
___________________________________________________________________
How did these animals start their use?
Describe the procedures that have been applied to animals that will continue their use on to this protocol.
Genetically altered animals for use in this protocol may be obtained from other projects with authority to breed and maintain genetically altered animals of a type authorised in this project, and to provide them for use on other projects. 
Will you be re-using animals on to this protocol?
‘Re-use’ describes using animals again for a new experiment when you could equally use a naïve animal to get the same results.
No
___________________________________________________________________
What is the maximum number of animals that will be used on this protocol?
Please only enter numbers, e.g. 40
1000
___________________________________________________________________
What is the maximum number of uses of this protocol per animal?
For example, if some animals will go through this protocol three more times after their first use, the number of uses will be four.   If no animals will go through this protocol more than once, enter '1'.  Please only enter numbers, e.g. 40
1
___________________________________________________________________
Protocol 5: Genetically altered animals (GAA)
Will this protocol use any genetically altered animals?
Yes
___________________________________________________________________
Which general types or strains will you be using and why?
This project will use animals expressing altered myelin associated genes or genes that control glial proliferation, differentiation, or myelination. Genes will be modified that are involved in signalling pathways to glia and neurons - including ion channels, as our previous work has shown that these channels are expressed by oligodendrocyte precursor cells and may be important for proliferation and/or differentiation. Genetically encoded labels, and generic reporter mice will be used to identify different cells (e.g. for cell sorting or electrophysiology) and recombinant genes such as ChR2, hM4Di, hM3Dq, iGluSnFr, GCaMP or other activity modulators, or sensors, will also be used. 
Modifications will include overexpression, partial or full knockout of the gene. Predominantly the cre-lox system will be used, generally using cell/tissue specific cre lines or promoters specific to the genes of interest. Inducible cre models will be used to give temporal control over expression or knock out of genes, enabling us to study development, repair, or other processes such as learning and behaviour.  Additionally, immunodeficient mouse models will be used, alone or in combination with the other alterations mentioned above in order for cell transplantations to be performed or to investigate the role of immune cells in brain development and repair.
Mice with myelin deficits such as myrf (myelin regulatory factor) knock out mice will be used to investigate the role of myelin in the brain circuit, prevent myelin formation at critical points in development, or investigate rescue of myelin phenotypes through other interventions.  For this protocol animals will be used prior to any expected harmful phenotype from these myelin deficient mice.
These modifications are necessary to address our objectives. Our work aims to identify factors which affect myelination or remyelination and the mechanisms behind their action.  These factors can affect myelination or remyelination by perturbation of the survival, migration, myelin formation and compaction, differentiation or proliferation of oligodendrocyte precursor cells (OPCs).  Other factors that might affect myelination are interactions between OPCs and other cells within the brain, such as neurons, astrocytes or microglia. 
Do you expect any of these GAAs to show a harmful phenotype with welfare consequences?
No
Protocol 5: Steps
Step 1: Breeding (mandatory)
Describe the procedures that will be carried out during this step.
Explain where one or more steps are repeated in one experiment, list any alternative techniques within a step (e.g. dosing routes), and include all procedures performed under terminal anaesthesia.  When describing the technical aspects of a step, be broad enough to be flexible when the variation does not impact on animal welfare (e.g. use "antibiotic" instead of "penicillin"). Finally, avoid specifying volumes and frequencies when they do not impact on animal welfare.
The production and birth of genetically altered offspring arising from 
a) breeding by conventional breeding methods
b) generation of genetically altered embryos and blastocysts by in vitro manipulation and/or fertilisation with implantation into an embryo recipient and intrauterine development.
___________________________________________________________________
Is this step optional?
No
___________________________________________________________________
Do you expect this step to have adverse effects for the animals that are more than mild and transient?
Do not list uncommon or unlikely adverse effects, or effects from procedures that will cause no more than transient discomfort and no lasting harm. For example, an intravenous injection of a small volume of an innocuous substance.
No
___________________________________________________________________
Step 2: Tissues for genotyping (optional)
Describe the procedures that will be carried out during this step.
Explain where one or more steps are repeated in one experiment, list any alternative techniques within a step (e.g. dosing routes), and include all procedures performed under terminal anaesthesia.  When describing the technical aspects of a step, be broad enough to be flexible when the variation does not impact on animal welfare (e.g. use "antibiotic" instead of "penicillin"). Finally, avoid specifying volumes and frequencies when they do not impact on animal welfare.
Tissue biopsy to determine genetic status by one of the following methods: 
a.	ear biopsy (AA/AB)
b.	hair sampling (AA/AB)
c.	mouth swabbing (AA/AB)
Rarely, due to technical problems during analysis, a second sample may be taken. 
___________________________________________________________________
Is this step optional?
Yes
___________________________________________________________________
Do you expect this step to have adverse effects for the animals that are more than mild and transient?
Do not list uncommon or unlikely adverse effects, or effects from procedures that will cause no more than transient discomfort and no lasting harm. For example, an intravenous injection of a small volume of an innocuous substance.
No
___________________________________________________________________
Step 3: Maintenance (optional)
Repeated from protocol 4
Describe the procedures that will be carried out during this step.
Explain where one or more steps are repeated in one experiment, list any alternative techniques within a step (e.g. dosing routes), and include all procedures performed under terminal anaesthesia.  When describing the technical aspects of a step, be broad enough to be flexible when the variation does not impact on animal welfare (e.g. use "antibiotic" instead of "penicillin"). Finally, avoid specifying volumes and frequencies when they do not impact on animal welfare.
Maintenance to the age of 15 months.
___________________________________________________________________
Is this step optional?
Yes
___________________________________________________________________
Do you expect this step to have adverse effects for the animals that are more than mild and transient?
Do not list uncommon or unlikely adverse effects, or effects from procedures that will cause no more than transient discomfort and no lasting harm. For example, an intravenous injection of a small volume of an innocuous substance.
No
___________________________________________________________________
Step 4: Terminal procedures (optional)
Describe the procedures that will be carried out during this step.
Explain where one or more steps are repeated in one experiment, list any alternative techniques within a step (e.g. dosing routes), and include all procedures performed under terminal anaesthesia.  When describing the technical aspects of a step, be broad enough to be flexible when the variation does not impact on animal welfare (e.g. use "antibiotic" instead of "penicillin"). Finally, avoid specifying volumes and frequencies when they do not impact on animal welfare.
Terminal procedures:
a.	Perfusion fixation (AC)
b.	Schedule 1 killing
c.	Perfusion without fixative (AC) followed by confirmation of death by a method in Schedule 1
d.     Decapitation (AA/AC)
___________________________________________________________________
Is this step optional?
Yes
___________________________________________________________________
Do you expect this step to have adverse effects for the animals that are more than mild and transient?
Do not list uncommon or unlikely adverse effects, or effects from procedures that will cause no more than transient discomfort and no lasting harm. For example, an intravenous injection of a small volume of an innocuous substance.
No
___________________________________________________________________
Protocol 5: Fate of animals
What will happen to animals at the end of this protocol?
Select all that apply. These options are based on what you selected in the non-technical summary.
· Killed
Will you be using non-schedule 1 killing methods on a conscious animal?
Yes
For each non-schedule 1 method, explain why this is necessary.
Decapitation is necessary to give high quality, live brain slices to be used for electrophysiological experiments ex-vivo and cannot always be performed under anaesthesia, as the anaesthetic agents can affect the ion channels and cell activity that we are investigating. Similarly, CO2 anaesthesia changes the pH of the brain dramatically with effects on all cell types thus making it unsuitable as an alternative. 
Decapitation will only be used in conscious animals when alternative methods are not viable, for example, in mice cervical dislocation immediately prior to decapitation can be used if the brain stem doesn’t need to be intact. A guillotine will be used for decapitation of non-neonate animals, to ensure an instantaneous separation of the head and a rapid loss of consciousness.
· Kept alive at a licensed establishment for non-regulated purposes or possible reuse
· Continued use on another protocol in this project
Please state the relevant protocol.
Offspring may be moved to any protocols on this licence authorising the use of GA mice or rats of the type produced on this protocol.
· Continued use on other projects
___________________________________________________________________
Protocol 5: Animal experience
Summarise the typical experience or end-to-end scenario for an animal being used in this protocol.
Consider the cumulative effect of any combinations of procedures that you may carry out.
Animal may be used for natural mating on a number of occasions.
Animals produced under this protocol are not expected to exhibit any harmful phenotype.
Offspring will be maintained by methods appropriate to their genetic alteration until they reach a maximum of 15 months of age.
Animals may be transported to a nearby licensed designated area outside of the main animal facility prior to killing if needed for experiments, this may include neonatal animals or late stage pregnant animals. For late stage pregnant and neonatal animals before P3, they will be assessed by the NVS prior to transport.
Killing will either be via a schedule 1 method, decapitation, or perfusion under terminal anaesthesia (with or without fixative).
___________________________________________________________________
Describe the general humane endpoints that you will apply during the protocol.
These will be in addition to the endpoints stated for each step.
Some animals may have an altered immune system making them more susceptible to infection (for example Rag2 KO mice).  Animals with altered immune status will be housed in a barrier environment thereby minimising the likelihood of compromising health.
Human myelin disorders can lead to seizures or movement disorders; as we are attempting to model similar myelin deficits in the mouse this can lead to similar clinical signs being observed. We have seen tremors in some of the lines that we have used previously, such as NRG1 overexpressing mice which generate excessive myelin, these are usually mild and do not prevent eating, drinking, ambulation or other behaviours.  If seizures are seen the animals will be killed. Any animal will be immediately killed by a method specified in this protocol if it shows signs of suffering that is greater than minor or transient or in any way compromises normal behaviour, unless moved on to another protocol that allows the observed clinical signs for a specific purpose (continued use).  
Animals exhibiting any unexpected harmful phenotypes will be killed (by a method specified in this protocol), or in the case of individual animals of particular scientific interest, advice will be sought promptly from the local Home Office inspector.
___________________________________________________________________
Protocol 5: Experimental design
What outputs are expected to arise from this protocol?
For example, test results, phenotypic information, or products.
Genetically altered mice for use on other protocols.  
Tissues for in vitro or ex vivo use; brain slices for electrophysiology, cells isolated either to be further cultured or other laboratory uses, immunostaining of tissues to quantify cells
___________________________________________________________________
Will this protocol generate quantitative data?
Yes
___________________________________________________________________
Will your experimental design be determined by a regulatory guideline?
No
Where relevant, explain how and when pilot studies will be used.
Pilot studies will be used to generate a mean and standard deviation as an estimate of the difference we will detect in the proposed experiments. This will then be used in power calculations to determine the number of animals required to obtain a statistical power >0.95 at alpha=0.05 in a two-tailed t-test studies.
Where the phenotype of animals is unknown and breeding is being carried out for the first time (e.g. floxed line to a cre line) a test mating will be set up to observe phenotype.
How will you choose different experimental groups?
For example, controls, dose levels, satellites etc.
All experiments will have at least one control and one experimental group. Under this protocol no substances will be administered to the animals whilst they are alive, however ex vivo tissues will be used for other experiments (electrophysiology, slice cultures, cell isolations).  Some of these experiments allow a series of concentrations or interventions to be performed sequentially which allows us to use fewer animals overall.
How will you choose control groups?
Provide a robust scientific justification for controls with significant suffering such as sham surgery controls or untreated infected controls.
Control groups will typically be littermate controls or age matched animals with the same genetic background, without the transgene of interest.
How will experiments and data analysis be randomised and blinded?
We will randomly allocate animals to different experimental conditions, such as by use of online randomiser tools https://www.randomizer.org/ or spreadsheet random number generation.
Experimental analysis will be carried out blinded or via automated analysis.
Blinding of files for analysis is performed by coding filenames to remove information that can be used to identify experimental condition (e.g. image files).  Where possible we use automated analysis using scripts or image processing software to minimise bias.
How will you minimise variables to ensure reproducibility?
Animals will be housed within the same conditions.
How will you determine group sizes?
You should reference POWER calculations you have made, if relevant.
The determination of the sample size needed for each experiment is based on power calculations, and effect size calculations. We assume that the datasets we will generate follow normal, i.e. Gaussian, distribution, as with our previous data. We used the mean and standard deviation from our preliminary data, previous work, and available published datasets relating to similar experiments as we propose to do, as estimates of the difference we will detect in the proposed experiments. These assumptions allow us to calculate Cohen’s effect size d and use this to determine the estimated effect size for an experiment. In general for studies of this type, the Cohen’s effect size d is 3 or above, thus a sample size of n=5 for control and n=5 for most studies proposed will have at least a statistical power >0.95 at alpha=0.05 in a two-tailed t-test studies.
How will you maximise the data output from the animals you use on this protocol?
Where possible we will store any resultant isolated cells, fixed tissues, or RNA not used in the original experiment for future additional analysis.
Electrophysiological data generated ex vivo will be stored for additional analysis.  Ex vivo brain slices will be shared between researchers where possible.
Protocol 5: Protocol justification
Why is each type of animal, experimental model, and/or method selected for this protocol:
a) the most appropriate scientific approach?
Genetically altered mice of these types are required to achieve the scientific aims of this project.  
Decapitation is necessary to give high quality, live brain slices to be used for electrophysiological experiments ex-vivo and cannot always be performed under anaesthesia, as the anaesthetic agents can affect the ion channels and cell activity that we are investigating. Similarly, CO2 anaesthesia changes the pH of the brain dramatically with effects on all cell types thus making it unsuitable as an alternative. 
Perfusion fixation is the only method that will preserve tissue quality well enough to perform the histological analyses on which the study outputs depend (e.g. tissue for immunohistochemistry, in situ hybridisation and electron microscopy).  
Perfusion without fixatives is required to generate live tissue brain slices for electrophysiological recording of certain cells e.g. neurons. Removal of blood from the brain tissues prior to cell sorting or tissue isolation for cell culture, or omics; is best achieved by perfusion of physiological buffering solutions (or similar non fixative solutions).
Transport of animals to an external designated area is essential for accessing specialist equipment and generating live tissue brain slices.
___________________________________________________________________
b) the most refined for the purpose?
The act of natural mating is not regulated per se and no animals on this protocol are expected to show clinical signs that could exceed mild. 
Decapitation will only be used in conscious animals when alternative methods are not viable, for example, in mice cervical dislocation immediately prior to decapitation can be used if the brain stem doesn’t need to be intact. A guillotine will be used for decapitation of non-neonate animals, to ensure an instantaneous separation of the head and a rapid loss of consciousness.
Transport between the animal unit and the lab space has been assessed and is both a short distance (under 1km) and brief, causing minimal stress to the animals.
___________________________________________________________________
For each model and/or method, what is the scientific need for the expected clinical signs?
Animals are not expected to deviate from normal health and wellbeing whilst under this protocol.
___________________________________________________________________
Why scientifically do the animals need to suffer to this degree?
No clinical signs are expected that are more than mild and transient.
___________________________________________________________________
Why can't you achieve your scientific outputs with an earlier humane endpoint, or without animals showing any clinical signs?
N/A
___________________________________________________________________
Will you be administering substances for experimental purposes?
No
___________________________________________________________________
Protocol 6
Title
Maintenance of ageing animals
___________________________________________________________________
Protocol 6: Protocol details
Briefly describe the purposes of this protocol
Ensure that you state any relevant regulatory guidelines.
To maintain genetically altered and wildtype mice beyond 15 months of age for ageing studies.
To maintain genetically altered and wildtype rats beyond 18 months of age for ageing studies. 
___________________________________________________________________
Given the controls and limitations in place, what is the highest severity that an animal could experience in this protocol?
Moderate
___________________________________________________________________
What proportion of animals will experience this severity?
Approximately 10% of animals will experience moderate severity. 
___________________________________________________________________
Why are you proposing this severity category?
Ageing animals naturally have decreased body condition and an increased risk of spontaneous death as they reach the end of their normal lifespan, the deterioration of condition can be rapid but in most cases can be identified and the animals killed before additional suffering occurs and prior to natural death.  Time points will be adjusted according to strain to minimise the number of animals experiencing suffering above mild.
___________________________________________________________________
Locations where this protocol can be carried out
Select all that apply.
· University of Cambridge
___________________________________________________________________
Which of your objectives will this protocol address?
Select all that apply.
· Establish a mechanism of myelin loss and damage throughout life 
· Identify a mechanism of how glia effect neuronal circuit development and function in health and disease
· Determine a mechanism of how myelin plasticity and dysfunction can affect learning and memory.
· Identify whether white matter lesions impact on neural and circuit function.
· Determine a pathway of how myelin is regenerated in disease.
· Establish a mechanism of how myelin regeneration can be enhanced, and function restored.
· Identify a regulatory mechanism of myelination throughout life.
___________________________________________________________________
Protocol 6: Animals used in this protocol
Mice
Which life stages will be used during this protocol?
Select all that apply
· Aged animal
___________________________________________________________________
Will any animals coming on to this protocol be classed as ‘continued use’?
‘Continued use’ describes animals that are specifically genetically altered and bred for scientific use or animals that have had procedures applied to them in order to be prepared for use in this protocol.
Yes
___________________________________________________________________
How did these animals start their use?
Describe the procedures that have been applied to animals that will continue their use on to this protocol.
Genetically altered animals for use in this protocol may be obtained from: 
•	This licence: Protocol 5 ‘Breeding and maintenance of genetically altered animals’ (mild)
or 
•	other project licences with authority to breed and maintain genetically altered animals of a type authorised in this project, and to provide them for use on other projects.
Will you be re-using animals on to this protocol?
‘Re-use’ describes using animals again for a new experiment when you could equally use a naïve animal to get the same results.
No
___________________________________________________________________
What is the maximum number of animals that will be used on this protocol?
Please only enter numbers, e.g. 40
200
___________________________________________________________________
What is the maximum number of uses of this protocol per animal?
For example, if some animals will go through this protocol three more times after their first use, the number of uses will be four.   If no animals will go through this protocol more than once, enter '1'.  Please only enter numbers, e.g. 40
1
___________________________________________________________________
Rats
Which life stages will be used during this protocol?
Select all that apply
· Aged animal
___________________________________________________________________
Will any animals coming on to this protocol be classed as ‘continued use’?
‘Continued use’ describes animals that are specifically genetically altered and bred for scientific use or animals that have had procedures applied to them in order to be prepared for use in this protocol.
Yes
___________________________________________________________________
How did these animals start their use?
Describe the procedures that have been applied to animals that will continue their use on to this protocol.
Genetically altered animals for use in this protocol may be obtained from: 
•	This licence: Protocol 5 ‘Breeding and maintenance of genetically altered animals’ (mild)
or 
•	other project licences with authority to breed and maintain genetically altered animals of a type authorised in this project, and to provide them for use on other projects.
Will you be re-using animals on to this protocol?
‘Re-use’ describes using animals again for a new experiment when you could equally use a naïve animal to get the same results.
No
___________________________________________________________________
What is the maximum number of animals that will be used on this protocol?
Please only enter numbers, e.g. 40
200
___________________________________________________________________
What is the maximum number of uses of this protocol per animal?
For example, if some animals will go through this protocol three more times after their first use, the number of uses will be four.   If no animals will go through this protocol more than once, enter '1'.  Please only enter numbers, e.g. 40
1
___________________________________________________________________
Protocol 6: Genetically altered animals (GAA)
Will this protocol use any genetically altered animals?
Yes
___________________________________________________________________
Which general types or strains will you be using and why?
This project will use animals expressing altered myelin associated genes or genes that control glial proliferation, differentiation, or myelination. Genes will be modified that are involved in signalling pathways to glia and neurons - including ion channels, as our previous work has shown that these channels are expressed by oligodendrocyte precursor cells and may be important for proliferation and/or differentiation. Genetically encoded labels, and generic reporter mice will be used to identify different cells (e.g. for cell sorting or electrophysiology).
Modifications will include overexpression, partial or full knockout of the gene. Predominantly the cre-lox system will be used, generally using cell/tissue specific cre lines or promoters specific to the genes of interest.  Additionally, immunodeficient mouse models will be used, alone or in combination with the other alterations mentioned above to investigate the role of immune cells in brain ageing.
These modifications are necessary to address our objectives. Our work aims to identify factors which affect myelination or remyelination and the mechanisms behind their action. These factors can affect myelination or remyelination by perturbation of the survival, migration, myelin formation and compaction, differentiation or proliferation of oligodendrocyte precursor cells (OPCs). Other factors that might affect myelination are interactions between OPCs and other cells within the brain, such as neurons, astrocytes or microglia. 
Animals that will be used under this protocol are not expected to exhibit any harmful phenotype due to areas of interest and the timepoints that we will be using.
Do you expect any of these GAAs to show a harmful phenotype with welfare consequences?
No
Protocol 6: Steps
Step 1: Ageing (mandatory)
Describe the procedures that will be carried out during this step.
Explain where one or more steps are repeated in one experiment, list any alternative techniques within a step (e.g. dosing routes), and include all procedures performed under terminal anaesthesia.  When describing the technical aspects of a step, be broad enough to be flexible when the variation does not impact on animal welfare (e.g. use "antibiotic" instead of "penicillin"). Finally, avoid specifying volumes and frequencies when they do not impact on animal welfare.
Maintenance of existing genetically altered or wildtype animals by conventional methods up to a maximum of 24 months of age.
Not all animals will reach 2 years of age as we will have multiple different timepoints within the ageing period which may vary between experiments. 
___________________________________________________________________
Is this step optional?
No
___________________________________________________________________
Do you expect this step to have adverse effects for the animals that are more than mild and transient?
Do not list uncommon or unlikely adverse effects, or effects from procedures that will cause no more than transient discomfort and no lasting harm. For example, an intravenous injection of a small volume of an innocuous substance.
Yes
___________________________________________________________________
What are the likely adverse effects of this step?
State the expected adverse effect, including the likely incidence, and the anticipated degree and duration of suffering.
Ageing animals naturally have decreased body condition and an increased risk of spontaneous death as they reach the end of their normal lifespan. Animals reaching the end of their natural life may show decreased movement, or respiratory distress.
About 20% of aged rats and mice are expected to develop some superficial (mainly mammary) tumours during the course of ageing experiments. These are not typically malignant or painful but can grow rapidly and become an impediment to movement if left unchecked. 
Malocclusion can also occur in ageing animals with an incidence of approximately 5-10%. This can lead to weight loss and discomfort if not controlled.
How will you monitor for, control, and limit any of these adverse effects?
If adverse effects can't be prevented, how will you attempt to ameliorate their initial signs?
Wherever possible animals will be kept for the minimum amount of time required to conduct experiments and experimental time points will take the average time to reach the humane end point into account.
As age related tumours occur spontaneously, control is not possible, however their effect on wellbeing of the animal can be limited through regular inspection and application of humane end points.  Routine inspections of the animals is performed by biofacility technicians and any tumours will be identified before they become large enough to impact on wellbeing. 
After 15 months of age for mice, and 18 months of age for rats, animals will be assigned a body condition score and reassessed weekly. Body condition scores are based on the BCS scoresheet in figure 2. of Burkholder et al Health Evaluation of Experimental Laboratory Mice. Curr Protoc Mouse Biol. 2012 Jun;2:145-165. doi: 10.1002/9780470942390.mo110217 with additional criteria from internally generated score sheets. Body condition scores are given on a 5 point scale, where 1 is emaciated, 3 is well conditioned, and 5 is obese.
What are the humane endpoints for this step?
This would be the point at which you would kill the animal to prevent further suffering.
In cases of malocclusion the animal will be killed unless, in agreement with the NVS, teeth clipping, and monitoring are used to keep the animal feeding well and the end point of the experiment is within 4 weeks.
Ageing animals can rapidly become unwell and any of the following are signs of a mouse or rat reaching the end of its lifespan. An animal will be killed immediately if it meets any of the following criteria;
●	Any sudden significant drop in body condition score (BCS) (taking into account general appearance, porphyrin production, coat grooming, curvature of the spine). Animals with a body condition score that falls to 2 will be killed.
●	Impaired mobility which interferes with normal eating and drinking.
●	Respiratory distress: laboured breathing, increased or decreased respiratory rate, cyanosis
Animals showing tumours will be killed unless in agreement with the NVS for animals of particular interest they are kept until the conclusion of the experiment. Animals kept in these instances will be killed if the tumour reaches 1.2 cm diameter in mice or 2.5cm in rats (where more than one tumour grows, total burden will not exceed that of single tumour), or tumour becomes ulcerated or the tumour interferes in any way with the animal's ability to fulfil its normal behavioural and physiological functions (e.g. eating, drinking, defaecation) or in any way impedes its mobility.
Step 2: Label administration (optional)
Describe the procedures that will be carried out during this step.
Explain where one or more steps are repeated in one experiment, list any alternative techniques within a step (e.g. dosing routes), and include all procedures performed under terminal anaesthesia.  When describing the technical aspects of a step, be broad enough to be flexible when the variation does not impact on animal welfare (e.g. use "antibiotic" instead of "penicillin"). Finally, avoid specifying volumes and frequencies when they do not impact on animal welfare.
(Optional, at any stage, and on multiple occasions) administration of labelling agents such as EdU, BrdU; by, on each occasion, one of the following routes (AA):
a.	Subcutaneously
b.	Intraperitoneally
c.	Oral (including in supplemental food or drinking water, standard diet will not be fully replaced)
d.	Gavage
___________________________________________________________________
Is this step optional?
Yes
___________________________________________________________________
Do you expect this step to have adverse effects for the animals that are more than mild and transient?
Do not list uncommon or unlikely adverse effects, or effects from procedures that will cause no more than transient discomfort and no lasting harm. For example, an intravenous injection of a small volume of an innocuous substance.
Yes
___________________________________________________________________
What are the likely adverse effects of this step?
State the expected adverse effect, including the likely incidence, and the anticipated degree and duration of suffering.
After gavage, 1% of animals may show signs of gastric reflux, this presents as subdued behaviour for a few minutes post gavage. If reflux is followed by aspiration this can cause gasping.
In less than 0.1% of cases, water consumption may be affected when substances are added to the drinking water. This can lead to dehydration related weight loss, skin tenting, or lethargy.
How will you monitor for, control, and limit any of these adverse effects?
If adverse effects can't be prevented, how will you attempt to ameliorate their initial signs?
Animals will be observed post gavage to identify any signs of reflux or gasping.
Water consumption for rats is approximately 10ml/100g and for mice 15ml/100g. If water consumption falls below normal, and is not corrected by use of sweeteners, and/or the animal starts showing signs of decreased consumption (e.g. weight loss, skin tenting) then administration of drug in water will be stopped and animals immediately offered untreated water. If drinking resumes, then the substances may be administered via an alternative method.
What are the humane endpoints for this step?
This would be the point at which you would kill the animal to prevent further suffering.
Any animal showing gasping not resolved within 2 minutes will be killed. Any animal that appears subdued post gavage and does not return to normal behaviour will be killed.
If animals do not return to normal drinking after being presented with untreated water, then they will be killed.
Step 3: Terminal procedures (mandatory)
Describe the procedures that will be carried out during this step.
Explain where one or more steps are repeated in one experiment, list any alternative techniques within a step (e.g. dosing routes), and include all procedures performed under terminal anaesthesia.  When describing the technical aspects of a step, be broad enough to be flexible when the variation does not impact on animal welfare (e.g. use "antibiotic" instead of "penicillin"). Finally, avoid specifying volumes and frequencies when they do not impact on animal welfare.
Animals will be killed by:
	a. Schedule 1 method; or
	b. Perfusion fixation (AC); or
	c. Perfusion without fixative (AC) followed by confirmation of death by a method in Schedule 1; or
	d. Decapitation (AA/ AC).
___________________________________________________________________
Is this step optional?
No
___________________________________________________________________
Do you expect this step to have adverse effects for the animals that are more than mild and transient?
Do not list uncommon or unlikely adverse effects, or effects from procedures that will cause no more than transient discomfort and no lasting harm. For example, an intravenous injection of a small volume of an innocuous substance.
No
___________________________________________________________________
Protocol 6: Fate of animals
What will happen to animals at the end of this protocol?
Select all that apply. These options are based on what you selected in the non-technical summary.
· Killed
Will you be using non-schedule 1 killing methods on a conscious animal?
Yes
For each non-schedule 1 method, explain why this is necessary.
Decapitation is necessary to give high quality, live brain slices to be used for electrophysiological experiments ex-vivo and cannot always be performed under anaesthesia, as the anaesthetic agents can affect the ion channels and cell activity that we are investigating.  Similarly, CO2 anaesthesia changes the pH of the brain dramatically with effects on all cell types thus making it unsuitable as an alternative.  
Decapitation will only be used in conscious animals when alternative methods are not viable, for example, in mice cervical dislocation immediately prior to decapitation can be used if the brain stem doesn’t need to be intact. A guillotine will be used for decapitation of non-neonate animals, to ensure an instantaneous separation of the head and a rapid loss of consciousness.
___________________________________________________________________
Protocol 6: Animal experience
Summarise the typical experience or end-to-end scenario for an animal being used in this protocol.
Consider the cumulative effect of any combinations of procedures that you may carry out.
Animals will be bought in from commercial suppliers, bred in house, or obtained from other licenses with the authority to share animals of the genotype required.  Animals will be maintained using standard maintenance protocols up to a maximum of 24 months of age. Increased monitoring will be in place as they age beyond 15 months (mice) or 18 months (rats) to ensure that any clinical signs associated with ageing, such as malocclusion, tumour formation, are caught early. At different timepoints, animals may receive non harmful labelling substances by usually one, but occasionally various, methods. Where labelling substances are given in food, this will be mixed into highly palatable food and given in addition to the standard diet (e.g. in jelly, chocolate spread, milkshake).  At the end of the ageing period animals will be killed via a schedule 1 method, decapitation, or perfusion under terminal anaesthesia (with or without fixative). Approximately 30% of rats, and 5% of mice, will be culled by decapitation depending on experimental requirements for electrophysiological recordings from brain slices.
___________________________________________________________________
Describe the general humane endpoints that you will apply during the protocol.
These will be in addition to the endpoints stated for each step.
Any animal showing any deviation from normal health and wellbeing not otherwise permitted within the protocol, will be killed via a method specified in this protocol or by a schedule 1 method.
___________________________________________________________________
Protocol 6: Experimental design
What outputs are expected to arise from this protocol?
For example, test results, phenotypic information, or products.
Tissues for in vitro or ex vivo use; brain slices for electrophysiology, cells isolated either to be further cultured or other laboratory uses, immunostaining of tissues to quantify cells.
___________________________________________________________________
Will this protocol generate quantitative data?
Yes
___________________________________________________________________
Will your experimental design be determined by a regulatory guideline?
No
Where relevant, explain how and when pilot studies will be used.
As ageing animals presents a significant time commitment, a small pilot study is not likely to be used as different cohorts will need to be ageing concurrently. However, animals may be killed at different timepoints within the ageing period to assess the suitability of the timepoint for achieving the experimental aim. Incidence of adverse effects seen at different ages will be used to inform experimental time points for future cohorts.
How will you choose different experimental groups?
For example, controls, dose levels, satellites etc.
In humans and animals we see increased white matter damage with age and a decline in myelin maintenance and repair. We also see changes in the ion channel composition of oligodendrocyte lineage cells. Due to this variation, there will typically be several time points used in these studies at different ages, dependent upon the region and ion channel(s) being investigated. 
How will you choose control groups?
Provide a robust scientific justification for controls with significant suffering such as sham surgery controls or untreated infected controls.
There will not be a control group as such, we will be comparing across different ages.
How will experiments and data analysis be randomised and blinded?
We will randomly allocate animals to different experimental conditions, such as by use of online randomiser tools https://www.randomizer.org/ or spreadsheet random number generation, though some grouping may occur prior to randomisation to minimise animals being singly housed for long study durations. 
Experimental analysis will be carried out blinded or via automated analysis.
Blinding of files for analysis is performed by coding filenames to remove information that can be used to identify experimental condition (e.g. image files).  Where possible we use automated analysis using scripts or image processing software to minimise bias.
How will you minimise variables to ensure reproducibility?
Animals will be housed in the same facility, be a similar genetic background and same genotype. Where possible littermates will be used for different timepoints, however this will be avoided if doing so would result in a singly housed animal for a long period of time.
How will you determine group sizes?
You should reference POWER calculations you have made, if relevant.
The determination of the sample size needed for each experiment is based on power calculations, and effect size calculations. We assume that the datasets we will generate follow normal, i.e. Gaussian, distribution, as with our previous data. We used the mean and standard deviation from our preliminary data, previous work, and available published datasets relating to similar experiments as we propose to do, as estimates of the difference we will detect in the proposed experiments. These assumptions allow us to calculate Cohen’s effect size d and use this to determine the estimated effect size for an experiment.  The Cohen’s effect size d was 3 or above, thus a sample size of n=5 for control and n=5 for most studies proposed will have at least a statistical power >0.95 at alpha=0.05 in a two-tailed t-test studies.  
Group sizes in ageing experiments will be increased to accommodate for loss of animals and to avoid single housing due to animal losses due to old age.
How will you maximise the data output from the animals you use on this protocol?
We will store any resultant isolated cells, fixed tissues, or RNA not used in the original experiment for future additional analysis.
Electrophysiological data generated ex vivo will be stored for additional analysis.  Ex vivo brain slices will be shared between researchers where possible.
Protocol 6: Protocol justification
Why is each type of animal, experimental model, and/or method selected for this protocol:
a) the most appropriate scientific approach?
Recent evidence indicate now that mechanisms of myelination may differ between older adults compared to young adults. Thus, to identify the differences of identified mechanisms between ages, we will need to compare older animals to younger animals, as well as comprehensively analyse changes throughout the lifespan. These findings may be extremely important for understanding age related decline in myelin maintenance and regeneration. 
Perfusion fixation allows preservation of the tissue so that we can conduct immunohistochemical or histological analyses..
To address functional changes in myelination, cell activity and ion channel composition animals will be killed by a schedule 1 method, or by decapitation or saline perfusion to better preserve brain tissue, followed by ex-vivo electrophysiology or calcium imaging e.g. to quantify the action potential conduction speed in acute brain slices, or optic nerve, record calcium changes, or electrophysiological changes in cells with patch-clamp recordings. For this protocol we are comparing the electrophysiological properties of cells within the brain across age, we will need to use decapitation in order to obtain the brain slices for this work. Decapitation is necessary to give high quality, live brain slices to be used for electrophysiological experiments ex-vivo and cannot always be performed under anaesthesia, as the anaesthetic agents can affect the ion channels and cell activity that we are investigating.  Similarly, CO2 anaesthesia changes the pH of the brain dramatically with effects on all cell types thus making it unsuitable as an alternative.
___________________________________________________________________
b) the most refined for the purpose?
For ageing experiments, animals will only be kept if they are showing no, or minor and controllable, ill effects from growing older. Teeth checks and general health monitoring ensures that animal suffering is kept to a minimum.  As we know that dietary restriction affects myelination processes we are not always able to age animals using this method as it could affect the outcome of our experiments.
Decapitation will only be used in conscious animals when alternative methods are not viable, for example, in mice cervical dislocation immediately prior to decapitation can be used if the brain stem doesn’t need to be intact. A guillotine will be used for decapitation of non-neonate animals, to ensure an instantaneous separation of the head and a rapid loss of consciousness.
___________________________________________________________________
For each model and/or method, what is the scientific need for the expected clinical signs?
With age, we see increased white matter damage and a decline in myelin maintenance and repair; we see this clearly in human diseases such as multiple sclerosis or dementia, with worsening impairment with age. On a cellular level, we also see changes in the ion channel composition of oligodendrocyte lineage cells. It isn't possible to replicate this complex, multifactorial process without ageing the animals. 
___________________________________________________________________
Why scientifically do the animals need to suffer to this degree?
With age the risk of spontaneous death increases, this natural process can occur rapidly and though we regularly health check the animals and kill them if they show clinical signs, we are not guaranteed to be able to intervene earlier.  We know that ageing affects myelination and other processes within the brain and that ageing is a complex process that we cannot model without the animals themselves being aged.  Our previous work has shown, for example, that oligodendrocyte precursor cells express different ion channels and display different functional states with age, the interplay of receptors within the brain is not possible to model without animals being aged. In the event of spontaneous death, this will be reported by SC18.
___________________________________________________________________
Why can't you achieve your scientific outputs with an earlier humane endpoint, or without animals showing any clinical signs?
It is not possible to set an earlier humane endpoint due to the nature of ageing. We need advanced age to be able to investigate the underlying processes of myelination and repair.
___________________________________________________________________
Will you be administering substances for experimental purposes?
Yes
___________________________________________________________________
How will you assess the suitability of these substances, and minimise the unnecessary harms arising from their administration given the particular strain or type of animal you will be using?
When assessing suitability, state how you will consider toxicity, efficacy, and sterility.
The method of administration for these substances will depend on what route gives the optimal dose – dosages will be based on the available literature and in vitro or pilot studies.  We will always seek to choose the least invasive method and administration schedule to give the required dosage and onset of effect.  All substances administered to animals will be prepared in a sterile manner to minimise infection or contamination risks.
How will you determine an appropriate dosing regimen?
Include routes, dosage volumes, frequencies, and durations.
Routes, dosage volumes, frequencies and durations will be obtained from published literature where available. Pilot studies will be used to confirm that the chosen parameters are well tolerated by our specific models and genetic backgrounds.  Unless otherwise specified, dosing and sampling procedures will be undertaken using a combination of volumes, routes and frequencies that of themselves will result in no more than transient discomfort and no lasting harm. Maximum volumes and dosing frequencies will not exceed those described in the table below, and will be minimised to that which is sufficient to give the required experimental dose in pursuit of the scientific objective.
	Mouse
	Daily max. vol. ml/kg
	Max. No./day < 10 days
	Max. No./day >10 days
	Max No.

	Subcutaneous injection
	20
	2
	1
	24

	Intraperitoneal injection
	20
	2
	1
	30

	Oral gavage
	20
	2
	1
	30

	Rat
	Daily max. vol. ml/kg
	Max. No./day < 10 days
	Max. No./day >10 days
	Max No.

	Subcutaneous injection
	10
	2
	1
	24

	Intraperitoneal injection
	10
	2
	1
	30

	Oral gavage
	20
	2
	1
	30


Protocol 7
Title
Induction of transgenes
___________________________________________________________________
Protocol 7: Protocol details
Briefly describe the purposes of this protocol
Ensure that you state any relevant regulatory guidelines.
To induce transgene expression in mice for investigation into the effect of the altered transgenes on the brain.
___________________________________________________________________
Given the controls and limitations in place, what is the highest severity that an animal could experience in this protocol?
Moderate
___________________________________________________________________
What proportion of animals will experience this severity?
40% of animals would be expected to show moderate severity clinical signs. All other animals are expected to experience mild severity.
___________________________________________________________________
Why are you proposing this severity category?
Gene induction agents can cause adverse effects in rodents due to toxicity. All animals receiving tamoxifen, for instance, are likely to show weight loss. Some animals will develop piloerection, hunched posture, and subdued behaviour, concomitant with a drop in body condition, suggestive of moderate suffering.
Additionally, as our interest lies in regulation of myelination we will be working on several lines (including myelin regulatory factor knock out mice) that, when transgenes are activated by administration of substances e.g. tamoxifen, should result in myelin deficits and thus phenotypes could include generalised tremors or even mild seizures depending on the area and timing of myelin disruption. 
___________________________________________________________________
Locations where this protocol can be carried out
Select all that apply.
· University of Cambridge
___________________________________________________________________
Which of your objectives will this protocol address?
Select all that apply.
· Establish a mechanism of myelin loss and damage throughout life 
· Identify a mechanism of how glia effect neuronal circuit development and function in health and disease
· Determine a mechanism of how myelin plasticity and dysfunction can affect learning and memory.
· Identify whether white matter lesions impact on neural and circuit function.
· Determine a pathway of how myelin is regenerated in disease.
· Identify a regulatory mechanism of myelination throughout life.
___________________________________________________________________
Protocol 7: Animals used in this protocol
Mice
Which life stages will be used during this protocol?
Select all that apply
· Neonate
· Juvenile
· Adult
· Pregnant adult
· Aged animal
___________________________________________________________________
Will any animals coming on to this protocol be classed as ‘continued use’?
‘Continued use’ describes animals that are specifically genetically altered and bred for scientific use or animals that have had procedures applied to them in order to be prepared for use in this protocol.
Yes
___________________________________________________________________
How did these animals start their use?
Describe the procedures that have been applied to animals that will continue their use on to this protocol.
Genetically altered animals for use in this protocol may be obtained from: 
•	This licence: Protocol 5 ‘Breeding and maintenance of genetically altered animals’ (mild)
or 
•	other project licences with authority to breed and maintain genetically altered animals of a type authorised in this project, and to provide them for use on other projects.
Will you be re-using animals on to this protocol?
‘Re-use’ describes using animals again for a new experiment when you could equally use a naïve animal to get the same results.
No
___________________________________________________________________
What is the maximum number of animals that will be used on this protocol?
Please only enter numbers, e.g. 40
500
___________________________________________________________________
What is the maximum number of uses of this protocol per animal?
For example, if some animals will go through this protocol three more times after their first use, the number of uses will be four.   If no animals will go through this protocol more than once, enter '1'.  Please only enter numbers, e.g. 40
1
___________________________________________________________________
Protocol 7: Genetically altered animals (GAA)
Will this protocol use any genetically altered animals?
Yes
___________________________________________________________________
Which general types or strains will you be using and why?
Most genetic modifications in this protocol will be inducible, providing temporal control over expression or knock out of genes, enabling us to study development, or other processes such as learning and behaviour.  Modifications will include overexpression, partial or full knockout of the gene. Predominantly the cre-lox system will be used, generally using cell/tissue specific cre lines or promoters specific to the genes of interest. 
This project will use animals expressing altered myelin associated genes or genes that control glial proliferation, differentiation, or myelination. Genes will be modified that are involved in signalling pathways to glia and neurons - including ion channels, as our previous work has shown that these channels are expressed by oligodendrocyte precursor cells and may be important for proliferation and/or differentiation. Genetically encoded labels, and generic reporter mice will be used to identify different cells (e.g. for cell sorting or electrophysiology) and recombinant genes such as ChR2, hM4Di, hM3Dq, iGluSnFr, GCaMP or other activity modulators, or sensors, will also be used. 
Additionally, immunodeficient mouse models will be used, in combination with the other alterations mentioned, to investigate the role of immune cells in brain development.
Mice with myelin deficits such as myrf (myelin regulatory factor) knock out mice will be used to investigate the role of myelin in the brain circuit, prevent myelin formation at critical points in development, or investigate rescue of myelin phenotypes through genetic means.
These modifications are necessary to address our objectives. Our work aims to identify factors which affect myelination or remyelination and the mechanisms behind their action. These factors can affect myelination or remyelination by perturbation of the survival, migration, myelin formation and compaction, differentiation or proliferation of oligodendrocyte precursor cells (OPCs). Other factors that might affect myelination are interactions between OPCs and other cells within the brain, such as neurons, astrocytes or microglia.
Do you expect any of these GAAs to show a harmful phenotype with welfare consequences?
Yes
Why are each of these harmful phenotypes necessary?
Human myelin disorders can lead to seizures or movement disorders; as we are attempting to model similar myelin deficits in the mouse this can lead to similar clinical signs being observed. We have seen tremors in some of the lines that we have used previously, such as NRG1 overexpressing mice which generate excessive myelin, these are usually mild and do not prevent eating, drinking or ambulation.  Whilst tremor was not an effect which we were intending to study, similar to how seizures are not an end goal to study, they can be an unavoidable side effect depending on where the myelin deficit is induced.  In many cases, generation of symptoms similar to those seen in human myelin disorders is a sign that we have altered myelination in widespread areas within the animal.
How will you minimise the harms associated with these phenotypes?
Ensure that you include any humane endpoints that you will use.
In general we are not expecting any harmful phenotypes until after transgene induction and we have not yet seen transgene associated seizures in any of our lines. 
Under this protocol, if seizures are seen then the animals will be killed.
Tremors and other movement problems may affect the ability of animals to reach food hoppers and/or water bottles, if assessment of the animal shows that this is a possible outcome then a long nozzled water bottle or hydrogel and more accessible food (e.g. a lower hopper, soft food) will be provided.
For animals exhibiting tremors or movement disorders humane end points are:
Animals should still be able to move well around the cage and access food and water given reasonable adjustments indicated above. Clinical signs will not progress past mild severity tremors and should not deteriorate to paralysis. Any animals displaying paralysis or that are unable to balance well enough to carry out normal behaviours such as grooming, eating, or drinking will be promptly killed.
The precise onset and severity of adverse clinical signs will vary with the timepoint at which the transgene is expressed, e.g. at early postnatal timepoints there will be a more pronounced phenotype more quickly than if myelination is impaired in adults.  Timepoints for study will be chosen taking into account any clinical signs seen in pilot studies and carefully balanced to minimise clinical signs whilst still enabling us to collect data.
Protocol 7: Steps
Step 1: Transgene induction (mandatory)
Describe the procedures that will be carried out during this step.
Explain where one or more steps are repeated in one experiment, list any alternative techniques within a step (e.g. dosing routes), and include all procedures performed under terminal anaesthesia.  When describing the technical aspects of a step, be broad enough to be flexible when the variation does not impact on animal welfare (e.g. use "antibiotic" instead of "penicillin"). Finally, avoid specifying volumes and frequencies when they do not impact on animal welfare.
Transgene inducing or deleting agents (e.g. Tamoxifen, 4-hydroxytamoxifen, tetracycline) or control substances will be administered alone or in combination, continuously or intermittently by one of the following routes:
a.         Oral (including in food or drinking water) (AA)
b.         By gavage (AA)
c.         Subcutaneous (AA)
d.         Intraperitoneal (AA)
For neonates, only by route d.
___________________________________________________________________
Is this step optional?
No
___________________________________________________________________
Do you expect this step to have adverse effects for the animals that are more than mild and transient?
Do not list uncommon or unlikely adverse effects, or effects from procedures that will cause no more than transient discomfort and no lasting harm. For example, an intravenous injection of a small volume of an innocuous substance.
Yes
___________________________________________________________________
What are the likely adverse effects of this step?
State the expected adverse effect, including the likely incidence, and the anticipated degree and duration of suffering.
Tamoxifen and tamoxifen derivatives show dose and age dependent adverse effects.
Administration of tamoxifen (or its derivatives) for transgene induction may cause adverse effects in mice.  Most mice will show a transient lack of weight gain or weight loss of <15%.  Weight loss of up to 20% may occur gradually (over the course of 6-10 days). These effects typically arise 5-10 days after the last administration. Up to 10% of animals may develop piloerection, hunched posture, and subdued behaviour.
At high dosages (250mg-300mg/kg), more animals (<20%) may show piloerection, hunched posture, and subdued behaviour, the extent of which depends on the modification present. The adverse effects are attributed to the combination of tamoxifen toxicity and the resultant genetic modification. 
Animals which don't reach humane endpoints usually fully recover from tamoxifen administration within 2 weeks and regain weight to within 5% of baseline.
After gavage, 1% of animals may show signs of gastric reflux, this presents as subdued behaviour for a few minutes post gavage. If reflux is followed by aspiration this can cause gasping.
In less than 0.1% of cases, water consumption may be affected when substances are added to the drinking water. This can lead to dehydration related weight loss, skin tenting, or lethargy.
How will you monitor for, control, and limit any of these adverse effects?
If adverse effects can't be prevented, how will you attempt to ameliorate their initial signs?
Prior to administration of transgene induction agents, mice will be assigned a body condition score and have a baseline weight recorded.  Animals will be assessed daily for signs of piloerection, hunching or subdued behaviour. Only animals with a body score of 3 or above will receive transgene induction agents.
Soft food and/or calorie rich supplementation will be provided to the animals. Heat pads will be attached to the cage if the body score begins to drop, and weight will be monitored more frequently (daily rather than twice a week). Calorie rich diets may include up to 10 days of high fat western diet provided as a supplement to the normal diet. Animals may be habituated to higher calorie food prior to transgene induction.
Animals will be observed post gavage to identify any signs of reflux or gasping.
Water consumption for rats is approximately 10ml/100g and for mice 15ml/100g. If water consumption falls below normal, and is not corrected by use of sweeteners, and/or the animal starts showing signs of decreased consumption (e.g. weight loss, skin tenting) then administration of drug in water will be stopped and animals immediately offered untreated water. If drinking resumes, then the substances may be administered via an alternative method.
What are the humane endpoints for this step?
This would be the point at which you would kill the animal to prevent further suffering.
If clinical signs (hunching, piloerection) are sustained for 24 hours without improvement, the animals will be killed.
If the body score of animals declines rapidly (i.e. Half a point on the 5 point scale within 24 hours) animals will be killed.  Body condition scores are given on a 5 point scale, where 1 is emaciated, 3 is well conditioned, and 5 is obese.  Gradual weight loss over 5-7 days in the absence of additional clinical signs, which doesn't cause the body condition score to drop below the 'normal' well conditioned mouse has a humane end point of 20% weight loss from baseline.
Animals with a body condition score that falls to 2 will be killed.
Any animal showing gasping after gavage that is not resolved within 2 minutes will be killed. Any animal that appears subdued post gavage and does not return to normal behaviour will be killed.
If animals do not return to normal drinking after being presented with untreated water, then they will be killed.     
Step 2: Tissue sampling (optional)
Describe the procedures that will be carried out during this step.
Explain where one or more steps are repeated in one experiment, list any alternative techniques within a step (e.g. dosing routes), and include all procedures performed under terminal anaesthesia.  When describing the technical aspects of a step, be broad enough to be flexible when the variation does not impact on animal welfare (e.g. use "antibiotic" instead of "penicillin"). Finally, avoid specifying volumes and frequencies when they do not impact on animal welfare.
Tissue sampling to provide material for genotyping by one of the following methods: ear biopsy, blood sampling, hair sampling (AA)
If genotyping has been completed under a different protocol then this step will not be used unless, on rare occasions, due to technical problems during analysis or to confirm transgene activation, a second sample needs to be taken.
___________________________________________________________________
Is this step optional?
Yes
___________________________________________________________________
Do you expect this step to have adverse effects for the animals that are more than mild and transient?
Do not list uncommon or unlikely adverse effects, or effects from procedures that will cause no more than transient discomfort and no lasting harm. For example, an intravenous injection of a small volume of an innocuous substance.
No
___________________________________________________________________
Step 3: Ageing (optional)
Repeated from protocol 6
Describe the procedures that will be carried out during this step.
Explain where one or more steps are repeated in one experiment, list any alternative techniques within a step (e.g. dosing routes), and include all procedures performed under terminal anaesthesia.  When describing the technical aspects of a step, be broad enough to be flexible when the variation does not impact on animal welfare (e.g. use "antibiotic" instead of "penicillin"). Finally, avoid specifying volumes and frequencies when they do not impact on animal welfare.
Maintenance of existing genetically altered or wildtype animals by conventional methods up to a maximum of 24 months of age.
Not all animals will reach 2 years of age as we will have multiple different timepoints within the ageing period which may vary between experiments. 
___________________________________________________________________
Is this step optional?
Yes
___________________________________________________________________
Do you expect this step to have adverse effects for the animals that are more than mild and transient?
Do not list uncommon or unlikely adverse effects, or effects from procedures that will cause no more than transient discomfort and no lasting harm. For example, an intravenous injection of a small volume of an innocuous substance.
Yes
___________________________________________________________________
What are the likely adverse effects of this step?
State the expected adverse effect, including the likely incidence, and the anticipated degree and duration of suffering.
Ageing animals naturally have decreased body condition and an increased risk of spontaneous death as they reach the end of their normal lifespan. Animals reaching the end of their natural life may show decreased movement, or respiratory distress.
About 20% aged mice are expected to develop some superficial (mainly mammary) tumours during the course of ageing experiments. These are not typically malignant or painful but can grow rapidly and become an impediment to movement if left unchecked. 
Malocclusion can also occur in ageing animals with an incidence of approximately 5-10%. This can lead to weight loss and discomfort if not controlled.
How will you monitor for, control, and limit any of these adverse effects?
If adverse effects can't be prevented, how will you attempt to ameliorate their initial signs?
Wherever possible animals will be kept for the minimum amount of time required to conduct experiments and experimental time points will take the average time to reach the humane end point into account.
As age related tumours occur spontaneously, control is not possible, however their effect on wellbeing of the animal can be limited through regular inspection and application of humane end points.  Routine inspections of the animals is performed by biofacility technicians and any tumours will be identified before they become large enough to impact on wellbeing. 
After 15 months of age, animals will be assigned a body condition score and reassessed weekly. Body condition scores are based on the BCS scoresheet in figure 2. of Burkholder et al Health Evaluation of Experimental Laboratory Mice. Curr Protoc Mouse Biol. 2012 Jun;2:145-165. doi: 10.1002/9780470942390.mo110217 with additional criteria from internally generated score sheets. Body condition scores are given on a 5 point scale, where 1 is emaciated, 3 is well conditioned, and 5 is obese.
What are the humane endpoints for this step?
This would be the point at which you would kill the animal to prevent further suffering.
In cases of malocclusion the animal will be killed unless, in agreement with the NVS, teeth clipping, and monitoring are used to keep the animal feeding well and the end point of the experiment is within 4 weeks.
Ageing animals can rapidly become unwell and any of the following are signs of a mouse reaching the end of its lifespan. An animal will be killed immediately if it meets any of the following criteria;
●	Any sudden significant drop in body condition score (BCS) (taking into account general appearance, porphyrin production, coat grooming, curvature of the spine). Animals with a body condition score that falls to 2 will be killed.
●	Impaired mobility which interferes with normal eating and drinking.
●	Respiratory distress: laboured breathing, increased or decreased respiratory rate, cyanosis
Animals showing tumours will be killed unless in agreement with the NVS for animals of particular interest they are kept until the conclusion of the experiment. Animals kept in these instances will be killed if the tumour reaches 1.2 cm diameter (where more than one tumour grows, total burden will not exceed that of single tumour), or tumour becomes ulcerated or the tumour interferes in any way with the animal's ability to fulfil its normal behavioural and physiological functions (e.g. eating, drinking, defaecation) or in any way impedes its mobility.
Step 4: Label administration (optional)
Repeated from protocol 6
Describe the procedures that will be carried out during this step.
Explain where one or more steps are repeated in one experiment, list any alternative techniques within a step (e.g. dosing routes), and include all procedures performed under terminal anaesthesia.  When describing the technical aspects of a step, be broad enough to be flexible when the variation does not impact on animal welfare (e.g. use "antibiotic" instead of "penicillin"). Finally, avoid specifying volumes and frequencies when they do not impact on animal welfare.
(Optional, at any stage, and on multiple occasions) administration of labelling agents such as EdU, BrdU; by, on each occasion, one of the following routes (AA):
a.	Subcutaneously
b.	Intraperitoneally
c.	Oral (including in supplemental food or drinking water, standard diet will not be fully replaced)
d.	Gavage
___________________________________________________________________
Is this step optional?
Yes
___________________________________________________________________
Do you expect this step to have adverse effects for the animals that are more than mild and transient?
Do not list uncommon or unlikely adverse effects, or effects from procedures that will cause no more than transient discomfort and no lasting harm. For example, an intravenous injection of a small volume of an innocuous substance.
Yes
___________________________________________________________________
What are the likely adverse effects of this step?
State the expected adverse effect, including the likely incidence, and the anticipated degree and duration of suffering.
After gavage, 1% of animals may show signs of gastric reflux, this presents as subdued behaviour for a few minutes post gavage. If reflux is followed by aspiration this can cause gasping.
In less than 0.1% of cases, water consumption may be affected when substances are added to the drinking water. This can lead to dehydration related weight loss, skin tenting, or lethargy.
How will you monitor for, control, and limit any of these adverse effects?
If adverse effects can't be prevented, how will you attempt to ameliorate their initial signs?
Animals will be observed post gavage to identify any signs of reflux or gasping.
Water consumption for rats is approximately 10ml/100g and for mice 15ml/100g. If water consumption falls below normal, and is not corrected by use of sweeteners, and/or the animal starts showing signs of decreased consumption (e.g. weight loss, skin tenting) then administration of drug in water will be stopped and animals immediately offered untreated water. If drinking resumes, then the substances may be administered via an alternative method.
What are the humane endpoints for this step?
This would be the point at which you would kill the animal to prevent further suffering.
Any animal showing gasping not resolved within 2 minutes will be killed. Any animal that appears subdued post gavage and does not return to normal behaviour will be killed.
If animals do not return to normal drinking after being presented with untreated water, then they will be killed.
Step 5: Terminal procedures (mandatory)
Describe the procedures that will be carried out during this step.
Explain where one or more steps are repeated in one experiment, list any alternative techniques within a step (e.g. dosing routes), and include all procedures performed under terminal anaesthesia.  When describing the technical aspects of a step, be broad enough to be flexible when the variation does not impact on animal welfare (e.g. use "antibiotic" instead of "penicillin"). Finally, avoid specifying volumes and frequencies when they do not impact on animal welfare.
Animals will be killed by:
a. Schedule 1 method; or
b. Perfusion fixation (AC); or
c. Perfusion without fixative (AC) followed by confirmation of death by a method in Schedule 1; or
d. Decapitation (AA/AC)
___________________________________________________________________
Is this step optional?
No
___________________________________________________________________
Do you expect this step to have adverse effects for the animals that are more than mild and transient?
Do not list uncommon or unlikely adverse effects, or effects from procedures that will cause no more than transient discomfort and no lasting harm. For example, an intravenous injection of a small volume of an innocuous substance.
No
___________________________________________________________________
Protocol 7: Fate of animals
What will happen to animals at the end of this protocol?
Select all that apply. These options are based on what you selected in the non-technical summary.
· Killed
Will you be using non-schedule 1 killing methods on a conscious animal?
Yes
For each non-schedule 1 method, explain why this is necessary.
Decapitation is necessary to give high quality, live brain slices to be used for electrophysiological experiments ex-vivo and cannot always be performed under anaesthesia, as the anaesthetic agents can affect the ion channels and cell activity that we are investigating. Similarly, CO2 anaesthesia changes the pH of the brain dramatically with effects on all cell types thus making it unsuitable as an alternative. 
Decapitation will only be used in conscious animals when alternative methods are not viable, for example, in mice cervical dislocation immediately prior to decapitation can be used if the brain stem doesn’t need to be intact. A guillotine will be used for decapitation of non-neonate animals, to ensure an instantaneous separation of the head and a rapid loss of consciousness.
___________________________________________________________________
Protocol 7: Animal experience
Summarise the typical experience or end-to-end scenario for an animal being used in this protocol.
Consider the cumulative effect of any combinations of procedures that you may carry out.
Animals will be bought in from commercial suppliers, bred in house, or obtained from other licenses with the authority to share animals of the genotype required.  
Animals will receive transgene induction agents, most commonly by oral gavage or intraperitoneal injection for 1-5 days depending on the age at which induction is required. Their weight and body condition will be checked regularly for 2 weeks post induction. Animals showing signs of weight loss will have a heat pack and soft food added to the cage, they may also receive high calorie diets for a short period to provide additional support. After induction a second ear biopsy may be taken to confirm transgene activation.
Some animals (<1%) may begin to show minor movement difficulties or a tremor post gene induction, these animals will be the subject of increased monitoring and cage alterations to ensure that suffering is minimised.
Animals may also receive non-harmful labelling substances, commonly in the food or drink for long term administration, or by injection if more precise temporal control is required.
Animals will be maintained using standard maintenance protocols up to a maximum of 24 months of age, most animals will not reach 2 years of age as we will have multiple different timepoints within the ageing period which may vary between experiments. Typically we will be looking within the first 6 months of life.
At the end of the experiment, animals may be transported to a nearby licensed designated area outside of the animal facility prior to killing if needed for experiments.
Killing will either be via a schedule 1 method, decapitation, or perfusion under terminal anaesthesia (with or without fixative) depending on the downstream use.
___________________________________________________________________
Describe the general humane endpoints that you will apply during the protocol.
These will be in addition to the endpoints stated for each step.
The general humane endpoints will apply before transgene induction, after transgene induction please refer to the step endpoints. Any animal that shows deviation from normal health (such as piloerection, hunched posture, abnormal gait, inactivity or inappetence) will be monitored more frequently and supportive treatment provided such as warming and wet mash. Should the signs persist for a period of 24 hours the animal will be humanely killed via a method specified in this protocol or by a schedule 1 method. In addition, unless otherwise specified, any animal that loses 15% of its body weight compared to its baseline weight will be killed.
The determination of baseline weight depends on the age of the animal; young or juvenile animals that are still growing should be compared to expected growth curves. An initial weight should be taken prior to procedures and any weight loss from this initial weight should take into account expected weight gain for their age. For adult animals, the baseline should either be the highest recorded weight immediately prior to procedures, or an average of 3 weights on different days immediately prior to procedures. 
___________________________________________________________________
Protocol 7: Experimental design
What outputs are expected to arise from this protocol?
For example, test results, phenotypic information, or products.
Tissues for in vitro or ex vivo use; brain slices for electrophysiology, cells isolated either to be further cultured or other laboratory uses, immunostaining of tissues to quantify cells.
___________________________________________________________________
Will this protocol generate quantitative data?
Yes
___________________________________________________________________
Will your experimental design be determined by a regulatory guideline?
No
Where relevant, explain how and when pilot studies will be used.
Pilot studies will be used to generate a mean and standard deviation as an estimate of the difference we will detect in the proposed experiments. This will then be used in power calculations to determine the number of animals required to obtain a statistical power >0.95 at alpha=0.05 in a two-tailed t-test studies.
Where transgene induction is being carried out for the first time and the phenotype of animals is unknown a small number of animals will be receive transgene induction agents in order to observe any potential phenotype before moving to a larger cohort.  Pilot studies may also be used to establish the minimum required dose of transgene induction agent to generate the required data.
How will you choose different experimental groups?
For example, controls, dose levels, satellites etc.
 All experiments will have at least one control and one experimental group. The control group will typically receive the transgene induction agent but will not express the transgene being tested. Experimental groups may include animals in which the transgene is activated at different time points, or with different transgenes - for example knock out of a gene in two different signalling pathways.
How will you choose control groups?
Provide a robust scientific justification for controls with significant suffering such as sham surgery controls or untreated infected controls.
Control groups will typically be littermate controls or age matched animals with the same genetic background, without the transgene of interest. In many cases the control needs to receive the transgene induction agent to control for the effect of the induction agent alone. Tamoxifen for example has effects on brown fat and metabolism, and could act as a confounding factor.
How will experiments and data analysis be randomised and blinded?
We will randomly allocate animals to different experimental conditions, such as by use of online randomiser tools https://www.randomizer.org/ or spreadsheet random number generation, though some grouping may occur prior to randomisation e.g. treated water may be given on a cage by cage rather than animal by animal basis to minimise animals being singly housed for long study durations.
Experimental analysis will be carried out blinded or via automated analysis.
Blinding of files for analysis is performed by coding filenames to remove information that can be used to identify experimental condition (e.g. image files).  Where possible we use automated analysis using scripts or image processing software to minimise bias.
How will you minimise variables to ensure reproducibility?
Animals will be obtained at the same time and from the same supplier (or littermates if bred in house) as the animals under experimental protocols where possible, housed in the same conditions, and procedures performed by either the same researcher or with conditions divided evenly between researchers.  Within the same experiment the same batch of gene induction agent will be used for all groups.
How will you determine group sizes?
You should reference POWER calculations you have made, if relevant.
The determination of the sample size needed for each experiment is based on power calculations, and effect size calculations. We assume that the datasets we will generate follow normal, i.e. Gaussian, distribution, as with our previous data. We used the mean and standard deviation from our preliminary data, previous work, and available published datasets relating to similar experiments as we propose to do, as estimates of the difference we will detect in the proposed experiments. These assumptions allow us to calculate Cohen’s effect size d and use this to determine the estimated effect size for an experiment.  The Cohen’s effect size d was 3 or above, thus a sample size of n=5 for control and n=5 for most studies proposed will have at least a statistical power >0.95 at alpha=0.05 in a two-tailed t-test studies.  
Group sizes in ageing experiments will be increased to accommodate for loss of animals and to avoid single housing due to animal losses due to old age.
How will you maximise the data output from the animals you use on this protocol?
Where possible we will use the tissues obtained from this protocol as controls for multiple experimental factors rather than a new set of controls for each variable.  We will also store any resultant isolated cells, fixed tissues, or RNA not used in the original experiment for future additional analysis.
Electrophysiological data generated ex vivo will be stored for additional analysis.  Ex vivo brain slices will be shared between researchers where possible. 
Protocol 7: Protocol justification
Why is each type of animal, experimental model, and/or method selected for this protocol:
a) the most appropriate scientific approach?
We will use inducible genetic approaches to test and verify whether previously identified signalling pathways such as BDNF, NRG, glutamate signalling or PKMz, play an important role in myelination.  We will also use genetic approaches to identify how myelination is regulated by patterns of neuronal activity by modifying gene expression of ion-channels (such as Kir4.1, Kir 2.1, Nav) or recombinant genes (such as ChR2, hM4Di, hM3Dq, iGluSnFr, GRASP, GCaMP, and fluorescent proteins) under cell specific promotors. Knock out myelin regulatory transcription factor (myrf) can be used to prevent developmental myelination and observe how glia cells affect neuronal circuit development. 
Recent evidence indicate now that mechanisms of myelination may differ between older adults compared to young adults. Thus, to identify the differences of identified mechanisms between ages, we will need to compare older animals to younger animals, as well as comprehensively analyse changes throughout the lifespan. These findings may be extremely important for understanding age related decline in myelin maintenance and regeneration. 
Some of our analyses may require labelling prior to killing and so we will in some cases label certain cells prior to killing- such as by administration of EdU to label proliferating cells. Perfusion fixation allows preservation of the tissue so that we can conduct immunohistochemical analyses.
To address functional changes in myelination development, maintenance or regeneration, animals will be killed by a schedule 1 method, or by decapitation or saline perfusion to better preserve brain tissue, followed by ex-vivo electrophysiology or calcium imaging e.g. to quantify the conduction speed in acute brain slices, or optic nerve, record calcium changes, or electrophysiological changes in cells with patch-clamp recordings.
 Decapitation is necessary to give high quality, live brain slices to be used for electrophysiological experiments ex-vivo and cannot always be performed under anaesthesia, as the anaesthetic agents can affect the ion channels and cell activity that we are investigating. Similarly, CO2 anaesthesia changes the pH of the brain dramatically with effects on all cell types thus making it unsuitable as an alternative. 
Perfusion fixation is the only method that will preserve tissue quality well enough to perform the histological analyses on which the study outputs depend (e.g. tissue for immunohistochemistry, in situ hybridisation and electron microscopy).  Perfusion without fixatives is required to generate live tissue brain slices for electrophysiological recording of certain cells e.g. neurons. Removal of blood from the brain tissues prior to cell sorting or tissue isolation for cell culture, or omics; is best achieved by perfusion of physiological buffering solutions (or similar non fixative solutions).
___________________________________________________________________
b) the most refined for the purpose?
Inducible cre models will be used to give temporal control over expression or knock out of genes, though tamoxifen and similar induction agents are associated with side effects (mostly weight loss) we aim to minimise these effects by using the minimum dose of tamoxifen required for recombination of our specific transgenes, and providing heat pads and high calorie diet in the event of weight loss.
For ageing experiments, animals will only be kept if they are showing no, or minor and controllable, ill effects from growing older. Teeth checks and general health monitoring ensures that animal suffering is kept to a minimum.  As we know that dietary restriction affects myelination processes we are not always able to age animals using this method as it could affect the outcome of our experiments.
The method of killing chosen will preferentially be via a schedule 1 method unless there is a particular need for perfusion or decapitation. Decapitation will only be used in conscious animals when alternative methods are not viable, for example, in mice cervical dislocation immediately prior to decapitation can be used if the brain stem doesn’t need to be intact. A guillotine will be used for decapitation of non-neonate animals, to ensure an instantaneous separation of the head and a rapid loss of consciousness.
___________________________________________________________________
For each model and/or method, what is the scientific need for the expected clinical signs?
Inducible cre models are required to give temporal control over expression or knock out of genes.  Human myelin disorders can lead to seizures or movement disorders; as we are attempting to model similar myelin deficits in the mouse this can lead to similar clinical signs being observed. 
With age, we see increased white matter damage and a decline in myelin maintenance and repair; we see this clearly in human diseases such as multiple sclerosis or dementia, with worsening impairment with age. On a cellular level, we also see changes in the ion channel composition of oligodendrocyte lineage cells. It isn't possible to replicate this complex, multifactorial process without ageing the animals. 
___________________________________________________________________
Why scientifically do the animals need to suffer to this degree?
We have seen tremors in some of the lines that we have used previously, such as NRG1 overexpressing mice which generate excessive myelin, these are usually mild and do not prevent eating, drinking or ambulation.  Whilst tremor was not an effect which we were intending to study, similar to how seizures are not an end goal to study, they can be an unavoidable side effect depending on where the myelin deficit is induced.  In many cases, generation of symptoms similar to those seen in human myelin disorders is a sign that we have successfully altered myelination within the animal.
In order to obtain sufficient expression of inducible transgenes for many of our lines we require administration of high dosages of tamoxifen or its derivatives. Insufficient tamoxifen leads to a less effective knock out of genes of interest thus masking results due to compensation by unaltered cells, similarly insufficient expression can reduce the signal of labelled cells making them difficult or impossible to quantify, or can lead to expression only in a small subset of cells rather than the full population giving misleading data, and need for more animals to get statistically reliable results.  The weight loss seen as a result of the tamoxifen administration is regained, generally there is a peak of weight loss which is then reversed, and animals that do not reach the humane endpoints will recover to within 5% of their original weight within 2 weeks of the start of tamoxifen administration.
With age the risk of spontaneous death increases, this natural process can occur rapidly and though we regularly health check the animals and kill them if they show clinical signs, we are not guaranteed to be able to intervene earlier. We know that ageing affects myelination and other processes within the brain and that ageing is a complex process that we cannot model without the animals themselves being aged. Our previous work has shown, for example, that oligodendrocyte precursor cells express different ion channels and display different functional states with age, the interplay of receptors within the brain is not possible to model without animals being aged.
___________________________________________________________________
Why can't you achieve your scientific outputs with an earlier humane endpoint, or without animals showing any clinical signs?
Due to the nature of the processes that we are investigating, some clinical signs associated with myelin deficits are to be expected, we have already set our humane endpoints to be prior to the onset of more severe clinical signs.
An earlier humane endpoint for gene induction agent administration could be set but would increase the numbers of animals that need to undergo the protocol in order to replace those killed due to what is generally reversible weight loss.  We are actively seeking alternate gene induction agents to minimise clinical signs and reduce the number of animals reaching the humane endpoints.
It is not possible to set an earlier humane endpoint due to the nature of ageing. We need advanced age to be able to investigate the underlying processes of myelination and repair.
___________________________________________________________________
Will you be administering substances for experimental purposes?
Yes
___________________________________________________________________
How will you assess the suitability of these substances, and minimise the unnecessary harms arising from their administration given the particular strain or type of animal you will be using?
When assessing suitability, state how you will consider toxicity, efficacy, and sterility.
Before administering any substances to animals we will thoroughly check available literature for prior use in vivo.  Generally, substances used will not be expected to cause adverse effects and, in the cases of pro-regenerative agents would be expected to lead to improvements rather than any detrimental effects. Where substances have not been used previously, we will carry out ex vivo testing on brain slices or cultures to ascertain appropriate doses to generate the required effects before performing a small pilot study in vivo. 
The method of administration for these substances will depend on what route gives the optimal dose – dosages will be based on the available literature and in vitro or pilot studies.  We will always seek to choose the least invasive method and administration schedule to give the required dosage and onset of effect.  All substances administered to animals will be prepared in a sterile manner to minimise infection or contamination risks.
How will you determine an appropriate dosing regimen?
Include routes, dosage volumes, frequencies, and durations.
Routes, dosage volumes, frequencies and durations will be obtained from published literature where available. Pilot studies will be used to confirm that the chosen parameters are well tolerated by our specific models and genetic backgrounds.  Unless otherwise specified, dosing and sampling procedures will be undertaken using a combination of volumes, routes and frequencies that of themselves will result in no more than transient discomfort and no lasting harm. Maximum volumes and dosing frequencies will not exceed those described in the table below, and will be minimised to that which is sufficient to give the required experimental dose in pursuit of the scientific objective.
Where substances need to be administered to neonatal or pre weaning animals substances may be administered to the mother that are then passed through the mother’s milk.
	MOUSE
	Daily max. vol. 
ul/g
	Max. No./day 
< 10 days
	Max. No./day
>10 days
	Max. No.

	Subcutaneous
	20
	2
	1
	24

	Intraperitoneal
	20
	2
	1
	30

	Oral gavage
	20
	2
	1
	30

	Neonate intraperitoneal
	10
	1
	1
	5


Protocol 8
Title
Cell transplantation into neonates
___________________________________________________________________
Protocol 8: Protocol details
Briefly describe the purposes of this protocol
Ensure that you state any relevant regulatory guidelines.
Transplant of neural lineage cells into the brain to test neuronal circuit development and myelination. 
___________________________________________________________________
Given the controls and limitations in place, what is the highest severity that an animal could experience in this protocol?
Mild
___________________________________________________________________
What proportion of animals will experience this severity?
All animals will experience mild severity
___________________________________________________________________
Why are you proposing this severity category?
The cell transplantation surgeries will be performed in neonates (P0-4) under inhalant anaesthesia, this is very well tolerated and not usually associated with any clinical signs post surgery, as there is no requirement to cut the skin or drill through the skull, only a needle is used for the injection. Additionally, in neonatal rodents, nociceptive pathways are immature and are not thought to be sufficiently developed to detect pain.
The cells integrate within the brain without interfering with the normal feeding or locomotor behaviour, or wellbeing of the animal.  Animals prepared in this way will move on to other experimental protocols within this license.
___________________________________________________________________
Locations where this protocol can be carried out
Select all that apply.
· University of Cambridge
___________________________________________________________________
Which of your objectives will this protocol address?
Select all that apply.
· Identify a mechanism of how glia effect neuronal circuit development and function in health and disease
· Determine a mechanism of how myelin plasticity and dysfunction can affect learning and memory.
· Determine a pathway of how myelin is regenerated in disease.
· Establish a mechanism of myelin loss and damage throughout life 
· Identify a regulatory mechanism of myelination throughout life.
___________________________________________________________________
Protocol 8: Animals used in this protocol
Mice
Which life stages will be used during this protocol?
Select all that apply
· Neonate
· Juvenile
· Adult
___________________________________________________________________
Will any animals coming on to this protocol be classed as ‘continued use’?
‘Continued use’ describes animals that are specifically genetically altered and bred for scientific use or animals that have had procedures applied to them in order to be prepared for use in this protocol.
Yes
___________________________________________________________________
How did these animals start their use?
Describe the procedures that have been applied to animals that will continue their use on to this protocol.
Genetically altered animals for use in this protocol may be obtained from: 
•	This licence: Protocol 5 ‘Breeding and maintenance of genetically altered animals’ (mild)
or 
•	other project licences with authority to breed and maintain genetically altered animals of a type authorised in this project, and to provide them for use on other projects.
Will you be re-using animals on to this protocol?
‘Re-use’ describes using animals again for a new experiment when you could equally use a naïve animal to get the same results.
No
___________________________________________________________________
What is the maximum number of animals that will be used on this protocol?
Please only enter numbers, e.g. 40
800
___________________________________________________________________
What is the maximum number of uses of this protocol per animal?
For example, if some animals will go through this protocol three more times after their first use, the number of uses will be four.   If no animals will go through this protocol more than once, enter '1'.  Please only enter numbers, e.g. 40
1
___________________________________________________________________
Protocol 8: Genetically altered animals (GAA)
Will this protocol use any genetically altered animals?
Yes
___________________________________________________________________
Which general types or strains will you be using and why?
This project will use animals expressing altered myelin associated genes or genes that control glial proliferation, differentiation, or myelination. Genes will be modified that are involved in signalling pathways to glia and neurons - including ion channels, as our previous work has shown that these channels are expressed by oligodendrocyte precursor cells and may be important for proliferation and/or differentiation. Genetically encoded labels, and generic reporter mice will be used to identify different cells (e.g. for cell sorting or electrophysiology) and recombinant genes such as ChR2, hM4Di, hM3Dq, iGluSnFr, GRASP, GCaMP or other activity modulators, or sensors, will also be used. 
Modifications will include overexpression, partial or full knockout of the gene. Predominantly the cre-lox system will be used, generally using cell/tissue specific cre lines or promoters specific to the genes of interest. Inducible cre models will be used to give temporal control over expression or knock out of genes, enabling us to study development, repair, or other processes such as learning and behaviour. 
In this protocol, predominantly immunodeficient mouse models will be used, alone or in combination with the other alterations mentioned above in order for cell transplantations to be performed or to investigate the role of immune cells in brain development and repair.
Mice with myelin deficits such as myrf (myelin regulatory factor) knock out mice will be used to investigate the role of myelin in the brain circuit, prevent myelin formation at critical points in development, or investigate rescue of myelin phenotypes through other interventions.
These modifications are necessary to address our objectives. Our work aims to identify factors which affect myelination or remyelination and the mechanisms behind their action. These factors can affect myelination or remyelination by perturbation of the survival, migration, myelin formation and compaction, differentiation or proliferation of oligodendrocyte precursor cells (OPCs). Other factors that might affect myelination are interactions between OPCs and other cells within the brain, such as neurons, astrocytes or microglia. 
Do you expect any of these GAAs to show a harmful phenotype with welfare consequences?
No
Protocol 8: Steps
Step 1: Cell transplant neonate (mandatory)
Describe the procedures that will be carried out during this step.
Explain where one or more steps are repeated in one experiment, list any alternative techniques within a step (e.g. dosing routes), and include all procedures performed under terminal anaesthesia.  When describing the technical aspects of a step, be broad enough to be flexible when the variation does not impact on animal welfare (e.g. use "antibiotic" instead of "penicillin"). Finally, avoid specifying volumes and frequencies when they do not impact on animal welfare.
(On one occasion, in neonatal animals P0-P4) Stereotactic injection of neural lineage cells into specific areas of the brain. The maximum volume per injection is 1 µL, with no more than 4 injections per surgery. (AB)
___________________________________________________________________
Is this step optional?
No
___________________________________________________________________
Do you expect this step to have adverse effects for the animals that are more than mild and transient?
Do not list uncommon or unlikely adverse effects, or effects from procedures that will cause no more than transient discomfort and no lasting harm. For example, an intravenous injection of a small volume of an innocuous substance.
Yes
___________________________________________________________________
What are the likely adverse effects of this step?
State the expected adverse effect, including the likely incidence, and the anticipated degree and duration of suffering.
Intracerebral injections are generally well tolerated in neonates. The greatest risk is rejection/cannibalism of the pups upon their return to the dam. Signs of rejection include pups not being nursed or groomed after return to the dam, or pups being left scattered outside of the nest.      
Animals that do not respond well to the anesthesia can show decreased movement in the hour after the injection. Pups may fail to thrive, this could be related to the procedure or more generally, signs of this would be a runty appearance, or weight loss rather than weight gain.
How will you monitor for, control, and limit any of these adverse effects?
If adverse effects can't be prevented, how will you attempt to ameliorate their initial signs?
The risk of rejection by the mother can be minimised by careful monitoring. If pups are not being nursed or groomed within an hour of their return, then a suitable foster mother needs to be located. Risk from the mother can be reduced further by ensuring that pups are warm, wiped with nest substrate or urine from the mother, minimising the time that the pups are separated, and that all pups are returned to the nest together.  
Pups will be weighed post surgery and checked for milk spots to ensure that they are feeding well.
What are the humane endpoints for this step?
This would be the point at which you would kill the animal to prevent further suffering.
Pups that show decreased ability to move and respond within an hour of their return to the dam should be killed.
Pups not being nursed or groomed by the mother within an hour of their return and which are not fostered successfully to another mother will be killed.
Any animal showing weight loss rather than gain within the first 2 weeks will be killed.
Step 2: Substance administration (optional)
Describe the procedures that will be carried out during this step.
Explain where one or more steps are repeated in one experiment, list any alternative techniques within a step (e.g. dosing routes), and include all procedures performed under terminal anaesthesia.  When describing the technical aspects of a step, be broad enough to be flexible when the variation does not impact on animal welfare (e.g. use "antibiotic" instead of "penicillin"). Finally, avoid specifying volumes and frequencies when they do not impact on animal welfare.
(Optional, at any stage, and on multiple occasions) administration of labelling agents by, on each occasion, one of the following routes (AA):
1. 	Subcutaneously
1. 	Intraperitoneally
1. 	Oral (including in supplemental food or drinking water, standard diet will not be fully replaced)
1. 	Gavage
Neonates may only receive substances via route 2, with up to 5 injections and a maximum volume of 10µl/g.
___________________________________________________________________
Is this step optional?
Yes
___________________________________________________________________
Do you expect this step to have adverse effects for the animals that are more than mild and transient?
Do not list uncommon or unlikely adverse effects, or effects from procedures that will cause no more than transient discomfort and no lasting harm. For example, an intravenous injection of a small volume of an innocuous substance.
Yes
___________________________________________________________________
What are the likely adverse effects of this step?
State the expected adverse effect, including the likely incidence, and the anticipated degree and duration of suffering.
After gavage, 1% of animals may show signs of gastric reflux, this presents as subdued behaviour for a few minutes post gavage. If reflux is followed by aspiration this can cause gasping.
In less than 0.1% of cases, water consumption may be affected when substances are added to the drinking water. This can lead to dehydration related weight loss, skin tenting, or lethargy.
How will you monitor for, control, and limit any of these adverse effects?
If adverse effects can't be prevented, how will you attempt to ameliorate their initial signs?
Animals will be observed post gavage to identify any signs of reflux or gasping.
Water consumption for rats is approximately 10ml/100g and for mice 15ml/100g. If water consumption falls below normal, and is not corrected by use of sweeteners, and/or the animal starts showing signs of decreased consumption (e.g. weight loss, skin tenting) then administration of drug in water will be stopped and animals immediately offered untreated water. If drinking resumes, then the substances may be administered via an alternative method.
What are the humane endpoints for this step?
This would be the point at which you would kill the animal to prevent further suffering.
Any animal showing gasping not resolved within 2 minutes will be killed. Any animal that appears subdued post gavage and does not return to normal behaviour will be killed.
If animals do not return to normal drinking after being presented with untreated water, then they will be killed.
Step 3: Tissues for genotyping (optional)
Repeated from protocol 5
Describe the procedures that will be carried out during this step.
Explain where one or more steps are repeated in one experiment, list any alternative techniques within a step (e.g. dosing routes), and include all procedures performed under terminal anaesthesia.  When describing the technical aspects of a step, be broad enough to be flexible when the variation does not impact on animal welfare (e.g. use "antibiotic" instead of "penicillin"). Finally, avoid specifying volumes and frequencies when they do not impact on animal welfare.
Tissue biopsy to determine genetic status by one of the following methods: 
a.	ear biopsy (AA/AB)
b.	hair sampling (AA/AB)
c.	mouth swabbing (AA/AB)
Rarely, due to technical problems during analysis, a second sample may be taken. 
___________________________________________________________________
Is this step optional?
Yes
___________________________________________________________________
Do you expect this step to have adverse effects for the animals that are more than mild and transient?
Do not list uncommon or unlikely adverse effects, or effects from procedures that will cause no more than transient discomfort and no lasting harm. For example, an intravenous injection of a small volume of an innocuous substance.
No
___________________________________________________________________
Step 4: Terminal procedures (optional)
Repeated from protocol 5
Describe the procedures that will be carried out during this step.
Explain where one or more steps are repeated in one experiment, list any alternative techniques within a step (e.g. dosing routes), and include all procedures performed under terminal anaesthesia.  When describing the technical aspects of a step, be broad enough to be flexible when the variation does not impact on animal welfare (e.g. use "antibiotic" instead of "penicillin"). Finally, avoid specifying volumes and frequencies when they do not impact on animal welfare.
Terminal procedures:
a.	Perfusion fixation (AC)
b.	Schedule 1 killing
c.	Perfusion without fixative (AC) followed by confirmation of death by a method in Schedule 1
d.     Decapitation (AA/AC)
___________________________________________________________________
Is this step optional?
Yes
___________________________________________________________________
Do you expect this step to have adverse effects for the animals that are more than mild and transient?
Do not list uncommon or unlikely adverse effects, or effects from procedures that will cause no more than transient discomfort and no lasting harm. For example, an intravenous injection of a small volume of an innocuous substance.
No
___________________________________________________________________
Protocol 8: Fate of animals
What will happen to animals at the end of this protocol?
Select all that apply. These options are based on what you selected in the non-technical summary.
· Continued use on another protocol in this project
Please state the relevant protocol.
Transplanted animals may be used on the following protocols within this license if the transplanted cells are the focus of the study:
9, 11, 12, 15, 16.
· Killed
Will you be using non-schedule 1 killing methods on a conscious animal?
No
___________________________________________________________________
Protocol 8: Animal experience
Summarise the typical experience or end-to-end scenario for an animal being used in this protocol.
Consider the cumulative effect of any combinations of procedures that you may carry out.
Animals will be born within the facility. Neonates will be separated from the mother, and anaesthetised using inhalant anaesthesia. The head will be cleaned and the pup placed into a support frame to minimise movement during the injections. Cells for transplant will be injected through the skin and skull into the brain, with typically 2 but up to 4 injections. After surgery the animals will be identified using pen marks or similar non invasive marking. The neonates will be grouped post surgery to recover from the anaesthesia, wiped with nest bedding to reduce the chance of rejection, and returned to the mother as a small group (approx half the litter). Neonates will then be observed to confirm suckling and normal interaction with the mother is resumed.  Neonates are weighed daily for 5-7 days to confirm continued weight gain and markings for identification are refreshed if needed. Marking continues until they are old enough for ear biopsy for ID at P10-14, ear biopsy at this point is important for identification as non invasive marking methods such as pen marks become more difficult to see as the mice gain fur, particularly for dark coated animals, it also serves as a source of material for genotyping. Mice prepared under this protocol may be transferred to other protocols which require the transplanted cells to be in situ, otherwise they will be killed at different ages, with or without prior administration of labelling substances, typically by perfusion fixation.
Animals that are transferred as continued use to other protocols will not undergo step 2 or 4 of this protocol.  Continued use is required because the integration period for the transplanted cells is long, with integration starting around 3 months post transplant and potentially taking up to a year for transplanted cells to myelinate.  The transplanted cells are from different IPSC lines which have different timeframes for myelination. As such, we transplant a series of animals at regular intervals and then assess the integration for each line at key timepoints, depending on the results of earlier experiments, the animals are transferred to different protocols to enable the most useful data to be collected. For example, a poorly integrating line, or a particular cell batch with low cell survival within the mouse, may not generate sufficient myelination to affect behaviour so would not be used for protocol 15; however it would still generate useful data on how transplanted cells behave when exposed to certain drugs under protocol 16. Animals would thus be moved from this protocol to protocols which will maximise the data output for each cell line and timepoint.
___________________________________________________________________
Describe the general humane endpoints that you will apply during the protocol.
These will be in addition to the endpoints stated for each step.
See general constraints.
___________________________________________________________________
Protocol 8: Experimental design
What outputs are expected to arise from this protocol?
For example, test results, phenotypic information, or products.
Mice transplanted with neural cells for use on other protocols.
Tissues for in vitro or ex vivo use; brain slices for electrophysiology, cells isolated either to be further cultured or other laboratory uses, immunostaining of tissues to quantify cells.
___________________________________________________________________
Will this protocol generate quantitative data?
Yes
___________________________________________________________________
Will your experimental design be determined by a regulatory guideline?
No
Where relevant, explain how and when pilot studies will be used.
Pilot studies will be used to generate a mean and standard deviation as an estimate of the difference we will detect in the proposed experiments. This will then be used in power calculations to determine the number of animals required to obtain a statistical power >0.95 at alpha=0.05 in a two-tailed t-test studies.
Pilot studies on cell lines will be performed prior to transplant to ensure cell health and expected differentiation pathways.
How will you choose different experimental groups?
For example, controls, dose levels, satellites etc.
Experimental groups will be different derivations of cells, cells generated from healthy or patient samples, the same cells in different transgenic mice, or different injection sites.
How will you choose control groups?
Provide a robust scientific justification for controls with significant suffering such as sham surgery controls or untreated infected controls.
Control groups will be untransplanted mice of the same genotype, or mice transplanted with 'normally behaving cells' from healthy controls. 
How will experiments and data analysis be randomised and blinded?
We will randomly allocate animals to different experimental conditions, such as by use of online randomiser tools https://www.randomizer.org/ or spreadsheet random number generation, though some grouping may occur prior to randomisation e.g. treated water may be given on a cage by cage rather than animal by animal basis to minimise animals being singly housed for long study durations. Blocking may also be used to ensure that groups being compared consist of similar individuals e.g. behavioural studies where animals perform pretraining, extreme high performers will be allocated evenly between experimental conditions.  
Experimental analysis will be carried out blinded or via automated analysis.
Blinding of files for analysis is performed by coding filenames to remove information that can be used to identify experimental condition (e.g. image files).  Where possible we use automated analysis using scripts or image processing software to minimise bias.
How will you minimise variables to ensure reproducibility?
Littermates will be used where possible, housed in the same conditions, and procedures performed by either the same researcher or with conditions divided evenly between researchers.  Cells are prepared in the same way prior to transplant.
How will you determine group sizes?
You should reference POWER calculations you have made, if relevant.
The determination of the sample size needed for each experiment is based on power calculations, and effect size calculations. We assume that the datasets we will generate follow normal, i.e. Gaussian, distribution, as with our previous data. We used the mean and standard deviation from our preliminary data, previous work, and available published datasets relating to similar experiments as we propose to do, as estimates of the difference we will detect in the proposed experiments. These assumptions allow us to calculate Cohen’s effect size d and use this to determine the estimated effect size for an experiment.  Apart from behavioural and tissue culture studies, the Cohen’s effect size d was 3 or above, thus a sample size of n=5 for control and n=5 for most studies proposed will have at least a statistical power >0.95 at alpha=0.05 in a two-tailed t-test studies.  
Most of our comparisons are between a control and an experimental group. In cases where we have more than one experimental condition we will analyse the data by ANOVA. However, in case of ranking analysis, the Mann-Whitney, a nonparametric, ranking test will be used.
How will you maximise the data output from the animals you use on this protocol?
We will store any resultant isolated cells, fixed tissues, or RNA not used in the original experiment for future additional analysis. 
Electrophysiological data generated ex vivo will be stored for additional analysis.  Ex vivo brain slices will be shared between researchers where possible. 
Protocol 8: Protocol justification
Why is each type of animal, experimental model, and/or method selected for this protocol:
a) the most appropriate scientific approach?
Refinement of the neuronal circuit aligns with the onset of myelination. In fact, it has been suggested that myelination of axons prevents phagocytosis during neuronal circuit refinement.  The refinement of neuronal circuits depends upon neuronal activity, or sensory input. Axonal inputs at the wrong frequencies are marked by astrocytes for removal by microglia cells, and axon inputs at the ‘right’ frequency are strengthened. The axons of the strengthened synapses are then myelinated. Astrocytes and microglia seem to play a role in early circuit development, however the extent to which glial cells orchestrate circuit development, and how circuit development is dependent on timely myelination is unclear. 
We have generated IPSCs from patients with Alzheimer’s and matched control lines in order to investigate the effect of patient specific mutations on glial function and neural circuit development.  By transplanting neural lineage cells into immunodeficient mice with or without genetic myelin defects such as the foxg1 cre, myrf knock out, rag2 knock out mouse (immunodeficient, normal lifespan, cortical myelination reduced), we can investigate the effect of these mutations on circuit development.  
By introducing these human cells into the neonatal mouse brain we can achieve widespread distribution within the brain as it grows and provide sufficient time for the cells to fully integrate into various circuits.  Once we have animals prepared in this way they can be used under this protocol or transferred to other protocols in order to more fully investigate these human cells, such as their remyelination capacity, influence on behaviour, as well as factors affecting their differentiation, migration or proliferation.
To address whether and how glia cells affect neuronal circuit development, we will focus on electrophysiological ex vivo acute brain slices recordings, such as compound action potentials and patch-clamp recordings, and/or immunohistochemical analysis at different time points during development after transplantation of glial cells in vivo.  
Decapitation is necessary to give high quality, live brain slices to be used for electrophysiological experiments ex-vivo and cannot always be performed under anaesthesia, as the anaesthetic agents can affect the ion channels and cell activity that we are investigating. Similarly, CO2 anaesthesia changes the pH of the brain dramatically with effects on all cell types thus making it unsuitable as an alternative. 
Perfusion fixation is the only method that will preserve tissue quality well enough to perform the histological analyses on which the study outputs depend (e.g. tissue for immunohistochemistry, in situ hybridisation and electron microscopy).  
Perfusion without fixatives is required to generate live tissue brain slices for electrophysiological recording of certain cells e.g. neurons. Removal of blood from the brain tissues prior to cell sorting or tissue isolation for cell culture, or omics; is best achieved by perfusion of physiological buffering solutions (or similar non fixative solutions).
___________________________________________________________________
b) the most refined for the purpose?
Injections into neonatal brain are carried out under isoflurane anaesthesia. Hypothermia will not be used as an 'anaesthetic' as recovery from cold exposure causes increased c-fos activation which could possibly be associated with pain. In neonatal rodents, nociceptive pathways are immature and are not thought to be sufficiently developed to detect pain.  Due to the immature skull of the neonate, there is no requirement to cut the skin or drill the skull for injections to take place which reduces the risk of bleeding and lasting discomfort from the procedure. We have referred to Herrmann, K. and Flecknell, P. (2019) “Retrospective review of anesthetic and analgesic regimens used in animal research proposals”, for perspectives of the most suitable anaesthesia techniques in neonates.
Decapitation will only be used in conscious animals when alternative methods are not viable, for example, in mice cervical dislocation immediately prior to decapitation can be used if the brain stem doesn’t need to be intact. A guillotine will be used for decapitation of non-neonate animals, to ensure an instantaneous separation of the head and a rapid loss of consciousness.
___________________________________________________________________
For each model and/or method, what is the scientific need for the expected clinical signs?
Other than minor discomfort as an unavoidable result of anaesthesia there are no expected clinical signs for the majority of animals under this protocol. In some instances pups may be rejected by their mother or fail to thrive but animals will be fostered or culled if this is observed.
___________________________________________________________________
Why scientifically do the animals need to suffer to this degree?
There is no other route by which we can introduce cells into the brain.
___________________________________________________________________
Why can't you achieve your scientific outputs with an earlier humane endpoint, or without animals showing any clinical signs?
Animals are not expected to show any clinical signs beyond an unremarkable recovery from anaesthesia, otherwise they will be humanely culled.
___________________________________________________________________
Will you be administering substances for experimental purposes?
Yes
___________________________________________________________________
How will you assess the suitability of these substances, and minimise the unnecessary harms arising from their administration given the particular strain or type of animal you will be using?
When assessing suitability, state how you will consider toxicity, efficacy, and sterility.
Before administering any substances to animals, we will thoroughly check available literature for prior use in vivo.  Generally, substances used will not be expected to cause adverse effects. Where substances have not been used previously, we will carry out ex vivo testing on brain slices or cultures to ascertain appropriate doses to generate the required effects before performing a small pilot study in vivo. 
The method of administration for these substances will depend on what route gives the optimal dose – dosages will be based on the available literature and in vitro or pilot studies.  We will always seek to choose the least invasive method and administration schedule to give the required dosage and onset of effect.  All substances administered to animals will be prepared in a sterile manner to minimise infection or contamination risks.
How will you determine an appropriate dosing regimen?
Include routes, dosage volumes, frequencies, and durations.
Routes, dosage volumes, frequencies and durations will be obtained from published literature where available. Pilot studies will be used to confirm that the chosen parameters are well tolerated by our specific models and genetic backgrounds.  Unless otherwise specified, dosing and sampling procedures will be undertaken using a combination of volumes, routes and frequencies that of themselves will result in no more than transient discomfort and no lasting harm. Maximum volumes and dosing frequencies will not exceed those described in the table below, and will be minimised to that which is sufficient to give the required experimental dose in pursuit of the scientific objective.
	Mouse
	Daily max. vol. ml/kg
	Max. No./day < 10 days
	Max. No./day >10 days
	Max No.

	Subcutaneous injection
	20
	1
	1
	5

	Intraperitoneal injection
	20
	1
	1
	5

	Oral gavage
	20
	1
	1
	5

	Neonate intraperitoneal
	10
	1
	1
	5


Protocol 9
Title
Lesioning
___________________________________________________________________
Protocol 9: Protocol details
Briefly describe the purposes of this protocol
Ensure that you state any relevant regulatory guidelines.
Induction of a lesion to the brain or spinal cord in order to investigate the remyelination process and factors affecting regeneration of myelin. 
___________________________________________________________________
Given the controls and limitations in place, what is the highest severity that an animal could experience in this protocol?
Severe
___________________________________________________________________
What proportion of animals will experience this severity?
Approximately 15% of animals are expected to experience severe levels of severity, 85% of animals should experience moderate severity.
___________________________________________________________________
Why are you proposing this severity category?
We are proposing this severity category because all animals will undergo surgery to induce a lesion in the central nervous system, in most cases this surgery will lead to clinical signs which would be considered moderate (minor head tilt, post surgical discomfort). In approximately 15% of animals the lesion surgery may lead to more severe clinical signs such as balance problems affecting their ability to right themselves, with a pronounced head tilt, and spontaneous rolling. Where animals are completely unable to balance and roll continuously after lesioning they are immediately killed.
The cumulative impact of other procedures is not expected to increase the overall severity experienced by the animals.
___________________________________________________________________
Locations where this protocol can be carried out
Select all that apply.
· University of Cambridge
___________________________________________________________________
Which of your objectives will this protocol address?
Select all that apply.
· Determine a pathway of how myelin is regenerated in disease.
· Identify whether white matter lesions impact on neural and circuit function.
· Establish a mechanism of how myelin regeneration can be enhanced, and function restored.
___________________________________________________________________
Protocol 9: Animals used in this protocol
Mice
Which life stages will be used during this protocol?
Select all that apply
· Juvenile
· Adult
· Aged animal
___________________________________________________________________
Will any animals coming on to this protocol be classed as ‘continued use’?
‘Continued use’ describes animals that are specifically genetically altered and bred for scientific use or animals that have had procedures applied to them in order to be prepared for use in this protocol.
Yes
___________________________________________________________________
How did these animals start their use?
Describe the procedures that have been applied to animals that will continue their use on to this protocol.
Genetically altered animals for use in this protocol may be obtained from: 
•	This licence: Protocol 5 ‘Breeding and maintenance of genetically altered animals’ (mild)
or
•	This licence: Protocol 8 ‘Cell transplantation into neonates’ (mild)
or 
•	other project licences with authority to breed and maintain genetically altered animals of a type authorised in this project, and to provide them for use on other projects.
Will you be re-using animals on to this protocol?
‘Re-use’ describes using animals again for a new experiment when you could equally use a naïve animal to get the same results.
No
___________________________________________________________________
What is the maximum number of animals that will be used on this protocol?
Please only enter numbers, e.g. 40
600
___________________________________________________________________
What is the maximum number of uses of this protocol per animal?
For example, if some animals will go through this protocol three more times after their first use, the number of uses will be four.   If no animals will go through this protocol more than once, enter '1'.  Please only enter numbers, e.g. 40
1
___________________________________________________________________
Rats
Which life stages will be used during this protocol?
Select all that apply
· Juvenile
· Adult
· Aged animal
___________________________________________________________________
Will any animals coming on to this protocol be classed as ‘continued use’?
‘Continued use’ describes animals that are specifically genetically altered and bred for scientific use or animals that have had procedures applied to them in order to be prepared for use in this protocol.
Yes
___________________________________________________________________
How did these animals start their use?
Describe the procedures that have been applied to animals that will continue their use on to this protocol.
Genetically altered animals for use in this protocol may be obtained from: 
•	This licence: Protocol 5 ‘Breeding and maintenance of genetically altered animals’ (mild)
or 
•	other project licences with authority to breed and maintain genetically altered animals of a type authorised in this project, and to provide them for use on other projects.
Will you be re-using animals on to this protocol?
‘Re-use’ describes using animals again for a new experiment when you could equally use a naïve animal to get the same results.
No
___________________________________________________________________
What is the maximum number of animals that will be used on this protocol?
Please only enter numbers, e.g. 40
1000
___________________________________________________________________
What is the maximum number of uses of this protocol per animal?
For example, if some animals will go through this protocol three more times after their first use, the number of uses will be four.   If no animals will go through this protocol more than once, enter '1'.  Please only enter numbers, e.g. 40
1
___________________________________________________________________
Protocol 9: Genetically altered animals (GAA)
Will this protocol use any genetically altered animals?
Yes
___________________________________________________________________
Which general types or strains will you be using and why?
This project will use animals expressing altered myelin associated genes or genes that control glial proliferation, differentiation, or myelination. Genes will be modified that are involved in signalling pathways to glia and neurons - including ion channels, as our previous work has shown that these channels are expressed by oligodendrocyte precursor cells and may be important for proliferation and/or differentiation. Genetically encoded labels, and generic reporter mice will be used to identify different cells (e.g. for cell sorting or electrophysiology) and recombinant genes such as ChR2, hM4Di, hM3Dq, iGluSnFr, GCaMP or other activity modulators, or sensors, will also be used. 
Modifications will include overexpression, partial or full knockout of the gene. Predominantly the cre-lox system will be used, generally using cell/tissue specific cre lines or promoters specific to the genes of interest. Inducible cre models will be used to give temporal control over expression or knock out of genes, enabling us to study development, repair, or other processes such as learning and behaviour. Additionally, immunodeficient mouse models will be used, alone or in combination with the other alterations mentioned above in order for cell transplantations to be performed or to investigate the role of immune cells in brain development and repair.
Mice with myelin deficits such as myrf (myelin regulatory factor) knock out mice will be used to investigate the role of myelin in the brain circuit, prevent myelin formation at critical points in development, or investigate rescue of myelin phenotypes through other interventions.
These modifications are necessary to address our objectives. Our work aims to identify factors which affect myelination or remyelination and the mechanisms behind their action. These factors can affect myelination or remyelination by perturbation of the survival, migration, myelin formation and compaction, differentiation or proliferation of oligodendrocyte precursor cells (OPCs). Other factors that might affect myelination are interactions between OPCs and other cells within the brain, such as neurons, astrocytes or microglia. 
No lines which show a harmful phenotype will be used under this protocol.
Do you expect any of these GAAs to show a harmful phenotype with welfare consequences?
No
Protocol 9: Steps
Step 1: Ageing (optional)
Describe the procedures that will be carried out during this step.
Explain where one or more steps are repeated in one experiment, list any alternative techniques within a step (e.g. dosing routes), and include all procedures performed under terminal anaesthesia.  When describing the technical aspects of a step, be broad enough to be flexible when the variation does not impact on animal welfare (e.g. use "antibiotic" instead of "penicillin"). Finally, avoid specifying volumes and frequencies when they do not impact on animal welfare.
Animals may be maintained, prior to the start of other procedures, up to 20 months of age. Maintenance of animals may continue to a maximum of 24 months of age.
Not all animals will reach 2 years of age as we will have multiple different timepoints within the ageing period which may vary between experiments. 
___________________________________________________________________
Is this step optional?
Yes
___________________________________________________________________
Do you expect this step to have adverse effects for the animals that are more than mild and transient?
Do not list uncommon or unlikely adverse effects, or effects from procedures that will cause no more than transient discomfort and no lasting harm. For example, an intravenous injection of a small volume of an innocuous substance.
Yes
___________________________________________________________________
What are the likely adverse effects of this step?
State the expected adverse effect, including the likely incidence, and the anticipated degree and duration of suffering.
Ageing animals naturally have decreased body condition and an increased risk of spontaneous death as they reach the end of their normal lifespan. Animals reaching the end of their natural life may show decreased movement, or respiratory distress.
About 20% aged rats and mice are expected to develop some superficial (mainly mammary) tumours during the course of ageing experiments. These are not typically malignant or painful but can grow rapidly and become an impediment to movement if left unchecked. 
Malocclusion can also occur in ageing animals with an incidence of approximately 5-10%. This can lead to weight loss and discomfort if not controlled. 
How will you monitor for, control, and limit any of these adverse effects?
If adverse effects can't be prevented, how will you attempt to ameliorate their initial signs?
Wherever possible animals will be kept for the minimum amount of time required to conduct experiments and experimental time points will take the average time to reach the humane end point into account.
As age related tumours occur spontaneously, control is not possible, however their effect on wellbeing of the animal can be limited through regular inspection and application of humane end points.  Routine inspections of the animals is performed by biofacility technicians and any tumours will be identified before they become large enough to impact on wellbeing. 
After 15 months of age for mice, and 18 months of age for rats, animals will be assigned a body condition score and reassessed weekly.  Body condition scores are based on the BCS scoresheet in figure 2. of Burkholder et al Health Evaluation of Experimental Laboratory Mice. Curr Protoc Mouse Biol. 2012 Jun;2:145-165. doi: 10.1002/9780470942390.mo110217 with additional criteria from internally generated score sheets.
What are the humane endpoints for this step?
This would be the point at which you would kill the animal to prevent further suffering.
In cases of malocclusion the animal will be killed unless, in agreement with the NVS, teeth clipping, and monitoring are used to keep the animal feeding well and the end point of the experiment is within 4 weeks.
Ageing animals can rapidly become unwell and any of the following are signs of a mouse or rat reaching the end of its lifespan. An animal will be killed immediately if it meets any of the following criteria;
●	Any sudden significant drop in body condition score (BCS) (taking into account general appearance, porphyrin production, coat grooming, curvature of the spine). Animals with a body condition score that falls to 2 will be killed. 
●	Impaired mobility which interferes with normal eating and drinking.
●	Respiratory distress: laboured breathing, increased or decreased respiratory rate, cyanosis
Animals showing tumours will be killed unless in agreement with the NVS for animals of particular interest they are kept until the conclusion of the experiment. Animals kept in these instances will be killed if the tumour reaches 1.2 cm diameter in mice or 2.5cm in rats (where more than one tumour grows, total burden will not exceed that of single tumour), or tumour becomes ulcerated or the tumour interferes in any way with the animal's ability to fulfil its normal behavioural and physiological functions (e.g. eating, drinking, defaecation) or in any way impedes its mobility.
Step 2: CNS lesioning (mandatory)
Describe the procedures that will be carried out during this step.
Explain where one or more steps are repeated in one experiment, list any alternative techniques within a step (e.g. dosing routes), and include all procedures performed under terminal anaesthesia.  When describing the technical aspects of a step, be broad enough to be flexible when the variation does not impact on animal welfare (e.g. use "antibiotic" instead of "penicillin"). Finally, avoid specifying volumes and frequencies when they do not impact on animal welfare.
On one occasion, with up to two injections. 
All animals will be lesioned by injection of small volumes (maximum volume 5µL per injection) of either ethidium bromide, lysolecithin or lipopolysaccharide (LPS) into the brain or spinal cord. (AB)
___________________________________________________________________
Is this step optional?
No
___________________________________________________________________
Do you expect this step to have adverse effects for the animals that are more than mild and transient?
Do not list uncommon or unlikely adverse effects, or effects from procedures that will cause no more than transient discomfort and no lasting harm. For example, an intravenous injection of a small volume of an innocuous substance.
Yes
___________________________________________________________________
What are the likely adverse effects of this step?
State the expected adverse effect, including the likely incidence, and the anticipated degree and duration of suffering.
Lesions can lead to the following adverse effects. Animals will be graded according to the system detailed below and treated accordingly.
●	Grade 0: about 60-75% animals will recover soon after surgery without head tilt.
●	Grade 1: Slight head tilt (<20% of animals) with or without a tendency to veer towards the opposite side of the lesion when walking for the first few days after the procedure. This does not prevent walking, drinking, eating or free ambulation around the cage.
●	Grade 2: Clearly apparent (<10% of animals) head tilt with the lower body generally remaining upright and with a tendency to veer towards the opposite side of the lesion when moving. Less than 10 % of these animals may develop rolling when handled or disturbed (reactive). The animals are still able to move around in the cage.
●	Grade 3: Clearly apparent head tilt with the animal generally on its side, not associated with any spontaneous or reactive rolling.  These animals can still move around the cage. 
●	Grade 4: Head extremely tilted (<5% of animals) with the animal generally on its side (although capable of being upright) and associated with occasional spontaneous rolling or rolling when handled or disturbed. They are still able to move around the cage. If minor unilateral impairment to a hind limb is seen, particularly with spinal cord lesions, this is classed as grade 4, with or without a head tilt being present.
●	Grade 5: Extreme head tilt with the animal associated with infrequent spontaneous rolling (<once in 5 minutes) but consistent reactive rolling (<3% animals). The animals are unable to right themselves. 
●	Grade 6: Extreme head tilt with the animal on its side associated with continuous spontaneous rolling. (<2% of animals). Any signs of paralysis in the upper limbs or splayed out immobile limbs.
Grades 0-3 are regarded as moderate; Grade 4-6 as severe.
How will you monitor for, control, and limit any of these adverse effects?
If adverse effects can't be prevented, how will you attempt to ameliorate their initial signs?
Post-surgery all animals will receive analgesia, this will be continued as necessary but will be provided for three days at a minimum.  Animals will be kept warm until they are successfully roused from anaesthesia and handling minimised to reduce distress.  If needed, warm saline injections will be given to ensure that the animals do not become dehydrated.  All animals will be monitored post lesion surgery for recovery from anaesthesia, ensuring that they are mobile within the cage and able to access food and water.  Additional support and monitoring is determined by the grading of the animal, see below.  All animals will be checked in the AM and PM daily for a minimum of 5 days post lesion.
●	Grade 0-1: normal post operative monitoring and analgesia.
●	Grade 2-3: Ensure access to food and fluid; a long nozzled water bottle or hydration gel and a soft form of food will be provided in an accessible location, until animals recover to Grade 1 or 0.
●	Grade 4: A soft form of food will be placed into the cage daily within reach of the animal and an intraperitoneal injection of warm saline may be administered if the animals have difficulty drinking from the water dispenser or hydration gel. The animal will be assessed twice daily at a minimum.
●	Grade 5: Provide food and water as above, monitor and reassess every 2 hours at a minimum. Disturbance of the recovering animal can lead to additional stress so observations without removing the cage from the rack are recommended. More frequent checks (~every 20 mins) for the first hour allow early identification of any worsening symptoms.
●	Grade 6: See humane endpoints.
Grades 0-3 are regarded as moderate; Grade 4-6 as severe.
After surgery, animals do not always fall neatly into one category of the grading system. In those cases, grading is assigned as accurately as possible based on the most ‘severe’ clinical sign. For example, an animal that appears to be fully recovered with no head tilt visible but that exhibits occasional reactive rolling would be classified as a Grade 2 even if all other clinical signs would be classed as Grade 0. Most adverse events would be expected to occur within 24 hours of surgery and after this time animals should steadily improve.
What are the humane endpoints for this step?
This would be the point at which you would kill the animal to prevent further suffering.
Lesions involving cerebellar white matter can lead to the following adverse effects. Animals will be graded according to the system detailed below and treated accordingly.  All timings are given as hours post surgery.
●	Grade 2: If the reactive rolling persists for 72 hours after operation the animals will be killed.  If the animals have not recovered to grade 1 or 0 within 96 hours then they will be killed.
●	Grade 3: If the animals have not improved to grade 2 or above within 72 hours then they will be killed.
●	Grade 4: If the animals are not improved to grade 3 or above within 48 hours they will be killed.
●	Grade 5: If the animal does not improve to grade 4 or better within 8 hours, they will be killed.  If animals show worsening frequency of rolling after 4 hours they will be killed.
●	Grade 6: The animals will be killed immediately.
Grades 0-3 are regarded as moderate; Grade 4-6 as severe.
Animals that move to Grade 4 or higher 48 hours post-surgery rather than showing signs of improvement will be killed immediately.
Step 3: CNS cannulation (optional)
Describe the procedures that will be carried out during this step.
Explain where one or more steps are repeated in one experiment, list any alternative techniques within a step (e.g. dosing routes), and include all procedures performed under terminal anaesthesia.  When describing the technical aspects of a step, be broad enough to be flexible when the variation does not impact on animal welfare (e.g. use "antibiotic" instead of "penicillin"). Finally, avoid specifying volumes and frequencies when they do not impact on animal welfare.
(In the same surgery as step 2) A guide cannula will be implanted into specific areas of the brain or spinal cord. A minipump will be inserted sub-cutaneously and attached to the implanted cannula. (AB)
___________________________________________________________________
Is this step optional?
Yes
___________________________________________________________________
Do you expect this step to have adverse effects for the animals that are more than mild and transient?
Do not list uncommon or unlikely adverse effects, or effects from procedures that will cause no more than transient discomfort and no lasting harm. For example, an intravenous injection of a small volume of an innocuous substance.
Yes
___________________________________________________________________
What are the likely adverse effects of this step?
State the expected adverse effect, including the likely incidence, and the anticipated degree and duration of suffering.
Attachment of cannulae to the skull with dental cement can cause irritation to the surrounding tissues or prevent healing. In less than 1% of animals, attachment points for the cannulae can come loose exposing the skull or underlying tissues.  In cases where the implant comes loose and is removed by the animal this can cause damage to the brain and recapitulate the side effects of brain injury.
Due to the impact of the dental cement on healing, resuturing may be required on occasion more than 48 hours after surgery, if incision breakdown occurs after 48 hours post-surgery NVS advice will be followed, including resuturing if advised.

Damage to the brain from the cannula during injection carries a small risk of bleeding and unintended injury to brain structures, the effects of which would depend on the region affected but can include a minor head tilt and/or mild imbalance. As the lesion injections are carried out at the same time as the brain cannulation within this protocol, it can be difficult to disentangle the effects of the lesion and other substances being injected.
Placement of a subcutaneous minipump can lead to formation of a seroma, this does not typically cause any discomfort to the animal and should resolve without intervention.
How will you monitor for, control, and limit any of these adverse effects?
If adverse effects can't be prevented, how will you attempt to ameliorate their initial signs?
Any skin that comes into contact with the cement will be cleaned with a sterile wipe or cotton swab to prevent irritation.  The wound will be checked daily for signs of irritation i.e. redness, swelling, or scratching of the wound. If wounds appear irritated they will be assessed by the NVS and treated with a suitable antiseptic cream.
In the event of a seroma, the NVS will be consulted, and the seroma monitored for changes in size or colouration. Animals will be monitored for signs of discomfort such as scratching, hunching or subdued behaviour.
What are the humane endpoints for this step?
This would be the point at which you would kill the animal to prevent further suffering.
In the rare event that attachment points for cannulae or minipumps come loose then the animal will be killed.  
If wound irritation shows no sign of improvement within 48 hours or the animal shows signs of distress then the animal will be killed.
If a seroma impedes movement or causes discomfort then the animal will be killed. If discolouration of the area is seen such as a dark appearance or yellowing then the animal will be killed as this suggests either bleeding or infection. Animals with a seroma that does not decrease in size after a week should be killed.
Step 4: CNS injection (optional)
Describe the procedures that will be carried out during this step.
Explain where one or more steps are repeated in one experiment, list any alternative techniques within a step (e.g. dosing routes), and include all procedures performed under terminal anaesthesia.  When describing the technical aspects of a step, be broad enough to be flexible when the variation does not impact on animal welfare (e.g. use "antibiotic" instead of "penicillin"). Finally, avoid specifying volumes and frequencies when they do not impact on animal welfare.
(In the same surgery as step 2) Stereotactic injection into specific areas of the brain, spinal cord, or cerebral spinal fluid (CSF); of viruses, agonists or antagonists, glial toxins, PTX, antibodies, gene induction agents, cell response modulators, cells, CSF, and/or labelling substances e.g. fast blue. 
The maximum volume per injection is 5 µL for a mouse or 10 µL for a rat, with typically 2, but rarely up to 4 injections, in addition to the lesion injections in step 2. (AB)
___________________________________________________________________
Is this step optional?
Yes
___________________________________________________________________
Do you expect this step to have adverse effects for the animals that are more than mild and transient?
Do not list uncommon or unlikely adverse effects, or effects from procedures that will cause no more than transient discomfort and no lasting harm. For example, an intravenous injection of a small volume of an innocuous substance.
Yes
___________________________________________________________________
What are the likely adverse effects of this step?
State the expected adverse effect, including the likely incidence, and the anticipated degree and duration of suffering.
Damage to the brain from the needle during injection carries a small risk of bleeding and unintended injury to brain structures, the effects of which would depend on the region affected but can include a minor head tilt and/or mild imbalance. As the lesion injections are carried out at the same time as injections within this protocol, it can be difficult to disentangle the effects of the lesion and other substances being injected.
Fast Blue has been shown to cause an ‘extended limb phenotype’ where the animal splays out their limbs. The expected incidence is less than 15% of animals injected with fast blue.  It is possible that other substances injected into the brain could affect the same circuit and cause the extended limb phenotype. 
How will you monitor for, control, and limit any of these adverse effects?
If adverse effects can't be prevented, how will you attempt to ameliorate their initial signs?
The animals will be monitored closely for any abnormalities in behaviour and assessed using the grading system as seen above for lesion adverse effects.
After Fast Blue injection animals will be observed regularly for the initial post operative period as in our experience the extended limb phenotype typically presents within 3-4 hours post-surgery.
What are the humane endpoints for this step?
This would be the point at which you would kill the animal to prevent further suffering.
Humane endpoints are as for the lesion grading system above. Additionally, if the ‘extended limb phenotype’ where the animal splays out their limbs, is observed the animal should be killed immediately. Severity moderate if identification of the adverse effect and killing is carried out in a timely manner. The expected incidence is less than 15% of animals injected with fast blue.  It is possible that other substances injected into the brain could affect the same circuit and cause the extended limb phenotype. If the extended limb phenotype is seen at any time following a brain injection the animal will be killed.
Step 5: Device implantation (optional)
Describe the procedures that will be carried out during this step.
Explain where one or more steps are repeated in one experiment, list any alternative techniques within a step (e.g. dosing routes), and include all procedures performed under terminal anaesthesia.  When describing the technical aspects of a step, be broad enough to be flexible when the variation does not impact on animal welfare (e.g. use "antibiotic" instead of "penicillin"). Finally, avoid specifying volumes and frequencies when they do not impact on animal welfare.
(In the same surgery as step 2) Implantation of an optical/electrical or recording device (with a cannula if needed for targeting), into a specific area of the brain or spinal cord.  After implantation, in the same surgery, the device may be used to check location (AB or AC if unavoidable obstruction found).
___________________________________________________________________
Is this step optional?
Yes
___________________________________________________________________
Do you expect this step to have adverse effects for the animals that are more than mild and transient?
Do not list uncommon or unlikely adverse effects, or effects from procedures that will cause no more than transient discomfort and no lasting harm. For example, an intravenous injection of a small volume of an innocuous substance.
Yes
___________________________________________________________________
What are the likely adverse effects of this step?
State the expected adverse effect, including the likely incidence, and the anticipated degree and duration of suffering.
Attachment of devices to the skull with dental cement can cause irritation to the surrounding tissues or prevent healing. In less than 1% of animals, attachment points for the device can come loose exposing the skull or underlying tissues. In cases where the implant comes loose and is removed by the animal this can cause damage to the brain and recapitulate the side effects of brain injury. 
Where the skin is not fully closed over the implant, the skin around the implant may retract slightly during healing, this can lead to minor scabbing. 
Due to the impact of the dental cement on healing, resuturing may be required on occasion more than 48 hours after surgery. Due to the impact of the dental cement on healing, resuturing may be required on occasion more than 48 hours after surgery, if incision breakdown occurs after 48 hours post-surgery NVS advice will be followed, including resuturing if advised.
Where devices have a fiber or wire implanted into a specific brain region this can cause damage to the brain and carries a small risk of bleeding and unintended injury to brain structures, the effects of which would depend on the region affected but can include a minor head tilt and/or mild imbalance. As the lesion injections are carried out at the same time as the attachment of an device within this protocol, it can be difficult to disentangle the effects of the lesion and the attachment.
How will you monitor for, control, and limit any of these adverse effects?
If adverse effects can't be prevented, how will you attempt to ameliorate their initial signs?
Any skin that comes into contact with the cement will be cleaned with a sterile wipe or cotton swab to prevent irritation.  The wound will be checked daily for signs of irritation i.e. redness, swelling, or scratching of the wound. If wounds appear irritated they will be assessed by the NVS and treated with a suitable antiseptic cream. The skin around the implant will be monitored and NVS recommendations followed for wound care.
To reduce the risk of damage to the implant and attachment points to the skull, animals may be singly housed.
The animals will be monitored closely for any abnormalities in behaviour and assessed using the grading system as seen above for lesion adverse effects.
What are the humane endpoints for this step?
This would be the point at which you would kill the animal to prevent further suffering.
In the rare event that attachment points for devices come loose then the animal will be killed.  
If wound irritation shows no sign of improvement within 48 hours or the animal shows signs of distress then the animal will be killed.
If skin retraction around the implant leads to exposure of the area adjacent to the cement cap e.g. skull is clearly visible, then the animal will be culled.
Step 6: Device stimulation (optional)
Describe the procedures that will be carried out during this step.
Explain where one or more steps are repeated in one experiment, list any alternative techniques within a step (e.g. dosing routes), and include all procedures performed under terminal anaesthesia.  When describing the technical aspects of a step, be broad enough to be flexible when the variation does not impact on animal welfare (e.g. use "antibiotic" instead of "penicillin"). Finally, avoid specifying volumes and frequencies when they do not impact on animal welfare.
(After implantation of the optical/recording device in step 5, and recovery from surgery, and on multiple occasions) Animals will be stimulated using the device and/or a fiber optic cable attached to the device. (AA/AC)
Prolonged stimulation will only be conducted if stimulation shows no effect on the animal i.e. eating, drinking normally and appropriately socialising. 
___________________________________________________________________
Is this step optional?
Yes
___________________________________________________________________
Do you expect this step to have adverse effects for the animals that are more than mild and transient?
Do not list uncommon or unlikely adverse effects, or effects from procedures that will cause no more than transient discomfort and no lasting harm. For example, an intravenous injection of a small volume of an innocuous substance.
Yes
___________________________________________________________________
What are the likely adverse effects of this step?
State the expected adverse effect, including the likely incidence, and the anticipated degree and duration of suffering.
In less than 1% of cases, prolonged light stimulation could lead to phototoxicity in the cells and cause a mild head tilt.
Alteration of activity within the brain could cause minor changes in behaviour.
Animals could become distressed or tangled in external cabling for stimulation. Signs of distress could include hunching, changes in locomotor behaviour, reduction in ability to eat or drink.
How will you monitor for, control, and limit any of these adverse effects?
If adverse effects can't be prevented, how will you attempt to ameliorate their initial signs?
Animals will be habituated to any cabling, such as for light stimulation, in short bursts prior to longer term stimulations.  During the stimulations animals will be checked frequently, either directly in person or indirectly via a secure monitoring system, to ensure that they do not become tangled in cabling or distressed.
If a head tilt is seen then stimulation will be stopped.
What are the humane endpoints for this step?
This would be the point at which you would kill the animal to prevent further suffering.
In the event of distress - hunching, changes in locomotor behaviour, reduction in ability to eat or drink, not alleviated within 24 hours by removal of attached cabling and cessation of stimulation - animals will be killed.
Step 7: Device recording (optional)
Describe the procedures that will be carried out during this step.
Explain where one or more steps are repeated in one experiment, list any alternative techniques within a step (e.g. dosing routes), and include all procedures performed under terminal anaesthesia.  When describing the technical aspects of a step, be broad enough to be flexible when the variation does not impact on animal welfare (e.g. use "antibiotic" instead of "penicillin"). Finally, avoid specifying volumes and frequencies when they do not impact on animal welfare.
(After implantation of the device in step 5, and recovery from surgery, and on multiple occasions) The device will be used to image or record brain activity. (AA/AC)
Imaging will only be repeated providing that the animal has fully recovered from the previous imaging session; i.e. eating, drinking normally and appropriately socialising. 
Prolonged imaging or recording will only be conducted if it shows no effect on the animal i.e. eating, drinking normally and appropriately socialising. 
Imaging is limited to one session per day of up to 45 mins. Up to 30 sessions within a 4 month period when imaging AA.
___________________________________________________________________
Is this step optional?
Yes
___________________________________________________________________
Do you expect this step to have adverse effects for the animals that are more than mild and transient?
Do not list uncommon or unlikely adverse effects, or effects from procedures that will cause no more than transient discomfort and no lasting harm. For example, an intravenous injection of a small volume of an innocuous substance.
Yes
___________________________________________________________________
What are the likely adverse effects of this step?
State the expected adverse effect, including the likely incidence, and the anticipated degree and duration of suffering.
In less than 1% of cases, prolonged imaging could lead to phototoxicity in the cells and cause a mild head tilt.
Alteration of activity within the brain could cause minor changes in behaviour.
Animals could become distressed or tangled in external cabling. Signs of distress could include hunching, changes in locomotor behaviour, reduction in ability to eat or drink.
How will you monitor for, control, and limit any of these adverse effects?
If adverse effects can't be prevented, how will you attempt to ameliorate their initial signs?
Animals will be habituated to any cabling, in short bursts prior to longer term attachment.  Animals will be checked frequently, either directly in person or indirectly via a secure monitoring system, to ensure that they do not become tangled in cabling or distressed.
If a head tilt is seen then stimulation will be stopped.
What are the humane endpoints for this step?
This would be the point at which you would kill the animal to prevent further suffering.
In the event of distress - hunching, changes in locomotor behaviour, reduction in ability to eat or drink, not alleviated within 24 hours by removal of attached cabling and/or cessation of stimulation/recording - animals will be killed.
Step 8: Minipump implantation (optional)
Describe the procedures that will be carried out during this step.
Explain where one or more steps are repeated in one experiment, list any alternative techniques within a step (e.g. dosing routes), and include all procedures performed under terminal anaesthesia.  When describing the technical aspects of a step, be broad enough to be flexible when the variation does not impact on animal welfare (e.g. use "antibiotic" instead of "penicillin"). Finally, avoid specifying volumes and frequencies when they do not impact on animal welfare.
On one occasion, at the same time as step 2 or separately:
Animals will be implanted with a minipump, either subcutaneously or intraperitoneally. (AB)
___________________________________________________________________
Is this step optional?
Yes
___________________________________________________________________
Do you expect this step to have adverse effects for the animals that are more than mild and transient?
Do not list uncommon or unlikely adverse effects, or effects from procedures that will cause no more than transient discomfort and no lasting harm. For example, an intravenous injection of a small volume of an innocuous substance.
Yes
___________________________________________________________________
What are the likely adverse effects of this step?
State the expected adverse effect, including the likely incidence, and the anticipated degree and duration of suffering.
Placement of a subcutaneous minipump can lead to formation of a seroma, this does not typically cause any discomfort to the animal and should resolve without intervention. Haematomas or infections may also occur.
Surgical wounds can cause discomfort or irritation whilst healing, showing signs such as redness, swelling or scratching at the wound.
How will you monitor for, control, and limit any of these adverse effects?
If adverse effects can't be prevented, how will you attempt to ameliorate their initial signs?
Postsurgical wounds will be checked daily for signs of irritation i.e. redness, swelling, or scratching of the wound. If wounds appear irritated they will be assessed by the NVS and treated with a suitable antiseptic cream.
In the event of a seroma, the NVS will be consulted, and the seroma monitored for changes in size or colouration. Animals will be monitored for signs of discomfort such as scratching, hunching or subdued behaviour.
What are the humane endpoints for this step?
This would be the point at which you would kill the animal to prevent further suffering.
If wound irritation shows no sign of improvement within 48 hours or the animal shows signs of distress then the animal will be killed.
If a seroma impedes movement or causes discomfort then the animal will be killed. If discolouration of the area is seen such as a dark appearance or yellowing then the animal will be killed as this suggests either bleeding or infection.
Step 9: Administration of substances (optional)
Describe the procedures that will be carried out during this step.
Explain where one or more steps are repeated in one experiment, list any alternative techniques within a step (e.g. dosing routes), and include all procedures performed under terminal anaesthesia.  When describing the technical aspects of a step, be broad enough to be flexible when the variation does not impact on animal welfare (e.g. use "antibiotic" instead of "penicillin"). Finally, avoid specifying volumes and frequencies when they do not impact on animal welfare.
(At any stage, and on multiple occasions, subject to the limits in the protocol justification) administration of substances (labelling agents e.g. BrdU, EdU; agonists or antagonists, cell response modulators e.g. tetracycline, clozapine; glial toxins, non-pathogenic viruses, cytokines, antibodies, or controls)  controls by, on each occasion, one of the following routes:. Additional substances may be administered concurrently by multiple routes (a-g) if the substances are innocuous and are not expected to increase the burden to the animal.
a. Subcutaneously (AA)
b. Intraperitoneally (AA)
c. Oral (including in supplemental food or drinking water, standard diet will not be fully replaced)  (AA)
d. Gavage (AA)
e. Infusion into the CNS via minipump, previously implanted in step 3, non-glial specific toxins may also be administered by this route e.g. TTX, PTX, conotoxin (AA) 
f. Infusion via minipump, previously implanted in step 8(AA)
g. Injection into the tail vein (AA)
___________________________________________________________________
Is this step optional?
Yes
___________________________________________________________________
Do you expect this step to have adverse effects for the animals that are more than mild and transient?
Do not list uncommon or unlikely adverse effects, or effects from procedures that will cause no more than transient discomfort and no lasting harm. For example, an intravenous injection of a small volume of an innocuous substance.
Yes
___________________________________________________________________
What are the likely adverse effects of this step?
State the expected adverse effect, including the likely incidence, and the anticipated degree and duration of suffering.
After gavage, 1% of animals may show signs of gastric reflux, this presents as subdued behaviour for a few minutes post gavage. If reflux is followed by aspiration this can cause gasping.
In less than 0.1% of cases, water consumption may be affected when substances are added to the drinking water. This can lead to dehydration related weight loss, skin tenting, or lethargy.
How will you monitor for, control, and limit any of these adverse effects?
If adverse effects can't be prevented, how will you attempt to ameliorate their initial signs?
Animals will be observed post gavage to identify any signs of reflux or gasping.
Water consumption for rats is approximately 10ml/100g and for mice 15ml/100g. If water consumption falls below normal, and is not corrected by use of sweeteners, and/or the animal starts showing signs of decreased consumption (e.g. weight loss, skin tenting) then administration of drug in water will be stopped and animals immediately offered untreated water. If drinking resumes, then the substances may be administered via an alternative method.
What are the humane endpoints for this step?
This would be the point at which you would kill the animal to prevent further suffering.
Any animal showing gasping not resolved within 2 minutes will be killed. Any animal that appears subdued post gavage and does not return to normal behaviour will be killed.
If animals do not return to normal drinking after being presented with untreated water, then they will be killed.
Step 10: Behavioural testing (optional)
Describe the procedures that will be carried out during this step.
Explain where one or more steps are repeated in one experiment, list any alternative techniques within a step (e.g. dosing routes), and include all procedures performed under terminal anaesthesia.  When describing the technical aspects of a step, be broad enough to be flexible when the variation does not impact on animal welfare (e.g. use "antibiotic" instead of "penicillin"). Finally, avoid specifying volumes and frequencies when they do not impact on animal welfare.
a. At any stage and on multiple occasions, animals will undergo typically one, but up to three, behavioural procedures from the table below (AA).
b. On multiple occasions, after complete recovery from any surgical interventions, if required for the behavioural test (indicated in the table below) Animals will undergo food restriction (fed daily with reduced amount) such that the animals do not drop below 85% of their free-feeding body weight (AA)
	Behavioural test
	Max session length
	Normal test frequency
	Additional procedures

	Operant conditioning (including Trial-Unique Non-matching to Location (TUNL) and the 5-choice serial reaction time task
	1 hour
	Typically once per day, up to twice. For up to 8 weeks
	Food restriction required for up to 8.5 weeks

	Rotarod
	Incremental fixed speed rotarod – up to 1 minute at three different speeds. 
Accelerating rotarod – up to 5 minutes per session
	Daily during training period, up to weekly after as required by experiments
	

	Erasmus Ladder
	42 runs across the ladder (up to 1 hour depending on length of rest periods between runs)
	Once per day, up to 10 days
	

	Open field test
	30 minutes
	Weekly, up to daily
	

	Balance beam coordination test
	30 minutes (up to 3 trials)
	Daily
	

	Grasping ability (modified wire hanging test, hind paws on ground)
	30 minutes
	Daily
	

	Visual acuity tasks
	30 minutes
	Daily
	

	Complex running wheel
	Unlimited, wheel is in the cage and usage is voluntary
	Up to 3 weeks
	Animals must be singly housed for up to 3 weeks

	Classical eye blink conditioning task
	
	
	


___________________________________________________________________
Is this step optional?
Yes
___________________________________________________________________
Do you expect this step to have adverse effects for the animals that are more than mild and transient?
Do not list uncommon or unlikely adverse effects, or effects from procedures that will cause no more than transient discomfort and no lasting harm. For example, an intravenous injection of a small volume of an innocuous substance.
Yes
___________________________________________________________________
What are the likely adverse effects of this step?
State the expected adverse effect, including the likely incidence, and the anticipated degree and duration of suffering.
Weight loss (typically ~10% from baseline weight) for food restricted animals.
How will you monitor for, control, and limit any of these adverse effects?
If adverse effects can't be prevented, how will you attempt to ameliorate their initial signs?
Animals are weighed daily until their weight stabilises, then are weighed at least 5x a week. As animals are not singly housed during the food restriction, if one animal drops more weight than its cagemates it will be briefly separated to allow access to additional food (<30mins).
What are the humane endpoints for this step?
This would be the point at which you would kill the animal to prevent further suffering.
For food restricted animals, any animal showing weight loss over 15% or that approaches 20% and that is not improved within 1 hour by additional food being provided will be killed.
Step 11: Transgene induction (optional)
Describe the procedures that will be carried out during this step.
Explain where one or more steps are repeated in one experiment, list any alternative techniques within a step (e.g. dosing routes), and include all procedures performed under terminal anaesthesia.  When describing the technical aspects of a step, be broad enough to be flexible when the variation does not impact on animal welfare (e.g. use "antibiotic" instead of "penicillin"). Finally, avoid specifying volumes and frequencies when they do not impact on animal welfare.
(At any stage) Transgene inducing or deleting agents (e.g. Tamoxifen, 4-hydroxytamoxifen, tetracycline) or control substances will be administered alone or in combination, continuously or intermittently by one of the following routes:
a. Oral (including in food or drinking water)
b. By gavage
c. Subcutaneous
d. Intraperitoneal
___________________________________________________________________
Is this step optional?
Yes
___________________________________________________________________
Do you expect this step to have adverse effects for the animals that are more than mild and transient?
Do not list uncommon or unlikely adverse effects, or effects from procedures that will cause no more than transient discomfort and no lasting harm. For example, an intravenous injection of a small volume of an innocuous substance.
Yes
___________________________________________________________________
What are the likely adverse effects of this step?
State the expected adverse effect, including the likely incidence, and the anticipated degree and duration of suffering.
Tamoxifen and tamoxifen derivatives show dose and age dependent adverse effects.
Administration of Tamoxifen (or its derivatives) for transgene induction may cause adverse effects in mice.  Most mice will show a transient lack of weight gain or weight loss of <15%.  Weight loss of up to 20% may occur gradually (over the course of 6-10 days). These effects typically arise 5-10 days after the last administration. Up to 10% of animals may develop piloerection, hunched posture, and subdued behaviour.
At high dosages (250mg-300mg/kg), more animals (<20%) may show piloerection, hunched posture, and subdued behaviour, the extent of which depends on the modification present. The adverse effects are attributed to the combination of tamoxifen toxicity and the resultant genetic modification. 
Animals which don't reach humane endpoints usually fully recover from tamoxifen administration within 2 weeks and regain weight to within 5% of baseline.
After gavage, 1% of animals may show signs of gastric reflux, this presents as subdued behaviour for a few minutes post gavage. If reflux is followed by aspiration this can cause gasping.
In less than 0.1% of cases, water consumption may be affected when substances are added to the drinking water. This can lead to dehydration related weight loss, skin tenting, or lethargy.
How will you monitor for, control, and limit any of these adverse effects?
If adverse effects can't be prevented, how will you attempt to ameliorate their initial signs?
Prior to administration of transgene induction agents, mice will be assigned a body condition score and have a baseline weight recorded.  Animals will be assessed daily for signs of piloerection, hunching or subdued behaviour. Only animals with a body score of 3 or above will receive transgene induction agents.
Soft food and/or calorie rich supplementation will be provided to the animals. Heat pads will be attached to the cage if the body score begins to drop, and weight will be monitored more frequently (daily rather than twice a week). Calorie rich diets may include up to 10 days of high fat western diet provided as a supplement to the normal diet. Animals may be habituated to higher calorie food prior to transgene induction.
Animals will be observed post gavage to identify any signs of reflux or gasping.
Water consumption for rats is approximately 10ml/100g and for mice 15ml/100g. If water consumption falls below normal, and is not corrected by use of sweeteners, and/or the animal starts showing signs of decreased consumption (e.g. weight loss, skin tenting) then administration of drug in water will be stopped and animals immediately offered untreated water. If drinking resumes, then the substances may be administered via an alternative method.
What are the humane endpoints for this step?
This would be the point at which you would kill the animal to prevent further suffering.
If clinical signs (hunching, piloerection) are sustained for 24 hours without improvement, the animals will be killed.
If the body score of animals declines rapidly (i.e. Half a point on the 5 point scale within 24 hours) animals will be killed.  Body condition scores are given on a 5 point scale, where 1 is emaciated, 3 is well conditioned, and 5 is obese.  Gradual weight loss over 5-7 days in the absence of additional clinical signs, which doesn't cause the body condition score to drop below the 'normal' well conditioned mouse has a humane end point of 20% weight loss from baseline.
Animals with a body condition score that falls to 2 will be killed.
Any animal showing gasping not resolved within 2 minutes will be killed. Any animal that appears subdued post gavage and does not return to normal behaviour will be killed.
If animals do not return to normal drinking after being presented with untreated water, then they will be killed.
Step 12: Intravitreal injections (optional)
Describe the procedures that will be carried out during this step.
Explain where one or more steps are repeated in one experiment, list any alternative techniques within a step (e.g. dosing routes), and include all procedures performed under terminal anaesthesia.  When describing the technical aspects of a step, be broad enough to be flexible when the variation does not impact on animal welfare (e.g. use "antibiotic" instead of "penicillin"). Finally, avoid specifying volumes and frequencies when they do not impact on animal welfare.
(At any stage and on one occasion) 
Animals will receive intravitreal injections of substances (e.g; labelling substances, viruses, CTB, fluorescent tracing agents, transgene inducing or deleting agents, control substances); two injections may be used per eye, with a maximum total volume of 2 µL. Injections may be in one eye or both eyes. Where both eyes are injected, the second eye will be a control injection using only substances unlikely to cause adverse reactions (AB)
___________________________________________________________________
Is this step optional?
Yes
___________________________________________________________________
Do you expect this step to have adverse effects for the animals that are more than mild and transient?
Do not list uncommon or unlikely adverse effects, or effects from procedures that will cause no more than transient discomfort and no lasting harm. For example, an intravenous injection of a small volume of an innocuous substance.
Yes
___________________________________________________________________
What are the likely adverse effects of this step?
State the expected adverse effect, including the likely incidence, and the anticipated degree and duration of suffering.
Eyes may appear red for several days post injection but generally no signs of distress are apparent and visual function is normal.  Animals may show signs of pain or distress such as pawing the eye, loss of appetite, porphyrin production, inactivity or hunching.  Rarely there may be a reduction in visual function caused by penetration of the lens – this is painless and not expected to interfere with normal movement, feeding or drinking behaviours. 
Signs of intraocular infections include over grooming of the eye region leading to swelling and irritation, or a severely inflamed eye. Very rarely intraocular bleeding may occur after injection, this is almost always self-limiting and can be identified by the eye appearing darker than usual but usually non harmful and is monitored by visual inspection.
How will you monitor for, control, and limit any of these adverse effects?
If adverse effects can't be prevented, how will you attempt to ameliorate their initial signs?
Animals will be monitored carefully for signs of pain or distress such as pawing the eye, loss of appetite, porphyrin production, inactivity or hunching and treated with additional analgesia if needed.  
Intraocular infections will be prevented by use of post-operative antibiotic gel applied to the eye, and animal displaying signs of infection will be killed (example sheets will be available to personal licensees for identification of potential adverse effects). 
What are the humane endpoints for this step?
This would be the point at which you would kill the animal to prevent further suffering.
Animals will be monitored for signs of pain or distress and killed if the distress is not alleviated by additional analgesia within 24 hours.
Animals showing signs of infection; swelling, irritation or inflammation around the eye area, will be killed.
Step 13: Electroretinogram recording (optional)
Describe the procedures that will be carried out during this step.
Explain where one or more steps are repeated in one experiment, list any alternative techniques within a step (e.g. dosing routes), and include all procedures performed under terminal anaesthesia.  When describing the technical aspects of a step, be broad enough to be flexible when the variation does not impact on animal welfare (e.g. use "antibiotic" instead of "penicillin"). Finally, avoid specifying volumes and frequencies when they do not impact on animal welfare.
(At any stage and on up to 3 occasions) Up to 24 hours dark adaptation (AA) followed by electroretinogram recording (AB)
___________________________________________________________________
Is this step optional?
Yes
___________________________________________________________________
Do you expect this step to have adverse effects for the animals that are more than mild and transient?
Do not list uncommon or unlikely adverse effects, or effects from procedures that will cause no more than transient discomfort and no lasting harm. For example, an intravenous injection of a small volume of an innocuous substance.
No
___________________________________________________________________
Step 14: Terminal procedures (mandatory)
Repeated from protocol 7
Describe the procedures that will be carried out during this step.
Explain where one or more steps are repeated in one experiment, list any alternative techniques within a step (e.g. dosing routes), and include all procedures performed under terminal anaesthesia.  When describing the technical aspects of a step, be broad enough to be flexible when the variation does not impact on animal welfare (e.g. use "antibiotic" instead of "penicillin"). Finally, avoid specifying volumes and frequencies when they do not impact on animal welfare.
Animals will be killed by:
a. Schedule 1 method; or
b. Perfusion fixation (AC); or
c. Perfusion without fixative (AC) followed by confirmation of death by a method in Schedule 1; or
d. Decapitation (AA/AC)
___________________________________________________________________
Is this step optional?
No
___________________________________________________________________
Do you expect this step to have adverse effects for the animals that are more than mild and transient?
Do not list uncommon or unlikely adverse effects, or effects from procedures that will cause no more than transient discomfort and no lasting harm. For example, an intravenous injection of a small volume of an innocuous substance.
No
___________________________________________________________________
Protocol 9: Fate of animals
What will happen to animals at the end of this protocol?
Select all that apply. These options are based on what you selected in the non-technical summary.
· Killed
Will you be using non-schedule 1 killing methods on a conscious animal?
Yes
For each non-schedule 1 method, explain why this is necessary.
Decapitation is necessary to give high quality, live brain slices to be used for electrophysiological experiments ex-vivo and cannot always be performed under anaesthesia, as the anaesthetic agents can affect the ion channels and cell activity that we are investigating. Similarly, CO2 anaesthesia changes the pH of the brain dramatically with effects on all cell types thus making it unsuitable as an alternative. 
Decapitation will only be used in conscious animals when alternative methods are not viable, for example, in mice cervical dislocation immediately prior to decapitation can be used if the brain stem doesn’t need to be intact. A guillotine will be used for decapitation of non-neonate animals, to ensure an instantaneous separation of the head and a rapid loss of consciousness.
___________________________________________________________________
Protocol 9: Animal experience
Summarise the typical experience or end-to-end scenario for an animal being used in this protocol.
Consider the cumulative effect of any combinations of procedures that you may carry out.
Where mice are moved to this protocol from protocol 8, there is no additional cumulative harm anticipated and animals will only have suffered mildly under the previous protocol.  Mice from protocol 8 will have received brain injections as neonates to transplant neural lineage cells. These cells will spread through the brain and potentially integrate into the murine neural tissue. No adverse effects are expected, or have been observed from, the presence of these cells, and their presence should not lead to additional harm from procedures carried out under this protocol. 
All animals in the protocol will undergo stereotaxic surgery, on one occasion, to induce a demyelinating lesion in the CNS. A fraction of the animals will undergo, during the same surgery and with minimal cumulative effect, typically one, but no more than two, of the following: injection into the brain (step 4), implantation of cannula (step 3), implantation of minipump (step 3) or implantation of optical/electrical device (step 5). Pain and discomfort may result from surgeries, but will be minimized by the administration of pre-operatory analgesia. 
In all stereotactic surgeries the process is the same, the animal is anaesthetised, given analgesia, and fur removed to reveal the surgical area. The skin is cut and the skull or spinal column exposed.  Depending on the location of the injection or implant, holes will be drilled into the skull where required and the injector or implant moved into place. Injections may also take place into the spine, or into the brain through the foramen magnum which do not require drilling. If required implants are secured to the skull with dental cement, screws, or other fixative. Any implants requiring a subcutaneous component – such as minipumps or some device components, will be placed into a pocket under the skin of the back generated by gentle insertion of forceps to form a gap between the musculature and the skin.  At the end of the surgery, animals are sutured and moved to a warming cabinet to recover.
Animals are expected to make an unremarkable recovery from anaesthesia, but oxygen and heating will be provided post-operatively to facilitate recovery. Pain in the subsequent days will be minimized by post-operatory analgesia, administered orally, or in jelly/chocolate spread, or by injection, twice a day, for at least three days. Most animals will proceed to recover from lesioning with no or minor symptoms (e.g. mild head tilt), which when present will typically last no longer than three days. A small percentage of animals may experience severe side effects, e.g. difficulties in remaining upright or spontaneous rolling, within the limits for humane endpoint. Water gel, soft food and a heating pad will be provided in these cases to ensure that animals continue to have access to water/food and to improve overall wellbeing.
Before lesioning, some animals will be aged up to twenty months. Animals may experience natural age-related decline in physiological functions. Up to 20% of these are expected to develop tumours depending on the background strain and the precise age of use but will be killed before tumours are large enough to impact on wellbeing, and will not be used for surgery if the tumour appears prior to lesioning. A fraction of the mice used under this protocol may be administered tamoxifen before or after lesion induction to induce transgene expression. Some of these may experience weight loss and a minority of animals may show piloerection and subdued behaviour for up to 24 hours, all within the limits established for humane endpoint.
Before or after lesioning, animals may receive an injection into the tail vein, typically of viruses to express transgenes in the brain, this will be used instead of the brain injection step when it gives similarly effective performance and precise regional specificity is not required. Animals may undergo behavioural testing, both prior to and after lesion, typically these are mild tests to give a functional readout of any deficits that may be induced from the interventions, such as the rotarod test or eye blink conditioning. Where food restriction is required, animals will be weighed to give a baseline weight, then the amount of food pellets reduced so that they lose up to 15% of their baseline weight. Animals are not moved to a new cage, and are provided with food daily, just a reduced amount.
Some animals may be dark adapted for 24 hours, then undergo electroretinogram (ERG) recording under anaesthesia (where an electrode is placed on the cornea and a probe inserted into the rectum) this may occur prior to lesioning, to establish a baseline level of activity, then be repeated on up to two other occasions to evaluate the functional changes after demyelination or during/after remyelination. Some animals will be anaesthetised and receive an injection into the vitreous of normally one, occasionally both, eye(s). Animals will be monitored carefully for signs of pain or distress such as pawing the eye, loss of appetite, porphyrin production, inactivity or hunching and treated with additional analgesia if needed. Eyes may appear red for several days post injection but generally no signs of distress are apparent and visual function is normal.  Eyes will be assessed by comparing to example sheets for 5 days post op checks. Only animals that make a complete and unremarkable recovery from the surgeries would be used for further surgical steps.
After lesioning, some animals will be administered substances, typically orally, mixed in jelly or chocolate spread or dissolved in drinking water but via other routes if needed. Where a minipump has been implanted substances will be infused via the minipump, this may occur in addition to receiving substances by other routes, such as an intraperitoneal injection of labelling agent, or clozapine in the drinking water. Some animals may undergo stimulation through implanted optical devices, or have recordings taken using implanted devices; but these procedures are not expected to cause any disturbance from normal behaviour. Procedures taking place after the lesion are expected to begin typically three days post-lesion but not before full recovery from surgery has been achieved. Animals will be killed typically three-four weeks after lesioning, though some will be kept for longer timepoints post lesion, with their age not exceeding 24 months.
Maximum number of surgeries under anaesthesia would be two; one stereotaxic surgery and one minipump implantation or intravitreal injection; or three if the animal is transferred from protocol 8 (cell transplant injection).  Any animal that experiences adverse effects graded 4 or higher (severe severity) will not be used for any subsequent surgical procedure.
[image: ]
Chart showing the main subset of experiments that will use this protocol and typical usage of optional steps. Not every combination of steps is shown, however the majority of the planned experiments will be as illustrated. Mandatory steps are shown in purple ovals, optional steps in blue rectangles.
A typical use for this protocol would be:
The animal will undergo stereotactic surgery to generate a lesion in the caudal cerebellar peduncle. The animal will then be killed by decapitation, and the brain taken for electrophysiological recordings, or be killed by perfusion fixation and the brain taken for histological analysis.
Alternatively, the animal will undergo stereotactic surgery to generate a lesion in the caudal cerebellar peduncle, substances would then be administered twice a day in chocolate spread for two weeks. The animal will then be killed by decapitation, and the brain taken for electrophysiological recordings, or be killed by perfusion fixation and the brain taken for histological analysis.
For harm-benefit calculations, the worst case scenario for this protocol would be the following:
The animal is aged to 20 months then receives 5 intraperitoneal injections of non harmful substances on consecutive days. The animal then undergoes stereotactic surgery to inject a lesioning agent into the central nervous system. After 3 days of recovery, the animal will receive 2 subcutaneous injections of non harmful substances per day for 7 consecutive days. The animal will then be killed by decapitation or perfusion fixation.
In most cases we will be using the oral route for substance administration - in supplemental food like chocolate spread or in the drinking water, so it would be a very small subset of experiments that might need IP or subcutaneous injections.
An example of the most invasive surgical combination would be:
In one stereotactic surgery the animal will receive an injection into the brain to generate a lesion, a cannula will be implanted through which an injection of substances (such as microglia depleting agents) will be given, then the cannula attached to a minipump in order to administer a continuous infusion of substances (such as microglia depletion agents). The animal will be brought round from anaesthesia and kept for 3 weeks, will receive two intraperitoneal injections of a labelling agent (such as EdU) on consecutive days, then is killed by perfusion fixation or decapitation.
In cases where animals are transferred from protocol 8 as part of continued use, the animal will have previously undergone surgery as a neonate to inject cells for transplant through the skin and skull into the brain, with typically 2 but up to 4 injections.
___________________________________________________________________
Describe the general humane endpoints that you will apply during the protocol.
These will be in addition to the endpoints stated for each step.
The general humane endpoints will apply unless within the post-operatory period following lesioning, in which case please refer to the step endpoints. Any animal that shows deviation from normal health (such as piloerection, hunched posture, abnormal gait, inactivity or inappetence) will be monitored more frequently and supportive treatment provided such as warming and wet mash. Should the signs persist for a period of 24 hours the animal will be humanely killed. In addition, unless otherwise specified in the step, any animal that loses 15% of its body weight compared to its baseline weight will be killed.
The determination of baseline weight depends on the age of the animal; juvenile animals that are still growing should be compared to expected growth curves. An initial weight should be taken prior to procedures and any weight loss from this initial weight should take into account expected weight gain for their age. For adult animals, the baseline should either be the highest recorded weight immediately prior to procedures, or an average of 3 weights on different days immediately prior to procedures. For food restricted animals, upon relaxing the food restriction animals will typically put on a significant amount of weight which reduces gradually over a few days. In this instance, baseline weight should be taken as the average of the weight prior to starting food restriction and the weight within 48 hours of the return to ad libitum feeding, prior to further procedures.
Adverse effects and humane endpoints should not differ between rats and mice unless otherwise stated in each step, where species differences become apparent this license will be amended to reflect additional humane endpoints or adverse effects.
Under this protocol, if seizures are seen then the animals will be killed.
For animals exhibiting tremors or movement disorders not linked to cranial surgery humane end points are:
Animals should still be able to move well around the cage and access food and water given reasonable adjustments. Clinical signs will not progress past mild severity tremors and should not deteriorate to paralysis. Any animals displaying paralysis or that are unable to balance well enough to carry out normal behaviours such as grooming, eating, or drinking will be promptly killed.
___________________________________________________________________
Protocol 9: Experimental design
What outputs are expected to arise from this protocol?
For example, test results, phenotypic information, or products.
Brain and spinal cord tissue for histological, cellular, and image analysis. Brain sections for electrophysiology. Data from in-vivo recordings of CNS activity or behavioural testing. 
___________________________________________________________________
Will this protocol generate quantitative data?
Yes
___________________________________________________________________
Will your experimental design be determined by a regulatory guideline?
No
Where relevant, explain how and when pilot studies will be used.
Pilot studies will be used to generate a mean and standard deviation as an estimate of the difference that we will detect in the proposed experiments. This will then be used in power calculations to determine the number of animals required to obtain a statistical power >0.95 at alpha=0.05 in a two-tailed t-test studies. 
How will you choose different experimental groups?
For example, controls, dose levels, satellites etc.
All experiments will have at least one control and one experimental group. The control group will typically be comprised of unlesioned animals that will be injected in the same brain or spinal cord area with saline, under protocol 11 (brain injections) or 12 (neural implants). For studies in which the temporal dynamics of myelin regeneration is relevant, there will be more than one experimental group, typically 3, 7, 14 and 28 days post-lesion. 
How will you choose control groups?
Provide a robust scientific justification for controls with significant suffering such as sham surgery controls or untreated infected controls.
A saline injection in the same brain or spinal cord area of animals allocated to the control group will be required to control for tissue and cellular responses that are not specific to loss of myelin, but rather a consequence from damage caused by the injection alone. Controlling for these unspecific responses is especially relevant because they are often of an inflammatory nature and demyelination-specific inflammation is one of the aspects of the study under this protocol.
How will experiments and data analysis be randomised and blinded?
We will randomly allocate animals to different experimental conditions, such as by use of online randomiser tools https://www.randomizer.org/ or spreadsheet random number generation, though some grouping may occur prior to randomisation e.g. treated water may be given on a cage by cage rather than animal by animal basis to minimise animals being singly housed for long study durations. Blocking may also be used to ensure that groups being compared consist of similar individuals e.g. behavioural studies where animals perform pretraining, extreme high performers will be allocated evenly between experimental conditions.  
Experimental analysis will be carried out blinded or via automated analysis.
Blinding of files for analysis is performed by coding filenames to remove information that can be used to identify experimental condition (e.g. image files).  Where possible we use automated analysis using scripts or image processing software to minimise bias.
How will you minimise variables to ensure reproducibility?
Animals will be obtained at the same time and from the same supplier (or littermates if bred in house) as the animals under experimental protocols where possible, housed in the same conditions, and procedures performed by either the same researcher or with conditions divided evenly between researchers. Within the same experiment the same batch of demyelinating and gene induction agent will be used for all groups.
How will you determine group sizes?
You should reference POWER calculations you have made, if relevant.
The determination of the sample size needed for each experiment is based on power calculations, and effect size calculations. We assume that the datasets we will generate follow normal, i.e. Gaussian, distribution, as with our previous data. We used the mean and standard deviation from our preliminary data, previous work, and available published datasets relating to similar experiments as we propose to do, as estimates of the difference we will detect in the proposed experiments. These assumptions allow us to calculate Cohen’s effect size d and use this to determine the estimated effect size for an experiment.  Apart from behavioural and tissue culture studies, the Cohen’s effect size d was 3 or above, thus a sample size of n=5 for control and n=5 for most studies proposed will have at least a statistical power >0.95 at alpha=0.05 in a two-tailed t-test studies.  For behavioural tasks, the Cohen’s effect size d is on average 1.5, thus a sample size of n=15 for each group will be needed to generate statistically meaningful data.
Group sizes in ageing experiments will be increased to accommodate for loss of animals and to avoid single housing due to animal losses due to old age.
How will you maximise the data output from the animals you use on this protocol?
Where possible we will use the tissues obtained from this protocol for multiple experimental factors rather than just one variable.  We will also store any resultant isolated cells, fixed tissues, or RNA not used in the original experiment for future additional analysis.
Where long term photometry is available through an implanted optical device we will image at several timepoints thus gaining multiple datapoints from within the same animal.
Electrophysiological data generated ex vivo will be stored for additional analysis.  Ex vivo brain slices will be shared between researchers where possible.
Protocol 9: Protocol justification
Why is each type of animal, experimental model, and/or method selected for this protocol:
a) the most appropriate scientific approach?
Disease associated white matter damage is a well known issue in human populations such as multiple sclerosis (MS), or leukodystrophies. Indeed, white matter damage is not limited to disease and seems to accumulate with age, or occur as a consequence of medical treatment such as chemotherapy, brain injury or even infections, leading to long-lasting white matter damage and cognitive decline – potentially underpinning dementia. OPCs, which remain in the adult CNS, respond to the demyelinating injury by migrating to the lesion site where they differentiate into new myelinating oligodendrocytes to restore the lost myelin sheaths and thus function. Myelin regeneration can occur spontaneously in demyelinating diseases such as MS, and is essential for functional recovery. However, it often fails, leading to axonal degeneration and sustained clinical disability. We generate demyelinating lesions in order to address myelin damage and regeneration. Ethidium bromide, lysolecithin, and lipopolysaccharide each disrupt white matter in different ways. Ethidium bromide and lysolecithin both provide a discrete and rapid demyelination phase followed by efficient remyelination ideal for studying the effects of different interventions in modulating repair. Lipopolysaccharide lesions have a stronger immune mediated component and are a closer model to the immune activation damage seen in MS, but can still be directed to specific regions.  
In order to modulate the remyelination response or label particular cell populations it will be necessary to perform surgical procedures in addition to lesioning, such as implantation of an optical or recording device, brain injections, and/or minipump implantation for infusion. By carrying out these procedures at the same time as the lesion formation, we can look into early or immediate responses. 
Precise targeting of a specific subpopulation or small region of cells within the brain is only achievable with direct brain injection or infusion and is essential for investigation of individual neuronal circuits. Through injection of different substances into the brain we can obtain data about signalling pathways (such as by blocking specific signals) and their relevance for remyelination, we can express labels and identify specific circuits within the brain, we can test the effects of the immune mediated factors, we can also modulate activity and evaluate the effects on key processes within the brain, for example, remyelination, neuronal circuit development, or proliferation, migration and differentiation of glial cells. We can also use infusions into the brain or spinal cord via minipump determine the effect of chronic demyelination on neuronal function, similar to as seen in MS, by generation of a demyelinated lesion, followed by local delivery of EdU via an implanted minipump, or proliferation or differentiation blockers, which prevent remyelination.  This chronic demyelination model also enables us to address whether there exists a limited window of opportunity for myelin regeneration to take place and whether it can be affected by changes in neuronal activity.
Optical/recording devices allow us to stimulate the brain and alter neuronal activity with either light, or small electrical pulses, to determine how neuronal activity regulates myelin regeneration or to image axon-glia interactions during the remyelination process. Recording devices are used to obtain measures of electrical activity within the brain, and can be used to simultaneously stimulate and record the effect of altering activity (for example, measuring action potentials fired in response to a small local stimulus).
Focal demyelinating lesions in the optic chiasm combined with intravitreal injections enable us to modify the activity within a well-defined myelinated circuit, where we can modify the activity of retinal ganglion cells (RGCs) without confounding behavioural effects and with little immune activation within the optic nerve. The activity can then be recorded in the neurons using minimally invasive electroretinogram recordings. The visual system allows for a determination of myelin plasticity’s effect on long-range signals in the CNS (going from the eye to the back of the brain).
Through use of these interventions in different combinations and areas of the central nervous system we can identify key signalling pathways and mechanisms underlying remyelination, not just across the lesion area, but in areas of the circuit downstream or upstream of the damage, and we can disentangle the contributions of different cell types, or even cell states, to the remyelination process. This information cannot be obtained by using in situ electrophysiology or imaging methods. These experiments provide essential information that is critical to understand the regulation of myelin regeneration and to devise novel treatments to promote repair in people with MS and other white matter disorders.
We have a number of ex-vivo experimental techniques which can utilise the brain tissue from lesioned animals (with or without other interventions) to determine the changes in neurons and glia which occur during and after the remyelination process.  For example, we can patch-clamp neurons whose axons pass through the demyelinated lesion, as well as collecting neuronal cell bodies for proteomic and RNAseq analysis. Neuronal cell bodies of demyelinated axons can be labelled by injecting a retrograde dye (such as Fast Blue) into the lesion at the point of lesion induction. These recordings, and expression analysis, can be compared to age matched animals where the neurons that pass through the same tract are also labelled with the same dye but in unaffected neurons. Similarly we can patch clamp glia within the lesion, or in the areas surrounding the lesion, to obtain data about cell state and changes in the ion channels within glia in response to demyelination.
To investigate the functional behavioural consequences of our interventions we use both cognitive learning (e.g. TUNL) and motor learning behavioural tasks (e.g. Erasmus ladder, complex running wheel).  TUNL, and other similar cognitive tasks (e.g. spontaneous object recognition task and open field test), are especially valuable for our studies as it gives a measure of cognitive learning without being associated with motor learning. The complex running wheel is non-invasive method for testing motor cortical function and learning. The Erasmus ladder and classical eye-blink conditioning tasks not only assess motor learning, but are also non-invasive methods for testing cerebellar function.  These particular tasks are especially relevant for several of the brain regions that we are interested in and will provide valuable behavioural data.  Glial dysfunction can also lead to problems with memory, general locomotor activity, attention or impulsivity, which can be tested by the spontaneous object recognition task, open field test, and the 5 choice serial reaction time task respectively.  Grasping ability and eye-blink conditioning can also be affected by neuronal circuit dysfunction so grasping tests and eye-blink conditioning will give valuable insight into the effect of glia and myelin on the neuronal circuit function.
Recent evidence indicates that mechanisms of remyelination may differ between older adults compared to young adults. Thus, to identify the differences of identified mechanisms between ages, we will perform these aforementioned experiments in older animals. These findings may be extremely important for understanding age related decline in myelin maintenance and regeneration - such as what is seen in MS.
Decapitation is necessary to give high quality, live brain slices to be used for electrophysiological experiments ex-vivo and cannot always be performed under anaesthesia, as the anaesthetic agents can affect the ion channels and cell activity that we are investigating. Similarly, CO2 anaesthesia changes the pH of the brain dramatically with effects on all cell types thus making it unsuitable as an alternative. 
Perfusion fixation is the only method that will preserve tissue quality well enough to perform the histological analyses on which the study outputs depend (e.g. tissue for immunohistochemistry, in situ hybridisation and electron microscopy).  
Perfusion without fixatives is required to generate live tissue brain slices for electrophysiological recording of certain cells e.g. neurons. Removal of blood from the brain tissues prior to cell sorting or tissue isolation for cell culture, or omics; is best achieved by perfusion of physiological buffering solutions (or similar non fixative solutions).
___________________________________________________________________
b) the most refined for the purpose?
For the stereotactic surgeries we have referred to the NC3Rs guidance on Refining rodent stereotactic surgeries and other resources in the NC3Rs 3Rs resource library. 
The remyelination process is a complicated interplay between multiple cell types, growth factors, environmental changes and other pathways that is currently impossible to model by any other method except an in vivo demyelinating model.  The lesion locations that we are using have been carefully chosen to minimise the occurrence of long lasting adverse effects to minimise the suffering of the animals, and are typically small, so that the complete remyelination process (approximately 3-4 weeks) can be studied.  Lesions will be generated by injection of small volumes of one of the following chemicals; ethidium bromide, lysolecithin, or lipopolysaccharide; use of these lesioning agents is well established. Post-surgical animals will be supported with pain relief, accessible food and water, fluid injection if needed, kept warm during their recovery time, and minimally disturbed to reduce stress. Where possible post operative analgesia is provided in an edible form such as in jelly or chocolate spread, to minimise handling stress post surgery. Local anaesthetic cream (EMLA or similar) is used on the (non puncturing) ear bars of the stereotactic equipment and analgesia is given pre and post surgery.
An alternative to the use of the lesioning agents injected into the CNS would be experimental autoimmune encephalomyelitis (EAE), which, depending on mode of induction and duration of the experiment, leads to widespread lesions and significant progressive clinical disability (e.g., progressive paralysis) and death (in some strains up to 80% mortality). In comparison, our model does not lead to any progressive symptoms and clinical signs typically resolve within a few days.
Precise targeting of a specific subpopulation or small region of cells within the brain is only achievable with direct brain injection, or infusion. Genetically modifying specific cell types to label them or modulate their responses with the use of transgenic rodent models is not feasible for certain targets, or genetic modification may be required to allow area restricted and cell specific modulation or regulation.  Specific cell-type genetic modification would still lack the precision needed to address circuit development, or effects on individual circuits, and may also lead to more severe adverse effects – especially when it comes to modulation of activity, whereby increasing activity in a small local area could potentially have no adverse effects but increasing activity generally could lead to seizures or long-lasting movement problems.
Recently, new viruses have been developed (AAV-PHP.eB) that can cross the brain-blood barrier in rodents, thus allowing intravenous (IV) delivery of viruses as a potential alternative for gene modification and representing a significant refinement to brain stereotaxic injection (Chan et al., 2017). Where pilot studies show this is an effective route and a focal delivery is not needed, it will be used rather than brain injection.
Inducible cre models will be used to give temporal control over expression or knock out of genes, though tamoxifen and similar induction agents are associated with side effects (mostly weight loss) we aim to minimise these effects by using the minimum dose of tamoxifen required for recombination of our specific transgenes, and providing heat pads and high calorie diet in the event of weight loss.
For ageing experiments, animals will only be kept if they are showing no, or minor and controllable, ill effects from growing older. Teeth checks and general health monitoring ensures that animal suffering is kept to a minimum.  As we know that dietary restriction affects myelination processes we are not always able to age animals using this method as it could affect the outcome of our experiments.
To address the effect of glia and myelin on neuronal circuit function, behavioural testing will be used. The behavioural tasks used will be mild and generally just observing movement of the animals, though some will require learning and appetitive stimuli to ensure that the animals perform the tasks.  Animals will only be used for behavioural tests when fully recovered from any surgical procedures (i.e. grade 0 after cranial surgeries), both for the welfare of the animals and to ensure validity of the data.   Animals will be group housed wherever possible to reduce social isolation stress. Animals quickly become habituated to the handling required for testing and in many cases the testing itself acts as environmental enrichment.
For subcutaneous minipump experiments which need a long administration period followed by a long observation period, we will trial use of a powered minipump rather than an osmotic minipump.  For minipumps cannulated into the brain the flow rate will be kept low to minimise damage to the brain at the infusion site, though this does act to limit the size of the osmotic minipump that we can implant.  There are powered minipumps available which we will also trial. These pumps are larger and require a longer surgery for implanting than osmotic minipumps so the exact pump used will be selected according to the required infusion duration, flow rate, experiment duration and weight of the animals (in accordance with the manufacturer’s recommendations). 
Intraperitoneal pumps will be used as a refinement over multiple intraperitoneal injections. If a minipump is implanted for a longer time period than recommended by the manufacturer then it can start to leak concentrated salt solutions which will act as an irritant.  The guaranteed lifespan where this will not occur is approximately 1.5x the delivery period for the pump.   Pumps implanted as a refinement would not be implanted for longer than the guaranteed lifespan. If animals have a minipump in situ approaching this timepoint then there will be increased monitoring for any signs of irritation; this might include localised swelling around the minipump, signs of dehydration (e.g. Increased water consumption, skin tenting) redness around the implantation site, increased scratching of the area around the minipump, or signs of pain or discomfort from the animal such as hunching or squinting (assessed using grimace scales).  At the first appearance of any of these clinical signs then the animal will be killed.  The majority of our experiments will not require leaving a minipump in situ beyond the manufacturers’ recommendations, and we will trial the use of a powered minipump if this is a requirement and still a refinement over multiple injections.
The electroretinogram is a minimally invasive test of visual function that allows a ‘clean’ evaluation of retinal ganglion cell function. It is minimally invasive as no permanent electrodes need to be implanted, the electrode in contact with the cornea does not pierce into the eye, and the other electrode is placed into the rectum. Eye tracking does provide a measure of visual function, however this involves information being transferred from the eye to the brain and back, rather than just one circuit which the ERG provides, additionally eye tracking is not sensitive enough to detect very minor perturbations in function that result from modest changes in retinal ganglion cell myelination.
In humans, intravitreal injections are performed using topical anaesthesia and any reported discomfort is transient, with the worst discomfort being reported during the injection itself. As our mice and rats will be anaesthetised for the procedure they will experience less discomfort than the human patients.
___________________________________________________________________
For each model and/or method, what is the scientific need for the expected clinical signs?
In order to modulate the remyelination response or label particular cell populations it is necessary to perform surgical procedures in addition to lesioning, such as implantation of an optical or recording device, brain injections, and/or minipump implantation for infusion.  By carrying out these procedures are at the same time as the lesion formation, we can look into early or immediate responses. As we are injecting or implanting into the central nervous system some damage is likely to occur which leads to the clinical signs described. 
For intravitreal injections, the goal is not to induce any cataract or discomfort, any signs that are seen are a consequence of the injection itself. It is not possible to target the eye in the specific manner required, and thus effect changes in the optic nerve, without direct injection.
___________________________________________________________________
Why scientifically do the animals need to suffer to this degree?
We cannot study the process of remyelination without first generating a demyelinating lesion. In order to generate a localised area of damage we need to access the central nervous system surgically and this is associated with the clinical signs described. In order to modulate repair we need to administer substances to the area of damage - where systemic administration is possible then it will be used rather than localised. The locations and types of lesion that are to be generated have been chosen to minimise the effect of the lesion itself on the animal, the bulk of the clinical signs expected are due to the initial inflammation associated with the surgical procedures, which resolve within a few days (or within the humane limits) rather than a necessary induced harm.
We know that ageing affects remyelination and other processes within the brain and that ageing is a complex process that we cannot model without the animals themselves being aged. Our previous work has shown, for example, that oligodendrocyte precursor cells express different ion channels and display different functional states with age, the interplay of receptors within the brain is not possible to model without animals being aged. With age the risk of spontaneous death increases, this natural process can occur rapidly and though we regularly health check the animals and kill them if they show clinical signs, we are not guaranteed to be able to intervene earlier.  In the event of spontaneous death, this will be reported by SC18.
In order to obtain sufficient expression of inducible transgenes for many of our lines we require administration of high dosages of tamoxifen or its derivatives. Insufficient tamoxifen leads to a less effective knock out of genes of interest thus masking results due to compensation by unaltered cells, similarly insufficient expression can reduce the signal of labelled cells making them difficult or impossible to quantify, or can lead to expression only in a small subset of cells rather than the full population giving misleading data, and need for more animals to get statistically reliable results.  The weight loss seen as a result of the tamoxifen administration is regained, generally there is a peak of weight loss which is then reversed, and animals that do not reach the humane endpoints will recover to within 5% of their original weight within 2 weeks of the start of tamoxifen administration. Animals would not undergo surgical procedures until recovered from the tamoxifen administration.
The optic nerve is usually fully myelinated and has a well-defined timeline of myelin formation and evidence of multiple regulatory pathways, making it a model tissue for the investigation of axon-glial interactions within a normal CNS white matter tract. In diseases such as multiple sclerosis (MS) we see decreased myelin within the optic nerve, thus findings from our experiments should have applicability to the real life disease scenario. 
___________________________________________________________________
Why can't you achieve your scientific outputs with an earlier humane endpoint, or without animals showing any clinical signs?
It has been our experience that animals undergoing lesion surgeries can make dramatic improvements over time as swelling from the surgery decreases and within that 8 hour time window the majority of animals will recover to less severe grades.  Animals capable of righting themselves and moving well around the cage will be kept for a maximum of 48 hours if they are generally on their side and associated with occasional spontaneous rolling or reactive rolling. In all cases animals that show reactive rolling will be handled as little as possible and stress minimised wherever possible. Animals undergoing lesion surgeries will be assessed regularly using our established grading system by trained assessors (see protocols for further details).  The grading system will also be used to ensure that, when subsequent procedures are planned those procedures do not take place until the animal has been assessed using the grading system as being grade 0 or 1.  The majority of animals (60-75%) will recover with no head tilt and no clinical signs post anaesthesia recovery, with an additional 20% of animals showing a mild head tilt that has no effect on free movement, drinking, eating or other behaviour. All animals that are killed due to reaching a humane end point will undergo either a necropsy to confirm the lesion location or a full pathological necropsy in order to establish any potential cause.
The humane end points proposed are a balance between the suffering of one animal and the potential need for a replacement animal to undergo procedure. Clinical signs that are seen post lesion do not progressively worsen as in many models of neurological damage and animals are expected to improve within the timescales, though some balance and movement difficulties can occur, animals are still able to move around in the cage and access food and water.
Due to the nature of the processes that we are investigating, some clinical signs associated with myelin deficits are to be expected, we have already set our humane endpoints to be prior to the onset of more severe clinical signs.
An earlier humane endpoint for gene induction agent administration could be set but would increase the numbers of animals that need to undergo the protocol in order to replace those killed due to what is generally reversible weight loss.  We are actively seeking alternate gene induction agents to minimise clinical signs and reduce the number of animals reaching the humane endpoints.
For aged animals, it is not possible to set an earlier humane endpoint due to the nature of ageing. We need advanced age to be able to investigate the underlying processes of myelination and repair.  None of the transgenic lines used are expected to show signs of ageing any worse than wild type animals.
Animals exhibiting discomfort after eye injections can be kept for 24 hours to allow additional analgesia time to decrease the distress; this gives us a balance between the suffering of one animal and the potential need for a replacement animal to undergo the eye injection.  Animals showing signs of infection will be killed due to the risk of increased pain and longer time period in which they would experience the adverse effects.
___________________________________________________________________
Will you be administering substances for experimental purposes?
Yes
___________________________________________________________________
How will you assess the suitability of these substances, and minimise the unnecessary harms arising from their administration given the particular strain or type of animal you will be using?
When assessing suitability, state how you will consider toxicity, efficacy, and sterility.
Before administering any substances to animals we will thoroughly check available literature for prior use in vivo.  Generally, substances used will not be expected to cause adverse effects and, in the cases of pro-regenerative agents would be expected to lead to improvements rather than any detrimental effects. Where substances have not been used previously, we will carry out ex vivo testing on brain slices or cultures to ascertain appropriate doses to generate the required effects before performing a small pilot study in vivo. 
The method of administration for these substances will depend on what route gives the optimal dose – dosages will be based on the available literature and in vitro or pilot studies.  We will always seek to choose the least invasive method and administration schedule to give the required dosage and onset of effect.  All substances administered to animals will be prepared in a sterile manner to minimise infection or contamination risks.
Pertussis toxin injections into the brain have been carried out repeatedly in the literature and no adverse effects have been reported at the low doses (≤0.5 µg) that we plan to use. Adverse effects associated with pertussis toxin injections are predominantly due to its effect on the lungs, which is avoided by the use of brain injection/infusion. None of the toxins for injection into the brain are expected to have any particular adverse effects, unless they are used as a lesion induction agent, adverse effects relating to the procedure are detailed in the protocol.
For isolated immune mediated factors, in most cases we will be using highly purified factors which should be minimally immunogenic and thus can be used in non-immunocompromised or immunocompromised animals.
How will you determine an appropriate dosing regimen?
Include routes, dosage volumes, frequencies, and durations.
Routes, dosage volumes, frequencies and durations will be obtained from published literature where available. Pilot studies will be used to confirm that the chosen parameters are well tolerated by our specific models and genetic backgrounds.  Unless otherwise specified, dosing and sampling procedures will be undertaken using a combination of volumes, routes and frequencies that of themselves will result in no more than transient discomfort and no lasting harm. Maximum volumes and dosing frequencies will not exceed those described in the table below, and will be minimised to that which is sufficient to give the required experimental dose in pursuit of the scientific objective. 
A subcutaneous minipump may be implanted if multiple sub-cutaneous injections are a requirement for the experiment to minimise stress and suffering to the animal.  A sub-cutaneous minipump will also be used as an alternative to an intraperitoneal minipump where literature searches or substance properties show that it will have a comparable experimental outcome.  Not all substances demonstrate the same efficacy when applied subcutaneously, so some intraperitoneal minipumps will be required. Where intraperitoneal injections are necessary and are likely to be more distressing than the implantation of a minipump then an intraperitoneal minipump may be used instead. This allows a continuous infusion of a substance systemically, which may be a more appropriate route for some substances as well as minimising the repetitive handling and restraint stress of multiple intraperitoneal injections for many weeks.  All minipumps will be used according to the manufacturers’ recommendations for appropriate sizing with respect to the weight of the animal.
If repeated i/v injections under recovery anaesthesia (AB) are required, they will be separated by at least 4 days.
	Mouse
	Daily max. vol. ml/kg
	Max. No./day < 10 days
	Max. No./day >10 days
	Max No.

	Subcutaneous injection
	20
	2
	2
	24

	Intraperitoneal injection
	20
	1
	1
	14

	Oral gavage
	20
	1
	1
	14

	Intravenous
	10mL/kg (5ml/kg bolus)
	1
	n/a
	3

	Rat
	Daily max. vol. ml/kg
	Max. No./day < 10 days
	Max. No./day >10 days
	Max No.

	Subcutaneous injection
	10
	2
	2
	24

	Intraperitoneal injection
	10
	1
	1
	14

	Oral gavage
	20
	1
	1
	14

	Intravenous
	10mL/kg (5ml/kg bolus)
	1
	n/a
	3


Protocol 10
Title
Lesioning with two stereotactic surgeries
___________________________________________________________________
Protocol 10: Protocol details
Briefly describe the purposes of this protocol
Ensure that you state any relevant regulatory guidelines.
Induction of a lesion to the brain or spinal cord in order to investigate the remyelination process and factors affecting regeneration of myelin, with a separate surgery either post lesion to investigate later responses, or pre-lesion to label certain cells or give time for viral vectors to be expressed.
___________________________________________________________________
Given the controls and limitations in place, what is the highest severity that an animal could experience in this protocol?
Severe
___________________________________________________________________
What proportion of animals will experience this severity?
The majority of animals used under this protocol are likely to display clinical signs of moderate severity, while approximately up to 15% may show signs of that are severe. 
___________________________________________________________________
Why are you proposing this severity category?
We are proposing this severity category because all animals will undergo surgery to induce a lesion in the central nervous system, in most cases this surgery will lead to clinical signs which would be considered moderate (post surgical discomfort, head tilt and balance problems that do not affect the ability of the animal to move around the cage). In approximately 15% of animals the lesion surgery may lead to more severe clinical signs such as balance problems affecting their ability to right themselves, with a pronounced head tilt, and spontaneous rolling. Where animals are completely unable to balance and roll continuously after lesioning they are immediately killed. All animals will undergo a second surgery in addition to the lesion surgery.
75% are expected to recover quickly from surgery within 24 hours, 15-20% will be expected to continue to show moderate signs for no more than 72 hours, while 5%-15% may show signs that are severe, and will be killed if they remain at Grade 4 for 48 hours or Grade 5 for 8 hours. It is expected to see a gradual recovery during these time frames, with the majority of animals showing improvement in our experience. As animals will only be taken forward for a second surgery if they recovered quickly and without severe clinical signs from the first surgery, they should not experience severe suffering twice.
The cumulative impact of other procedures is not expected to increase the overall severity experienced by the animals.
___________________________________________________________________
Locations where this protocol can be carried out
Select all that apply.
· University of Cambridge
___________________________________________________________________
Which of your objectives will this protocol address?
Select all that apply.
· Identify whether white matter lesions impact on neural and circuit function.
· Determine a pathway of how myelin is regenerated in disease.
· Establish a mechanism of how myelin regeneration can be enhanced, and function restored.
___________________________________________________________________
Protocol 10: Animals used in this protocol
Mice
Which life stages will be used during this protocol?
Select all that apply
· Adult
· Aged animal
___________________________________________________________________
Will any animals coming on to this protocol be classed as ‘continued use’?
‘Continued use’ describes animals that are specifically genetically altered and bred for scientific use or animals that have had procedures applied to them in order to be prepared for use in this protocol.
Yes
___________________________________________________________________
How did these animals start their use?
Describe the procedures that have been applied to animals that will continue their use on to this protocol.
Genetically altered animals for use in this protocol may be obtained from: 
•	This licence: Protocol 5 ‘Breeding and maintenance of genetically altered animals’ (mild)
or 
•	other project licences with authority to breed and maintain genetically altered animals of a type authorised in this project, and to provide them for use on other projects.
Will you be re-using animals on to this protocol?
‘Re-use’ describes using animals again for a new experiment when you could equally use a naïve animal to get the same results.
No
___________________________________________________________________
What is the maximum number of animals that will be used on this protocol?
Please only enter numbers, e.g. 40
50 250
___________________________________________________________________
What is the maximum number of uses of this protocol per animal?
For example, if some animals will go through this protocol three more times after their first use, the number of uses will be four.   If no animals will go through this protocol more than once, enter '1'.  Please only enter numbers, e.g. 40
1
___________________________________________________________________
Rats
Which life stages will be used during this protocol?
Select all that apply
· Adult
· Aged animal
___________________________________________________________________
Will any animals coming on to this protocol be classed as ‘continued use’?
‘Continued use’ describes animals that are specifically genetically altered and bred for scientific use or animals that have had procedures applied to them in order to be prepared for use in this protocol.
Yes
___________________________________________________________________
How did these animals start their use?
Describe the procedures that have been applied to animals that will continue their use on to this protocol.
Genetically altered animals for use in this protocol may be obtained from: 
•	This licence: Protocol 5 ‘Breeding and maintenance of genetically altered animals’ (mild)
or 
•	other project licences with authority to breed and maintain genetically altered animals of a type authorised in this project, and to provide them for use on other projects.
Will you be re-using animals on to this protocol?
‘Re-use’ describes using animals again for a new experiment when you could equally use a naïve animal to get the same results.
No
___________________________________________________________________
What is the maximum number of animals that will be used on this protocol?
Please only enter numbers, e.g. 40
500 300
___________________________________________________________________
What is the maximum number of uses of this protocol per animal?
For example, if some animals will go through this protocol three more times after their first use, the number of uses will be four.   If no animals will go through this protocol more than once, enter '1'.  Please only enter numbers, e.g. 40
1
___________________________________________________________________
Protocol 10: Genetically altered animals (GAA)
Will this protocol use any genetically altered animals?
Yes
___________________________________________________________________
Which general types or strains will you be using and why?
This project will use animals expressing altered myelin associated genes or genes that control glial proliferation, differentiation, or myelination. Genes will be modified that are involved in signalling pathways to glia and neurons - including ion channels, as our previous work has shown that these channels are expressed by oligodendrocyte precursor cells and may be important for proliferation and/or differentiation. Genetically encoded labels, and generic reporter mice will be used to identify different cells (e.g. for cell sorting or electrophysiology) and recombinant genes such as ChR2, hM4Di, hM3Dq, iGluSnFr, GRASP, GCaMP or other activity modulators, or sensors, will also be used. 
Modifications will include overexpression, partial or full knockout of the gene. Predominantly the cre-lox system will be used, generally using cell/tissue specific cre lines or promoters specific to the genes of interest. Inducible cre models will be used to give temporal control over expression or knock out of genes, enabling us to study development, repair, or other processes such as learning and behaviour. Additionally, immunodeficient mouse models will be used, alone or in combination with the other alterations mentioned above in order for cell transplantations to be performed or to investigate the role of immune cells in brain development and repair.
Mice with myelin deficits such as myrf (myelin regulatory factor) knock out mice will be used to investigate the role of myelin in the brain circuit, prevent myelin formation at critical points in development, or investigate rescue of myelin phenotypes through other interventions.
These modifications are necessary to address our objectives. Our work aims to identify factors which affect myelination or remyelination and the mechanisms behind their action. These factors can affect myelination or remyelination by perturbation of the survival, migration, myelin formation and compaction, differentiation or proliferation of oligodendrocyte precursor cells (OPCs). Other factors that might affect myelination are interactions between OPCs and other cells within the brain, such as neurons, astrocytes or microglia. 
In this protocol no harmful phenotypes are expected to be seen, genetic alterations and timepoints used for transgene induction will be tested in other protocols and procedures adjusted to ensure that there are no welfare consequences.
Do you expect any of these GAAs to show a harmful phenotype with welfare consequences?
No
Protocol 10: Steps
Step 1: Ageing (optional)
Repeated from protocol 9
Describe the procedures that will be carried out during this step.
Explain where one or more steps are repeated in one experiment, list any alternative techniques within a step (e.g. dosing routes), and include all procedures performed under terminal anaesthesia.  When describing the technical aspects of a step, be broad enough to be flexible when the variation does not impact on animal welfare (e.g. use "antibiotic" instead of "penicillin"). Finally, avoid specifying volumes and frequencies when they do not impact on animal welfare.
Animals may be maintained, prior to the start of other procedures, up to 20 months of age. Maintenance of animals may continue to a maximum of 24 months of age.
Not all animals will reach 2 years of age as we will have multiple different timepoints within the ageing period which may vary between experiments. 
___________________________________________________________________
Is this step optional?
Yes
___________________________________________________________________
Do you expect this step to have adverse effects for the animals that are more than mild and transient?
Do not list uncommon or unlikely adverse effects, or effects from procedures that will cause no more than transient discomfort and no lasting harm. For example, an intravenous injection of a small volume of an innocuous substance.
Yes
___________________________________________________________________
What are the likely adverse effects of this step?
State the expected adverse effect, including the likely incidence, and the anticipated degree and duration of suffering.
Ageing animals naturally have decreased body condition and an increased risk of spontaneous death as they reach the end of their normal lifespan. Animals reaching the end of their natural life may show decreased movement, or respiratory distress.
About 20% aged rats and mice are expected to develop some superficial (mainly mammary) tumours during the course of ageing experiments. These are not typically malignant or painful but can grow rapidly and become an impediment to movement if left unchecked. 
Malocclusion can also occur in ageing animals with an incidence of approximately 5-10%. This can lead to weight loss and discomfort if not controlled. 
How will you monitor for, control, and limit any of these adverse effects?
If adverse effects can't be prevented, how will you attempt to ameliorate their initial signs?
Wherever possible animals will be kept for the minimum amount of time required to conduct experiments and experimental time points will take the average time to reach the humane end point into account.
As age related tumours occur spontaneously, control is not possible, however their effect on wellbeing of the animal can be limited through regular inspection and application of humane end points.  Routine inspections of the animals is performed by biofacility technicians and any tumours will be identified before they become large enough to impact on wellbeing. 
After 15 months of age for mice, and 18 months of age for rats, animals will be assigned a body condition score and reassessed weekly.  Body condition scores are based on the BCS scoresheet in figure 2. of Burkholder et al Health Evaluation of Experimental Laboratory Mice. Curr Protoc Mouse Biol. 2012 Jun;2:145-165. doi: 10.1002/9780470942390.mo110217 with additional criteria from internally generated score sheets.
What are the humane endpoints for this step?
This would be the point at which you would kill the animal to prevent further suffering.
In cases of malocclusion the animal will be killed unless, in agreement with the NVS, teeth clipping, and monitoring are used to keep the animal feeding well and the end point of the experiment is within 4 weeks.
Ageing animals can rapidly become unwell and any of the following are signs of a mouse or rat reaching the end of its lifespan. An animal will be killed immediately if it meets any of the following criteria;
●	Any sudden significant drop in body condition score (BCS) (taking into account general appearance, porphyrin production, coat grooming, curvature of the spine). Animals with a body condition score that falls to 2 will be killed. 
●	Impaired mobility which interferes with normal eating and drinking.
●	Respiratory distress: laboured breathing, increased or decreased respiratory rate, cyanosis
Animals showing tumours will be killed unless in agreement with the NVS for animals of particular interest they are kept until the conclusion of the experiment. Animals kept in these instances will be killed if the tumour reaches 1.2 cm diameter in mice or 2.5cm in rats (where more than one tumour grows, total burden will not exceed that of single tumour), or tumour becomes ulcerated or the tumour interferes in any way with the animal's ability to fulfil its normal behavioural and physiological functions (e.g. eating, drinking, defaecation) or in any way impedes its mobility.
Step 2: CNS lesioning (mandatory)
Describe the procedures that will be carried out during this step.
Explain where one or more steps are repeated in one experiment, list any alternative techniques within a step (e.g. dosing routes), and include all procedures performed under terminal anaesthesia.  When describing the technical aspects of a step, be broad enough to be flexible when the variation does not impact on animal welfare (e.g. use "antibiotic" instead of "penicillin"). Finally, avoid specifying volumes and frequencies when they do not impact on animal welfare.
All animals on this protocol will undergo two separate stereotactic surgeries. This step may be performed alone or in combination with steps 3, 5, or 7; and must form one of the two stereotactic surgeries.
On one occasion, with up to two injections. 
Animals will be lesioned by injection of small volumes (maximum volume 5µL per injection) of either ethidium bromide, lysolecithin or lipopolysaccharide (LPS) into the brain or spinal cord. (AB)
___________________________________________________________________
Is this step optional?
No
___________________________________________________________________
Do you expect this step to have adverse effects for the animals that are more than mild and transient?
Do not list uncommon or unlikely adverse effects, or effects from procedures that will cause no more than transient discomfort and no lasting harm. For example, an intravenous injection of a small volume of an innocuous substance.
Yes
___________________________________________________________________
What are the likely adverse effects of this step?
State the expected adverse effect, including the likely incidence, and the anticipated degree and duration of suffering.
Lesions involving cerebellar white matter can lead to the following adverse effects. Animals will be graded according to the system detailed below and treated accordingly.
● Grade 0: about 60-75% animals will recover soon after surgery without head tilt.
● Grade 1: Slight head tilt (<20% of animals) with or without a tendency to veer towards the opposite side of the lesion when walking for the first few days after the procedure. This does not prevent walking, drinking, eating or free ambulation around the cage.
● Grade 2: Clearly apparent (<10% of animals) head tilt with the lower body generally remaining upright and with a tendency to veer towards the opposite side of the lesion when moving. Less than 10 % of these animals may develop rolling when handled or disturbed (reactive). The animals are still able to move around in the cage.
● Grade 3: Clearly apparent head tilt with the animal generally on its side, not associated with any spontaneous or reactive rolling. These animals can still move around the cage. 
● Grade 4: Head extremely tilted (<5% of animals) with the animal generally on its side (although capable of being upright) and associated with occasional spontaneous rolling or rolling when handled or disturbed. They are still able to move around the cage. If minor unilateral impairment to a hind limb is seen, particularly with spinal cord lesions, this is classed as grade 4, with or without a head tilt being present.
●	Grade 5: Extreme head tilt with the animal associated with infrequent spontaneous rolling (<once in 5 minutes) but consistent reactive rolling (<3% animals). The animals are unable to right themselves. 
●	Grade 6: Extreme head tilt with the animal on its side associated with continuous spontaneous rolling. (<2% of animals). Any signs of paralysis in the upper limbs or splayed out immobile limbs.
How will you monitor for, control, and limit any of these adverse effects?
If adverse effects can't be prevented, how will you attempt to ameliorate their initial signs?
Post-surgery all animals will receive analgesia, this will be continued as necessary but will be provided for three days at a minimum. Animals will be kept warm until they are successfully roused from anaesthesia and handling minimised to reduce distress. If needed, warm saline injections will be given to ensure that the animals do not become dehydrated. All animals will be monitored post lesion surgery for recovery from anaesthesia, ensuring that they are mobile within the cage and able to access food and water. Additional support and monitoring is determined by the grading of the animal, see below. All animals will be checked in the AM and PM daily for a minimum of 5 days post lesion.
● Grade 0-1: normal post operative monitoring and analgesia.
● Grade 2-3: Ensure access to food and fluid; a long nozzled water bottle or hydration gel and a soft form of food will be provided in an accessible location, until animals recover to Grade 1 or 0.
● Grade 4: A soft form of food will be placed into the cage daily within reach of the animal and an intraperitoneal injection of warm saline may be administered if the animals have difficulty drinking from the water dispenser or hydration gel. The animal will be assessed twice daily at a minimum.
● Grade 5: Provide food and water as above, monitor and reassess every 2 hours at a minimum. Disturbance of the recovering animal can lead to additional stress so observations without removing the cage from the rack are recommended. More frequent checks (~every 20 mins) for the first hour allow early identification of any worsening symptoms.
● Grade 6: See humane endpoints.
Grades 0-3 are regarded as moderate; Grade 4-6 as severe.
After surgery, animals do not always fall neatly into one category of the grading system. In those cases, grading is assigned as accurately as possible based on the most ‘severe’ clinical sign. For example, an animal that appears to be fully recovered with no head tilt visible but that exhibits occasional reactive rolling would be classified as a Grade 2 even if all other clinical signs would be classed as Grade 0. Most adverse events would be expected to occur within 24 hours of surgery and after this time animals should steadily improve.
What are the humane endpoints for this step?
This would be the point at which you would kill the animal to prevent further suffering.
Lesions involving cerebellar white matter can lead to the following adverse effects. Animals will be graded according to the system detailed below and treated accordingly.  All timings are given as hours post surgery.
● Grade 2: If the reactive rolling persists for 72 hours after operation the animals will be killed. If the animals have not recovered to grade 1 or 0 within 96 hours then they will be killed.
● Grade 3: If the animals have not improved to grade 2 or above within 72 hours then they will be killed.
● Grade 4: If the animals are not improved to grade 3 or above within 48 hours they will be killed.
● Grade 5: If the animal does not improve to grade 4 or better within 8 hours, they will be killed.  If animals show worsening frequency of rolling after 4 hours they will be killed.
● Grade 6: The animals will be killed immediately.
Grades 0-3 are regarded as moderate; Grade 4-6 as severe.
Animals that move to Grade 4 or higher 48 hours post-surgery rather than showing signs of improvement will be killed immediately.
Step 3: CNS cannulation (optional)
Describe the procedures that will be carried out during this step.
Explain where one or more steps are repeated in one experiment, list any alternative techniques within a step (e.g. dosing routes), and include all procedures performed under terminal anaesthesia.  When describing the technical aspects of a step, be broad enough to be flexible when the variation does not impact on animal welfare (e.g. use "antibiotic" instead of "penicillin"). Finally, avoid specifying volumes and frequencies when they do not impact on animal welfare.
On one occasion, can be carried out in the same surgery as step 2, 4, or 7, for a maximum of two separate stereotactic surgeries.
A guide cannula will be implanted into specific brain areas. A minipump will be inserted sub-cutaneously and attached to the implanted cannula. 
___________________________________________________________________
Is this step optional?
Yes
___________________________________________________________________
Do you expect this step to have adverse effects for the animals that are more than mild and transient?
Do not list uncommon or unlikely adverse effects, or effects from procedures that will cause no more than transient discomfort and no lasting harm. For example, an intravenous injection of a small volume of an innocuous substance.
Yes
___________________________________________________________________
What are the likely adverse effects of this step?
State the expected adverse effect, including the likely incidence, and the anticipated degree and duration of suffering.
Damage to the brain from the cannula during implantation carries a small risk of bleeding and unintended injury to brain structures, the effects of which would depend on the region affected but can include a minor head tilt and/or mild imbalance. 
●	Grade 0: about 80% animals will recover soon after surgery without head tilt.
●	Grade 1: (<15% of animals) Slight head tilt when walking for the first few days after the procedure. This does not prevent walking, drinking, eating or free ambulation around the cage.
●	Grade 2: (<5% of animals) Clearly apparent head tilt with the lower body generally remaining upright and with a tendency to veer towards the opposite side of the injection when moving. Less than 2 % of these animals may develop rolling when handled or disturbed (reactive). The animals are still able to move around in the cage.
●	Grade 3: (<1% of animals) Clearly apparent head tilt with the animal generally on its side, not associated with any spontaneous or reactive rolling.  These animals can still move around the cage. 
Attachment of cannulae to the skull with dental cement can cause irritation to the surrounding tissues or prevent healing. In less than 1% of animals, attachment points for the cannulae can come loose exposing the skull or underlying tissues. In cases where the implant comes loose and is removed by the animal this can cause damage to the brain and recapitulate the side effects of brain injury. 
Due to the impact of the dental cement on healing, resuturing may be required on occasion more than 48 hours after surgery, if incision breakdown occurs after 48 hours post-surgery NVS advice will be followed, including resuturing if advised.
Placement of a subcutaneous minipump can lead to formation of a seroma, this does not typically cause any discomfort to the animal and should resolve without intervention.
Where this step is carried out within the same surgery as the lesion, it can be difficult to disentangle the effects of the lesion and other interventions so the lesion humane endpoints should be followed.
How will you monitor for, control, and limit any of these adverse effects?
If adverse effects can't be prevented, how will you attempt to ameliorate their initial signs?
Post-surgery all animals will receive analgesia, this will be continued as necessary but will be provided for three days at a minimum.  Animals will be kept warm until they are successfully roused from anaesthesia and handling minimised to reduce distress.  If needed, warm saline injections will be given to ensure that the animals do not become dehydrated.  All animals will be monitored post surgery for recovery from anaesthesia, ensuring that they are mobile within the cage and able to access food and water.  Additional support and monitoring is determined by the grading of the animal, see below.  All animals will be checked in the AM and PM daily for a minimum of 5 days.
●	Grade 0-1: normal post operative monitoring and analgesia.
●	Grade 2-3: Ensure access to food and fluid; a long nozzled water bottle or hydration gel and a soft form of food will be provided in an accessible location, until animals recover to Grade 1 or 0, or the humane endpoint is reached.
Any skin that comes into contact with the cement will be cleaned with a sterile wipe or cotton swab to prevent irritation.  The wound will be checked daily for signs of irritation i.e. redness, swelling, or scratching of the wound. If wounds appear irritated they will be assessed by the NVS and treated with a suitable antiseptic cream.
In the event of a seroma, the NVS will be consulted, and the seroma monitored for changes in size or colouration. Animals will be monitored for signs of discomfort such as scratching, hunching or subdued behaviour.
What are the humane endpoints for this step?
This would be the point at which you would kill the animal to prevent further suffering.
All timings are given as hours post surgery.
●	Grade 2: If the reactive rolling persists for 72 hours after operation the animals will be killed. If the animals have not recovered to grade 1 or 0 within 96 hours then they will be killed.
●	Grade 3: If the animals have not improved to grade 2 or above within 72 hours then they will be killed.
In the rare event that attachment points for cannulae or minipumps come loose then the animal will be killed.  
If a seroma impedes movement or causes discomfort then the animal will be killed. If discolouration of the area is seen such as a dark appearance or yellowing then the animal will be killed as this suggests either bleeding or infection. Animals with a seroma that does not decrease in size after a week should be killed.
If wound irritation shows no sign of improvement within 48 hours or the animal shows signs of distress then the animal will be killed.
Step 4: Device implantation (optional)
Describe the procedures that will be carried out during this step.
Explain where one or more steps are repeated in one experiment, list any alternative techniques within a step (e.g. dosing routes), and include all procedures performed under terminal anaesthesia.  When describing the technical aspects of a step, be broad enough to be flexible when the variation does not impact on animal welfare (e.g. use "antibiotic" instead of "penicillin"). Finally, avoid specifying volumes and frequencies when they do not impact on animal welfare.
On one occasion, can be carried out in the same surgery as step 2, 3, or 7, for a maximum of two separate stereotactic surgeries.
Implantation of an optical/electrical or recording device (with a cannula if needed for targeting), into a specific area of the brain. After implantation, in the same surgery, the device may be used to check location.  (AB/AC)
___________________________________________________________________
Is this step optional?
Yes
___________________________________________________________________
Do you expect this step to have adverse effects for the animals that are more than mild and transient?
Do not list uncommon or unlikely adverse effects, or effects from procedures that will cause no more than transient discomfort and no lasting harm. For example, an intravenous injection of a small volume of an innocuous substance.
Yes
___________________________________________________________________
What are the likely adverse effects of this step?
State the expected adverse effect, including the likely incidence, and the anticipated degree and duration of suffering.
Attachment of devices to the skull with dental cement can cause irritation to the surrounding tissues or prevent healing. In less than 1% of animals, attachment points for the device can come loose exposing the skull or underlying tissues.   In cases where the implant comes loose and is removed by the animal this can cause damage to the brain and recapitulate the side effects of brain injury. 
Where the skin is not fully closed over the implant, the skin around the implant may retract slightly during healing, this can lead to minor scabbing. 
Due to the impact of the dental cement on healing, resuturing may be required on occasion more than 48 hours after surgery, if incision breakdown occurs after 48 hours post-surgery NVS advice will be followed, including resuturing if advised.

Where devices have a fiber, sensor, or wire implanted into a specific brain region this can cause damage to the brain and carries a small risk of bleeding and unintended injury to brain structures, the effects of which would depend on the region affected but can include a minor head tilt and/or mild imbalance. 
●	Grade 0: about 80% animals will recover soon after surgery without head tilt.
●	Grade 1: (<15% of animals) Slight head tilt when walking for the first few days after the procedure. This does not prevent walking, drinking, eating or free ambulation around the cage.
●	Grade 2: (<5% of animals) Clearly apparent head tilt with the lower body generally remaining upright and with a tendency to veer towards the opposite side of the injection when moving. Less than 2 % of these animals may develop rolling when handled or disturbed (reactive). The animals are still able to move around in the cage.
●	Grade 3: (<1% of animals) Clearly apparent head tilt with the animal generally on its side, not associated with any spontaneous or reactive rolling.  These animals can still move around the cage. 
Where this step is carried out within the same surgery as the lesion, it can be difficult to disentangle the effects of the lesion and other interventions so the lesion humane endpoints and incidence rates should be followed.
How will you monitor for, control, and limit any of these adverse effects?
If adverse effects can't be prevented, how will you attempt to ameliorate their initial signs?
Any skin that comes into contact with the cement will be cleaned with a sterile wipe or cotton swab to prevent irritation.  The wound will be checked daily for signs of irritation i.e. redness, swelling, or scratching of the wound. If wounds appear irritated they will be assessed by the NVS and treated with a suitable antiseptic cream. The skin around the implant will be monitored and NVS recommendations followed for wound care.
Post-surgery all animals will receive analgesia, this will be continued as necessary but will be provided for three days at a minimum.  Animals will be kept warm until they are successfully roused from anaesthesia and handling minimised to reduce distress.  If needed, warm saline injections will be given to ensure that the animals do not become dehydrated.  All animals will be monitored post surgery for recovery from anaesthesia, ensuring that they are mobile within the cage and able to access food and water.  Additional support and monitoring is determined by the grading of the animal, see below.  All animals will be checked in the AM and PM daily for a minimum of 5 days.
●	Grade 0-1: normal post operative monitoring and analgesia.
●	Grade 2-3: Ensure access to food and fluid; a long nozzled water bottle or hydration gel and a soft form of food will be provided in an accessible location, until animals recover to Grade 1 or 0, or the humane endpoint is reached.
To reduce the risk of damage to the implant and attachment points to the skull, animals may be singly housed.
What are the humane endpoints for this step?
This would be the point at which you would kill the animal to prevent further suffering.
In the rare event that attachment points for devices come loose then the animal will be killed.  
If wound irritation shows no sign of improvement within 48 hours or the animal shows signs of distress then the animal will be killed. All timings are given as hours post surgery.
●	Grade 2: If the reactive rolling persists for 72 hours after operation the animals will be killed. If the animals have not recovered to grade 1 or 0 within 96 hours then they will be killed
●	Grade 3: If the animals have not improved to grade 2 or above within 72 hours then they will be killed.
If skin retraction around the implant leads to exposure of the area adjacent to the cement cap e.g. skull is clearly visible, then the animal will be culled.

Step 5: Device stimulation (edited) (optional)
Describe the procedures that will be carried out during this step.
Explain where one or more steps are repeated in one experiment, list any alternative techniques within a step (e.g. dosing routes), and include all procedures performed under terminal anaesthesia.  When describing the technical aspects of a step, be broad enough to be flexible when the variation does not impact on animal welfare (e.g. use "antibiotic" instead of "penicillin"). Finally, avoid specifying volumes and frequencies when they do not impact on animal welfare.
After implantation of the device in step 4 and recovery from surgery, and on multiple occasions. 
Animals will be stimulated using the device and/or a fiber optic cable attached to the device. (AA/AC)
Prolonged stimulation will only be conducted if stimulation shows no effect on the animal i.e. eating, drinking normally and appropriately socialising.
___________________________________________________________________
Is this step optional?
Yes
___________________________________________________________________
Do you expect this step to have adverse effects for the animals that are more than mild and transient?
Do not list uncommon or unlikely adverse effects, or effects from procedures that will cause no more than transient discomfort and no lasting harm. For example, an intravenous injection of a small volume of an innocuous substance.
Yes
___________________________________________________________________
What are the likely adverse effects of this step?
State the expected adverse effect, including the likely incidence, and the anticipated degree and duration of suffering.
In less than 1% of cases, prolonged light stimulation could lead to phototoxicity in the cells and cause a mild head tilt.
Alteration of activity within the brain could cause minor changes in behaviour.
Animals could become distressed or tangled in external cabling for stimulation. Signs of distress could include hunching, changes in locomotor behaviour, reduction in ability to eat or drink.
How will you monitor for, control, and limit any of these adverse effects?
If adverse effects can't be prevented, how will you attempt to ameliorate their initial signs?
Animals will be habituated to any cabling, such as for light stimulation, in short bursts prior to longer term stimulations.  During the stimulations animals will be checked frequently, either directly in person or indirectly via a secure monitoring system, to ensure that they do not become tangled in cabling or distressed.
If a head tilt is seen then stimulation will be stopped.
What are the humane endpoints for this step?
This would be the point at which you would kill the animal to prevent further suffering.
In the event of distress - hunching, changes in locomotor behaviour, reduction in ability to eat or drink, not alleviated within 24 hours by removal of attached cabling and cessation of stimulation - animals will be killed.
Step 6: Device recording (edited) (optional)
Describe the procedures that will be carried out during this step.
Explain where one or more steps are repeated in one experiment, list any alternative techniques within a step (e.g. dosing routes), and include all procedures performed under terminal anaesthesia.  When describing the technical aspects of a step, be broad enough to be flexible when the variation does not impact on animal welfare (e.g. use "antibiotic" instead of "penicillin"). Finally, avoid specifying volumes and frequencies when they do not impact on animal welfare.
(After implantation of the device in step 4 and recovery from surgery, and on multiple occasions if recording AA. For AB, limit of 1 session per day for up to 7 total sessions.)
The device may be used to image or record the brain. (AA/AB/AC)
Imaging will only be repeated providing that the animal has fully recovered from the previous imaging session; i.e. eating, drinking normally and appropriately socialising. 
Prolonged imaging or recording will only be conducted if shows no effect on the animal i.e. eating, drinking normally and appropriately socialising. 
Imaging is limited to one session per day of up to 45 mins.      Up to 30 sessions within a 4 month period when imaging AA.
___________________________________________________________________
Is this step optional?
Yes
___________________________________________________________________
Do you expect this step to have adverse effects for the animals that are more than mild and transient?
Do not list uncommon or unlikely adverse effects, or effects from procedures that will cause no more than transient discomfort and no lasting harm. For example, an intravenous injection of a small volume of an innocuous substance.
Yes
___________________________________________________________________
What are the likely adverse effects of this step?
State the expected adverse effect, including the likely incidence, and the anticipated degree and duration of suffering.
Alteration of activity within the brain could cause minor changes in behaviour. High stimulation or imaging frequency could lead to a head tilt.
Animals could become distressed or tangled in external cabling.  Signs of distress could include hunching, changes in locomotor behaviour, reduction in ability to eat or drink.
How will you monitor for, control, and limit any of these adverse effects?
If adverse effects can't be prevented, how will you attempt to ameliorate their initial signs?
Animals will be habituated to any cabling, in short bursts prior to longer term attachment.  Animals will be checked frequently, either directly in person or indirectly via a secure monitoring system, to ensure that they do not become tangled in cabling or distressed.
If a head tilt is seen then stimulation will be stopped.
What are the humane endpoints for this step?
This would be the point at which you would kill the animal to prevent further suffering.
In the event of distress - hunching, changes in locomotor behaviour, reduction in ability to eat or drink, not alleviated within 24 hours by removal of attached cabling and/or cessation of stimulation/recording - animals will be killed.
Step 7: CNS injection (optional)
Describe the procedures that will be carried out during this step.
Explain where one or more steps are repeated in one experiment, list any alternative techniques within a step (e.g. dosing routes), and include all procedures performed under terminal anaesthesia.  When describing the technical aspects of a step, be broad enough to be flexible when the variation does not impact on animal welfare (e.g. use "antibiotic" instead of "penicillin"). Finally, avoid specifying volumes and frequencies when they do not impact on animal welfare.
On up to two occasions, can be carried out in the same surgery as step 2, 3, or 4, for a maximum of two separate stereotactic surgeries.
Stereotactic injection, with or without implantation of a guide cannula, into specific areas of the brain, spinal cord; of neural lineage cells, agonists or antagonists, gene induction agents, CSF, cell response modulators e.g. tetracycline, clozapine, glial toxins, non pathogenic viruses, cytokines, antibodies, or controls and/or labelling substances e.g. BrdU, EdU, fast blue. 
The maximum volume per injection is 5 µL for a mouse or 10 µL for a rat, with typically 2, but rarely up to 4 injections, in addition to the lesion injections. (AB)
___________________________________________________________________
Is this step optional?
Yes
___________________________________________________________________
Do you expect this step to have adverse effects for the animals that are more than mild and transient?
Do not list uncommon or unlikely adverse effects, or effects from procedures that will cause no more than transient discomfort and no lasting harm. For example, an intravenous injection of a small volume of an innocuous substance.
Yes
___________________________________________________________________
What are the likely adverse effects of this step?
State the expected adverse effect, including the likely incidence, and the anticipated degree and duration of suffering.
Damage to the brain from the needle during injection carries a small risk of bleeding and unintended injury to brain structures, the effects of which would depend on the region affected but can include a minor head tilt and/or mild imbalance. 
●	Grade 0: about 80% animals will recover soon after surgery without head tilt.
●	Grade 1: (<15% of animals) Slight head tilt when walking for the first few days after the procedure. This does not prevent walking, drinking, eating or free ambulation around the cage.
●	Grade 2: (<5% of animals) Clearly apparent head tilt with the lower body generally remaining upright and with a tendency to veer towards the opposite side of the injection when moving. Less than 2 % of these animals may develop rolling when handled or disturbed (reactive). The animals are still able to move around in the cage.
●	Grade 3: (<1% of animals) Clearly apparent head tilt with the animal generally on its side, not associated with any spontaneous or reactive rolling.  These animals can still move around the cage. 
Where this step is carried out within the same surgery as the lesion, it can be difficult to disentangle the effects of the lesion and other interventions so the lesion humane endpoints and incidence rates should be followed.
Fast Blue has been shown to cause an ‘extended limb phenotype’ where the animal splays out their limbs. The expected incidence is less than 15% of animals injected with fast blue. It is possible that other substances injected into the brain could affect the same circuit and cause the extended limb phenotype.
How will you monitor for, control, and limit any of these adverse effects?
If adverse effects can't be prevented, how will you attempt to ameliorate their initial signs?
Post-surgery all animals will receive analgesia, this will be continued as necessary but will be provided for three days at a minimum.  Animals will be kept warm until they are successfully roused from anaesthesia and handling minimised to reduce distress.  If needed, warm saline injections will be given to ensure that the animals do not become dehydrated.  All animals will be monitored post surgery for recovery from anaesthesia, ensuring that they are mobile within the cage and able to access food and water.  Additional support and monitoring is determined by the grading of the animal, see below.  All animals will be checked in the AM and PM daily for a minimum of 5 days.
●	Grade 0-1: normal post operative monitoring and analgesia.
●	Grade 2-3: Ensure access to food and fluid; a long nozzled water bottle or hydration gel and a soft form of food will be provided in an accessible location, until animals recover to Grade 1 or 0, or the humane endpoint is reached.
After Fast Blue injection animals will be observed regularly for the initial post operative period as in our experience the extended limb phenotype typically presents within 3-4 hours post-surgery.
What are the humane endpoints for this step?
This would be the point at which you would kill the animal to prevent further suffering.
Additionally, if the ‘extended limb phenotype’ where the animal splays out their limbs, is observed the animal should be killed immediately. Severity moderate if identification of the adverse effect and killing is carried out in a timely manner. The expected incidence is less than 15% of animals injected with fast blue. It is possible that other substances injected into the brain could affect the same circuit and cause the extended limb phenotype. If the extended limb phenotype is seen at any time following a brain injection the animal will be killed. All timings are given as hours post surgery.
●	Grade 2: If the reactive rolling persists for 72 hours after operation the animals will be killed. If the animals have not recovered to grade 1 or 0 within 96 hours then they will be killed
●	Grade 3: If the animals have not improved to grade 2 or above within 72 hours then they will be killed.
Step 8: Administration of substances (optional)
Describe the procedures that will be carried out during this step.
Explain where one or more steps are repeated in one experiment, list any alternative techniques within a step (e.g. dosing routes), and include all procedures performed under terminal anaesthesia.  When describing the technical aspects of a step, be broad enough to be flexible when the variation does not impact on animal welfare (e.g. use "antibiotic" instead of "penicillin"). Finally, avoid specifying volumes and frequencies when they do not impact on animal welfare.
(At any stage, and on multiple occasions, subject to the limits in the protocol justification) Administration of substances (labelling agents e.g. BrdU, EdU, agonists or antagonists, cell response modulators e.g. tetracycline, clozapine; glial toxins, non pathogenic viruses, cytokines, antibodies, or controls), on each occasion, by one of the following routes.  Additional substances may be administered concurrently by multiple routes (a-f) if the substances are innocuous and are not expected to increase the burden to the animal.
a. Subcutaneously (AA)
b. Intraperitoneally (AA)
c. Oral (including in supplemental food or drinking water, standard diet will not be fully replaced)  (AA)
d. Gavage (AA)
e. Infusion into the CNS via minipump implanted in step 3, non glial specific toxins may also be administered by this route e.g. TTX, PTX, conotoxin (AA)
f. Injection into the tail vein (AA/AB)
___________________________________________________________________
Is this step optional?
Yes
___________________________________________________________________
Do you expect this step to have adverse effects for the animals that are more than mild and transient?
Do not list uncommon or unlikely adverse effects, or effects from procedures that will cause no more than transient discomfort and no lasting harm. For example, an intravenous injection of a small volume of an innocuous substance.
Yes
___________________________________________________________________
What are the likely adverse effects of this step?
State the expected adverse effect, including the likely incidence, and the anticipated degree and duration of suffering.
After gavage, 1% of animals may show signs of gastric reflux, this presents as subdued behaviour for a few minutes post gavage. If reflux is followed by aspiration this can cause gasping.
In less than 0.1% of cases, water consumption may be affected when substances are added to the drinking water. This can lead to dehydration related weight loss, skin tenting, or lethargy.
How will you monitor for, control, and limit any of these adverse effects?
If adverse effects can't be prevented, how will you attempt to ameliorate their initial signs?
Animals will be observed post gavage to identify any signs of reflux or gasping.
Water consumption for rats is approximately 10ml/100g and for mice 15ml/100g. If water consumption falls below normal, and is not corrected by use of sweeteners, and/or the animal starts showing signs of decreased consumption (e.g. weight loss, skin tenting) then administration of drug in water will be stopped and animals immediately offered untreated water. If drinking resumes, then the substances may be administered via an alternative method.
What are the humane endpoints for this step?
This would be the point at which you would kill the animal to prevent further suffering.
Any animal showing gasping not resolved within 2 minutes will be killed. Any animal that appears subdued post gavage and does not return to normal behaviour will be killed.
If animals do not return to normal drinking after being presented with untreated water, then they will be killed.
Step 9: Behavioural testing (optional)
Repeated from protocol 9
Describe the procedures that will be carried out during this step.
Explain where one or more steps are repeated in one experiment, list any alternative techniques within a step (e.g. dosing routes), and include all procedures performed under terminal anaesthesia.  When describing the technical aspects of a step, be broad enough to be flexible when the variation does not impact on animal welfare (e.g. use "antibiotic" instead of "penicillin"). Finally, avoid specifying volumes and frequencies when they do not impact on animal welfare.
a. At any stage and on multiple occasions, animals will undergo typically one, but up to three, behavioural procedures from the table below (AA).
b. On multiple occasions, after complete recovery from any surgical interventions, if required for the behavioural test (indicated in the table below) Animals will undergo food restriction (fed daily with reduced amount) such that the animals do not drop below 85% of their free-feeding body weight (AA)
	Behavioural test
	Max session length
	Normal test frequency
	Additional procedures

	Operant conditioning (including Trial-Unique Non-matching to Location (TUNL) and the 5-choice serial reaction time task
	1 hour
	Typically once per day, up to twice. For up to 8 weeks
	Food restriction required for up to 8.5 weeks

	Rotarod
	Incremental fixed speed rotarod – up to 1 minute at three different speeds. 
Accelerating rotarod – up to 5 minutes per session
	Daily during training period, up to weekly after as required by experiments
	

	Erasmus Ladder
	42 runs across the ladder (up to 1 hour depending on length of rest periods between runs)
	Once per day, up to 10 days
	

	Open field test
	30 minutes
	Weekly, up to daily
	

	Balance beam coordination test
	30 minutes (up to 3 trials)
	Daily
	

	Grasping ability (modified wire hanging test, hind paws on ground)
	30 minutes
	Daily
	

	Visual acuity tasks
	30 minutes
	Daily
	

	Complex running wheel
	Unlimited, wheel is in the cage and usage is voluntary
	Up to 3 weeks
	Animals must be singly housed for up to 3 weeks

	Classical eye blink conditioning task
	
	
	


___________________________________________________________________
Is this step optional?
Yes
___________________________________________________________________
Do you expect this step to have adverse effects for the animals that are more than mild and transient?
Do not list uncommon or unlikely adverse effects, or effects from procedures that will cause no more than transient discomfort and no lasting harm. For example, an intravenous injection of a small volume of an innocuous substance.
Yes
___________________________________________________________________
What are the likely adverse effects of this step?
State the expected adverse effect, including the likely incidence, and the anticipated degree and duration of suffering.
Weight loss (typically ~10% from baseline weight) for food restricted animals.
How will you monitor for, control, and limit any of these adverse effects?
If adverse effects can't be prevented, how will you attempt to ameliorate their initial signs?
Animals are weighed daily until their weight stabilises, then are weighed at least 5x a week. As animals are not singly housed during the food restriction, if one animal drops more weight than its cagemates it will be briefly separated to allow access to additional food (<30mins).
What are the humane endpoints for this step?
This would be the point at which you would kill the animal to prevent further suffering.
For food restricted animals, any animal showing weight loss over 15% or that approaches 20% and that is not improved within 1 hour by additional food being provided will be killed.
Step 10: Transgene induction (optional)
Repeated from protocol 9
Describe the procedures that will be carried out during this step.
Explain where one or more steps are repeated in one experiment, list any alternative techniques within a step (e.g. dosing routes), and include all procedures performed under terminal anaesthesia.  When describing the technical aspects of a step, be broad enough to be flexible when the variation does not impact on animal welfare (e.g. use "antibiotic" instead of "penicillin"). Finally, avoid specifying volumes and frequencies when they do not impact on animal welfare.
(At any stage) Transgene inducing or deleting agents (e.g. Tamoxifen, 4-hydroxytamoxifen, tetracycline) or control substances will be administered alone or in combination, continuously or intermittently by one of the following routes:
a. Oral (including in food or drinking water)
b. By gavage
c. Subcutaneous
d. Intraperitoneal
___________________________________________________________________
Is this step optional?
Yes
___________________________________________________________________
Do you expect this step to have adverse effects for the animals that are more than mild and transient?
Do not list uncommon or unlikely adverse effects, or effects from procedures that will cause no more than transient discomfort and no lasting harm. For example, an intravenous injection of a small volume of an innocuous substance.
Yes
___________________________________________________________________
What are the likely adverse effects of this step?
State the expected adverse effect, including the likely incidence, and the anticipated degree and duration of suffering.
Tamoxifen and tamoxifen derivatives show dose and age dependent adverse effects.
Administration of Tamoxifen (or its derivatives) for transgene induction may cause adverse effects in mice.  Most mice will show a transient lack of weight gain or weight loss of <15%.  Weight loss of up to 20% may occur gradually (over the course of 6-10 days). These effects typically arise 5-10 days after the last administration. Up to 10% of animals may develop piloerection, hunched posture, and subdued behaviour.
At high dosages (250mg-300mg/kg), more animals (<20%) may show piloerection, hunched posture, and subdued behaviour, the extent of which depends on the modification present. The adverse effects are attributed to the combination of tamoxifen toxicity and the resultant genetic modification. 
Animals which don't reach humane endpoints usually fully recover from tamoxifen administration within 2 weeks and regain weight to within 5% of baseline.
After gavage, 1% of animals may show signs of gastric reflux, this presents as subdued behaviour for a few minutes post gavage. If reflux is followed by aspiration this can cause gasping.
In less than 0.1% of cases, water consumption may be affected when substances are added to the drinking water. This can lead to dehydration related weight loss, skin tenting, or lethargy.
How will you monitor for, control, and limit any of these adverse effects?
If adverse effects can't be prevented, how will you attempt to ameliorate their initial signs?
Prior to administration of transgene induction agents, mice will be assigned a body condition score and have a baseline weight recorded.  Animals will be assessed daily for signs of piloerection, hunching or subdued behaviour. Only animals with a body score of 3 or above will receive transgene induction agents.
Soft food and/or calorie rich supplementation will be provided to the animals. Heat pads will be attached to the cage if the body score begins to drop, and weight will be monitored more frequently (daily rather than twice a week). Calorie rich diets may include up to 10 days of high fat western diet provided as a supplement to the normal diet. Animals may be habituated to higher calorie food prior to transgene induction.
Animals will be observed post gavage to identify any signs of reflux or gasping.
Water consumption for rats is approximately 10ml/100g and for mice 15ml/100g. If water consumption falls below normal, and is not corrected by use of sweeteners, and/or the animal starts showing signs of decreased consumption (e.g. weight loss, skin tenting) then administration of drug in water will be stopped and animals immediately offered untreated water. If drinking resumes, then the substances may be administered via an alternative method.
What are the humane endpoints for this step?
This would be the point at which you would kill the animal to prevent further suffering.
If clinical signs (hunching, piloerection) are sustained for 24 hours without improvement, the animals will be killed.
If the body score of animals declines rapidly (i.e. Half a point on the 5 point scale within 24 hours) animals will be killed.  Body condition scores are given on a 5 point scale, where 1 is emaciated, 3 is well conditioned, and 5 is obese.  Gradual weight loss over 5-7 days in the absence of additional clinical signs, which doesn't cause the body condition score to drop below the 'normal' well conditioned mouse has a humane end point of 20% weight loss from baseline.
Animals with a body condition score that falls to 2 will be killed.
Any animal showing gasping not resolved within 2 minutes will be killed. Any animal that appears subdued post gavage and does not return to normal behaviour will be killed.
If animals do not return to normal drinking after being presented with untreated water, then they will be killed.
Step 11: Terminal procedures (mandatory)
Repeated from protocol 7
Describe the procedures that will be carried out during this step.
Explain where one or more steps are repeated in one experiment, list any alternative techniques within a step (e.g. dosing routes), and include all procedures performed under terminal anaesthesia.  When describing the technical aspects of a step, be broad enough to be flexible when the variation does not impact on animal welfare (e.g. use "antibiotic" instead of "penicillin"). Finally, avoid specifying volumes and frequencies when they do not impact on animal welfare.
Animals will be killed by:
a. Schedule 1 method; or
b. Perfusion fixation (AC); or
c. Perfusion without fixative (AC) followed by confirmation of death by a method in Schedule 1; or
d. Decapitation (AA/AC)
___________________________________________________________________
Is this step optional?
No
___________________________________________________________________
Do you expect this step to have adverse effects for the animals that are more than mild and transient?
Do not list uncommon or unlikely adverse effects, or effects from procedures that will cause no more than transient discomfort and no lasting harm. For example, an intravenous injection of a small volume of an innocuous substance.
No
___________________________________________________________________
Protocol 10: Fate of animals
What will happen to animals at the end of this protocol?
Select all that apply. These options are based on what you selected in the non-technical summary.
· Killed
Will you be using non-schedule 1 killing methods on a conscious animal?
Yes
For each non-schedule 1 method, explain why this is necessary.
Decapitation is necessary to give high quality, live brain slices to be used for electrophysiological experiments ex-vivo and cannot always be performed under anaesthesia, as the anaesthetic agents can affect the ion channels and cell activity that we are investigating. Similarly, CO2 anaesthesia changes the pH of the brain dramatically with effects on all cell types thus making it unsuitable as an alternative. 
Decapitation will only be used in conscious animals when alternative methods are not viable, for example, in mice cervical dislocation immediately prior to decapitation can be used if the brain stem doesn’t need to be intact. A guillotine will be used for decapitation of non-neonate animals, to ensure an instantaneous separation of the head and a rapid loss of consciousness.
___________________________________________________________________
Protocol 10: Animal experience
Summarise the typical experience or end-to-end scenario for an animal being used in this protocol.
Consider the cumulative effect of any combinations of procedures that you may carry out.
All animals in this protocol will undergo two stereotaxic surgeries, one of which must be to induce a demyelinating lesion in the CNS. Depending on study requirements, brain injection, implantation of device and implantation of cannula will then be performed in combination with lesioning or on a separate occasion, for a total of two mandatory surgical procedures. The interval between surgeries will typically be three weeks. Repeated surgical interventions increase the exposure to inhalant anaesthesia, potentially leading to an increased risk of anaesthesia related death. To minimise this risk only animals that make a complete and unremarkable recovery will be used for multiple surgeries. Any animal that experiences adverse effects graded 4 or above (severe severity) will not be used for multiple surgeries.
In all stereotactic surgeries the process is the same, the animal is anaesthetised, given analgesia, and fur removed to reveal the surgical area. The skin is cut and the skull or spinal column exposed.  Depending on the location of the injection or implant, holes will be drilled into the skull where required and the injector or implant moved into place. Injections may also take place into the spine, or into the brain through the foramen magnum which do not require drilling. If required implants are secured to the skull with dental cement, screws, or other fixative. Any implants requiring a subcutaneous component – such as minipumps or some device components, will be placed into a pocket under the skin of the back generated by gentle insertion of forceps to form a gap between the musculature and the skin.  At the end of the surgery, animals are sutured and moved to a warming cabinet to recover.
Pain and discomfort may result from surgeries, but will be minimized by the administration of pre-operatory analgesia. Animals are expected to make an unremarkable recovery from anaesthesia, but oxygen and heating will be provided post-operatively to facilitate recovery. Pain in the subsequent days will be minimized by post-operatory analgesia, administered orally, or in jelly/chocolate spread, or by injection, twice a day, for three days. Most animals will proceed to recover from lesioning with no or mild symptoms (e.g. mild head tilt), which when present will typically last no longer than three days. A small percentage of animals may experience severe side effects, e.g. difficulties in remaining upright or spontaneous rolling, within the limits for humane endpoint. Water gel, soft food and a heating pad will be provided in these cases to ensure that animals continue to have access to water/food and to improve overall wellbeing.  In rare cases, brain interventions post lesion may recapitulate the potential adverse events associated with lesioning, where this happens grading will be as before, but the severity for grades 3-6 will be regarded as severe due to the cumulative effects of the adverse events.
Before lesioning, some animals will be aged up to twenty months. Animals may experience natural age-related decline in physiological functions. Up to 20% of these are expected to develop tumours depending on the background strain and the precise age of use but will be killed before tumours are large enough to impact on wellbeing, and will not be used for surgery if the tumour appears prior to lesioning. A fraction of the mice used under this protocol may be administered tamoxifen before or after lesion induction to induce transgene expression. Some of these may experience weight loss and a minority of animals may show piloerection and subdued behaviour for up to 24 hours, all within the limits established for humane endpoint.
After lesioning, some animals will be administered substances, typically orally, mixed in jelly or chocolate spread or dissolved in drinking water but via other routes if needed. Where a minipump has been implanted substances will be infused via the minipump, this may occur in addition to receiving substances by other routes, such as an intraperitoneal injection of labelling agent, or clozapine in the drinking water. Some animals may undergo stimulation through implanted optical devices, or have recordings taken using implanted devices; but these procedures are not expected to cause any disturbance from normal behaviour. Procedures taking place after the lesion are expected to begin typically three days post-lesion but not before full recovery from surgery has been achieved. Animals will be killed typically three-four weeks after lesioning, though some will be kept for longer timepoints post lesion, with their age not exceeding 24 months.
Before or after lesioning, animals may receive an injection into the tail vein, typically of viruses to express transgenes in the brain, this will be used instead of the brain injection step when it gives similarly effective performance and precise regional specificity is not required. Animals may undergo behavioural testing, both prior to and after lesion, typically these are mild tests to give a functional readout of any deficits that may be induced from the interventions, such as the rotarod test or eye blink conditioning. Animals may undergo behavioural testing, both prior to and after lesion, typically these are mild tests to give a functional readout of any deficits that may be induced from the interventions, such as the rotarod test or eye blink conditioning. Where food restriction is required, animals will be weighed to give a baseline weight, then the amount of food pellets reduced so that they lose up to 15% of their baseline weight. Animals are not moved to a new cage, and are provided with food daily, just a reduced amount.
[image: ]
Chart showing the main subset of experiments that will use this protocol and typical usage of optional steps. Not every combination of steps is shown, however the majority of the planned experiments will be as illustrated.  Mandatory steps are shown in purple ovals, optional steps in blue rectangles.
A typical example of an experiment under this protocol would be:
The animal will undergo stereotactic surgery to inject a virus into the caudal cerebellar peduncle or inferior olive, after 3 weeks of expression the animal will undergo a second stereotactic surgery to generate a lesion. Substances would then be administered in the drinking water. The animal is then killed by perfusion fixation.
Or,
The animal will undergo stereotactic surgery to inject a virus into the caudal cerebellar peduncle or inferior olive, after 2 weeks of expression the animal will undergo a second stereotactic surgery to generate a lesion and implant a cannula attached to a minipump. Substances would then be administered via the minipump until the end of the experiment. On the final two days of the experiment, the animal then receives two intraperitoneal injections of EdU (one per day, concurrent with the substance administration from the minipump) and is killed by perfusion fixation.
For harm-benefit calculations, an example of the worst-case scenario for this protocol would be the following:
The animal is aged to 19 months, then receives tamoxifen by oral gavage for 4 consecutive days. Once the weight of the animal has returned to within 5% of the baseline weight the animal would be prepped for surgery. In one stereotactic surgery, there would be an injection into the brain (such as non pathogenic virus expressing GCaMP) and implantation of a recording device attached to the skull. The animal would undergo no further procedures for at least 2-3weeks to allow virus expression and then baseline recordings would be made of the brain activity on multiple occasions whilst the animal is awake and active. The animal would then undergo a second stereotactic surgery to inject a lesioning agent into the brain to generate a demyelinated lesion. When the animal has recovered to grade 0-1, recordings will be made of brain activity during the remyelination period. After 3 weeks of remyelination the animal will receive two intraperitoneal injections of a labelling agent (such as EdU) on consecutive days, then killed by perfusion fixation.
___________________________________________________________________
Describe the general humane endpoints that you will apply during the protocol.
These will be in addition to the endpoints stated for each step.
The general humane endpoints will apply unless otherwise indicated in the step. Any animal that shows deviation from normal health (such as piloerection, hunched posture, abnormal gait, inactivity or inappetence) will be monitored more frequently and supportive treatment provided such as warming and wet mash. Should the signs persist for a period of 24 hours the animal will be humanely killed.
Under this protocol, if seizures are seen then the animals will be killed.
For animals exhibiting tremors or movement disorders not associated with cranial surgeries humane end points are:
Animals should still be able to move well around the cage and access food and water given reasonable adjustments. Clinical signs will not progress past mild severity tremors and should not deteriorate to paralysis. Any animals displaying paralysis or that are unable to balance well enough to carry out normal behaviours such as grooming, eating, or drinking will be promptly killed.
In addition, unless otherwise specified in the step, any animal that loses 15% of its body weight compared to its baseline weight will be killed. The determination of baseline weight depends on the age of the animal; young or juvenile animals that are still growing should be compared to expected growth curves. An initial weight should be taken prior to procedures and any weight loss from this initial weight should take into account expected weight gain for their age. For adult animals, the baseline should either be the highest recorded weight immediately prior to procedures, or an average of 3 weights on different days immediately prior to procedures. For food restricted animals, upon relaxing the food restriction animals will typically put on a significant amount of weight which reduces gradually over a few days. In this instance, baseline weight should be taken as the average of the weight prior to starting food restriction and the weight within 48 hours of the return to ad libitum feeding, prior to further procedures.
Adverse effects and humane endpoints should not differ between rats and mice unless otherwise stated in each step, where species differences become apparent this license will be amended to reflect additional humane endpoints or adverse effects.
___________________________________________________________________
Protocol 10: Experimental design
What outputs are expected to arise from this protocol?
For example, test results, phenotypic information, or products.
Brain and spinal cord tissue for histological and cellular analysis. Brain sections for electrophysiology. Data from in-vivo recordings of CNS activity and behavioural testing.
___________________________________________________________________
Will this protocol generate quantitative data?
Yes
___________________________________________________________________
Will your experimental design be determined by a regulatory guideline?
No
Where relevant, explain how and when pilot studies will be used.
Pilot studies will be used to generate a mean and standard deviation as an estimate of the difference that we will detect in the proposed experiments. This will then be used in power calculations to determine the number of animals required to obtain a statistical power >0.95 at alpha=0.05 in a two-tailed t-test studies. 
How will you choose different experimental groups?
For example, controls, dose levels, satellites etc.
Experiments will have at least one control and one experimental group, except for longitudinal brain recordings, in which pre-lesioning baseline recordings will serve as internal controls for post-lesioning recordings from the same animal. In some cases when possible, an injection of control virus to a contralateral side (e.g., in case of the inferior olive where there are two anatomically separate nuclei and two anatomically separate white matter tracts, which allow the contralateral side of the same animal to serve as an internal control and reduce overall number of animals used). Experimental groups may also be comprised of lesioned animals in which a transgene of interest is expressed following viral injection or transgenic animals.
How will you choose control groups?
Provide a robust scientific justification for controls with significant suffering such as sham surgery controls or untreated infected controls.
Internal controls will be used for longitudinal brain recordings. Control groups in cross-sectional studies will be comprised of lesioned animals injected with control viruses inducing the expression of control transgenes or lesioned wild-type animals, or internal controls (e.g. in the case of the inferior olive where there are two nuclei and two cerebellar peduncle white matter tracts, thus an injection of control virus to the contralateral side of the same animal to serves as an internal control and reduces the overall number of animals used). Surgeries for control viral injections are required to control for unspecific cellular responses resulting from exogenous expression of a transgene and unspecific tissue responses following damage caused by brain injections in the experimental group.
How will experiments and data analysis be randomised and blinded?
We will randomly allocate animals to different experimental conditions, such as by use of online randomiser tools https://www.randomizer.org/ or spreadsheet random number generation, though some grouping may occur prior to randomisation e.g. treated water may be given on a cage by cage rather than animal by animal basis to minimise animals being singly housed for long study durations. Blocking may also be used to ensure that groups being compared consist of similar individuals e.g. behavioural studies where animals perform pretraining, extreme high performers will be allocated evenly between experimental conditions.  
Experimental analysis will be carried out blinded or via automated analysis.
Blinding of files for analysis is performed by coding filenames to remove information that can be used to identify experimental condition (e.g. image files).  Where possible we use automated analysis using scripts or image processing software to minimise bias.
How will you minimise variables to ensure reproducibility?
Animals will be obtained at the same time and from the same supplier (or littermates if bred in house) as the animals under experimental protocols where possible, housed in the same conditions, and procedures performed by either the same researcher or with conditions divided evenly between researchers. Within the same experiment the same batch of demyelinating or gene induction agent will be used for all groups.
How will you determine group sizes?
You should reference POWER calculations you have made, if relevant.
The determination of the sample size needed for each experiment is based on power calculations, and effect size calculations. We assume that the datasets we will generate follow normal, i.e. Gaussian, distribution, as with our previous data. We used the mean and standard deviation from our preliminary data, previous work, and available published datasets relating to similar experiments as we propose to do, as estimates of the difference we will detect in the proposed experiments. These assumptions allow us to calculate Cohen’s effect size d and use this to determine the estimated effect size for an experiment.  Apart from behavioural and tissue culture studies, the Cohen’s effect size d was 3 or above, thus a sample size of n=5 for control and n=5 for most studies proposed will have at least a statistical power >0.95 at alpha=0.05 in a two-tailed t-test studies.  For behavioural tasks, the Cohen’s effect size d is on average 1.5, thus a sample size of n=15 for each group will be needed to generate statistically meaningful data.
Group sizes in ageing experiments will be increased to accommodate for loss of animals and to avoid single housing due to animal losses due to old age.
How will you maximise the data output from the animals you use on this protocol?
Where possible we will use the tissues obtained from this protocol for multiple experimental factors rather than just one variable. We will also store any resultant isolated cells, fixed tissues, or RNA not used in the original experiment for future additional analysis.
Where long term in-vivo recordings are available through an implanted optical device we will image at several timepoints thus gaining multiple datapoints from within the same animal. Electrophysiological data generated ex vivo will be stored for additional analysis. Ex vivo brain slices will be shared between researchers where possible.
Protocol 10: Protocol justification
Why is each type of animal, experimental model, and/or method selected for this protocol:
a) the most appropriate scientific approach?
Disease associated white matter damage is a well known issue in human populations such as multiple sclerosis (MS), or leukodystrophies. Indeed, white matter damage is not limited to disease and seems to accumulate with age, or occur as consequence of medical treatment such as chemotherapy, brain injury or even infections, leading to long-lasting white matter damage and cognitive decline – potentially underpinning dementia. OPCs, which remain in the adult CNS, respond to the demyelinating injury by migrating to the lesion site where they differentiate into new myelinating oligodendrocytes to restore the lost myelin sheaths and thus function. Myelin regeneration can occur spontaneously in demyelinating diseases such as MS, and is essential for functional recovery. However, it often fails, leading to axonal degeneration and sustained clinical disability. We generate demyelinating lesions in order to address myelin damage and regeneration. Ethidium bromide, lysolecithin, and lipopolysaccharide each disrupt white matter in different ways. Ethidium bromide and lysolecithin both provide provides a discrete and rapid demyelination phase followed by efficient remyelination ideal for studying the effects of different interventions in modulating repair. Lipopolysaccharide lesions have a stronger immune mediated component and are a closer model to the immunological damage seen in MS, but can still be directed to specific regions.
An alternative to the use of the lesioning agents injected into the CNS would be experimental autoimmune encephalomyelitis (EAE), which, depending on mode of induction and duration of the experiment, leads to widespread lesions and significant progressive clinical disability (e.g., progressive paralysis) and death (in some strains up to 80% mortality). In comparison, our model does not lead to any progressive symptoms and clinical signs typically resolve within a few days. 
In order to modulate the remyelination response or label particular cell populations it will be necessary to perform surgical procedures in addition to lesioning, such as implantation of an optical or recording device, brain injections, and/or minipump implantation for infusion. By carrying out these procedures in a separate stereotactic surgery to the lesion surgery, we can look at later responses, or pre-label certain cells before the lesion, or give time for viral vectors to be expressed.  
Precise targeting of a specific subpopulation or small region of cells within the brain is only achievable with direct brain injection or infusion and is essential for investigation of individual neuronal circuits. Through injection of different substances into the brain we can obtain data about signalling pathways (such as by blocking specific signals) and their relevance for remyelination, we can express labels and identify specific circuits within the brain, we can test the effects of the immune mediated factors, we can also modulate activity and evaluate the effects on key processes within the brain, for example, remyelination, neuronal circuit development, or proliferation, migration and differentiation of glial cells. We can also use infusions into the brain or spinal cord via minipump determine the effect of chronic demyelination on neuronal function, similar to as seen in MS, by generation of a demyelinated lesion, followed by local delivery of EdU via an implanted minipump, or proliferation or differentiation blockers, which prevent remyelination.  This chronic demyelination model also enables us to address whether there exists a limited window of opportunity for myelin regeneration to take place and whether it can be affected by changes in neuronal activity.
Optical/recording devices allow us to stimulate the brain and alter neuronal activity with either light, or small electrical impulses, to determine how neuronal activity regulates myelin regeneration or to image axon-glia interactions during the remyelination process. Recording devices are used to obtain measures of electrical activity within the brain, and can be used to simultaneously stimulate and record the effect of altering activity (for example, measuring action potentials fired in response to a small local stimulus). In order to establish a baseline of activity prior to lesion onset, these devices need to be implanted in a separate surgery to the lesion surgery, each animal can then function as a control for its pre lesion state allowing a detailed interrogation of the changes that occur as a result of demyelination.
Through use of these interventions in different combinations and areas of the central nervous system we can identify key signalling pathways and mechanisms underlying remyelination, not just across the lesion area, but in areas of the circuit downstream of the damage, and we can disentangle the contributions of different cell types, or even cell states, to the remyelination process.  For example, our recent data suggests that immune cell activation and the timing and spatial location of this activation is very important for the remyelination process, this means that we need to use both an injection and infusion via a minipump in the early post lesion period. In this way we can achieve a rapid reduction of immune cells that cannot be achieved through minipump infusion alone as there is a delay between the minipump implantation and a high enough concentration of depletion agent to kill the immune cells.  As a further example, in order to record changes within the inferior olive in response to a CCP lesion (the neuronal cell bodies of the axons which extend through the CCP are found in the inferior olive) in the absence of immune cells specifically at the inferior olive we need to first inject viruses into the area to express GCaMP, followed by 2 weeks of expression time, then a second surgery to perform the lesion, implant the optical/recording device, and implant the cannula through which we can inject and/or infuse substances to deplete the immune cells. This is the only way that we can locally deplete immune cells without disruption of the inflammatory processes occurring at the lesion site. This should allow us to determine whether the changes within the neurons as a result of a demyelinating injury require immune cell signalling to the main neuronal cell body, which is of critical importance to the study of demyelinating diseases such as MS. This type of information cannot be obtained by using in situ electrophysiology or imaging methods. These experiments provide essential information that is critical to understand the regulation of myelin regeneration and to devise novel treatments to promote repair in people with MS and other white matter disorders.     
We have a number of ex-vivo experimental techniques which can utilise the brain tissue from lesioned animals (with or without other interventions) to determine the changes in neurons and glia which occur during and after the remyelination process. For example, we can patch-clamp neurons whose axons pass through the demyelinated lesion, as well as collecting neuronal cells bodies for proteomic and RNAseq analysis. Neuronal cell bodies of demyelinated axons can be labelled by injecting a retrograde dye (such as FastBlue) into the lesion at the point of lesion induction. These recordings, and expression analysis, can be compared to age matched animals where the neurons that pass through the same tract are also labelled with the same dye but in unaffected neurons. Similarly, we can patch clamp glia within the lesion, or in the areas surrounding the lesion, to obtain data about cell state and changes in the ion channels within glia in response to demyelination.
To investigate the functional behavioural consequences of our interventions we use both cognitive learning (e.g. TUNL) and motor learning behavioural tasks (e.g. Erasmus ladder, complex running wheel).  TUNL, and other similar cognitive tasks (e.g. spontaneous object recognition task and open field test), are especially valuable for our studies as it gives a measure of cognitive learning without being associated with motor learning. The complex running wheel is non-invasive method for testing motor cortical function and learning. The Erasmus ladder and classical eye-blink conditioning tasks not only assess motor learning, but are also non-invasive methods for testing cerebellar function.  These particular tasks are especially relevant for several of the brain regions that we are interested in and will provide valuable behavioural data.  Glial dysfunction can also lead to problems with memory, general locomotor activity, attention or impulsivity, which can be tested by the spontaneous object recognition task, open field test, and the 5 choice serial reaction time task respectively.  Grasping ability and eye-blink conditioning can also be affected by neuronal circuit dysfunction so grasping tests and eye-blink conditioning will give valuable insight into the effect of glia and myelin on the neuronal circuit function.
Recent evidence indicates that mechanisms of remyelination may differ between older adults compared to young adults. Thus, to identify the differences of identified mechanisms between ages, we will perform these aforementioned experiments in older animals. These findings may be extremely important for understanding age related decline in myelin maintenance and regeneration.
Decapitation is necessary to give high quality, live brain slices to be used for electrophysiological experiments ex-vivo and cannot always be performed under anaesthesia, as the anaesthetic agents can affect the ion channels and cell activity that we are investigating. Similarly, CO2 anaesthesia changes the pH of the brain dramatically with effects on all cell types thus making it unsuitable as an alternative. 
Perfusion fixation is the only method that will preserve tissue quality well enough to perform the histological analyses on which the study outputs depend (e.g. tissue for immunohistochemistry, in situ hybridisation and electron microscopy).  
Perfusion without fixatives is required to generate live tissue brain slices for electrophysiological recording of certain cells e.g. neurons. Removal of blood from the brain tissues prior to cell sorting or tissue isolation for cell culture, or omics; is best achieved by perfusion of physiological buffering solutions (or similar non fixative solutions).
___________________________________________________________________
b) the most refined for the purpose?
For the stereotactic surgeries we have referred to the NC3Rs guidance on Refining rodent stereotactic surgeries and other resources in the NC3Rs 3Rs resource library. 
The remyelination process is a complicated interplay between multiple cell types, growth factors, environmental changes and other pathways that is currently impossible to model by any other method except an in vivo demyelinating model.  The lesion locations that we are using have been carefully chosen to minimise the occurrence of long lasting adverse effects to minimise the suffering of the animals, and are typically small, so that the complete remyelination process (approximately 3-4 weeks) can be studied.  Lesions will be generated by injection of small volumes of one of the following chemicals; ethidium bromide, lysolecithin, or lipopolysaccharide; use of these lesioning agents is well established. Post-surgical animals will be supported with pain relief, accessible food and water, fluid injection if needed, kept warm during their recovery time, and minimally disturbed to reduce stress. Where possible post operative analgesia is provided in an edible form such as in jelly or chocolate spread, to minimise handling stress post surgery. Local anaesthetic cream (EMLA or similar) is used on the (non puncturing) ear bars of the stereotactic equipment and analgesia is given pre and post surgery.
Precise targeting of a specific subpopulation or small region of cells within the brain is only achievable with direct brain injection, or infusion. Genetically modifying specific cell types to label them or modulate their responses with the use of transgenic rodent models is not feasible for certain targets, or genetic modification may be required to allow area restricted and cell specific modulation or regulation.  Specific cell-type genetic modification would still lack the precision needed to address circuit development, or effects on individual circuits, and may also lead to more severe adverse effects – especially when it comes to modulation of activity, whereby increasing activity in a small local area could potentially have no adverse effects but increasing activity generally could lead to seizures or long-lasting movement problems.
Recently, new viruses have been developed (AAV-PHP.eB) that can cross the brain-blood barrier in rodents, thus allowing intravenous (IV) delivery of viruses as a potential alternative for gene modification and representing a significant refinement to brain stereotaxic injection (Chan et al., 2017). Where pilot studies show this is an effective route and a focal delivery is not needed, it will be used rather than brain injection.
For ageing experiments, animals will only be kept if they are showing no, or minor and controllable, ill effects from growing older. Teeth checks and general health monitoring ensures that animal suffering is kept to a minimum.  As we know that dietary restriction affects myelination processes we are not always able to age animals using this method as it could affect the outcome of our experiments.
Inducible cre models will be used to give temporal control over expression or knock out of genes, though tamoxifen and similar induction agents are associated with side effects (mostly weight loss) we aim to minimise these effects by using the minimum dose of tamoxifen required for recombination of our specific transgenes, and providing heat pads and high calorie diet in the event of weight loss.
To address the effect of glia and myelin on neuronal circuit function, behavioural testing will be used. The behavioural tasks used will be mild and generally just observing movement of the animals, though some will require learning and appetitive stimuli to ensure that the animals perform the tasks.  Animals will only be used for behavioural tests when fully recovered from any surgical procedures (i.e. grade 0 after cranial surgeries), both for the welfare of the animals and to ensure validity of the data.   Animals will be group housed wherever possible to reduce social isolation stress. Animals quickly become habituated to the handling required for testing and in many cases the testing itself acts as environmental enrichment.
For subcutaneous minipump experiments which need a long administration period followed by a long observation period, we will trial use of a powered minipump rather than an osmotic minipump.  For minipumps cannulated into the brain the flow rate will be kept low to minimise damage to the brain at the infusion site, though this does act to limit the size of the osmotic minipump that we can implant.  There are powered minipumps available which we will also trial. These pumps are larger and require a longer surgery for implanting than osmotic minipumps so the exact pump used will be selected according to the required infusion duration, flow rate, experiment duration and weight of the animals.
Intraperitoneal pumps will be used as a refinement over multiple intraperitoneal injections. If a minipump is implanted for a longer time period than recommended by the manufacturer then it can start to leak concentrated salt solutions which will act as an irritant.  The guaranteed lifespan where this will not occur is approximately 1.5x the delivery period for the pump. Pumps implanted as a refinement would not be implanted for longer than the guaranteed lifespan.  If animals have a minipump in situ approaching this timepoint then there will be increased monitoring for any signs of irritation; this might include localised swelling around the minipump, signs of dehydration (e.g. Increased water consumption, skin tenting) redness around the implantation site, increased scratching of the area around the minipump, or signs of pain or discomfort from the animal such as hunching or squinting (assessed using grimace scales).  At the first appearance of any of these clinical signs then the animal will be killed.  The majority of our experiments will not require leaving a minipump in situ beyond the manufacturers’ recommendations, and we will trial the use of a powered minipump if this is a requirement and still a refinement over multiple injections.
Decapitation will only be used in conscious animals when alternative methods are not viable, for example, in mice cervical dislocation immediately prior to decapitation can be used if the brain stem doesn’t need to be intact. A guillotine will be used for decapitation of non-neonate animals, to ensure an instantaneous separation of the head and a rapid loss of consciousness.
___________________________________________________________________
For each model and/or method, what is the scientific need for the expected clinical signs?
In order to modulate the remyelination response or label particular cell populations it will be necessary to perform surgical procedures in addition to lesioning, such as implantation of an optical or recording device, brain injections, and/or minipump implantation for infusion. These procedures are carried out in a separate stereotactic surgery to the lesion surgery, so that we can look at later responses or pre-label certain cells before the lesion, or give time for viral vectors to be expressed.  As we are injecting or implanting into the central nervous system some damage is likely to occur which leads to the clinical signs described. 
___________________________________________________________________
Why scientifically do the animals need to suffer to this degree?
We cannot study the process of remyelination without first generating a demyelinating lesion. In order to generate a localised area of damage we need to access the central nervous system surgically and this is associated with the clinical signs described. In order to modulate repair we need to administer substances to the area of damage - where systemic administration is possible then it will be used rather than localised. The locations and types of lesion that are to be generated have been chosen to minimise the effect of the lesion itself on the animal, the bulk of the clinical signs expected are due to the initial inflammation associated with the surgical procedures, which resolve within a few days (or within the humane limits) rather than a necessary induced harm.
Animals under this protocol need to undergo two separate stereotactic surgeries in order to investigate the remyelination process, as with the lesion most clinical signs as a result of the second surgery are due to inflammation and not the aim of the experiment. Where interventions can be performed in one surgery they will be carried out under protocol 9.
In order to obtain sufficient expression of inducible transgenes for many of our lines we require administration of high dosages of tamoxifen or its derivatives. Insufficient tamoxifen leads to a less effective knock out of genes of interest thus masking results due to compensation by unaltered cells, similarly insufficient expression can reduce the signal of labelled cells making them difficult or impossible to quantify, or can lead to expression only in a small subset of cells rather than the full population giving misleading data, and need for more animals to get statistically reliable results.  The weight loss seen as a result of the tamoxifen administration is regained, generally there is a peak of weight loss which is then reversed, and animals that do not reach the humane endpoints will recover to within 5% of their original weight within 2 weeks of the start of tamoxifen administration. 
We know that ageing affects remyelination and other processes within the brain and that ageing is a complex process that we cannot model without the animals themselves being aged. Our previous work has shown, for example, that oligodendrocyte precursor cells express different ion channels and display different functional states with age, the interplay of receptors within the brain is not possible to model without animals being aged. In the event of spontaneous death, this will be reported by SC18.
___________________________________________________________________
Why can't you achieve your scientific outputs with an earlier humane endpoint, or without animals showing any clinical signs?
It has been our experience that animals undergoing lesion surgeries can make dramatic improvements over time as swelling from the surgery decreases and within that 8 hour time window the majority of animals will recover to less severe grades.  Animals capable of righting themselves and moving well around the cage will be kept for a maximum of 48 hours if they are generally on their side and associated with occasional spontaneous rolling or reactive rolling. In all cases animals that show reactive rolling will be handled as little as possible and stress minimised wherever possible. Animals undergoing lesion surgeries will be assessed regularly using our established grading system by trained assessors (see protocols for further details).  The grading system will also be used to ensure that, where a second surgery is planned, that surgery does not take place until the animal has been assessed using the grading system as being grade 0.  The majority of animals (60-75%) will recover with no head tilt and no clinical signs post anaesthesia recovery, with an additional 20% of animals showing a mild head tilt that has no effect on free movement, drinking, eating or other behaviour. All animals that are killed due to reaching a humane end point will undergo either a necropsy to confirm the lesion location or a full pathological necropsy in order to establish any potential cause.
The humane end points proposed are a balance between the suffering of one animal and the potential need for a replacement animal to undergo procedure. Clinical signs that are seen post lesion do not progressively worsen as in many models of neurological damage and animals are expected to improve within the timescales, though some balance and movement difficulties can occur, animals are still able to move around in the cage and access food and water.
An earlier humane endpoint for gene induction agent administration could be set but would increase the numbers of animals that need to undergo the protocol in order to replace those killed due to what is generally reversible weight loss.  We are actively seeking alternate gene induction agents to minimise clinical signs and reduce the number of animals reaching the humane endpoints.
Due to the nature of the processes that we are investigating, some clinical signs associated with myelin deficits are to be expected, we have already set our humane endpoints to be prior to the onset of more severe clinical signs.
For aged animals, it is not possible to set an earlier humane endpoint due to the nature of ageing. We need advanced age to be able to investigate the underlying processes of myelination and repair.  None of the transgenic lines used are expected to show signs of ageing any worse than wild type animals.
___________________________________________________________________
Will you be administering substances for experimental purposes?
Yes
___________________________________________________________________
How will you assess the suitability of these substances, and minimise the unnecessary harms arising from their administration given the particular strain or type of animal you will be using?
When assessing suitability, state how you will consider toxicity, efficacy, and sterility.
Before administering any substances to animals we will thoroughly check available literature for prior use in vivo.  Generally, substances used will not be expected to cause adverse effects and, in the cases of pro-regenerative agents would be expected to lead to improvements rather than any detrimental effects. Where substances have not been used previously, we will carry out ex vivo testing on brain slices or cultures to ascertain appropriate doses to generate the required effects before performing a small pilot study in vivo. 
The method of administration for these substances will depend on what route gives the optimal dose – dosages will be based on the available literature and in vitro or pilot studies.  We will always seek to choose the least invasive method and administration schedule to give the required dosage and onset of effect.  All substances administered to animals will be prepared in a sterile manner to minimise infection or contamination risks.
Pertussis toxin injections into the brain have been carried out repeatedly in the literature and no adverse effects have been reported at the low doses (≤0.5 µg) that we plan to use. Adverse effects associated with pertussis toxin injections are predominantly due to its effect on the lungs, which is avoided by the use of brain injection/infusion. None of the toxins for injection into the brain are expected to have any particular adverse effects, unless they are used as a lesion induction agent, adverse effects relating to the procedure are detailed in the protocol.
For isolated immune mediated factors, in most cases we will be using highly purified factors which should be minimally immunogenic and thus can be used in non-immunocompromised or immunocompromised animals.
How will you determine an appropriate dosing regimen?
Include routes, dosage volumes, frequencies, and durations.
Routes, dosage volumes, frequencies and durations will be obtained from published literature where available. Pilot studies will be used to confirm that the chosen parameters are well tolerated by our specific models and genetic backgrounds.  Unless otherwise specified, dosing and sampling procedures will be undertaken using a combination of volumes, routes and frequencies that of themselves will result in no more than transient discomfort and no lasting harm. Maximum volumes and dosing frequencies will not exceed those described in the table below, and will be minimised to that which is sufficient to give the required experimental dose in pursuit of the scientific objective.
A subcutaneous minipump may be implanted if multiple sub-cutaneous injections are a requirement for the experiment to minimise stress and suffering to the animal.  A sub-cutaneous minipump will also be used as an alternative to an intraperitoneal minipump where literature searches or substance properties show that it will have a comparable experimental outcome.  Not all substances demonstrate the same efficacy when applied subcutaneously, so some intraperitoneal minipumps will be required. Where intraperitoneal injections are necessary and are likely to be more distressing than the implantation of a minipump then an intraperitoneal minipump may be used instead. This allows a continuous infusion of a substance systemically, which may be a more appropriate route for some substances as well as minimising the repetitive handling and restraint stress of multiple intraperitoneal injections for many weeks.  All minipumps will be used according to the manufacturers’ recommendations for appropriate sizing with respect to the weight of the animal.     
If repeated i/v injections under recovery anaesthesia (AB) are required, they will be separated by at least 4 days.
	Mouse
	Daily max. vol. ml/kg
	Max. No./day < 10 days
	Max. No./day >10 days
	Max No.

	Subcutaneous injection
	20
	2
	2
	24

	Intraperitoneal injection
	20
	2
	1
	15

	Oral gavage
	20
	2
	1
	15

	Intravenous
	10mL/kg (5ml/kg bolus)
	1
	n/a
	3

	Rat
	Daily max. vol. ml/kg
	Max. No./day < 10 days
	Max. No./day >10 days
	Max No.

	Subcutaneous injection
	10
	2
	2
	24

	Intraperitoneal injection
	10
	2
	1
	15

	Oral gavage
	20
	1
	1
	15

	Intravenous
	10mL/kg (5ml/kg bolus)
	1
	n/a
	3


Protocol 11
Title
Brain injection
___________________________________________________________________
Protocol 11: Protocol details
Briefly describe the purposes of this protocol
Ensure that you state any relevant regulatory guidelines.
Injection into the brain of substances to regulate and/or label specific cells, enabling precise targeting of a specific subpopulation or small region of cells within the brain.
___________________________________________________________________
Given the controls and limitations in place, what is the highest severity that an animal could experience in this protocol?
Moderate
___________________________________________________________________
What proportion of animals will experience this severity?
Approximately 80% of animals will experience moderate severity.
___________________________________________________________________
Why are you proposing this severity category?
80% of animals will undergo surgery as adults and will experience short-lived post-operative pain and discomfort.
Approximately 20% of injection surgeries will be performed in neonates (P0-3) under inhalant anaesthesia, this is very well tolerated and not usually associated with any clinical signs post surgery, as there is no requirement to cut the skin or drill through the skull, only a needle is used for the injection. 
Other interventions are not expected to lead to significant cumulative harm.
___________________________________________________________________
Locations where this protocol can be carried out
Select all that apply.
· University of Cambridge
___________________________________________________________________
Which of your objectives will this protocol address?
Select all that apply.
· Establish a mechanism of myelin loss and damage throughout life 
· Identify a mechanism of how glia effect neuronal circuit development and function in health and disease
· Determine a mechanism of how myelin plasticity and dysfunction can affect learning and memory.
· Identify whether white matter lesions impact on neural and circuit function.
· Identify a regulatory mechanism of myelination throughout life.
___________________________________________________________________
Protocol 11: Animals used in this protocol
Mice
Which life stages will be used during this protocol?
Select all that apply
· Adult
· Aged animal
· Neonate
· Juvenile
___________________________________________________________________
Will any animals coming on to this protocol be classed as ‘continued use’?
‘Continued use’ describes animals that are specifically genetically altered and bred for scientific use or animals that have had procedures applied to them in order to be prepared for use in this protocol.
Yes
___________________________________________________________________
How did these animals start their use?
Describe the procedures that have been applied to animals that will continue their use on to this protocol.
Genetically altered animals for use in this protocol may be obtained from: 
•	This licence: Protocol 5 ‘Breeding and maintenance of genetically altered animals’ (mild)
or
•	This licence: Protocol 8 ‘Cell transplantation into neonates’ (mild)
or 
•	other project licences with authority to breed and maintain genetically altered animals of a type authorised in this project, and to provide them for use on other projects.
Will you be re-using animals on to this protocol?
‘Re-use’ describes using animals again for a new experiment when you could equally use a naïve animal to get the same results.
No
___________________________________________________________________
What is the maximum number of animals that will be used on this protocol?
Please only enter numbers, e.g. 40
500
___________________________________________________________________
What is the maximum number of uses of this protocol per animal?
For example, if some animals will go through this protocol three more times after their first use, the number of uses will be four.   If no animals will go through this protocol more than once, enter '1'.  Please only enter numbers, e.g. 40
1
___________________________________________________________________
Rats
Which life stages will be used during this protocol?
Select all that apply
· Adult
· Aged animal
___________________________________________________________________
Will any animals coming on to this protocol be classed as ‘continued use’?
‘Continued use’ describes animals that are specifically genetically altered and bred for scientific use or animals that have had procedures applied to them in order to be prepared for use in this protocol.
Yes
___________________________________________________________________
How did these animals start their use?
Describe the procedures that have been applied to animals that will continue their use on to this protocol.
Genetically altered animals for use in this protocol may be obtained from: 
•	This licence: Protocol 5 ‘Breeding and maintenance of genetically altered animals’ (mild)
or 
•	other project licences with authority to breed and maintain genetically altered animals of a type authorised in this project, and to provide them for use on other projects.
Will you be re-using animals on to this protocol?
‘Re-use’ describes using animals again for a new experiment when you could equally use a naïve animal to get the same results.
No
___________________________________________________________________
What is the maximum number of animals that will be used on this protocol?
Please only enter numbers, e.g. 40
100
___________________________________________________________________
What is the maximum number of uses of this protocol per animal?
For example, if some animals will go through this protocol three more times after their first use, the number of uses will be four.   If no animals will go through this protocol more than once, enter '1'.  Please only enter numbers, e.g. 40
1
___________________________________________________________________
Protocol 11: Genetically altered animals (GAA)
Will this protocol use any genetically altered animals?
Yes
___________________________________________________________________
Which general types or strains will you be using and why?
This project will use animals expressing altered myelin associated genes or genes that control glial proliferation, differentiation, or myelination. Genes will be modified that are involved in signalling pathways to glia and neurons - including ion channels, as our previous work has shown that these channels are expressed by oligodendrocyte precursor cells and may be important for proliferation and/or differentiation. Genetically encoded labels, and generic reporter mice will be used to identify different cells (e.g. for cell sorting or electrophysiology) and recombinant genes such as ChR2, hM4Di, hM3Dq, iGluSnFr, GRASP, GCaMP or other activity modulators, or sensors, will also be used. 
Modifications will include overexpression, partial or full knockout of the gene. Predominantly the cre-lox system will be used, generally using cell/tissue specific cre lines or promoters specific to the genes of interest. Inducible cre models will be used to give temporal control over expression or knock out of genes, enabling us to study development, repair, or other processes such as learning and behaviour. Additionally, immunodeficient mouse models will be used, alone or in combination with the other alterations mentioned above in order for cell transplantations to be performed or to investigate the role of immune cells in brain development and repair.
Mice with myelin deficits such as myrf (myelin regulatory factor) knock out mice will be used to investigate the role of myelin in the brain circuit, prevent myelin formation at critical points in development, or investigate rescue of myelin phenotypes through other interventions.
These modifications are necessary to address our objectives. Our work aims to identify factors which affect myelination or remyelination and the mechanisms behind their action. These factors can affect myelination or remyelination by perturbation of the survival, migration, myelin formation and compaction, differentiation or proliferation of oligodendrocyte precursor cells (OPCs). Other factors that might affect myelination are interactions between OPCs and other cells within the brain, such as neurons, astrocytes or microglia. 
Do you expect any of these GAAs to show a harmful phenotype with welfare consequences?
No
Protocol 11: Steps
Step 1: Ageing (optional)
Describe the procedures that will be carried out during this step.
Explain where one or more steps are repeated in one experiment, list any alternative techniques within a step (e.g. dosing routes), and include all procedures performed under terminal anaesthesia.  When describing the technical aspects of a step, be broad enough to be flexible when the variation does not impact on animal welfare (e.g. use "antibiotic" instead of "penicillin"). Finally, avoid specifying volumes and frequencies when they do not impact on animal welfare.
Maintenance of existing genetically altered or wildtype animals by conventional methods up to a maximum of 24 months of age.
Not all animals will reach 2 years of age as we will have multiple different timepoints within the ageing period which may vary between experiments. 
___________________________________________________________________
Is this step optional?
Yes
___________________________________________________________________
Do you expect this step to have adverse effects for the animals that are more than mild and transient?
Do not list uncommon or unlikely adverse effects, or effects from procedures that will cause no more than transient discomfort and no lasting harm. For example, an intravenous injection of a small volume of an innocuous substance.
Yes
___________________________________________________________________
What are the likely adverse effects of this step?
State the expected adverse effect, including the likely incidence, and the anticipated degree and duration of suffering.
Ageing animals naturally have decreased body condition and an increased risk of spontaneous death as they reach the end of their normal lifespan. Animals reaching the end of their natural life may show decreased movement, or respiratory distress.
About 20% aged rats and mice are expected to develop some superficial (mainly mammary) tumours during the course of ageing experiments. These are not typically malignant or painful but can grow rapidly and become an impediment to movement if left unchecked. 
Malocclusion can also occur in ageing animals with an incidence of approximately 5-10%. This can lead to weight loss and discomfort if not controlled.
How will you monitor for, control, and limit any of these adverse effects?
If adverse effects can't be prevented, how will you attempt to ameliorate their initial signs?
Wherever possible animals will be kept for the minimum amount of time required to conduct experiments and experimental time points will take the average time to reach the humane end point into account.
As age related tumours occur spontaneously, control is not possible, however their effect on wellbeing of the animal can be limited through regular inspection and application of humane end points.  Routine inspections of the animals is performed by biofacility technicians and any tumours will be identified before they become large enough to impact on wellbeing. 
After 15 months of age for mice, and 18 months of age for rats, animals will be assigned a body condition score and reassessed weekly.  Body condition scores are based on the BCS scoresheet in figure 2. of Burkholder et al Health Evaluation of Experimental Laboratory Mice. Curr Protoc Mouse Biol. 2012 Jun;2:145-165. doi: 10.1002/9780470942390.mo110217 with additional criteria from internally generated score sheets.
What are the humane endpoints for this step?
This would be the point at which you would kill the animal to prevent further suffering.
In cases of malocclusion the animal will be killed unless, in agreement with the NVS, teeth clipping, and monitoring are used to keep the animal feeding well and the end point of the experiment is within 4 weeks.
Ageing animals can rapidly become unwell and any of the following are signs of a mouse or rat reaching the end of its lifespan. An animal will be killed immediately if it meets any of the following criteria;
●	Any sudden significant drop in body condition score (BCS) (taking into account general appearance, porphyrin production, coat grooming, curvature of the spine).  Animals with a body condition score that falls to 2 will be killed.
●	Impaired mobility which interferes with normal eating and drinking.
●	Respiratory distress: laboured breathing, increased or decreased respiratory rate, cyanosis
Animals showing tumours will be killed unless in agreement with the NVS for animals of particular interest they are kept until the conclusion of the experiment. Animals kept in these instances will be killed if the tumour reaches 1.2 cm diameter in mice or 2.5cm in rats (where more than one tumour grows, total burden will not exceed that of single tumour), or tumour becomes ulcerated or the tumour interferes in any way with the animal's ability to fulfil its normal behavioural and physiological functions (e.g. eating, drinking, defaecation) or in any way impedes its mobility.
Step 2: CNS injections (mandatory)
Describe the procedures that will be carried out during this step.
Explain where one or more steps are repeated in one experiment, list any alternative techniques within a step (e.g. dosing routes), and include all procedures performed under terminal anaesthesia.  When describing the technical aspects of a step, be broad enough to be flexible when the variation does not impact on animal welfare (e.g. use "antibiotic" instead of "penicillin"). Finally, avoid specifying volumes and frequencies when they do not impact on animal welfare.
(At any stage, on up to two separate occasions) Stereotactic injection into the CNS of substances, with or without implantation a cannula, (e.g. labelling substances e.g. BrdU, EdU; antibodies, agonists or antagonists, cell response modulators e.g. tetracycline, clozapine; transgene inducing agents, CSF, toxins e.g. PTX, TTX, or glial toxins; non pathogenic viruses, cytokines, or controls), with a maximum volume per injection of 5 µL for a mouse or 10 µL for a rat, (maximum volume of 1 µL for neonates, 2 injections), with typically 2, but rarely up to 4 injections. Injections may take place through a previously implanted cannula. (AB)
___________________________________________________________________
Is this step optional?
No
___________________________________________________________________
Do you expect this step to have adverse effects for the animals that are more than mild and transient?
Do not list uncommon or unlikely adverse effects, or effects from procedures that will cause no more than transient discomfort and no lasting harm. For example, an intravenous injection of a small volume of an innocuous substance.
Yes
___________________________________________________________________
What are the likely adverse effects of this step?
State the expected adverse effect, including the likely incidence, and the anticipated degree and duration of suffering.
Damage to the brain from the needle during injection carries a small risk of bleeding and unintended injury to brain structures, the effects of which would depend on the region affected but can include a minor head tilt and/or mild imbalance. Substances which interfere with conduction near the inferior olive can also lead to an extended limb phenotype where an animal splays out its limbs.
●	Grade 0: about 80% animals will recover soon after surgery without head tilt.
●	Grade 1: (<15% of animals) Slight head tilt when walking for the first few days after the procedure. This does not prevent walking, drinking, eating or free ambulation around the cage.
●	Grade 2: (<5% of animals) Clearly apparent head tilt with the lower body generally remaining upright and with a tendency to veer towards the opposite side of the injection when moving. Less than 2 % of these animals may develop rolling when handled or disturbed (reactive). The animals are still able to move around in the cage.
●	Grade 3: (<1% of animals) Clearly apparent head tilt with the animal generally on its side, not associated with any spontaneous or reactive rolling.  These animals can still move around the cage. 
For neonates;
Intracerebral injections are generally well tolerated in neonates. The greatest risk is rejection/cannibalism of the pups upon their return to the dam. Signs of rejection include pups not being nursed or groomed after return to the dam, or pups being left scattered outside of the nest.      
Animals that do not respond well to the anaesthesia can show decreased movement in the hour after the injection. Pups may fail to thrive, this could be related to the procedure or more generally, signs of this would be a runty appearance, or weight loss rather than weight gain.
How will you monitor for, control, and limit any of these adverse effects?
If adverse effects can't be prevented, how will you attempt to ameliorate their initial signs?
Regular monitoring within the first few hours post surgery should allow quick identification of the extended limb phenotype, as in our experience, the extended limb phenotype typically presents within the first 3-4 hours.
Post-surgery all animals will receive analgesia, this will be continued as necessary but will be provided for three days at a minimum. for non neonates (neonates will receive as necessary, typically no analgesia is required).  Animals will be kept warm until they are successfully roused from anaesthesia and handling minimised to reduce distress.  If needed, warm saline injections will be given to ensure that the animals do not become dehydrated.  All animals will be monitored post surgery for recovery from anaesthesia, ensuring that they are mobile within the cage and able to access food and water.  Additional support and monitoring is determined by the grading of the animal, see below.  All animals will be checked in the AM and PM daily for a minimum of 5 days.
●	Grade 0-1: normal post operative monitoring and analgesia.
●	Grade 2: Ensure access to food and fluid; a long nozzled water bottle or hydration gel and a soft form of food will be provided in an accessible location, until animals recover to Grade 1 or 0.
For neonates;
The risk of rejection by the mother can be minimised by careful monitoring. If pups are not being nursed or groomed within an hour of their return, then a suitable foster mother needs to be located. Risk from the mother can be reduced further by ensuring that pups are warm, wiped with nest substrate or urine from the mother, minimising the time that the pups are separated, and that all pups are returned to the nest together.  
Pups will be weighed post surgery and checked for milk spots to ensure that they are feeding well.
What are the humane endpoints for this step?
This would be the point at which you would kill the animal to prevent further suffering.
All timings are given as hours post surgery.
●	Grade 2: If the reactive rolling persists for 72 hours after operation the animals will be killed. If the animals have not recovered to grade 1 or 0 within 96 hours then they will be killed
●	Grade 3: Animals will be killed.
Additionally, if the ‘extended limb phenotype’ where the animal splays out their limbs, is observed, the animal should be killed immediately. Severity moderate if identification of the adverse effect and killing is carried out in a timely manner.
For neonates;
Pups that show decreased ability to move and respond within an hour of their return to the dam should be killed.
Pups not being nursed or groomed by the mother within an hour of their return and which are not fostered successfully to another mother will be killed.
Any animal showing weight loss rather than gain within the first 2 weeks post surgery will be killed.
Step 3: Transgene induction (optional)
Repeated from protocol 9
Describe the procedures that will be carried out during this step.
Explain where one or more steps are repeated in one experiment, list any alternative techniques within a step (e.g. dosing routes), and include all procedures performed under terminal anaesthesia.  When describing the technical aspects of a step, be broad enough to be flexible when the variation does not impact on animal welfare (e.g. use "antibiotic" instead of "penicillin"). Finally, avoid specifying volumes and frequencies when they do not impact on animal welfare.
(At any stage) Transgene inducing or deleting agents (e.g. Tamoxifen, 4-hydroxytamoxifen, tetracycline) or control substances will be administered alone or in combination, continuously or intermittently by one of the following routes:
a. Oral (including in food or drinking water)
b. By gavage
c. Subcutaneous
d. Intraperitoneal
___________________________________________________________________
Is this step optional?
Yes
___________________________________________________________________
Do you expect this step to have adverse effects for the animals that are more than mild and transient?
Do not list uncommon or unlikely adverse effects, or effects from procedures that will cause no more than transient discomfort and no lasting harm. For example, an intravenous injection of a small volume of an innocuous substance.
Yes
___________________________________________________________________
What are the likely adverse effects of this step?
State the expected adverse effect, including the likely incidence, and the anticipated degree and duration of suffering.
Tamoxifen and tamoxifen derivatives show dose and age dependent adverse effects.
Administration of Tamoxifen (or its derivatives) for transgene induction may cause adverse effects in mice.  Most mice will show a transient lack of weight gain or weight loss of <15%.  Weight loss of up to 20% may occur gradually (over the course of 6-10 days). These effects typically arise 5-10 days after the last administration. Up to 10% of animals may develop piloerection, hunched posture, and subdued behaviour.
At high dosages (250mg-300mg/kg), more animals (<20%) may show piloerection, hunched posture, and subdued behaviour, the extent of which depends on the modification present. The adverse effects are attributed to the combination of tamoxifen toxicity and the resultant genetic modification. 
Animals which don't reach humane endpoints usually fully recover from tamoxifen administration within 2 weeks and regain weight to within 5% of baseline.
After gavage, 1% of animals may show signs of gastric reflux, this presents as subdued behaviour for a few minutes post gavage. If reflux is followed by aspiration this can cause gasping.
In less than 0.1% of cases, water consumption may be affected when substances are added to the drinking water. This can lead to dehydration related weight loss, skin tenting, or lethargy.
How will you monitor for, control, and limit any of these adverse effects?
If adverse effects can't be prevented, how will you attempt to ameliorate their initial signs?
Prior to administration of transgene induction agents, mice will be assigned a body condition score and have a baseline weight recorded.  Animals will be assessed daily for signs of piloerection, hunching or subdued behaviour. Only animals with a body score of 3 or above will receive transgene induction agents.
Soft food and/or calorie rich supplementation will be provided to the animals. Heat pads will be attached to the cage if the body score begins to drop, and weight will be monitored more frequently (daily rather than twice a week). Calorie rich diets may include up to 10 days of high fat western diet provided as a supplement to the normal diet. Animals may be habituated to higher calorie food prior to transgene induction.
Animals will be observed post gavage to identify any signs of reflux or gasping.
Water consumption for rats is approximately 10ml/100g and for mice 15ml/100g. If water consumption falls below normal, and is not corrected by use of sweeteners, and/or the animal starts showing signs of decreased consumption (e.g. weight loss, skin tenting) then administration of drug in water will be stopped and animals immediately offered untreated water. If drinking resumes, then the substances may be administered via an alternative method.
What are the humane endpoints for this step?
This would be the point at which you would kill the animal to prevent further suffering.
If clinical signs (hunching, piloerection) are sustained for 24 hours without improvement, the animals will be killed.
If the body score of animals declines rapidly (i.e. Half a point on the 5 point scale within 24 hours) animals will be killed.  Body condition scores are given on a 5 point scale, where 1 is emaciated, 3 is well conditioned, and 5 is obese.  Gradual weight loss over 5-7 days in the absence of additional clinical signs, which doesn't cause the body condition score to drop below the 'normal' well conditioned mouse has a humane end point of 20% weight loss from baseline.
Animals with a body condition score that falls to 2 will be killed.
Any animal showing gasping not resolved within 2 minutes will be killed. Any animal that appears subdued post gavage and does not return to normal behaviour will be killed.
If animals do not return to normal drinking after being presented with untreated water, then they will be killed.
Step 4: Tissues for genotyping (optional)
Repeated from protocol 5
Describe the procedures that will be carried out during this step.
Explain where one or more steps are repeated in one experiment, list any alternative techniques within a step (e.g. dosing routes), and include all procedures performed under terminal anaesthesia.  When describing the technical aspects of a step, be broad enough to be flexible when the variation does not impact on animal welfare (e.g. use "antibiotic" instead of "penicillin"). Finally, avoid specifying volumes and frequencies when they do not impact on animal welfare.
Tissue biopsy to determine genetic status by one of the following methods: 
a.	ear biopsy (AA/AB)
b.	hair sampling (AA/AB)
c.	mouth swabbing (AA/AB)
Rarely, due to technical problems during analysis, a second sample may be taken. 
___________________________________________________________________
Is this step optional?
Yes
___________________________________________________________________
Do you expect this step to have adverse effects for the animals that are more than mild and transient?
Do not list uncommon or unlikely adverse effects, or effects from procedures that will cause no more than transient discomfort and no lasting harm. For example, an intravenous injection of a small volume of an innocuous substance.
No
___________________________________________________________________
Step 5: Substance administration (optional)
Describe the procedures that will be carried out during this step.
Explain where one or more steps are repeated in one experiment, list any alternative techniques within a step (e.g. dosing routes), and include all procedures performed under terminal anaesthesia.  When describing the technical aspects of a step, be broad enough to be flexible when the variation does not impact on animal welfare (e.g. use "antibiotic" instead of "penicillin"). Finally, avoid specifying volumes and frequencies when they do not impact on animal welfare.
(Optional, At any stage, and on multiple occasions subject to the limits in the protocol justification) administration of substances (labelling agents e.g. BrdU, EdU; agonists or antagonists, cell response modulators e.g. tetracycline, clozapine; glial toxins, non pathogenic viruses, cytokines, antibodies, or controls) by, on each occasion, one of the following routes. Additional substances may be administered concurrently by multiple routes (a-d) if the substances are innocuous and are not expected to increase the burden to the animal. (AA)
a.	Subcutaneously
b.	Intraperitoneally
c.	Oral (including in supplemental food or drinking water, standard diet will not be fully replaced)	
d.     Gavage
___________________________________________________________________
Is this step optional?
Yes
___________________________________________________________________
Do you expect this step to have adverse effects for the animals that are more than mild and transient?
Do not list uncommon or unlikely adverse effects, or effects from procedures that will cause no more than transient discomfort and no lasting harm. For example, an intravenous injection of a small volume of an innocuous substance.
Yes
___________________________________________________________________
What are the likely adverse effects of this step?
State the expected adverse effect, including the likely incidence, and the anticipated degree and duration of suffering.
After gavage, 1% of animals may show signs of gastric reflux, this presents as subdued behaviour for a few minutes post gavage. If reflux is followed by aspiration this can cause gasping.
In less than 0.1% of cases, water consumption may be affected when substances are added to the drinking water. This can lead to dehydration related weight loss, skin tenting, or lethargy.
How will you monitor for, control, and limit any of these adverse effects?
If adverse effects can't be prevented, how will you attempt to ameliorate their initial signs?
Animals will be observed post gavage to identify any signs of reflux or gasping.
Water consumption for rats is approximately 10ml/100g and for mice 15ml/100g. If water consumption falls below normal, and is not corrected by use of sweeteners, and/or the animal starts showing signs of decreased consumption (e.g. weight loss, skin tenting) then administration of drug in water will be stopped and animals immediately offered untreated water. If drinking resumes, then the substances may be administered via an alternative method.
What are the humane endpoints for this step?
This would be the point at which you would kill the animal to prevent further suffering.
Any animal showing gasping not resolved within 2 minutes will be killed. Any animal that appears subdued post gavage and does not return to normal behaviour will be killed.
If animals do not return to normal drinking after being presented with untreated water, then they will be killed.
Step 6: Behavioural testing (optional)
Repeated from protocol 9
Describe the procedures that will be carried out during this step.
Explain where one or more steps are repeated in one experiment, list any alternative techniques within a step (e.g. dosing routes), and include all procedures performed under terminal anaesthesia.  When describing the technical aspects of a step, be broad enough to be flexible when the variation does not impact on animal welfare (e.g. use "antibiotic" instead of "penicillin"). Finally, avoid specifying volumes and frequencies when they do not impact on animal welfare.
a. At any stage and on multiple occasions, animals will undergo typically one, but up to three, behavioural procedures from the table below (AA).
b. On multiple occasions, after complete recovery from any surgical interventions, if required for the behavioural test (indicated in the table below) Animals will undergo food restriction (fed daily with reduced amount) such that the animals do not drop below 85% of their free-feeding body weight (AA)
	Behavioural test
	Max session length
	Normal test frequency
	Additional procedures

	Operant conditioning (including Trial-Unique Non-matching to Location (TUNL) and the 5-choice serial reaction time task
	1 hour
	Typically once per day, up to twice. For up to 8 weeks
	Food restriction required for up to 8.5 weeks

	Rotarod
	Incremental fixed speed rotarod – up to 1 minute at three different speeds. 
Accelerating rotarod – up to 5 minutes per session
	Daily during training period, up to weekly after as required by experiments
	

	Erasmus Ladder
	42 runs across the ladder (up to 1 hour depending on length of rest periods between runs)
	Once per day, up to 10 days
	

	Open field test
	30 minutes
	Weekly, up to daily
	

	Balance beam coordination test
	30 minutes (up to 3 trials)
	Daily
	

	Grasping ability (modified wire hanging test, hind paws on ground)
	30 minutes
	Daily
	

	Visual acuity tasks
	30 minutes
	Daily
	

	Complex running wheel
	Unlimited, wheel is in the cage and usage is voluntary
	Up to 3 weeks
	Animals must be singly housed for up to 3 weeks

	Classical eye blink conditioning task
	
	
	


___________________________________________________________________
Is this step optional?
Yes
___________________________________________________________________
Do you expect this step to have adverse effects for the animals that are more than mild and transient?
Do not list uncommon or unlikely adverse effects, or effects from procedures that will cause no more than transient discomfort and no lasting harm. For example, an intravenous injection of a small volume of an innocuous substance.
Yes
___________________________________________________________________
What are the likely adverse effects of this step?
State the expected adverse effect, including the likely incidence, and the anticipated degree and duration of suffering.
Weight loss (typically ~10% from baseline weight) for food restricted animals.
How will you monitor for, control, and limit any of these adverse effects?
If adverse effects can't be prevented, how will you attempt to ameliorate their initial signs?
Animals are weighed daily until their weight stabilises, then are weighed at least 5x a week. As animals are not singly housed during the food restriction, if one animal drops more weight than its cagemates it will be briefly separated to allow access to additional food (<30mins).
What are the humane endpoints for this step?
This would be the point at which you would kill the animal to prevent further suffering.
For food restricted animals, any animal showing weight loss over 15% or that approaches 20% and that is not improved within 1 hour by additional food being provided will be killed.
Step 7: Terminal procedures (mandatory)
Repeated from protocol 7
Describe the procedures that will be carried out during this step.
Explain where one or more steps are repeated in one experiment, list any alternative techniques within a step (e.g. dosing routes), and include all procedures performed under terminal anaesthesia.  When describing the technical aspects of a step, be broad enough to be flexible when the variation does not impact on animal welfare (e.g. use "antibiotic" instead of "penicillin"). Finally, avoid specifying volumes and frequencies when they do not impact on animal welfare.
Animals will be killed by:
a. Schedule 1 method; or
b. Perfusion fixation (AC); or
c. Perfusion without fixative (AC) followed by confirmation of death by a method in Schedule 1; or
d. Decapitation (AA/AC)
___________________________________________________________________
Is this step optional?
No
___________________________________________________________________
Do you expect this step to have adverse effects for the animals that are more than mild and transient?
Do not list uncommon or unlikely adverse effects, or effects from procedures that will cause no more than transient discomfort and no lasting harm. For example, an intravenous injection of a small volume of an innocuous substance.
No
___________________________________________________________________
Protocol 11: Fate of animals
What will happen to animals at the end of this protocol?
Select all that apply. These options are based on what you selected in the non-technical summary.
· Killed
Will you be using non-schedule 1 killing methods on a conscious animal?
Yes
For each non-schedule 1 method, explain why this is necessary.
Decapitation is necessary to give high quality, live brain slices to be used for electrophysiological experiments ex-vivo and cannot always be performed under anaesthesia, as the anaesthetic agents can affect the ion channels and cell activity that we are investigating. Similarly, CO2 anaesthesia changes the pH of the brain dramatically with effects on all cell types thus making it unsuitable as an alternative. 
Decapitation will only be used in conscious animals when alternative methods are not viable, for example, in mice cervical dislocation immediately prior to decapitation can be used if the brain stem doesn’t need to be intact. A guillotine will be used for decapitation of non-neonate animals, to ensure an instantaneous separation of the head and a rapid loss of consciousness.
___________________________________________________________________
Protocol 11: Animal experience
Summarise the typical experience or end-to-end scenario for an animal being used in this protocol.
Consider the cumulative effect of any combinations of procedures that you may carry out.
Where mice are moved to this protocol from protocol 8 and have already undergone a cell transplantation procedure, brain injections will only be performed in the adult mouse. Mice from protocol 8 will have received brain injections as neonates to transplant neural lineage cells. These cells will spread through the brain and potentially integrate into the murine neural tissue. No adverse effects are expected, or have been observed from, the presence of these cells, and their presence should not lead to additional harm from procedures carried out under this protocol. Limiting brain injections to the adult mouse avoids any potential complication from multiple brain injections within a short space of time. When used in this way, there is no additional cumulative harm anticipated and mice will only have suffered mildly under the previous protocol.
For neonates used under this protocol;  Animals will be born within the facility. Neonates will be separated from the mother, and anaesthetised using inhalant anaesthesia. The head will be cleaned and the pup placed into a support frame to minimise movement during the injections. Substances will be injected through the skin and skull into the brain, with up to 2 injections. After surgery the animals will be identified using pen marks or similar non invasive marking. The neonates will be grouped post surgery to recover from the anaesthesia, wiped with nest bedding to reduce the chance of rejection, and returned to the mother as a small group (approx. half the litter). Neonates will then be observed to confirm suckling and normal interaction with the mother is resumed.  Neonates are weighed daily for 5-7 days to confirm continued weight gain and markings for identification are refreshed if needed. Marking continues until they are old enough for ear biopsy for ID at P10-14. From that point the experience is the same as for the adults.
For non neonates used under this protocol; Animals will be born within the facility or bought in from licensed establishments and acclimated for a week. If needed, animals will be aged to the correct timepoint prior to injection. Animals will be anaesthetised using inhalant anaesthesia and the head fixed to prevent movement during the surgery. The skull will be exposed, coordinates for injection calculated and hole(s) drilled into the skull in the correct locations. A small volume of labelling substances, antibodies, agonists or antagonists, cell response modulators, transgene inducing agents, CSF, toxins, or viruses for genetic manipulation - either alone or in combination, will be injected with typically 2, but up to 4 injections into the brain. Animals will receive analgesia pre and post operatively, as well as fluid injections to compensate for any potential losses over the course of the surgery.
At any stage during the protocol (i.e. pre- or post-surgically) animals might receive substances (orally in the food or drinking water, by gavage, subcutaneously or intraperitonially) for transgene induction and/or experimental purposes (modulating cell responses, antibodies, labelling substances, viruses, CSF) if required.  Following on from transgene induction, some animals may experience weight loss and a minority of animals may show piloerection and subdued behaviour for up to 24 hours, all within the limits established for humane endpoint.
Behavioural testing may also be required.  The tests used will vary, and may require mild food restriction (operant conditioning tasks) or animals being singly housed (complex wheel). Where food restriction is required, animals are given food daily, just a reduced amount so that they are maintained at 10-15% lower body weight than their baseline weight. 
Animals will be maintained using standard maintenance protocols up to a maximum of 24 months of age, most animals will not reach 2 years of age as we will have multiple different timepoints within the ageing period which may vary between experiments. Typically we will be looking within the first 6 months of life.
At the end of the experiment, animals may be transported to a nearby licensed designated area outside of the animal facility prior to killing if needed for experiments.
Killing will either be via a schedule 1 method, decapitation, or perfusion under terminal anaesthesia (with or without fixative) depending on the downstream use.
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Chart showing the main subset of experiments that will use this protocol and typical usage of optional steps. Not every combination of steps is shown, however the majority of the planned experiments will be as illustrated.  Mandatory steps are shown in purple ovals, optional steps in blue rectangles.
Any animal that experiences adverse effects graded 2 or higher will not be used for any subsequent surgical procedure.
The typical use would be:
The animal will undergo stereotactic surgery to inject a virus into the brain, after 3 weeks of expression the animal will be killed by decapitation, and the brain taken for electrophysiological recordings.
For harm-benefit calculations, the worst case scenario for this protocol would be the following: 
Animals would be aged to 20 months. Then, in one stereotactic surgery, there would be an injection into the brain (such as non pathogenic virus). After 2-3weeks, to allow virus expression, a second stereotactic injection into the CNS would be performed. After recovery, the animal then receives tamoxifen by oral gavage for 4 consecutive days.  This is followed by administration of substances in the food or drinking water for 1-3 months, if compounds cannot be delivered via drinking water, the animal will receive up to 30 intraperitoneal injections over 30 days and then be culled by perfusion fixation.
In cases where animals are transferred from protocol 8 as part of continued use, the animal will have previously undergone surgery as a neonate to inject cells for transplant through the skin and skull into the brain, with typically 2 but up to 4 injections.
___________________________________________________________________
Describe the general humane endpoints that you will apply during the protocol.
These will be in addition to the endpoints stated for each step.
The general humane endpoints will apply unless otherwise indicated in the step. Any animal that shows deviation from normal health (such as piloerection, hunched posture, abnormal gait, inactivity or inappetence) will be monitored more frequently and supportive treatment provided such as warming and wet mash. Should the signs persist for a period of 24 hours the animal will be humanely killed.
In addition, unless otherwise specified in the step, any animal that loses 15% of its body weight compared to its baseline weight will be killed.
The determination of baseline weight depends on the age of the animal; young or juvenile animals that are still growing should be compared to expected growth curves. An initial weight should be taken prior to procedures and any weight loss from this initial weight should take into account expected weight gain for their age. For adult animals, the baseline should either be the highest recorded weight immediately prior to procedures, or an average of 3 weights on different days immediately prior to procedures. For food restricted animals, upon relaxing the food restriction animals will typically put on a significant amount of weight which reduces gradually over a few days. In this instance, baseline weight should be taken as the average of the weight prior to starting food restriction and the weight within 48 hours of the return to ad libitum feeding, prior to further procedures.
Adverse effects and humane endpoints should not differ between rats and mice unless otherwise stated in each step, where species differences become apparent this license will be amended to reflect additional humane endpoints or adverse effects.
Under this protocol, if seizures are seen then the animals will be killed.
For animals exhibiting tremors or movement disorders not associated with cranial surgeries humane end points are:
Animals should still be able to move well around the cage and access food and water given reasonable adjustments. Clinical signs will not progress past mild severity tremors and should not deteriorate to paralysis. Any animals displaying paralysis or that are unable to balance well enough to carry out normal behaviours such as grooming, eating, or drinking will be promptly killed.
___________________________________________________________________
Protocol 11: Experimental design
What outputs are expected to arise from this protocol?
For example, test results, phenotypic information, or products.
Tissues for in vitro or ex vivo use; brain slices for electrophysiology, cells isolated either to be further cultured or for other laboratory uses, immunostaining of tissues to quantify cells.
___________________________________________________________________
Will this protocol generate quantitative data?
Yes
___________________________________________________________________
Will your experimental design be determined by a regulatory guideline?
No
Where relevant, explain how and when pilot studies will be used.
Pilot studies will be used to generate a mean and standard deviation as an estimate of the difference we will detect in the proposed experiments. This will then be used in power calculations to determine the number of animals required to obtain a statistical power >0.95 at alpha=0.05 in a two-tailed t-test studies. Where substances are being injected for the first time a small number of animals will be injected first, in order to observe any potential adverse effect before moving to a larger cohort. Pilot studies may also be used to establish the minimum required dose or titre of reagent or virus to generate the required data. Typically required doses for transgene induction will have already been tested in other protocols.
How will you choose different experimental groups?
For example, controls, dose levels, satellites etc.
All experiments will have at least one control and one experimental group. The control group will typically receive vehicle control injection or labelling agent, the experimental group will contain the substance actively being tested. For transgenic animals requiring induction, controls will receive the transgene induction agent but will not express the transgene being tested. Experimental groups may include animals in which the transgene is activated at different time points, or with different transgenes - for example knock out of a gene in two different signalling pathways.
To identify factors affecting circuit dysfunction and to determine the mechanisms of how these factors affect circuit dysfunction, experimental groups will receive injections of immune mediated factors (such as antibodies, growth factors or cytokines) either isolated from the blood from patients suffering from neurological disease, or recombinant equivalents. 
Dose levels for experimental groups will be determined either through literature searches, based on response curves on ex vivo tissues, or pilot tests (under this protocol or otherwise).
How will you choose control groups?
Provide a robust scientific justification for controls with significant suffering such as sham surgery controls or untreated infected controls.
Appropriate control groups will be chosen and directly compared to experimentally treated animals. Typically, for brain injections, control animals will receive similar injections of just the vehicle to control for the effects on the injection procedure and the vehicle for the experimental substance. When appropriate, internal controls will also be utilised (i.e. contralateral side analysis) to reduce the overall number of animals needed, however for some experiments separate controls are required.
Animals of different genotypes may receive the experimental injection and be compared depending on experimental requirements.
How will experiments and data analysis be randomised and blinded?
We will randomly allocate animals to different experimental conditions, such as by use of online randomiser tools https://www.randomizer.org/ or spreadsheet random number generation, though some grouping may occur prior to randomisation e.g. treated water may be given on a cage by cage rather than animal by animal basis to minimise animals being singly housed for long study durations. Blocking may also be used to ensure that groups being compared consist of similar individuals e.g. behavioural studies where animals perform pretraining, extreme high performers will be allocated evenly between experimental conditions.  
Experimental analysis will be carried out blinded or via automated analysis.
Blinding of files for analysis is performed by coding filenames to remove information that can be used to identify experimental condition (e.g. image files).  Where possible we use automated analysis using scripts or image processing software to minimise bias.
How will you minimise variables to ensure reproducibility?
Animals will be obtained at the same time and from the same supplier (or littermates if bred in house) as the animals under experimental protocols where possible, housed in the same conditions, and procedures performed by either the same researcher or with conditions divided evenly between researchers. Animals will receive the same batch of substances across experimental and control groups. Full detailed records will be kept regarding details of each animal, such as weight data when appropriate and these details will be examined thoroughly throughout the experiment and subsequent analysis, when needed.
How will you determine group sizes?
You should reference POWER calculations you have made, if relevant.
The determination of the sample size needed for each experiment is based on power calculations, and effect size calculations. We assume that the datasets we will generate follow normal, i.e. Gaussian, distribution, as with our previous data. We used the mean and standard deviation from our preliminary data, previous work, and available published datasets relating to similar experiments as we propose to do, as estimates of the difference we will detect in the proposed experiments. These assumptions allow us to calculate Cohen’s effect size d and use this to determine the estimated effect size for an experiment.  Apart from behavioural and tissue culture studies, the Cohen’s effect size d was 3 or above, thus a sample size of n=5 for control and n=5 for most studies proposed will have at least a statistical power >0.95 at alpha=0.05 in a two-tailed t-test studies.  For behavioural tasks, the Cohen’s effect size d is on average 1.5, thus a sample size of n=15 for each group will be needed to generate statistically meaningful data.
Group sizes in ageing experiments will be increased to accommodate for loss of animals and to avoid single housing due to animal losses due to old age.
How will you maximise the data output from the animals you use on this protocol?
We will store any resultant isolated cells, fixed tissues, or RNA not used in the original experiment for future additional analysis. 
Electrophysiological data generated ex vivo will be stored for additional analysis.  Ex vivo brain slices will be shared between researchers where possible. 
Protocol 11: Protocol justification
Why is each type of animal, experimental model, and/or method selected for this protocol:
a) the most appropriate scientific approach?
Precise targeting of a specific subpopulation or small region of cells within the brain is only achievable with direct brain injection (or infusion) and is essential for investigation of individual neuronal circuits. Through injection of different substances into the brain we can obtain data about signalling pathways (such as by blocking specific signals) and their relevance for myelination, we can express labels and identify specific circuits within the brain, we can test the effects of the immune mediated factors, we can also modulate activity and evaluate the effects on key processes within the brain, for example, myelination, neuronal circuit development, or proliferation, migration and differentiation of glial cells. 
To identify how myelination is regulated by patterns of neuronal activity we will genetically alter neurons or glia cells either by modifying gene expression of ion-channels (such as Kir4.1, Kir 2.1, Nav) or recombinant genes (such as ChR2, hM4Di, hM3Dq, iGluSnFr, GCaMP, and fluorescent proteins) using stereotaxic viral injection into specific brain areas to achieve regional specificity (areas such as CCP, corpus callosum, cerebellar granular cells, inferior olive, or cortex, as these regions are important areas to study myelination).  Following at least 2 weeks of expression, in some cases, substances will be administered; such as tetracycline, clozapine, or clozapine-N-oxide (CNO), to alter activity of cells or labelling agents such as BrdU/EdU. An additional injection into the CNS may be required after viral expression where the temporal separation is required, for example, to isolate which cell responses to neuronal activity are required for myelination to occur. For this experiment we would inject DREADD viruses, allow expression, then inject a cell specific antagonist, or toxin such as PTX, to block detection of the increased activity by surrounding glial cells.  In some cases, to assess functional outcomes animals will undergo behavioural tests.
In order to verify whether previously identified signalling pathways such as BDNF, NRG, glutamate signalling or PKMz, play an important role in myelination, we will conditionally alter gene expression in mice and inject substances to alter cell responses or induce transgenes (such as tetracycline, pertussis toxin, clozapine, or clozapine-N-oxide (CNO)) and/or to label certain cells (such as BrdU/EdU, Cholera Toxin B subunit (CTB) - a non-toxic retrograde neuronal tracer).
Growing evidence show that glia and immune mediated factors affect neuronal circuit function. To identify factors affecting circuit dysfunction and to determine the mechanisms of how these factors affect circuit dysfunction, we will, for example, isolate immune mediated factors (such as antibodies, growth factors or cytokines) either from the blood from patients suffering from neurological disease, or recombinant equivalents and inject them into the CSF of animals. These newly identified factors and previously identified potential factors (such as growth factors or cytokines) that are elevated in neurological disease will be delivered into the CSF, followed by ex vivo acute brain slices patch-clamp recordings, and/or immunohistochemical analysis, at different timepoints after delivery.
Decapitation is necessary to give high quality, live brain slices to be used for electrophysiological experiments ex-vivo and cannot always be performed under anaesthesia, as the anaesthetic agents can affect the ion channels and cell activity that we are investigating. Similarly, CO2 anaesthesia changes the pH of the brain dramatically with effects on all cell types thus making it unsuitable as an alternative. 
Perfusion fixation is the only method that will preserve tissue quality well enough to perform the histological analyses on which the study outputs depend (e.g. tissue for immunohistochemistry, in situ hybridisation and electron microscopy).  
Perfusion without fixatives is required to generate live tissue brain slices for electrophysiological recording of certain cells e.g. neurons. Removal of blood from the brain tissues prior to cell sorting or tissue isolation for cell culture, or omics; is best achieved by perfusion of physiological buffering solutions (or similar non fixative solutions).
___________________________________________________________________
b) the most refined for the purpose?
Post-surgical animals will be supported with pain relief, accessible food and water, fluid injection if needed, kept warm during their recovery time, and minimally disturbed to reduce stress. Where possible post operative analgesia is provided in an edible form such as in jelly or chocolate spread, to minimise handling stress post surgery. Local anaesthetic cream (EMLA or similar) is used on the (non puncturing) ear bars of the stereotactic equipment and analgesia is given pre and post surgery. 
Genetically modifying specific cell types to label them or modulate their responses with the use of transgenic rodent models is not feasible for certain targets, or genetic modification may be required to allow area restricted and cell specific modulation or regulation.  Specific cell-type genetic modification would still lack the precision needed to address circuit development, or effects on individual circuits, and may also lead to more severe adverse effects – especially when it comes to modulation of activity, whereby increasing activity in a small local area could potentially have no adverse effects but increasing activity generally could lead to seizures or long-lasting movement problems. However we will still use transgenic rodent models in this protocol in combination with the brain injections in order to address more complex questions whilst still minimising the number of injections needed. Inducible cre models will be used to give temporal control over expression or knock out of genes, though tamoxifen and similar induction agents are associated with side effects (mostly weight loss) we aim to minimise these effects by using the minimum dose of tamoxifen required for recombination of our specific transgenes, and providing heat pads and high calorie diet in the event of weight loss.
This protocol covers all ages rather than juvenile and adult, which, in cases where IV administration isn't possible and multiple brain injections are required, could reduce the number of injections required. This is because the virus spreads over a wider area in the smaller brains of the younger animals. The brain injection procedure in neonates does not require drilling of the skull as the needle can pass directly through. Additionally, younger animals can often recover better from brain injections than adults.
Injections into neonatal brain are carried out under isofluorane anaesthesia. Hypothermia will not be used as an 'anaesthetic' as recovery from cold exposure causes increased c-fos activation which could possibly be associated with pain. In neonatal rodents, nociceptive pathways are immature and are not thought to be sufficiently developed to detect pain.  Due to the immature skull of the neonate, there is no requirement to cut the skin or drill the skull for injections to take place which reduces the risk of bleeding and lasting discomfort from the procedure. We have referred to Herrmann, K. and Flecknell, P. (2019) “Retrospective review of anesthetic and analgesic regimens used in animal research proposals”, for perspectives of the most suitable anaesthesia techniques in neonates.
Pertussis toxin injections into the brain have been carried out repeatedly in the literature and no adverse effects have been reported at the low doses (≤0.5 µg) that we plan to use. Adverse effects associated with pertussis toxin injections are predominantly due to its effect on the lungs, which is avoided by the use of brain injection. None of the substances in protocol 11 for injection into the brain of neonates or young animals are expected to have any particular adverse effects related to the age of the animal, adverse effects relating to the procedure are detailed in the protocol.
Decapitation will only be used in conscious animals when alternative methods are not viable, for example, in mice cervical dislocation immediately prior to decapitation can be used if the brain stem doesn’t need to be intact. A guillotine will be used for decapitation of non-neonate animals, to ensure an instantaneous separation of the head and a rapid loss of consciousness.
___________________________________________________________________
For each model and/or method, what is the scientific need for the expected clinical signs?
Direct injection is necessary to achieve precise targeting of small regions of cells or specific subpopulations of cells within the brain or spinal cord, with the planned injections most clinical signs are due to inflammation and are not the aim of the experiment. As we are injecting into the central nervous system some damage is likely to occur which leads to the clinical signs described. 
With age, we see increased white matter damage and a decline in myelin maintenance and repair; we see this clearly in human diseases such as multiple sclerosis or dementia, with worsening impairment with age. On a cellular level, we also see changes in the ion channel composition of oligodendrocyte lineage cells. It isn't possible to replicate this complex, multifactorial process without ageing the animals. 
We do not expect to see any clinical signs as a result of the behavioural testing being used, some weight loss is required for appetite driven tasks to ensure that the animals are motivated to participate to receive food rewards.  
___________________________________________________________________
Why scientifically do the animals need to suffer to this degree?
There is not currently a comparable alternative to direct injection into the central nervous system in order to achieve our aims. Suffering associated with the surgeries is minimised as much as possible through the use of analgesia.
With age the risk of spontaneous death increases, this natural process can occur rapidly and though we regularly health check the animals and kill them if they show clinical signs, we are not guaranteed to be able to intervene earlier.  In the event of spontaneous death, this will be reported by SC18. We know that ageing affects myelination and other processes within the brain and that ageing is a complex process that we cannot model without the animals themselves being aged.  Our previous work has shown, for example, that oligodendrocyte precursor cells express different ion channels and display different functional states with age, the interplay of receptors within the brain is not possible to model without animals being aged.
In order to obtain sufficient expression of inducible transgenes for many of our lines we require administration of high dosages of tamoxifen or its derivatives. Insufficient tamoxifen leads to a less effective knock out of genes of interest thus masking results due to compensation by unaltered cells, similarly insufficient expression can reduce the signal of labelled cells making them difficult or impossible to quantify, or can lead to expression only in a small subset of cells rather than the full population giving misleading data, and need for more animals to get statistically reliable results.  The weight loss seen as a result of the tamoxifen administration is regained, generally there is a peak of weight loss which is then reversed, and animals that do not reach the humane endpoints will recover to within 5% of their original weight within 2 weeks of the start of tamoxifen administration.
When animals are not sufficiently food restricted for behavioural tasks we see a decrease in performance in food motivated tasks such as TUNL, thus the animals need to be hungry at the time of testing in order to learn the task.
___________________________________________________________________
Why can't you achieve your scientific outputs with an earlier humane endpoint, or without animals showing any clinical signs?
The humane end points proposed are a balance between the suffering of one animal and the potential need for a replacement animal to undergo procedure. Clinical signs that are seen post surgery do not progressively worsen and animals are expected to improve within the timescales, though some balance and movement difficulties can occur, animals are still able to move around in the cage and access food and water.
Due to the nature of the processes that we are investigating, some minor clinical signs associated with myelin deficits may be seen, we have already set our humane endpoints to be prior to the onset of more severe clinical signs.
An earlier humane endpoint for gene induction agent administration could be set but would increase the numbers of animals that need to undergo the protocol in order to replace those killed due to what is generally reversible weight loss.  We are actively seeking alternate gene induction agents to minimise clinical signs and reduce the number of animals reaching the humane endpoints.
For aged animals, it is not possible to set an earlier humane endpoint due to the nature of ageing. We need advanced age to be able to investigate the underlying processes of myelination and repair.  None of the transgenic lines used are expected to show signs of ageing any worse than wild type animals.
___________________________________________________________________
Will you be administering substances for experimental purposes?
Yes
___________________________________________________________________
How will you assess the suitability of these substances, and minimise the unnecessary harms arising from their administration given the particular strain or type of animal you will be using?
When assessing suitability, state how you will consider toxicity, efficacy, and sterility.
Before administering any substances to animals we will thoroughly check available literature for prior use in vivo.  Generally, substances used will not be expected to cause adverse effects and, in the cases of pro-regenerative agents would be expected to lead to improvements rather than any detrimental effects. Where substances have not been used previously, we will carry out ex vivo testing on brain slices or cultures to ascertain appropriate doses to generate the required effects before performing a small pilot study in vivo. 
The method of administration for these substances will depend on what route gives the optimal dose – dosages will be based on the available literature and in vitro or pilot studies.  We will always seek to choose the least invasive method and administration schedule to give the required dosage and onset of effect.  All substances administered to animals will be prepared in a sterile manner to minimise infection or contamination risks.
Pertussis toxin injections into the brain have been carried out repeatedly in the literature and no adverse effects have been reported at the low doses (≤0.5 µg) that we plan to use. Adverse effects associated with pertussis toxin injections are predominantly due to its effect on the lungs, which is avoided by the use of brain injection. None of the toxins for injection into the brain or CNS are expected to have any particular adverse effects, unless they are used as a lesion induction agent, adverse effects relating to the procedure are detailed in the protocol.
For isolated immune mediated factors, in most cases we will be using highly purified factors which should be minimally immunogenic and thus can be used in non-immunocompromised or immunocompromised animals.
How will you determine an appropriate dosing regimen?
Include routes, dosage volumes, frequencies, and durations.
Routes, dosage volumes, frequencies and durations will be obtained from published literature where available. Pilot studies will be used to confirm that the chosen parameters are well tolerated by our specific models and genetic backgrounds.  Unless otherwise specified, dosing and sampling procedures will be undertaken using a combination of volumes, routes and frequencies that of themselves will result in no more than transient discomfort and no lasting harm. Maximum volumes and dosing frequencies will not exceed those described in the table below, and will be minimised to that which is sufficient to give the required experimental dose in pursuit of the scientific objective. 
	Mouse
	Daily max. vol. ml/kg
	Max. No./day < 10 days
	Max. No./day >10 days
	Max No.

	Subcutaneous injection
	20
	3
	2
	24

	Intraperitoneal injection
	20
	2
	1
	30

	Oral gavage
	20
	2
	1
	30

	Rat
	Daily max. vol. ml/kg
	Max. No./day < 10 days
	Max. No./day >10 days
	Max No.

	Subcutaneous injection
	10
	3
	2
	24

	Intraperitoneal injection
	10
	2
	1
	30

	Oral gavage
	20
	2
	1
	30


Protocol 12
Title
Neural implants
___________________________________________________________________
Protocol 12: Protocol details
Briefly describe the purposes of this protocol
Ensure that you state any relevant regulatory guidelines.
Implantation of devices (optical or minipump) into the brain to modulate and/or record activity in specific brain regions.
___________________________________________________________________
Given the controls and limitations in place, what is the highest severity that an animal could experience in this protocol?
Moderate
___________________________________________________________________
What proportion of animals will experience this severity?
All animals will experience moderate severity.
___________________________________________________________________
Why are you proposing this severity category?
All animals will experience short-lived post-operative pain and discomfort from the surgical procedure. 
Damage to the brain from the needle during injection or implantation of a cannula or optical/recording device, carries a small risk of bleeding and unintended injury to brain structures, the effects of which would depend on the region affected. Potential adverse effects include being mildly imbalanced, and/or a mild – moderate head tilt. These adverse effects should not limit the ability of the animal to move around the cage,  eat, or drink. 85% of animals are expected to recover in under 24 hours. In approximately 15% of animals moderate signs will persist for up to 72 hours.
___________________________________________________________________
Locations where this protocol can be carried out
Select all that apply.
· University of Cambridge
___________________________________________________________________
Which of your objectives will this protocol address?
Select all that apply.
· Determine a mechanism of how myelin plasticity and dysfunction can affect learning and memory.
· Identify a mechanism of how glia effect neuronal circuit development and function in health and disease
· Identify whether white matter lesions impact on neural and circuit function.
___________________________________________________________________
Protocol 12: Animals used in this protocol
Mice
Which life stages will be used during this protocol?
Select all that apply
· Adult
· Aged animal
· Juvenile
· Embryo and egg
· Neonate
___________________________________________________________________
Will any animals coming on to this protocol be classed as ‘continued use’?
‘Continued use’ describes animals that are specifically genetically altered and bred for scientific use or animals that have had procedures applied to them in order to be prepared for use in this protocol.
Yes
___________________________________________________________________
How did these animals start their use?
Describe the procedures that have been applied to animals that will continue their use on to this protocol.
Genetically altered animals for use in this protocol may be obtained from: 
•	This licence: Protocol 5 ‘Breeding and maintenance of genetically altered animals’ (mild)
•	This licence: Protocol 8 ‘Cell transplantation into neonates’ (mild)
or 
•	other project licences with authority to breed and maintain genetically altered animals of a type authorised in this project, and to provide them for use on other projects.
Animals from protocol 8 will have been transplanted as neonates and will only have suffered mildly.
Will you be re-using animals on to this protocol?
‘Re-use’ describes using animals again for a new experiment when you could equally use a naïve animal to get the same results.
No
___________________________________________________________________
What is the maximum number of animals that will be used on this protocol?
Please only enter numbers, e.g. 40
374
___________________________________________________________________
What is the maximum number of uses of this protocol per animal?
For example, if some animals will go through this protocol three more times after their first use, the number of uses will be four.   If no animals will go through this protocol more than once, enter '1'.  Please only enter numbers, e.g. 40
1
___________________________________________________________________
Rats
Which life stages will be used during this protocol?
Select all that apply
· Adult
· Aged animal
· Juvenile
___________________________________________________________________
Will any animals coming on to this protocol be classed as ‘continued use’?
‘Continued use’ describes animals that are specifically genetically altered and bred for scientific use or animals that have had procedures applied to them in order to be prepared for use in this protocol.
Yes
___________________________________________________________________
How did these animals start their use?
Describe the procedures that have been applied to animals that will continue their use on to this protocol.
Genetically altered animals for use in this protocol may be obtained from: 
•	This licence: Protocol 5 ‘Breeding and maintenance of genetically altered animals’ (mild)
or 
•	other project licences with authority to breed and maintain genetically altered animals of a type authorised in this project, and to provide them for use on other projects.
Will you be re-using animals on to this protocol?
‘Re-use’ describes using animals again for a new experiment when you could equally use a naïve animal to get the same results.
No
___________________________________________________________________
What is the maximum number of animals that will be used on this protocol?
Please only enter numbers, e.g. 40
100
___________________________________________________________________
What is the maximum number of uses of this protocol per animal?
For example, if some animals will go through this protocol three more times after their first use, the number of uses will be four.   If no animals will go through this protocol more than once, enter '1'.  Please only enter numbers, e.g. 40
1
___________________________________________________________________
Protocol 12: Genetically altered animals (GAA)
Will this protocol use any genetically altered animals?
Yes
___________________________________________________________________
Which general types or strains will you be using and why?
This project will use animals expressing altered myelin associated genes or genes that control glial proliferation, differentiation, or myelination. Genes will be modified that are involved in signalling pathways to glia and neurons - including ion channels, as our previous work has shown that these channels are expressed by oligodendrocyte precursor cells and may be important for proliferation and/or differentiation. Genetically encoded labels, and generic reporter mice will be used to identify different cells (e.g. for cell sorting or electrophysiology) and recombinant genes such as ChR2, hM4Di, hM3Dq, iGluSnFr, GRASP, GCaMP or other activity modulators, or sensors, will also be used. 
Modifications will include overexpression, partial or full knockout of the gene. Predominantly the cre-lox system will be used, generally using cell/tissue specific cre lines or promoters specific to the genes of interest. Inducible cre models will be used to give temporal control over expression or knock out of genes, enabling us to study development, repair, or other processes such as learning and behaviour. Additionally, immunodeficient mouse models will be used, alone or in combination with the other alterations mentioned above in order for cell transplantations to be performed or to investigate the role of immune cells in brain development and repair.
Mice with myelin deficits such as myrf (myelin regulatory factor) knock out mice will be used to investigate the role of myelin in the brain circuit, prevent myelin formation at critical points in development, or investigate rescue of myelin phenotypes through other interventions.
These modifications are necessary to address our objectives. Our work aims to identify factors which affect myelination or remyelination and the mechanisms behind their action. These factors can affect myelination or remyelination by perturbation of the survival, migration, myelin formation and compaction, differentiation or proliferation of oligodendrocyte precursor cells (OPCs). Other factors that might affect myelination are interactions between OPCs and other cells within the brain, such as neurons, astrocytes or microglia. 
Do you expect any of these GAAs to show a harmful phenotype with welfare consequences?
No
Protocol 12: Steps
Step 1: In utero electroporation (optional)
Describe the procedures that will be carried out during this step.
Explain where one or more steps are repeated in one experiment, list any alternative techniques within a step (e.g. dosing routes), and include all procedures performed under terminal anaesthesia.  When describing the technical aspects of a step, be broad enough to be flexible when the variation does not impact on animal welfare (e.g. use "antibiotic" instead of "penicillin"). Finally, avoid specifying volumes and frequencies when they do not impact on animal welfare.
Foetuses exposed in protocol 4 will be injected with genetic material into the ventricles and the electroporation administered via electrodes connected to an electroporator. Up to 8 embryos per dam will be electroporated. (AB)
___________________________________________________________________
Is this step optional?
Yes
___________________________________________________________________
Do you expect this step to have adverse effects for the animals that are more than mild and transient?
Do not list uncommon or unlikely adverse effects, or effects from procedures that will cause no more than transient discomfort and no lasting harm. For example, an intravenous injection of a small volume of an innocuous substance.
Yes
___________________________________________________________________
What are the likely adverse effects of this step?
State the expected adverse effect, including the likely incidence, and the anticipated degree and duration of suffering.
Poor injection technique or selection of unhealthy embryos could lead to death of the embryos in utero. Miscarriage or pup rejection could result from stress to the mother.
How will you monitor for, control, and limit any of these adverse effects?
If adverse effects can't be prevented, how will you attempt to ameliorate their initial signs?
Embryos are assessed on colouration and amniotic fluid clarity prior to injection to avoid using unhealthy embryos not likely to survive the procedure.
Pre and post operative analgesia will be given to the mother under protocol 4 to minimise the chance of rejection of the pups or stress related miscarriage. 
If pups are rejected by the mother they will be fostered to another dam.
What are the humane endpoints for this step?
This would be the point at which you would kill the animal to prevent further suffering.
Pups rejected by their mother and a potential foster mother will be killed.
Step 2: Ageing (optional)
Repeated from protocol 11
Describe the procedures that will be carried out during this step.
Explain where one or more steps are repeated in one experiment, list any alternative techniques within a step (e.g. dosing routes), and include all procedures performed under terminal anaesthesia.  When describing the technical aspects of a step, be broad enough to be flexible when the variation does not impact on animal welfare (e.g. use "antibiotic" instead of "penicillin"). Finally, avoid specifying volumes and frequencies when they do not impact on animal welfare.
Maintenance of existing genetically altered or wildtype animals by conventional methods up to a maximum of 24 months of age.
Not all animals will reach 2 years of age as we will have multiple different timepoints within the ageing period which may vary between experiments. 
___________________________________________________________________
Is this step optional?
Yes
___________________________________________________________________
Do you expect this step to have adverse effects for the animals that are more than mild and transient?
Do not list uncommon or unlikely adverse effects, or effects from procedures that will cause no more than transient discomfort and no lasting harm. For example, an intravenous injection of a small volume of an innocuous substance.
Yes
___________________________________________________________________
What are the likely adverse effects of this step?
State the expected adverse effect, including the likely incidence, and the anticipated degree and duration of suffering.
Ageing animals naturally have decreased body condition and an increased risk of spontaneous death as they reach the end of their normal lifespan. Animals reaching the end of their natural life may show decreased movement, or respiratory distress.
About 20% aged rats and mice are expected to develop some superficial (mainly mammary) tumours during the course of ageing experiments. These are not typically malignant or painful but can grow rapidly and become an impediment to movement if left unchecked. 
Malocclusion can also occur in ageing animals with an incidence of approximately 5-10%. This can lead to weight loss and discomfort if not controlled.
How will you monitor for, control, and limit any of these adverse effects?
If adverse effects can't be prevented, how will you attempt to ameliorate their initial signs?
Wherever possible animals will be kept for the minimum amount of time required to conduct experiments and experimental time points will take the average time to reach the humane end point into account.
As age related tumours occur spontaneously, control is not possible, however their effect on wellbeing of the animal can be limited through regular inspection and application of humane end points.  Routine inspections of the animals is performed by biofacility technicians and any tumours will be identified before they become large enough to impact on wellbeing. 
After 15 months of age for mice, and 18 months of age for rats, animals will be assigned a body condition score and reassessed weekly.  Body condition scores are based on the BCS scoresheet in figure 2. of Burkholder et al Health Evaluation of Experimental Laboratory Mice. Curr Protoc Mouse Biol. 2012 Jun;2:145-165. doi: 10.1002/9780470942390.mo110217 with additional criteria from internally generated score sheets.
What are the humane endpoints for this step?
This would be the point at which you would kill the animal to prevent further suffering.
In cases of malocclusion the animal will be killed unless, in agreement with the NVS, teeth clipping, and monitoring are used to keep the animal feeding well and the end point of the experiment is within 4 weeks.
Ageing animals can rapidly become unwell and any of the following are signs of a mouse or rat reaching the end of its lifespan. An animal will be killed immediately if it meets any of the following criteria;
●	Any sudden significant drop in body condition score (BCS) (taking into account general appearance, porphyrin production, coat grooming, curvature of the spine).  Animals with a body condition score that falls to 2 will be killed.
●	Impaired mobility which interferes with normal eating and drinking.
●	Respiratory distress: laboured breathing, increased or decreased respiratory rate, cyanosis
Animals showing tumours will be killed unless in agreement with the NVS for animals of particular interest they are kept until the conclusion of the experiment. Animals kept in these instances will be killed if the tumour reaches 1.2 cm diameter in mice or 2.5cm in rats (where more than one tumour grows, total burden will not exceed that of single tumour), or tumour becomes ulcerated or the tumour interferes in any way with the animal's ability to fulfil its normal behavioural and physiological functions (e.g. eating, drinking, defaecation) or in any way impedes its mobility.
Step 3: Device or minipump implantation (mandatory)
Describe the procedures that will be carried out during this step.
Explain where one or more steps are repeated in one experiment, list any alternative techniques within a step (e.g. dosing routes), and include all procedures performed under terminal anaesthesia.  When describing the technical aspects of a step, be broad enough to be flexible when the variation does not impact on animal welfare (e.g. use "antibiotic" instead of "penicillin"). Finally, avoid specifying volumes and frequencies when they do not impact on animal welfare.
(At any stage, on one occasion) All animals will undergo surgery to implant cannulae or devices into the brain via one of the procedures listed below. 
either
a. A guide cannula will be implanted into specific brain areas. A minipump will be inserted sub-cutaneously and attached to the implanted cannula. (AB)
or
b. Implantation of an optical/recording device (with a cannula if needed for targeting), into a specific area of the brain. After implantation, in the same surgery, the optical/recording device may be used to check location. (AB or AC if unavoidable obstruction found)
___________________________________________________________________
Is this step optional?
No
___________________________________________________________________
Do you expect this step to have adverse effects for the animals that are more than mild and transient?
Do not list uncommon or unlikely adverse effects, or effects from procedures that will cause no more than transient discomfort and no lasting harm. For example, an intravenous injection of a small volume of an innocuous substance.
Yes
___________________________________________________________________
What are the likely adverse effects of this step?
State the expected adverse effect, including the likely incidence, and the anticipated degree and duration of suffering.
Attachment of devices and cannulae to the skull with dental cement can cause irritation to the surrounding tissues or prevent healing. In less than 1% of animals, attachment points for the device can come loose exposing the skull or underlying tissues. In cases where the implant comes loose and is removed by the animal this can cause damage to the brain and recapitulate the side effects of brain injury.
Where the skin is not fully closed over the implant, the skin around the implant may retract slightly during healing, this can lead to minor scabbing.  
Due to the impact of the dental cement on healing, resuturing may be required on occasion more than 48 hours after surgery, if incision breakdown occurs after 48 hours post-surgery NVS advice will be followed, including resuturing if advised.
Where devices have a fiber, wire, or cannula, implanted into a specific brain region this can cause damage to the brain and carries a small risk of bleeding and unintended injury to brain structures, the effects of which would depend on the region affected but can include a minor head tilt and/or mild imbalance. 
Substances which interfere with conduction near the inferior olive can also lead to an extended limb phenotype where an animal splays out its limbs.
●	Grade 0: about 80% animals will recover soon after surgery without head tilt.
●	Grade 1: (<15% of animals) Slight head tilt when walking for the first few days after the procedure. This does not prevent walking, drinking, eating or free ambulation around the cage.
●	Grade 2: (<5% of animals) Clearly apparent head tilt with the lower body generally remaining upright and with a tendency to veer towards the opposite side of the injection when moving. Less than 2 % of these animals may develop rolling when handled or disturbed (reactive). The animals are still able to move around in the cage.
●	Grade 3: (<1% of animals) Clearly apparent head tilt with the animal generally on its side, not associated with any spontaneous or reactive rolling.  These animals can still move around the cage. 
Placement of a subcutaneous minipump can lead to formation of a seroma, this does not typically cause any discomfort to the animal and should resolve without intervention.
How will you monitor for, control, and limit any of these adverse effects?
If adverse effects can't be prevented, how will you attempt to ameliorate their initial signs?
Any skin that comes into contact with the cement will be cleaned with a sterile wipe or cotton swab to prevent irritation.  The wound will be checked daily for signs of irritation i.e. redness, swelling, or scratching of the wound. If wounds appear irritated they will be assessed by the NVS and treated with a suitable antiseptic cream.
The animals will be monitored closely for any abnormalities in behaviour and assessed using the grading system.
Regular monitoring within the first few hours post surgery should allow quick identification of the extended limb phenotype, as in our experience, the extended limb phenotype typically presents within the first 3-4 hours.
Post-surgery all animals will receive analgesia, this will be continued as necessary but will be provided for three days at a minimum.  Animals will be kept warm until they are successfully roused from anaesthesia and handling minimised to reduce distress.  If needed, warm saline injections will be given to ensure that the animals do not become dehydrated.  All animals will be monitored post surgery for recovery from anaesthesia, ensuring that they are mobile within the cage and able to access food and water.  Additional support and monitoring is determined by the grading of the animal, see below.  All animals will be checked in the AM and PM daily for a minimum of 5 days.
●	Grade 0-1: normal post operative monitoring and analgesia.
●	Grade 2: Ensure access to food and fluid; a long nozzled water bottle or hydration gel and a soft form of food will be provided in an accessible location, until animals recover to Grade 1 or 0.
In the event of a seroma, the NVS will be consulted, and the seroma monitored for changes in size or colouration. Animals will be monitored for signs of discomfort such as scratching, hunching or subdued behaviour.
What are the humane endpoints for this step?
This would be the point at which you would kill the animal to prevent further suffering.
All timings are given as hours post surgery.
●	Grade 2: If the reactive rolling persists for 72 hours after operation the animals will be killed. If the animals have not recovered to grade 1 or 0 within 96 hours then they will be killed 
●	Grade 3: Animals will be killed.
Additionally, if the ‘extended limb phenotype’ where the animal splays out their limbs, is observed, the animal should be killed immediately. Severity moderate if identification of the adverse effect and killing is carried out in a timely manner.
If a seroma impedes movement or causes discomfort then the animal will be killed. If discolouration of the area is seen such as a dark appearance or yellowing then the animal will be killed as this suggests either bleeding or infection. Animals with a seroma that does not decrease in size after a week should be killed.
In the rare event that attachment points for devices come loose then the animal will be killed.  
If skin retraction around the implant leads to exposure of the area adjacent to the cement cap e.g. skull is clearly visible, then the animal will be culled.

Step 4: Device recording (optional)
Describe the procedures that will be carried out during this step.
Explain where one or more steps are repeated in one experiment, list any alternative techniques within a step (e.g. dosing routes), and include all procedures performed under terminal anaesthesia.  When describing the technical aspects of a step, be broad enough to be flexible when the variation does not impact on animal welfare (e.g. use "antibiotic" instead of "penicillin"). Finally, avoid specifying volumes and frequencies when they do not impact on animal welfare.
(After implantation of the device in step 3 and recovery from surgery, and on multiple occasions if recording AA. For AB, limit of 1 session per day for 7 occasions total)
The device may be used to image or record the brain. (AA/AB/AC)
Imaging will only be repeated providing that the animal has fully recovered from the previous imaging session; i.e. eating, drinking normally and appropriately socialising. 
Prolonged imaging or recording will only be conducted if shows no effect on the animal i.e. eating, drinking normally and appropriately socialising. 
Imaging is limited to one session per day of up to 45 mins.   Up to 30 sessions within a 4 month period when imaging AA.
___________________________________________________________________
Is this step optional?
Yes
___________________________________________________________________
Do you expect this step to have adverse effects for the animals that are more than mild and transient?
Do not list uncommon or unlikely adverse effects, or effects from procedures that will cause no more than transient discomfort and no lasting harm. For example, an intravenous injection of a small volume of an innocuous substance.
Yes
___________________________________________________________________
What are the likely adverse effects of this step?
State the expected adverse effect, including the likely incidence, and the anticipated degree and duration of suffering.
In less than 1% of cases, prolonged light stimulation could lead to phototoxicity in the cells and cause a mild head tilt.
Alteration of activity within the brain could cause minor changes in behaviour.
Animals could become distressed or tangled in external cabling. Signs of distress could include hunching, changes in locomotor behaviour, reduction in ability to eat or drink.
How will you monitor for, control, and limit any of these adverse effects?
If adverse effects can't be prevented, how will you attempt to ameliorate their initial signs?
Animals will be habituated to any cabling, in short bursts prior to longer term attachment.  Animals will be checked frequently, either directly in person or indirectly via a secure monitoring system, to ensure that they do not become tangled in cabling or distressed.
If a head tilt is seen then imaging will be stopped.
What are the humane endpoints for this step?
This would be the point at which you would kill the animal to prevent further suffering.
In the event of distress - hunching, changes in locomotor behaviour, reduction in ability to eat or drink, not alleviated within 24 hours by removal of attached cabling and/or cessation of stimulation/recording - animals will be killed.
Step 5: Device stimulation (optional)
Repeated from protocol 10
Describe the procedures that will be carried out during this step.
Explain where one or more steps are repeated in one experiment, list any alternative techniques within a step (e.g. dosing routes), and include all procedures performed under terminal anaesthesia.  When describing the technical aspects of a step, be broad enough to be flexible when the variation does not impact on animal welfare (e.g. use "antibiotic" instead of "penicillin"). Finally, avoid specifying volumes and frequencies when they do not impact on animal welfare.
(After implantation of the device in step 3 and recovery from surgery, and on multiple occasions)
Animals will be stimulated using the device and/or a fiber optic cable attached to the device. (AA/AC)
Prolonged stimulation will only be conducted if stimulation shows no effect on the animal i.e. eating, drinking normally and appropriately socialising.
___________________________________________________________________
Is this step optional?
Yes
___________________________________________________________________
Do you expect this step to have adverse effects for the animals that are more than mild and transient?
Do not list uncommon or unlikely adverse effects, or effects from procedures that will cause no more than transient discomfort and no lasting harm. For example, an intravenous injection of a small volume of an innocuous substance.
Yes
___________________________________________________________________
What are the likely adverse effects of this step?
State the expected adverse effect, including the likely incidence, and the anticipated degree and duration of suffering.
In less than 1% of cases, prolonged light stimulation could lead to phototoxicity in the cells and cause a mild head tilt.
Alteration of activity within the brain could cause minor changes in behaviour.
Animals could become distressed or tangled in external cabling for stimulation. Signs of distress could include hunching, changes in locomotor behaviour, reduction in ability to eat or drink.
How will you monitor for, control, and limit any of these adverse effects?
If adverse effects can't be prevented, how will you attempt to ameliorate their initial signs?
Animals will be habituated to any cabling, such as for light stimulation, in short bursts prior to longer term stimulations.  During the stimulations animals will be checked frequently, either directly in person or indirectly via a secure monitoring system, to ensure that they do not become tangled in cabling or distressed.
If a head tilt is seen then stimulation will be stopped.
What are the humane endpoints for this step?
This would be the point at which you would kill the animal to prevent further suffering.
In the event of distress - hunching, changes in locomotor behaviour, reduction in ability to eat or drink, not alleviated within 24 hours by removal of attached cabling and cessation of stimulation - animals will be killed.
Step 6: Brain injections (optional)
Describe the procedures that will be carried out during this step.
Explain where one or more steps are repeated in one experiment, list any alternative techniques within a step (e.g. dosing routes), and include all procedures performed under terminal anaesthesia.  When describing the technical aspects of a step, be broad enough to be flexible when the variation does not impact on animal welfare (e.g. use "antibiotic" instead of "penicillin"). Finally, avoid specifying volumes and frequencies when they do not impact on animal welfare.
(At any stage, on one occasion) Stereotactic injection into the CNS of substances, with or without implantation a cannula, (e.g. labelling substances e.g. BrdU, EdU; antibodies, agonists or antagonists, cell response modulators e.g. tetracycline, clozapine; transgene inducing agents, CSF, toxins e.g. PTX, TTX, or glial toxins; non pathogenic viruses, cytokines, or controls,with a maximum volume per injection of 5 µL for a mouse or 10 µL for a rat, (maximum volume of 1 µL for neonates, 2 injections), with typically 2, but rarely up to 4 injections. Injections may take place through a previously implanted cannula. (AB)
___________________________________________________________________
Is this step optional?
Yes
___________________________________________________________________
Do you expect this step to have adverse effects for the animals that are more than mild and transient?
Do not list uncommon or unlikely adverse effects, or effects from procedures that will cause no more than transient discomfort and no lasting harm. For example, an intravenous injection of a small volume of an innocuous substance.
Yes
___________________________________________________________________
What are the likely adverse effects of this step?
State the expected adverse effect, including the likely incidence, and the anticipated degree and duration of suffering.
Damage to the brain from the needle during injection carries a small risk of bleeding and unintended injury to brain structures, the effects of which would depend on the region affected but can include a minor head tilt and/or mild imbalance. Substances which interfere with conduction near the inferior olive can also lead to an extended limb phenotype where an animal splays out its limbs.
●	Grade 0: about 80% animals will recover soon after surgery without head tilt.
●	Grade 1: (<15% of animals) Slight head tilt when walking for the first few days after the procedure. This does not prevent walking, drinking, eating or free ambulation around the cage.
●	Grade 2: (<5% of animals) Clearly apparent head tilt with the lower body generally remaining upright and with a tendency to veer towards the opposite side of the injection when moving. Less than 1 % of these animals may develop rolling when handled or disturbed (reactive). The animals are still able to move around in the cage.
●	Grade 3: (<1% of animals) Clearly apparent head tilt with the animal generally on its side, not associated with any spontaneous or reactive rolling.  These animals can still move around the cage. 
How will you monitor for, control, and limit any of these adverse effects?
If adverse effects can't be prevented, how will you attempt to ameliorate their initial signs?
Regular monitoring within the first few hours post surgery should allow quick identification of the extended limb phenotype, as in our experience, the extended limb phenotype typically presents within the first 3-4 hours.
Post-surgery all animals will receive analgesia, this will be continued as necessary but will be provided for three days at a minimum.  Animals will be kept warm until they are successfully roused from anaesthesia and handling minimised to reduce distress.  If needed, warm saline injections will be given to ensure that the animals do not become dehydrated.  All animals will be monitored post surgery for recovery from anaesthesia, ensuring that they are mobile within the cage and able to access food and water.  Additional support and monitoring is determined by the grading of the animal, see below.  All animals will be checked in the AM and PM daily for a minimum of 5 days.
●	Grade 0-1: normal post operative monitoring and analgesia.
●	Grade 2: Ensure access to food and fluid; a long nozzled water bottle or hydration gel and a soft form of food will be provided in an accessible location, until animals recover to Grade 1 or 0.
What are the humane endpoints for this step?
This would be the point at which you would kill the animal to prevent further suffering.
All timings are given as hours post surgery.
●	Grade 2: If the reactive rolling persists for 72 hours after operation the animals will be killed. If the animals have not recovered to grade 1 or 0 within 96 hours then they will be killed
●	Grade 3: Animals will be killed.
Additionally, if the ‘extended limb phenotype’ where the animal splays out their limbs, is observed, the animal should be killed immediately. Severity moderate if identification of the adverse effect and killing is carried out in a timely manner.
Step 7: Administration of substances (optional)
Repeated from protocol 9
Describe the procedures that will be carried out during this step.
Explain where one or more steps are repeated in one experiment, list any alternative techniques within a step (e.g. dosing routes), and include all procedures performed under terminal anaesthesia.  When describing the technical aspects of a step, be broad enough to be flexible when the variation does not impact on animal welfare (e.g. use "antibiotic" instead of "penicillin"). Finally, avoid specifying volumes and frequencies when they do not impact on animal welfare.
(At any stage, and on multiple occasions, subject to the limits in the protocol justification) administration of substances (labelling agents e.g. BrdU, EdU; agonists or antagonists, cell response modulators e.g. tetracycline, clozapine; glial toxins, non pathogenic viruses, cytokines, antibodies, or controls) by, on each occasion, one of the following routes: one of the following routes. Additional substances may be administered concurrently by multiple routes (a-f) if the substances are innocuous and are not expected to increase the burden to the animal. (AA)
a. Subcutaneously (AA)
b. Intraperitoneally (AA)
c. Oral (including in supplemental food or drinking water, standard diet will not be fully replaced) (AA)
d. Gavage (AA)
e. Infusion via minipump, previously implanted in step 3, non glial specific toxins may also be administered by this route e.g. TTX, PTX, conotoxin (AA)
f. Injection into the tail vein (AA)
___________________________________________________________________
Is this step optional?
Yes
___________________________________________________________________
Do you expect this step to have adverse effects for the animals that are more than mild and transient?
Do not list uncommon or unlikely adverse effects, or effects from procedures that will cause no more than transient discomfort and no lasting harm. For example, an intravenous injection of a small volume of an innocuous substance.
Yes
___________________________________________________________________
What are the likely adverse effects of this step?
State the expected adverse effect, including the likely incidence, and the anticipated degree and duration of suffering.
After gavage, 1% of animals may show signs of gastric reflux, this presents as subdued behaviour for a few minutes post gavage. If reflux is followed by aspiration this can cause gasping.
In less than 0.1% of cases, water consumption may be affected when substances are added to the drinking water. This can lead to dehydration related weight loss, skin tenting, or lethargy
How will you monitor for, control, and limit any of these adverse effects?
If adverse effects can't be prevented, how will you attempt to ameliorate their initial signs?
Animals will be observed post gavage to identify any signs of reflux or gasping.
Water consumption for rats is approximately 10ml/100g and for mice 15ml/100g. If water consumption falls below normal, and is not corrected by use of sweeteners, and/or the animal starts showing signs of decreased consumption (e.g. weight loss, skin tenting) then administration of drug in water will be stopped and animals immediately offered untreated water. If drinking resumes, then the substances may be administered via an alternative method.
What are the humane endpoints for this step?
This would be the point at which you would kill the animal to prevent further suffering.
Any animal showing gasping not resolved within 2 minutes will be killed. Any animal that appears subdued post gavage and does not return to normal behaviour will be killed.
If animals do not return to normal drinking after being presented with untreated water, then they will be killed.
Step 8: Transgene induction (optional)
Repeated from protocol 9
Describe the procedures that will be carried out during this step.
Explain where one or more steps are repeated in one experiment, list any alternative techniques within a step (e.g. dosing routes), and include all procedures performed under terminal anaesthesia.  When describing the technical aspects of a step, be broad enough to be flexible when the variation does not impact on animal welfare (e.g. use "antibiotic" instead of "penicillin"). Finally, avoid specifying volumes and frequencies when they do not impact on animal welfare.
(At any stage) Transgene inducing or deleting agents (e.g. Tamoxifen, 4-hydroxytamoxifen, tetracycline) or control substances will be administered alone or in combination, continuously or intermittently by one of the following routes:
a. Oral (including in food or drinking water)
b. By gavage
c. Subcutaneous
d. Intraperitoneal
___________________________________________________________________
Is this step optional?
Yes
___________________________________________________________________
Do you expect this step to have adverse effects for the animals that are more than mild and transient?
Do not list uncommon or unlikely adverse effects, or effects from procedures that will cause no more than transient discomfort and no lasting harm. For example, an intravenous injection of a small volume of an innocuous substance.
Yes
___________________________________________________________________
What are the likely adverse effects of this step?
State the expected adverse effect, including the likely incidence, and the anticipated degree and duration of suffering.
Tamoxifen and tamoxifen derivatives show dose and age dependent adverse effects.
Administration of Tamoxifen (or its derivatives) for transgene induction may cause adverse effects in mice.  Most mice will show a transient lack of weight gain or weight loss of <15%.  Weight loss of up to 20% may occur gradually (over the course of 6-10 days). These effects typically arise 5-10 days after the last administration. Up to 10% of animals may develop piloerection, hunched posture, and subdued behaviour.
At high dosages (250mg-300mg/kg), more animals (<20%) may show piloerection, hunched posture, and subdued behaviour, the extent of which depends on the modification present. The adverse effects are attributed to the combination of tamoxifen toxicity and the resultant genetic modification. 
Animals which don't reach humane endpoints usually fully recover from tamoxifen administration within 2 weeks and regain weight to within 5% of baseline.
After gavage, 1% of animals may show signs of gastric reflux, this presents as subdued behaviour for a few minutes post gavage. If reflux is followed by aspiration this can cause gasping.
In less than 0.1% of cases, water consumption may be affected when substances are added to the drinking water. This can lead to dehydration related weight loss, skin tenting, or lethargy.
How will you monitor for, control, and limit any of these adverse effects?
If adverse effects can't be prevented, how will you attempt to ameliorate their initial signs?
Prior to administration of transgene induction agents, mice will be assigned a body condition score and have a baseline weight recorded.  Animals will be assessed daily for signs of piloerection, hunching or subdued behaviour. Only animals with a body score of 3 or above will receive transgene induction agents.
Soft food and/or calorie rich supplementation will be provided to the animals. Heat pads will be attached to the cage if the body score begins to drop, and weight will be monitored more frequently (daily rather than twice a week). Calorie rich diets may include up to 10 days of high fat western diet provided as a supplement to the normal diet. Animals may be habituated to higher calorie food prior to transgene induction.
Animals will be observed post gavage to identify any signs of reflux or gasping.
Water consumption for rats is approximately 10ml/100g and for mice 15ml/100g. If water consumption falls below normal, and is not corrected by use of sweeteners, and/or the animal starts showing signs of decreased consumption (e.g. weight loss, skin tenting) then administration of drug in water will be stopped and animals immediately offered untreated water. If drinking resumes, then the substances may be administered via an alternative method.
What are the humane endpoints for this step?
This would be the point at which you would kill the animal to prevent further suffering.
If clinical signs (hunching, piloerection) are sustained for 24 hours without improvement, the animals will be killed.
If the body score of animals declines rapidly (i.e. Half a point on the 5 point scale within 24 hours) animals will be killed.  Body condition scores are given on a 5 point scale, where 1 is emaciated, 3 is well conditioned, and 5 is obese.  Gradual weight loss over 5-7 days in the absence of additional clinical signs, which doesn't cause the body condition score to drop below the 'normal' well conditioned mouse has a humane end point of 20% weight loss from baseline.
Animals with a body condition score that falls to 2 will be killed.
Any animal showing gasping not resolved within 2 minutes will be killed. Any animal that appears subdued post gavage and does not return to normal behaviour will be killed.
If animals do not return to normal drinking after being presented with untreated water, then they will be killed.
Step 9: Tissues for genotyping (optional)
Repeated from protocol 5
Describe the procedures that will be carried out during this step.
Explain where one or more steps are repeated in one experiment, list any alternative techniques within a step (e.g. dosing routes), and include all procedures performed under terminal anaesthesia.  When describing the technical aspects of a step, be broad enough to be flexible when the variation does not impact on animal welfare (e.g. use "antibiotic" instead of "penicillin"). Finally, avoid specifying volumes and frequencies when they do not impact on animal welfare.
Tissue biopsy to determine genetic status by one of the following methods: 
a.	ear biopsy (AA/AB)
b.	hair sampling (AA/AB)
c.	mouth swabbing (AA/AB)
Rarely, due to technical problems during analysis, a second sample may be taken. 
___________________________________________________________________
Is this step optional?
Yes
___________________________________________________________________
Do you expect this step to have adverse effects for the animals that are more than mild and transient?
Do not list uncommon or unlikely adverse effects, or effects from procedures that will cause no more than transient discomfort and no lasting harm. For example, an intravenous injection of a small volume of an innocuous substance.
No
___________________________________________________________________
Step 10: Behavioural testing (optional)
Repeated from protocol 9
Describe the procedures that will be carried out during this step.
Explain where one or more steps are repeated in one experiment, list any alternative techniques within a step (e.g. dosing routes), and include all procedures performed under terminal anaesthesia.  When describing the technical aspects of a step, be broad enough to be flexible when the variation does not impact on animal welfare (e.g. use "antibiotic" instead of "penicillin"). Finally, avoid specifying volumes and frequencies when they do not impact on animal welfare.
a. At any stage and on multiple occasions, animals will undergo typically one, but up to three, behavioural procedures from the table below (AA).
b. On multiple occasions, after complete recovery from any surgical interventions, if required for the behavioural test (indicated in the table below) Animals will undergo food restriction (fed daily with reduced amount) such that the animals do not drop below 85% of their free-feeding body weight (AA)
	Behavioural test
	Max session length
	Normal test frequency
	Additional procedures

	Operant conditioning (including Trial-Unique Non-matching to Location (TUNL) and the 5-choice serial reaction time task
	1 hour
	Typically once per day, up to twice. For up to 8 weeks
	Food restriction required for up to 8.5 weeks

	Rotarod
	Incremental fixed speed rotarod – up to 1 minute at three different speeds. 
Accelerating rotarod – up to 5 minutes per session
	Daily during training period, up to weekly after as required by experiments
	

	Erasmus Ladder
	42 runs across the ladder (up to 1 hour depending on length of rest periods between runs)
	Once per day, up to 10 days
	

	Open field test
	30 minutes
	Weekly, up to daily
	

	Balance beam coordination test
	30 minutes (up to 3 trials)
	Daily
	

	Grasping ability (modified wire hanging test, hind paws on ground)
	30 minutes
	Daily
	

	Visual acuity tasks
	30 minutes
	Daily
	

	Complex running wheel
	Unlimited, wheel is in the cage and usage is voluntary
	Up to 3 weeks
	Animals must be singly housed for up to 3 weeks

	Classical eye blink conditioning task
	
	
	


___________________________________________________________________
Is this step optional?
Yes
___________________________________________________________________
Do you expect this step to have adverse effects for the animals that are more than mild and transient?
Do not list uncommon or unlikely adverse effects, or effects from procedures that will cause no more than transient discomfort and no lasting harm. For example, an intravenous injection of a small volume of an innocuous substance.
Yes
___________________________________________________________________
What are the likely adverse effects of this step?
State the expected adverse effect, including the likely incidence, and the anticipated degree and duration of suffering.
Weight loss (typically ~10% from baseline weight) for food restricted animals.
How will you monitor for, control, and limit any of these adverse effects?
If adverse effects can't be prevented, how will you attempt to ameliorate their initial signs?
Animals are weighed daily until their weight stabilises, then are weighed at least 5x a week. As animals are not singly housed during the food restriction, if one animal drops more weight than its cagemates it will be briefly separated to allow access to additional food (<30mins).
What are the humane endpoints for this step?
This would be the point at which you would kill the animal to prevent further suffering.
For food restricted animals, any animal showing weight loss over 15% or that approaches 20% and that is not improved within 1 hour by additional food being provided will be killed.
Step 11: Terminal procedures (mandatory)
Describe the procedures that will be carried out during this step.
Explain where one or more steps are repeated in one experiment, list any alternative techniques within a step (e.g. dosing routes), and include all procedures performed under terminal anaesthesia.  When describing the technical aspects of a step, be broad enough to be flexible when the variation does not impact on animal welfare (e.g. use "antibiotic" instead of "penicillin"). Finally, avoid specifying volumes and frequencies when they do not impact on animal welfare.
Terminal procedures:
a.	Perfusion fixation (AC)
b.	Schedule 1 killing
c.	Perfusion without fixative (AC) followed by confirmation of death by a method in Schedule 1
d.     Decapitation (AA/AC)
___________________________________________________________________
Is this step optional?
No
___________________________________________________________________
Do you expect this step to have adverse effects for the animals that are more than mild and transient?
Do not list uncommon or unlikely adverse effects, or effects from procedures that will cause no more than transient discomfort and no lasting harm. For example, an intravenous injection of a small volume of an innocuous substance.
No
___________________________________________________________________
Protocol 12: Fate of animals
What will happen to animals at the end of this protocol?
Select all that apply. These options are based on what you selected in the non-technical summary.
· Killed
Will you be using non-schedule 1 killing methods on a conscious animal?
Yes
For each non-schedule 1 method, explain why this is necessary.
Decapitation is necessary to give high quality, live brain slices to be used for electrophysiological experiments ex-vivo and cannot always be performed under anaesthesia, as the anaesthetic agents can affect the ion channels and cell activity that we are investigating. Similarly, CO2 anaesthesia changes the pH of the brain dramatically with effects on all cell types thus making it unsuitable as an alternative. 
Decapitation will only be used in conscious animals when alternative methods are not viable, for example, in mice cervical dislocation immediately prior to decapitation can be used if the brain stem doesn’t need to be intact. A guillotine will be used for decapitation of non-neonate animals, to ensure an instantaneous separation of the head and a rapid loss of consciousness.
___________________________________________________________________
Protocol 12: Animal experience
Summarise the typical experience or end-to-end scenario for an animal being used in this protocol.
Consider the cumulative effect of any combinations of procedures that you may carry out.
In the case of animals utilised as part of continued use from protocol 4 (in utero electroporation), they will previously have experienced mild severity from the electroporation procedure. This is not thought to significantly affect the overall cumulative severity.
Where animals are moved to this protocol from protocol 8, there is no additional cumulative harm anticipated and animals will only have suffered mildly under the previous protocol. Mice from protocol 8 will have received brain injections as neonates to transplant neural lineage cells. These cells will spread through the brain and potentially integrate into the murine neural tissue. No adverse effects are expected, or have been observed from, the presence of these cells, and their presence should not lead to additional harm from procedures carried out under this protocol. 
In all stereotactic surgeries the process is the same, the animal is anaesthetised, given analgesia, and fur removed to reveal the surgical area. The skin is cut and the skull or spinal column exposed.  Depending on the location of the injection or implant, holes will be drilled into the skull where required and the injector or implant moved into place. Injections or implantations may also take place into the spine, or into the brain through the foramen magnum which do not require drilling. If required implants are secured to the skull with dental cement, screws, or other fixative. Any implants requiring a subcutaneous component – such as minipumps or some device components, will be placed into a pocket under the skin of the back generated by gentle insertion of forceps to form a gap between the musculature and the skin.  At the end of the surgery, animals are sutured and moved to a warming cabinet to recover.  Where the injection step is separate from the implantation step, animals will not proceed to a second surgery unless they recovered without exceeding grade 2 from the initial surgery.
Animals will receive analgesia pre and post operatively, as well as fluid injections to compensate for any potential losses over the course of the surgery. Once animals have recovered from surgery and show no more than mild clinical signs, implanted devices may be used to stimulate or record from the CNS. If an external cable is required it will be connected for brief intervals prior to the main use in order to habituate the animals to the cabling.  For prewean animals under this protocol, cabling is usually subcutaneous, connecting the device to a receiver between the shoulder blades. 
At any stage during the protocol (i.e. pre- or post-surgically) animals might receive substances (orally in the food or drinking water, by gavage, subcutaneously or intraperitonially) for transgene induction and/or experimental purposes (modulating cell responses, antibodies, labelling substances, viruses, CSF) if required. Where a minipump has been implanted substances will be infused via the minipump, this may occur in addition to receiving substances by other routes, such as an intraperitoneal injection of labelling agent, or clozapine in the drinking water. Following on from transgene induction, some animals may experience weight loss and a minority of animals may show piloerection and subdued behaviour for up to 24 hours, all within the limits established for humane endpoint.
Behavioural testing may also be required.  The tests used will vary, and may require mild food restriction (operant conditioning tasks) or animals being singly housed (complex wheel). Where food restriction is required, animals are given food daily, just a reduced amount so that they are maintained at 10-15% lower body weight than their baseline weight. 
Animals will be maintained using standard maintenance protocols up to a maximum of 24 months of age, most animals will not reach 2 years of age as we will have multiple different timepoints within the ageing period which may vary between experiments. Typically we will be looking within the first 6 months of life.
At the end of the experiment, animals may be transported to a nearby licensed designated area outside of the animal facility prior to killing if needed for experiments.
Killing will either be via a schedule 1 method, decapitation, or perfusion under terminal anaesthesia (with or without fixative) depending on the downstream use.
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Chart showing the main subset of experiments that will use this protocol and typical usage of optional steps. Not every combination of steps is shown, however the majority of the planned experiments will be as illustrated.  Mandatory steps are shown in purple ovals, optional steps in blue rectangles.
Any animal that experiences adverse effects graded 2 or higher will not be used for any subsequent surgical procedure.
A typical experiment would be an animal undergoing stereotactic surgery to implant a recording device. After recovery from surgery, the device would then be used to record baseline activity within the brain, substances (such as clozapine) would then be administered in the drinking water for 2-3 weeks, activity would be recorded weekly, then the animal would be killed by perfusion fixation.
Another example would be; mouse embryos are electroporated at E15.5 and left to be born normally. When the mice are 8 days old, they will be anaesthetised and implanted with an optical device positioned above the visual cortex and fixed to the skull using dental cement. The device will be used to stimulate the brain with light for 6 days, then the animals are killed by perfusion fixation.
For harm-benefit calculations, the worst case scenario for this protocol would be the following: 
Animals would be aged to 18 months. Then, in one stereotactic surgery, there would be an injection into the brain (such as non pathogenic virus).   After 2-3weeks, to allow virus expression, a second stereotactic surgery would be performed to implant a recording device focused on the area of the injection. The recording device would immediately be used during the surgery to allow for correct positioning and focusing over the cells expressing the virus. After recovery, the animal then receives tamoxifen by oral gavage for 4 consecutive days.  Recordings would be made of the brain activity on multiple occasions whilst the animal is awake and active. This is followed by administration of substances in the food or drinking water for 1-3 months, if compounds cannot be delivered via drinking water, the animal will receive up to 30 intraperitoneal injections over 30 days and then be culled by perfusion fixation.
In cases where animals are transferred from protocol 8 as part of continued use, the animal will have previously undergone surgery as a neonate to inject cells for transplant through the skin and skull into the brain, with typically 2 but up to 4 injections.
___________________________________________________________________
Describe the general humane endpoints that you will apply during the protocol.
These will be in addition to the endpoints stated for each step.
Any animal that exhibits signs of distress or suffering that are not listed as expected protocol-related adverse effects will be humanely killed. Any animal that exhibits signs of distress or suffering that are not listed as expected protocol-related adverse effects will be humanely killed. 
In prewean animals with implants, the mother may sometimes remove the implant when grooming the pup. If this occurs then the pup will be killed.
In addition, unless otherwise specified in the step, any animal that loses 15% of its body weight compared to its baseline weight will be killed. The determination of baseline weight depends on the age of the animal; young or juvenile animals that are still growing should be compared to expected growth curves. An initial weight should be taken prior to procedures and any weight loss from this initial weight should take into account expected weight gain for their age. For adult animals, the baseline should either be the highest recorded weight immediately prior to procedures, or an average of 3 weights on different days immediately prior to procedures. For food restricted animals, upon relaxing the food restriction animals will typically put on a significant amount of weight which reduces gradually over a few days. In this instance, baseline weight should be taken as the average of the weight prior to starting food restriction and the weight within 48 hours of the return to ad libitum feeding, prior to further procedures.
Adverse effects and humane endpoints should not differ between rats and mice unless otherwise stated in each step, where species differences become apparent this license will be amended to reflect additional humane endpoints or adverse effects.
Under this protocol, if seizures are seen then the animals will be killed.
For animals exhibiting tremors or movement disorders not associated with cranial surgeries humane end points are:
Animals should still be able to move well around the cage and access food and water given reasonable adjustments. Clinical signs will not progress past mild severity tremors and should not deteriorate to paralysis. Any animals displaying paralysis or that are unable to balance well enough to carry out normal behaviours such as grooming, eating, or drinking will be promptly killed.
___________________________________________________________________
Protocol 12: Experimental design
What outputs are expected to arise from this protocol?
For example, test results, phenotypic information, or products.
Tissues for in vitro or ex vivo use; brain slices for electrophysiology, cells isolated either to be further cultured or other laboratory uses, immunostaining of tissues to quantify cells and physiological recordings, optical or electrical of activity in certain brain areas.
___________________________________________________________________
Will this protocol generate quantitative data?
Yes
___________________________________________________________________
Will your experimental design be determined by a regulatory guideline?
No
Where relevant, explain how and when pilot studies will be used.
Pilot studies will be used to generate a mean and standard deviation as an estimate of the difference we will detect in the proposed experiments. This will then be used in power calculations to determine the number of animals required to obtain a statistical power >0.95 at alpha=0.05 in a two-tailed t-test studies. Where substances are being injected for the first time, a small number of animals will be injected first, in order to observe any potential adverse effect before moving to a larger cohort. Pilot studies may also be used to establish the minimum required dose or titre of reagent or virus to generate the required data. Typically required doses for transgene induction will have already been tested in other protocols.
How will you choose different experimental groups?
For example, controls, dose levels, satellites etc.
All experiments will have at least one control and one experimental group. 
For animals with a minipump implantation, experimental groups are according to the substance within the pump compared to controls (which may contain vehicle, saline, labels, or label encoding viruses).
For animals implanted with devices, typical experimental groups are either stimulated or non stimulated, or recorded but with other interventions such as injections into the CNS or transgene induction.  For experiments including injections into the CNS, the control group will typically receive vehicle control injection or labelling agent, the experimental group will contain the substance/virus actively being tested. For transgenic animals requiring induction, controls will receive the transgene induction agent but will not express the transgene being tested. Experimental groups may include animals in which the transgene is activated at different time points, or with different transgenes - for example knock out of a gene in two different signalling pathways.
Dose levels for experimental groups will be determined either through literature searches, based on response curves on ex vivo tissues, or pilot tests (under this protocol or otherwise).
How will you choose control groups?
Provide a robust scientific justification for controls with significant suffering such as sham surgery controls or untreated infected controls.
Appropriate control groups will be chosen and directly compared to experimentally treated animals. Typically, for brain injections, control animals will receive similar injections of just the vehicle to control for the effects on the injection procedure and the vehicle for the experimental substance. When appropriate, internal controls will also be utilised (i.e. contralateral side analysis) to reduce the overall number of animals needed, however for some experiments separate controls are required.
Internal controls may be used for longitudinal brain recordings, recording in the same animal before and after additional interventions such as substance administration. Control groups in cross-sectional studies will be comprised of animals injected with control viruses inducing the expression of control transgenes or wild-type animals. Surgeries for controls are required to control for unspecific cellular responses resulting from unspecific tissue responses following damage caused by CNS perturbations in the experimental groups.
Animals of different genotypes may receive the experimental injection and be compared depending on experimental requirements.
How will experiments and data analysis be randomised and blinded?
We will randomly allocate animals to different experimental conditions, such as by use of online randomiser tools https://www.randomizer.org/ or spreadsheet random number generation, though some grouping may occur prior to randomisation e.g. treated water may be given on a cage by cage rather than animal by animal basis to minimise animals being singly housed for long study durations. Experimental analysis will be carried out blinded or via automated analysis. Blinding of files for analysis is performed by coding filenames to remove information that can be used to identify experimental condition (e.g. image files). Where possible we use automated analysis using scripts or image processing software to minimise bias.
How will you minimise variables to ensure reproducibility?
Animals will be obtained at the same time and from the same supplier (or littermates if bred in house) as the animals under experimental protocols where possible, housed in the same conditions, and procedures performed by either the same researcher or with conditions divided evenly between researchers. Animals will receive the same batch of substances across experimental and control groups. Full detailed recorded will be kept regarding details of each animal, such as its precise age and weight when appropriate and these details will be examined thoroughly throughout the experiment and subsequent analysis, when needed.
How will you determine group sizes?
You should reference POWER calculations you have made, if relevant.
The determination of the sample size needed for each experiment is based on power calculations, and effect size calculations. We assume that the datasets we will generate follow normal, i.e. Gaussian, distribution, as with our previous data. We used the mean and standard deviation from our preliminary data, previous work, and available published datasets relating to similar experiments as we propose to do, as estimates of the difference we will detect in the proposed experiments. These assumptions allow us to calculate Cohen’s effect size d and use this to determine the estimated effect size for an experiment.  Apart from behavioural and tissue culture studies, the Cohen’s effect size d was 3 or above, thus a sample size of n=5 for control and n=5 for most studies proposed will have at least a statistical power >0.95 at alpha=0.05 in a two-tailed t-test studies.  For behavioural tasks, the Cohen’s effect size d is on average 1.5, thus a sample size of n=15 for each group will be needed to generate statistically meaningful data.
Group sizes in ageing experiments will be increased to accommodate for loss of animals and to avoid single housing due to animal losses due to old age.
How will you maximise the data output from the animals you use on this protocol?
We will store any resultant isolated cells, fixed tissues, or RNA not used in the original experiment for future additional analysis. 
Protocol 12: Protocol justification
Why is each type of animal, experimental model, and/or method selected for this protocol:
a) the most appropriate scientific approach?
Precise targeting of a specific subpopulation or small region of cells within the brain is only achievable with direct brain injection or infusion and is essential for investigation of individual neuronal circuits. Through injection or infusion of different substances into the brain or spinal cord we can obtain data about signalling pathways (such as by blocking specific signals) and their relevance for remyelination, we can express labels and identify specific circuits within the brain, we can test the effects of the immune mediated factors, we can also modulate activity and evaluate the effects on key processes within the brain, for example, remyelination, neuronal circuit development, or proliferation, migration and differentiation of glial cells. 
Optical/recording devices allow us to stimulate the brain and alter neuronal activity with either light, or small electrical pulses, to determine how neuronal activity regulates myelin formation or to image axon-glia interactions during the normal myelination process. Recording devices are used to obtain measures of electrical activity within the brain, and can be used to simultaneously stimulate and record the effect of altering activity (for example, measuring action potentials fired in response to a small local stimulus). Longitudinal data gathered using these devices allows initial recordings to be used as an internal control prior to additional interventions such as transgene induction or administration of substances (such as CNO, or other cell activity modulators) whilst also reducing the number of animals required for different timepoints.
Through use of these interventions in different combinations and areas of the central nervous system we can identify key signalling pathways and mechanisms underlying myelination, and we can disentangle the contributions of different cell types, or even cell states, to the normal myelination process.  
To investigate the functional behavioural consequences of our interventions we use both cognitive learning (eg. TUNL) and motor learning behavioural tasks (eg. Erasmus ladder, complex running wheel).  TUNL, and other similar cognitive tasks (eg. spontaneous object recognition task and open field test), are especially valuable for our studies as it gives a measure of cognitive learning without being associated with motor learning. The complex running wheel is non-invasive method for testing motor cortical function and learning. The Erasmus ladder and classical eye-blink conditioning tasks not only assesses motor learning, but are also non-invasive methods for testing cerebellar function.  These particular tasks are especially relevant for several of the brain regions that we are interested in and will provide valuable behavioural data.  Glial dysfunction can also lead to problems with memory, general locomotor activity, attention or impulsivity, which can be tested by the spontaneous object recognition task, open field test, and the 5 choice serial reaction time task respectively.  Grasping ability and eye-blink conditioning can also be affected by neuronal circuit dysfunction so grasping tests and eye-blink conditioning will give valuable insight into the effect of glia and myelin on the neuronal circuit function.
We have a number of ex-vivo experimental techniques which can utilise the brain tissue from implanted animals to determine the changes in neurons and glia which occur during and after the myelination process.  The techniques include electrophysiological acute brain slices recordings, such as compound action potentials and patch-clamp recordings, although some will be performed in vivo using the implanted device, and/or immunohistochemical analysis on fixed tissues.
Decapitation is necessary to give high quality, live brain slices to be used for electrophysiological experiments ex-vivo and cannot always be performed under anaesthesia, as the anaesthetic agents can affect the ion channels and cell activity that we are investigating. Similarly, CO2 anaesthesia changes the pH of the brain dramatically with effects on all cell types thus making it unsuitable as an alternative. 
Perfusion fixation is the only method that will preserve tissue quality well enough to perform the histological analyses on which the study outputs depend (e.g. tissue for immunohistochemistry, in situ hybridisation and electron microscopy).  
Perfusion without fixatives is required to generate live tissue brain slices for electrophysiological recording of certain cells e.g. neurons. Removal of blood from the brain tissues prior to cell sorting or tissue isolation for cell culture, or omics; is best achieved by perfusion of physiological buffering solutions (or similar non fixative solutions).
___________________________________________________________________
b) the most refined for the purpose?
For the stereotactic surgeries we have referred to the NC3Rs guidance on Refining rodent stereotactic surgeries and other resources in the NC3Rs 3Rs resource library.  We have referred to Herrmann, K. and Flecknell, P. (2019) “Retrospective review of anesthetic and analgesic regimens used in animal research proposals”, for perspectives of the most suitable analgesia techniques in young animals.
Post-surgical animals will be supported with pain relief, accessible food and water, fluid injection if needed, kept warm during their recovery time, and minimally disturbed to reduce stress. Where possible post operative analgesia is provided in an edible form such as in jelly or chocolate spread, to minimise handling stress post surgery. Local anaesthetic cream (EMLA or similar) is used on the (non puncturing) ear bars of the stereotactic equipment and analgesia is given pre and post surgery.
Precise targeting of a specific subpopulation or small region of cells within the brain is only achievable with direct brain injection, or infusion. Genetically modifying specific cell types to label them or modulate their responses with the use of transgenic rodent models is not feasible for certain targets, or genetic modification may be required to allow area restricted and cell specific modulation or regulation.  Specific cell-type genetic modification would still lack the precision needed to address circuit development, or effects on individual circuits, and may also lead to more severe adverse effects – especially when it comes to modulation of activity, whereby increasing activity in a small local area could potentially have no adverse effects but increasing activity generally could lead to seizures or long-lasting movement problems.
Recently, new viruses have been developed (AAV-PHP.eB) that can cross the brain-blood barrier in rodents, thus allowing intravenous (IV) delivery of viruses as a potential alternative for gene modification and representing a significant refinement to brain stereotaxic injection (Chan et al., 2017). Where pilot studies show this is an effective route and a focal delivery is not needed, it will be used rather than brain injection.
For ageing experiments, animals will only be kept if they are showing no, or minor and controllable, ill effects from growing older. Teeth checks and general health monitoring ensures that animal suffering is kept to a minimum.  As we know that dietary restriction affects myelination processes we are not always able to age animals using this method as it could affect the outcome of our experiments.
To address the effect of glia and myelin on neuronal circuit function, behavioural testing will be used. The behavioural tasks used will be mild and generally just observing movement of the animals, though some will require learning and appetitive stimuli to ensure that the animals perform the tasks.  Animals will only be used for behavioural tests when fully recovered from any surgical procedures (i.e. grade 0 after cranial surgeries), both for the welfare of the animals and to ensure validity of the data.   Animals will be group housed wherever possible to reduce social isolation stress. Animals quickly become habituated to the handling required for testing and in many cases the testing itself acts as environmental enrichment.
For subcutaneous minipump experiments which need a long administration period followed by a long observation period, we will trial use of a powered minipump rather than an osmotic minipump.  For minipumps cannulated into the brain the flow rate will be kept low to minimise damage to the brain at the infusion site, though this does act to limit the size of the osmotic minipump that we can implant.  There are powered minipumps available, these pumps are larger and require a longer surgery for implanting than osmotic minipumps so the exact pump used will be selected according to the required infusion duration, flow rate, experiment duration and weight of the animals.
If an osmotic minipump is implanted for a longer time period than recommended by the manufacturer then it can start to leak concentrated salt solutions which will act as an irritant.  The guaranteed lifespan where this will not occur is approximately 1.5x the delivery period for the pump.  If animals have a minipump in situ approaching this timepoint then there will be increased monitoring for any signs of irritation; this might include localised swelling around the minipump, signs of dehydration (eg. Increased water consumption, skin tenting) redness around the implantation site, increased scratching of the area around the minipump, or signs of pain or discomfort from the animal such as hunching or squinting (assessed using grimace scales).  At the first appearance of any of these clinical signs then the animal will be killed.  The majority of our experiments will not require leaving a minipump in situ beyond the manufacturers’ recommendations.
Inducible cre models will be used to give temporal control over expression or knock out of genes, though tamoxifen and similar induction agents are associated with side effects (mostly weight loss) we aim to minimise these effects by using the minimum dose of tamoxifen required for recombination of our specific transgenes, and providing heat pads and high calorie diet in the event of weight loss.
Decapitation will only be used in conscious animals when alternative methods are not viable, for example, in mice cervical dislocation immediately prior to decapitation can be used if the brain stem doesn’t need to be intact. A guillotine will be used for decapitation of non-neonate animals, to ensure an instantaneous separation of the head and a rapid loss of consciousness.
___________________________________________________________________
For each model and/or method, what is the scientific need for the expected clinical signs?
Direct injection is necessary to achieve precise targeting of small regions of cells or specific subpopulations of cells within the brain or spinal cord, with the planned injections most clinical signs are due to inflammation and are not the aim of the experiment. As we are injecting into the central nervous system some damage is likely to occur which leads to the clinical signs described. Similarly, the introduction of implants or cannulae into CNS tissues can cause some damage and inflammation leading to post surgical discomfort and the described clinical signs.
As our research questions involve glial cell function and myelination, and we wish to understand the mechanisms regulating both normal developmental situations and disease states, substances must be used in order to alter the responses and ascertain the effect on the brain and central nervous system. These alterations can lead to generation of symptoms similar to those seen in human myelin disorders, however we are not specifically replicating any degenerative disease so our humane endpoints have been set to minimise any clinical signs.
With age, we see increased white matter damage and a decline in myelin maintenance and repair; we see this clearly in human diseases such as multiple sclerosis or dementia, with worsening impairment with age. On a cellular level, we also see changes in the ion channel composition of oligodendrocyte lineage cells. It isn't possible to replicate this complex, multifactorial process without ageing the animals.
We do not expect to see any clinical signs as a result of the behavioural testing being used, some weight loss is required for appetite driven tasks to ensure that the animals are motivated to participate to receive food rewards.  
___________________________________________________________________
Why scientifically do the animals need to suffer to this degree?
There is not currently a comparable alternative to implantation into the central nervous system in order to achieve our aims. Suffering associated with the surgeries is minimised as much as possible through the use of analgesia.
Most substances that we will be using are expected to have only minor effects as we are typically using a combination of genetic approaches and specific cell modulators in order to identify mechanisms affecting brain function, myelination, or cognition.  
Though transgene induction agents lead to suffering in animals to which they are administered, their usage is necessary for temporal control over gene expression or knock-out. In many cases the suffering associated with transgene induction agents, such as tamoxifen, is less than that which would be associated with the transgene if it was expressed (or knocked out) earlier in development, such as knock out of myrf preventing myelin formation – at early postnatal timepoints there will be a more pronounced phenotype (severe seizures, tremors or movement disorders) than if myelination is impaired in adults, where it may only affect learning or similar processes involving late stage myelination. In order to obtain sufficient expression of inducible transgenes for many of our lines we require administration of high dosages of tamoxifen or its derivatives. Insufficient tamoxifen leads to a less effective knock out of genes of interest thus masking results due to compensation by unaltered cells, similarly insufficient expression can reduce the signal of labelled cells making them difficult or impossible to quantify, or can lead to expression only in a small subset of cells rather than the full population giving misleading data, and need for more animals to get statistically reliable results.  The weight loss seen as a result of the tamoxifen administration is regained, generally there is a peak of weight loss which is then reversed, and animals that do not reach the humane endpoints will recover to within 5% of their original weight within 2 weeks of the start of tamoxifen administration.
With age the risk of spontaneous death increases, this natural process can occur rapidly and though we regularly health check the animals and kill them if they show clinical signs, we are not guaranteed to be able to intervene earlier.  In the event of spontaneous death, this will be reported by SC18.  We know that ageing affects myelination and other processes within the brain and that ageing is a complex process that we cannot model without the animals themselves being aged.  Our previous work has shown, for example, that oligodendrocyte precursor cells express different ion channels and display different functional states with age, the interplay of receptors within the brain is not possible to model without animals being aged.
When animals are not sufficiently food restricted for behavioural tasks we see a decrease in performance in food motivated tasks such as TUNL, thus the animals need to be hungry at the time of testing in order to learn the task.
___________________________________________________________________
Why can't you achieve your scientific outputs with an earlier humane endpoint, or without animals showing any clinical signs?
The humane end points proposed are a balance between the suffering of one animal and the potential need for a replacement animal to undergo the procedures. Clinical signs that are seen post surgery do not progressively worsen and animals are expected to improve within the timescales, though some balance and movement difficulties can occur, animals are still able to move around in the cage and access food and water.  
An earlier humane endpoint for gene induction agent administration could be set but would increase the numbers of animals that need to undergo the protocol in order to replace those killed due to what is generally reversible weight loss.  We are actively seeking alternate gene induction agents to minimise clinical signs and reduce the number of animals reaching the humane endpoints.
___________________________________________________________________
Will you be administering substances for experimental purposes?
Yes
___________________________________________________________________
How will you assess the suitability of these substances, and minimise the unnecessary harms arising from their administration given the particular strain or type of animal you will be using?
When assessing suitability, state how you will consider toxicity, efficacy, and sterility.
Before administering any substances to animals we will thoroughly check available literature for prior use in vivo.  Generally, substances used will not be expected to cause adverse effects and, in the cases of pro-regenerative or pro-myelination agents would be expected to lead to improvements rather than any detrimental effects. Where substances have not been used previously, we will carry out ex vivo testing on brain slices or cultures to ascertain appropriate doses to generate the required effects before performing a small pilot study in vivo. 
The method of administration for these substances will depend on what route gives the optimal dose – dosages will be based on the available literature and in vitro or pilot studies.  We will always seek to choose the least invasive method and administration schedule to give the required dosage and onset of effect.  All substances administered to animals will be prepared in a sterile manner to minimise infection or contamination risks.
Pertussis toxin injections into the brain have been carried out repeatedly in the literature and no adverse effects have been reported at the low doses (≤0.5 µg) that we plan to use. Adverse effects associated with pertussis toxin injections are predominantly due to its effect on the lungs, which is avoided by the use of brain injection. None of the toxins for injection into the brain or CNS are expected to have any particular adverse effects, unless they are used as a lesion induction agent, adverse effects relating to the procedure are detailed in the protocol.
For isolated immune mediated factors, in most cases we will be using highly purified factors which should be minimally immunogenic and thus can be used in non-immunocompromised or immunocompromised animals.
How will you determine an appropriate dosing regimen?
Include routes, dosage volumes, frequencies, and durations.
Routes, dosage volumes, frequencies and durations will be obtained from published literature where available. Pilot studies will be used to confirm that the chosen parameters are well tolerated by our specific models and genetic backgrounds.  Unless otherwise specified, dosing and sampling procedures will be undertaken using a combination of volumes, routes and frequencies that of themselves will result in no more than transient discomfort and no lasting harm. Maximum volumes and dosing frequencies will not exceed those described in the table below, and will be minimised to that which is sufficient to give the required experimental dose in pursuit of the scientific objective.
	Mouse
	Daily max. vol. ml/kg
	Max. No./day < 10 days
	Max. No./day >10 days
	Max No.

	Subcutaneous injection
	20
	3
	2
	24

	Intraperitoneal injection
	20
	2
	1
	30

	Oral gavage
	20
	2
	1
	30

	Neonate intraperitoneal injection
	10
	1
	1
	5


Protocol 13
Title
Cell transplantation
___________________________________________________________________
Protocol 13: Protocol details
Briefly describe the purposes of this protocol
Ensure that you state any relevant regulatory guidelines.
Transplant of neural lineage or immune cells into the brain to test neuronal circuit development and myelination.
___________________________________________________________________
Given the controls and limitations in place, what is the highest severity that an animal could experience in this protocol?
Moderate
___________________________________________________________________
What proportion of animals will experience this severity?
All animals will experience moderate severity.
___________________________________________________________________
Why are you proposing this severity category?
Cell transplantation surgeries performed in adults will cause animals to experience short-lived post-operative pain and discomfort from the procedure (primarily due to drilling through the skull). 
Gene induction agents can cause adverse effects in rodents due to toxicity. All animals receiving tamoxifen, for instance, are likely to show weight loss. Some animals will develop piloerection, hunched posture, and subdued behaviour, concomitant with a drop in body condition, suggestive of moderate suffering.
___________________________________________________________________
Locations where this protocol can be carried out
Select all that apply.
· University of Cambridge
___________________________________________________________________
Which of your objectives will this protocol address?
Select all that apply.
· Establish a mechanism of myelin loss and damage throughout life 
· Identify a mechanism of how glia effect neuronal circuit development and function in health and disease
· Determine a pathway of how myelin is regenerated in disease.
· Determine a mechanism of how myelin plasticity and dysfunction can affect learning and memory.
· Identify a regulatory mechanism of myelination throughout life.
___________________________________________________________________
Protocol 13: Animals used in this protocol
Mice
Which life stages will be used during this protocol?
Select all that apply
· Adult
· Aged animal
___________________________________________________________________
Will any animals coming on to this protocol be classed as ‘continued use’?
‘Continued use’ describes animals that are specifically genetically altered and bred for scientific use or animals that have had procedures applied to them in order to be prepared for use in this protocol.
Yes
___________________________________________________________________
How did these animals start their use?
Describe the procedures that have been applied to animals that will continue their use on to this protocol.
Genetically altered animals for use in this protocol may be obtained from: 
•	This licence: Protocol 5 ‘Breeding and maintenance of genetically altered animals’ (mild)
or 
•	other project licences with authority to breed and maintain genetically altered animals of a type authorised in this project, and to provide them for use on other projects.
Will you be re-using animals on to this protocol?
‘Re-use’ describes using animals again for a new experiment when you could equally use a naïve animal to get the same results.
No
___________________________________________________________________
What is the maximum number of animals that will be used on this protocol?
Please only enter numbers, e.g. 40
150
___________________________________________________________________
What is the maximum number of uses of this protocol per animal?
For example, if some animals will go through this protocol three more times after their first use, the number of uses will be four.   If no animals will go through this protocol more than once, enter '1'.  Please only enter numbers, e.g. 40
1
___________________________________________________________________
Protocol 13: Genetically altered animals (GAA)
Will this protocol use any genetically altered animals?
Yes
___________________________________________________________________
Which general types or strains will you be using and why?
This project will use animals expressing altered myelin associated genes or genes that control glial proliferation, differentiation, or myelination. Genes will be modified that are involved in signalling pathways to glia and neurons - including ion channels, as our previous work has shown that these channels are expressed by oligodendrocyte precursor cells and may be important for proliferation and/or differentiation. Genetically encoded labels, and generic reporter mice will be used to identify different cells (e.g. for cell sorting or electrophysiology) and recombinant genes such as ChR2, hM4Di, hM3Dq, iGluSnFr, GRASP, GCaMP or other activity modulators, or sensors, will also be used. 
Modifications will include overexpression, partial or full knockout of the gene. Predominantly the cre-lox system will be used, generally using cell/tissue specific cre lines or promoters specific to the genes of interest. Inducible cre models will be used to give temporal control over expression or knock out of genes, enabling us to study development, repair, or other processes such as learning and behaviour. 
In this protocol, predominantly immunodeficient mouse models will be used, alone or in combination with the other alterations mentioned above in order for cell transplantations to be performed or to investigate the role of immune cells in brain development and repair.
Mice with myelin deficits such as myrf (myelin regulatory factor) knock out mice will be used to investigate the role of myelin in the brain circuit, prevent myelin formation at critical points in development, or investigate rescue of myelin phenotypes through other interventions.
These modifications are necessary to address our objectives. Our work aims to identify factors which affect myelination or remyelination and the mechanisms behind their action. These factors can affect myelination or remyelination by perturbation of the survival, migration, myelin formation and compaction, differentiation or proliferation of oligodendrocyte precursor cells (OPCs). Other factors that might affect myelination are interactions between OPCs and other cells within the brain, such as neurons, astrocytes or microglia. 
Do you expect any of these GAAs to show a harmful phenotype with welfare consequences?
No
Protocol 13: Steps
Step 1: Cell transplant into the brain (mandatory)
Describe the procedures that will be carried out during this step.
Explain where one or more steps are repeated in one experiment, list any alternative techniques within a step (e.g. dosing routes), and include all procedures performed under terminal anaesthesia.  When describing the technical aspects of a step, be broad enough to be flexible when the variation does not impact on animal welfare (e.g. use "antibiotic" instead of "penicillin"). Finally, avoid specifying volumes and frequencies when they do not impact on animal welfare.
(At any stage, with up to two separate surgeries) Stereotactic injection of neural lineage or immune cells (with or without labelling substances) into specific areas of the brain. The maximum volume per injection is 5 µL, with no more than 4 injections per surgery. (AB)
___________________________________________________________________
Is this step optional?
No
___________________________________________________________________
Do you expect this step to have adverse effects for the animals that are more than mild and transient?
Do not list uncommon or unlikely adverse effects, or effects from procedures that will cause no more than transient discomfort and no lasting harm. For example, an intravenous injection of a small volume of an innocuous substance.
Yes
___________________________________________________________________
What are the likely adverse effects of this step?
State the expected adverse effect, including the likely incidence, and the anticipated degree and duration of suffering.
Damage to the brain from the needle during injection carries a small risk of bleeding and unintended injury to brain structures, the effects of which would depend on the region affected but can include a minor head tilt and/or mild imbalance. 
●	Grade 0: about 90% animals will recover soon after surgery without head tilt.
●	Grade 1: Slight head tilt (<8% of animals) when walking for the first few days after the procedure. This does not prevent walking, drinking, eating or free ambulation around the cage.
●	Grade 2: Clearly apparent (<1% of animals) head tilt with the lower body generally remaining upright and with a tendency to veer towards the opposite side of the injection when moving. Less than 2 % of these animals may develop rolling when handled or disturbed (reactive). The animals are still able to move around in the cage.
How will you monitor for, control, and limit any of these adverse effects?
If adverse effects can't be prevented, how will you attempt to ameliorate their initial signs?
Post-surgery all animals will receive analgesia, this will be continued as necessary but will be provided for three days at a minimum.  Animals will be kept warm until they are successfully roused from anaesthesia and handling minimised to reduce distress.  If needed, warm saline injections will be given to ensure that the animals do not become dehydrated.  All animals will be monitored post surgery for recovery from anaesthesia, ensuring that they are mobile within the cage and able to access food and water.  Additional support and monitoring is determined by the grading of the animal, see below.  All animals will be checked in the AM and PM daily for a minimum of 5 days.
●	Grade 0-1: normal post operative monitoring and analgesia.
●	Grade 2: Ensure access to food and fluid; a long nozzled water bottle or hydration gel and a soft form of food will be provided in an accessible location, until animals recover to Grade 1 or 0.
What are the humane endpoints for this step?
This would be the point at which you would kill the animal to prevent further suffering.
●	Grade 2: If the reactive rolling persists for 24 hours post surgery the animals will be killed. If the animals have not recovered to grade 1 or 0 within 36 hours then they will be killed
Step 2: Substance administration (optional)
Describe the procedures that will be carried out during this step.
Explain where one or more steps are repeated in one experiment, list any alternative techniques within a step (e.g. dosing routes), and include all procedures performed under terminal anaesthesia.  When describing the technical aspects of a step, be broad enough to be flexible when the variation does not impact on animal welfare (e.g. use "antibiotic" instead of "penicillin"). Finally, avoid specifying volumes and frequencies when they do not impact on animal welfare.
(Optional, At any stage, and on multiple occasions, subject to the limits in the protocol justification) administration of substances (labelling agents e.g. BrdU, EdU, agonists or antagonists, cell response modulators e.g. tetracycline, clozapine, glial toxins, non pathogenic viruses, cytokines, antibodies, or controls) by, on each occasion, one of the following routes.  Additional substances may be administered concurrently by multiple routes (a-d) if the substances are innocuous and are not expected to increase the burden to the animal. (AA)
a.	Subcutaneously
b.	Intraperitoneally
c.	Oral (including in supplemental food or drinking water, standard diet will not be fully replaced)
d.	Gavage
___________________________________________________________________
Is this step optional?
Yes
___________________________________________________________________
Do you expect this step to have adverse effects for the animals that are more than mild and transient?
Do not list uncommon or unlikely adverse effects, or effects from procedures that will cause no more than transient discomfort and no lasting harm. For example, an intravenous injection of a small volume of an innocuous substance.
Yes
___________________________________________________________________
What are the likely adverse effects of this step?
State the expected adverse effect, including the likely incidence, and the anticipated degree and duration of suffering.
After gavage, 1% of animals may show signs of gastric reflux, this presents as subdued behaviour for a few minutes post gavage. If reflux is followed by aspiration this can cause gasping.
In less than 0.1% of cases, water consumption may be affected when substances are added to the drinking water. This can lead to dehydration related weight loss, skin tenting, or lethargy.
How will you monitor for, control, and limit any of these adverse effects?
If adverse effects can't be prevented, how will you attempt to ameliorate their initial signs?
Animals will be observed post gavage to identify any signs of reflux or gasping.
Water consumption for rats is approximately 10ml/100g and for mice 15ml/100g. If water consumption falls below normal, and is not corrected by use of sweeteners, and/or the animal starts showing signs of decreased consumption (e.g. weight loss, skin tenting) then administration of drug in water will be stopped and animals immediately offered untreated water. If drinking resumes, then the substances may be administered via an alternative method.
What are the humane endpoints for this step?
This would be the point at which you would kill the animal to prevent further suffering.
Any animal showing gasping not resolved within 2 minutes will be killed. Any animal that appears subdued post gavage and does not return to normal behaviour will be killed.
If animals do not return to normal drinking after being presented with untreated water, then they will be killed.
Step 3: Behavioural testing (optional)
Repeated from protocol 9
Describe the procedures that will be carried out during this step.
Explain where one or more steps are repeated in one experiment, list any alternative techniques within a step (e.g. dosing routes), and include all procedures performed under terminal anaesthesia.  When describing the technical aspects of a step, be broad enough to be flexible when the variation does not impact on animal welfare (e.g. use "antibiotic" instead of "penicillin"). Finally, avoid specifying volumes and frequencies when they do not impact on animal welfare.
a. At any stage and on multiple occasions, animals will undergo typically one, but up to three, behavioural procedures from the table below (AA).
b. On multiple occasions, after complete recovery from any surgical interventions, if required for the behavioural test (indicated in the table below) Animals will undergo food restriction (fed daily with reduced amount) such that the animals do not drop below 85% of their free-feeding body weight (AA)
	Behavioural test
	Max session length
	Normal test frequency
	Additional procedures

	Operant conditioning (including Trial-Unique Non-matching to Location (TUNL) and the 5-choice serial reaction time task
	1 hour
	Typically once per day, up to twice. For up to 8 weeks
	Food restriction required for up to 8.5 weeks

	Rotarod
	Incremental fixed speed rotarod – up to 1 minute at three different speeds. 
Accelerating rotarod – up to 5 minutes per session
	Daily during training period, up to weekly after as required by experiments
	

	Erasmus Ladder
	42 runs across the ladder (up to 1 hour depending on length of rest periods between runs)
	Once per day, up to 10 days
	

	Open field test
	30 minutes
	Weekly, up to daily
	

	Balance beam coordination test
	30 minutes (up to 3 trials)
	Daily
	

	Grasping ability (modified wire hanging test, hind paws on ground)
	30 minutes
	Daily
	

	Visual acuity tasks
	30 minutes
	Daily
	

	Complex running wheel
	Unlimited, wheel is in the cage and usage is voluntary
	Up to 3 weeks
	Animals must be singly housed for up to 3 weeks

	Classical eye blink conditioning task
	
	
	


___________________________________________________________________
Is this step optional?
Yes
___________________________________________________________________
Do you expect this step to have adverse effects for the animals that are more than mild and transient?
Do not list uncommon or unlikely adverse effects, or effects from procedures that will cause no more than transient discomfort and no lasting harm. For example, an intravenous injection of a small volume of an innocuous substance.
Yes
___________________________________________________________________
What are the likely adverse effects of this step?
State the expected adverse effect, including the likely incidence, and the anticipated degree and duration of suffering.
Weight loss (typically ~10% from baseline weight) for food restricted animals.
How will you monitor for, control, and limit any of these adverse effects?
If adverse effects can't be prevented, how will you attempt to ameliorate their initial signs?
Animals are weighed daily until their weight stabilises, then are weighed at least 5x a week. As animals are not singly housed during the food restriction, if one animal drops more weight than its cagemates it will be briefly separated to allow access to additional food (<30mins).
What are the humane endpoints for this step?
This would be the point at which you would kill the animal to prevent further suffering.
For food restricted animals, any animal showing weight loss over 15% or that approaches 20% and that is not improved within 1 hour by additional food being provided will be killed.
Step 4: Transgene induction (optional)
Repeated from protocol 9
Describe the procedures that will be carried out during this step.
Explain where one or more steps are repeated in one experiment, list any alternative techniques within a step (e.g. dosing routes), and include all procedures performed under terminal anaesthesia.  When describing the technical aspects of a step, be broad enough to be flexible when the variation does not impact on animal welfare (e.g. use "antibiotic" instead of "penicillin"). Finally, avoid specifying volumes and frequencies when they do not impact on animal welfare.
(At any stage) Transgene inducing or deleting agents (e.g. Tamoxifen, 4-hydroxytamoxifen, tetracycline) or control substances will be administered alone or in combination, continuously or intermittently by one of the following routes:
a. Oral (including in food or drinking water)
b. By gavage
c. Subcutaneous
d. Intraperitoneal
___________________________________________________________________
Is this step optional?
Yes
___________________________________________________________________
Do you expect this step to have adverse effects for the animals that are more than mild and transient?
Do not list uncommon or unlikely adverse effects, or effects from procedures that will cause no more than transient discomfort and no lasting harm. For example, an intravenous injection of a small volume of an innocuous substance.
Yes
___________________________________________________________________
What are the likely adverse effects of this step?
State the expected adverse effect, including the likely incidence, and the anticipated degree and duration of suffering.
Tamoxifen and tamoxifen derivatives show dose and age dependent adverse effects.
Administration of Tamoxifen (or its derivatives) for transgene induction may cause adverse effects in mice.  Most mice will show a transient lack of weight gain or weight loss of <15%.  Weight loss of up to 20% may occur gradually (over the course of 6-10 days). These effects typically arise 5-10 days after the last administration. Up to 10% of animals may develop piloerection, hunched posture, and subdued behaviour.
At high dosages (250mg-300mg/kg), more animals (<20%) may show piloerection, hunched posture, and subdued behaviour, the extent of which depends on the modification present. The adverse effects are attributed to the combination of tamoxifen toxicity and the resultant genetic modification. 
Animals which don't reach humane endpoints usually fully recover from tamoxifen administration within 2 weeks and regain weight to within 5% of baseline.
After gavage, 1% of animals may show signs of gastric reflux, this presents as subdued behaviour for a few minutes post gavage. If reflux is followed by aspiration this can cause gasping.
In less than 0.1% of cases, water consumption may be affected when substances are added to the drinking water. This can lead to dehydration related weight loss, skin tenting, or lethargy.
How will you monitor for, control, and limit any of these adverse effects?
If adverse effects can't be prevented, how will you attempt to ameliorate their initial signs?
Prior to administration of transgene induction agents, mice will be assigned a body condition score and have a baseline weight recorded.  Animals will be assessed daily for signs of piloerection, hunching or subdued behaviour. Only animals with a body score of 3 or above will receive transgene induction agents.
Soft food and/or calorie rich supplementation will be provided to the animals. Heat pads will be attached to the cage if the body score begins to drop, and weight will be monitored more frequently (daily rather than twice a week). Calorie rich diets may include up to 10 days of high fat western diet provided as a supplement to the normal diet. Animals may be habituated to higher calorie food prior to transgene induction.
Animals will be observed post gavage to identify any signs of reflux or gasping.
Water consumption for rats is approximately 10ml/100g and for mice 15ml/100g. If water consumption falls below normal, and is not corrected by use of sweeteners, and/or the animal starts showing signs of decreased consumption (e.g. weight loss, skin tenting) then administration of drug in water will be stopped and animals immediately offered untreated water. If drinking resumes, then the substances may be administered via an alternative method.
What are the humane endpoints for this step?
This would be the point at which you would kill the animal to prevent further suffering.
If clinical signs (hunching, piloerection) are sustained for 24 hours without improvement, the animals will be killed.
If the body score of animals declines rapidly (i.e. Half a point on the 5 point scale within 24 hours) animals will be killed.  Body condition scores are given on a 5 point scale, where 1 is emaciated, 3 is well conditioned, and 5 is obese.  Gradual weight loss over 5-7 days in the absence of additional clinical signs, which doesn't cause the body condition score to drop below the 'normal' well conditioned mouse has a humane end point of 20% weight loss from baseline.
Animals with a body condition score that falls to 2 will be killed.
Any animal showing gasping not resolved within 2 minutes will be killed. Any animal that appears subdued post gavage and does not return to normal behaviour will be killed.
If animals do not return to normal drinking after being presented with untreated water, then they will be killed.
Step 5: Tissues for genotyping (optional)
Repeated from protocol 5
Describe the procedures that will be carried out during this step.
Explain where one or more steps are repeated in one experiment, list any alternative techniques within a step (e.g. dosing routes), and include all procedures performed under terminal anaesthesia.  When describing the technical aspects of a step, be broad enough to be flexible when the variation does not impact on animal welfare (e.g. use "antibiotic" instead of "penicillin"). Finally, avoid specifying volumes and frequencies when they do not impact on animal welfare.
Tissue biopsy to determine genetic status by one of the following methods: 
a.	ear biopsy (AA/AB)
b.	hair sampling (AA/AB)
c.	mouth swabbing (AA/AB)
Rarely, due to technical problems during analysis, a second sample may be taken. 
___________________________________________________________________
Is this step optional?
Yes
___________________________________________________________________
Do you expect this step to have adverse effects for the animals that are more than mild and transient?
Do not list uncommon or unlikely adverse effects, or effects from procedures that will cause no more than transient discomfort and no lasting harm. For example, an intravenous injection of a small volume of an innocuous substance.
No
___________________________________________________________________
Step 6: Terminal procedures (mandatory)
Repeated from protocol 5
Describe the procedures that will be carried out during this step.
Explain where one or more steps are repeated in one experiment, list any alternative techniques within a step (e.g. dosing routes), and include all procedures performed under terminal anaesthesia.  When describing the technical aspects of a step, be broad enough to be flexible when the variation does not impact on animal welfare (e.g. use "antibiotic" instead of "penicillin"). Finally, avoid specifying volumes and frequencies when they do not impact on animal welfare.
Terminal procedures:
a.	Perfusion fixation (AC)
b.	Schedule 1 killing
c.	Perfusion without fixative (AC) followed by confirmation of death by a method in Schedule 1
d.     Decapitation (AA/AC)
___________________________________________________________________
Is this step optional?
No
___________________________________________________________________
Do you expect this step to have adverse effects for the animals that are more than mild and transient?
Do not list uncommon or unlikely adverse effects, or effects from procedures that will cause no more than transient discomfort and no lasting harm. For example, an intravenous injection of a small volume of an innocuous substance.
No
___________________________________________________________________
Protocol 13: Fate of animals
What will happen to animals at the end of this protocol?
Select all that apply. These options are based on what you selected in the non-technical summary.
· Killed
Will you be using non-schedule 1 killing methods on a conscious animal?
Yes
For each non-schedule 1 method, explain why this is necessary.
Decapitation is necessary to give high quality, live brain slices to be used for electrophysiological experiments ex-vivo and cannot always be performed under anaesthesia, as the anaesthetic agents can affect the ion channels and cell activity that we are investigating. Similarly, CO2 anaesthesia changes the pH of the brain dramatically with effects on all cell types thus making it unsuitable as an alternative. 
Decapitation will only be used in conscious animals when alternative methods are not viable, for example, in mice cervical dislocation immediately prior to decapitation can be used if the brain stem doesn’t need to be intact. A guillotine will be used for decapitation of non-neonate animals, to ensure an instantaneous separation of the head and a rapid loss of consciousness.
___________________________________________________________________
Protocol 13: Animal experience
Summarise the typical experience or end-to-end scenario for an animal being used in this protocol.
Consider the cumulative effect of any combinations of procedures that you may carry out.
Animals will be born within the facility or bought in from licensed establishments and acclimated for a week. If needed, animals will be aged to the correct timepoint prior to transplant. Animals will be anaesthetised using inhalant anaesthesia and the head fixed to prevent movement during the surgery. The skull will be exposed, coordinates for transplant calculated and hole(s) drilled into the skull in the correct locations. A small volume of solution containing neural lineage cells with or without labelling substances, will be injected with typically 2, but up to 4 injections into the brain. Animals will receive analgesia pre and post operatively, as well as fluid injections to compensate for any potential losses over the course of the surgery.
At any stage during the protocol (i.e. pre- or post-surgically) animals might receive substances (orally in the food or drinking water, by gavage, subcutaneously or intraperitonially) for transgene induction and/or experimental purposes (modulating cell responses, antibodies, labelling substances, viruses) if required.  Following on from transgene induction, some animals may experience weight loss and a minority of animals may show piloerection and subdued behaviour for up to 24 hours, all within the limits established for humane endpoint.
Behavioural testing may also be required.  The tests used will vary, and may require mild food restriction (operant conditioning tasks) or animals being singly housed (complex wheel). Where food restriction is required, animals are given food daily, just a reduced amount so that they are maintained at 10-15% lower body weight than their baseline weight. 
At the end of the experiment, animals may be transported to a nearby licensed designated area outside of the animal facility prior to killing if needed for experiments.
Killing will either be via a schedule 1 method, decapitation, or perfusion under terminal anaesthesia (with or without fixative) depending on the downstream use
___________________________________________________________________
Describe the general humane endpoints that you will apply during the protocol.
These will be in addition to the endpoints stated for each step.
Any animal that exhibits signs of distress or suffering that are not listed as expected protocol-related adverse effects will be humanely killed. 
In addition, unless otherwise specified in the step, any animal that loses 15% of its body weight compared to its baseline weight will be killed.
The determination of baseline weight depends on the age of the animal; young or juvenile animals that are still growing should be compared to expected growth curves. An initial weight should be taken prior to procedures and any weight loss from this initial weight should take into account expected weight gain for their age. For adult animals, the baseline should either be the highest recorded weight immediately prior to procedures, or an average of 3 weights on different days immediately prior to procedures. For food restricted animals, upon relaxing the food restriction animals will typically put on a significant amount of weight which reduces gradually over a few days. In this instance, baseline weight should be taken as the average of the weight prior to starting food restriction and the weight within 48 hours of the return to ad libitum feeding, prior to further procedures.
___________________________________________________________________
Protocol 13: Experimental design
What outputs are expected to arise from this protocol?
For example, test results, phenotypic information, or products.
Tissues for in vitro or ex vivo use; brain slices for electrophysiology, cells isolated either to be further cultured or other laboratory uses, immunostaining of tissues to quantify cells.
___________________________________________________________________
Will this protocol generate quantitative data?
Yes
___________________________________________________________________
Will your experimental design be determined by a regulatory guideline?
No
Where relevant, explain how and when pilot studies will be used.
Pilot studies will be used to generate a mean and standard deviation as an estimate of the difference we will detect in the proposed experiments. This will then be used in power calculations to determine the number of animals required to obtain a statistical power >0.95 at alpha=0.05 in a two-tailed t-test studies.
Pilot studies on cell lines will be performed prior to transplant to ensure cell health and expected differentiation pathways.
How will you choose different experimental groups?
For example, controls, dose levels, satellites etc.
Experimental groups will be different derivations of cells, cells generated from healthy or patient samples, the same cells in different transgenic mice, or different injection sites.
How will you choose control groups?
Provide a robust scientific justification for controls with significant suffering such as sham surgery controls or untreated infected controls.
Control groups will be untransplanted mice of the same genotype, or mice transplanted with 'normally behaving cells' from healthy controls. 
How will experiments and data analysis be randomised and blinded?
We will randomly allocate animals to different experimental conditions, such as by use of online randomiser tools https://www.randomizer.org/ or spreadsheet random number generation, though some grouping may occur prior to randomisation e.g. treated water may be given on a cage by cage rather than animal by animal basis to minimise animals being singly housed for long study durations. Blocking may also be used to ensure that groups being compared consist of similar individuals e.g. behavioural studies where animals perform pretraining, extreme high performers will be allocated evenly between experimental conditions.  
Experimental analysis will be carried out blinded or via automated analysis.
Blinding of files for analysis is performed by coding filenames to remove information that can be used to identify experimental condition (e.g. image files).  Where possible we use automated analysis using scripts or image processing software to minimise bias.
How will you minimise variables to ensure reproducibility?
Littermates will be used where possible, housed in the same conditions, and procedures performed by either the same researcher or with conditions divided evenly between researchers.  Cells are prepared in the same way prior to transplant.
How will you determine group sizes?
You should reference POWER calculations you have made, if relevant.
The determination of the sample size needed for each experiment is based on power calculations, and effect size calculations. We assume that the datasets we will generate follow normal, i.e. Gaussian, distribution, as with our previous data. We used the mean and standard deviation from our preliminary data, previous work, and available published datasets relating to similar experiments as we propose to do, as estimates of the difference we will detect in the proposed experiments. These assumptions allow us to calculate Cohen’s effect size d and use this to determine the estimated effect size for an experiment.  Apart from behavioural and tissue culture studies, the Cohen’s effect size d was 3 or above, thus a sample size of n=5 for control and n=5 for most studies proposed will have at least a statistical power >0.95 at alpha=0.05 in a two-tailed t-test studies.  For behavioural tasks, the Cohen’s effect size d is on average 1.5, thus a sample size of n=15 for each group will be needed to generate statistically meaningful data.
How will you maximise the data output from the animals you use on this protocol?
We will store any resultant isolated cells, fixed tissues, or RNA not used in the original experiment for future additional analysis. 
Electrophysiological data generated ex vivo will be stored for additional analysis.  Ex vivo brain slices will be shared between researchers where possible. 
Protocol 13: Protocol justification
Why is each type of animal, experimental model, and/or method selected for this protocol:
a) the most appropriate scientific approach?
Refinement of the neuronal circuit aligns with the onset of myelination. In fact, it has been suggested that myelination of axons prevents phagocytosis during neuronal circuit refinement.  We have generated IPSCs from patients with Alzheimer’s and matched control lines in order to investigate the effect of patient specific mutations on glial function and neural circuit development.  By transplanting neural lineage cells into immunodeficient mice with or without genetic myelin defects such as the foxg1 cre, myrf knock out, rag2 knock out mouse (immunodeficient, normal lifespan, cortical myelination reduced), we can investigate the effect of these mutations on circuit maintenance.  Additionally, by transplanting neural or glial lineage cells into animals we can investigate factors affecting myelination by human cells, giving us a higher chance of patient relevant findings than murine glia alone. 
For this protocol we are transplanting cells into the adult in order to investigate their effects in the established brain rather than the developmental situation. It has been hypothesised that there is a critical period for myelination to occur, by transplanting cells past the main developmental myelination period we can observe differences in myelination capacity as a result of the environment and compare to glia specific genetic factors. Growing evidence show that glia and immune mediated factors affect neuronal circuit function. To identify factors affecting circuit dysfunction and to determine the mechanisms of how these factors affect circuit dysfunction, we will investigate the effect of transplanted immune cells, such as B and T cells, into the CNS.
To quantify these effects, we will focus on electrophysiological ex vivo acute brain slices recordings, such as compound action potentials and patch-clamp recordings, and/or immunohistochemical analysis at different time points during development after transplantation of glial and immune cells in vivo.  
Behavioural tasks will be used to verify whether the changes identified in the neuronal circuit affect behaviour.
Decapitation is necessary to give high quality, live brain slices to be used for electrophysiological experiments ex-vivo and cannot always be performed under anaesthesia, as the anaesthetic agents can affect the ion channels and cell activity that we are investigating. Similarly, CO2 anaesthesia changes the pH of the brain dramatically with effects on all cell types thus making it unsuitable as an alternative. 
Perfusion fixation is the only method that will preserve tissue quality well enough to perform the histological analyses on which the study outputs depend (e.g. tissue for immunohistochemistry, in situ hybridisation and electron microscopy).  
Perfusion without fixatives is required to generate live tissue brain slices for electrophysiological recording of certain cells e.g. neurons. Removal of blood from the brain tissues prior to cell sorting or tissue isolation for cell culture, or omics; is best achieved by perfusion of physiological buffering solutions (or similar non fixative solutions).
___________________________________________________________________
b) the most refined for the purpose?
For the stereotactic surgeries we have referred to the NC3Rs guidance on Refining rodent stereotactic surgeries and other resources in the NC3Rs 3Rs resource library.  We have referred to Herrmann, K. and Flecknell, P. (2019) “Retrospective review of anesthetic and analgesic regimens used in animal research proposals”, for perspectives of the most suitable analgesia techniques.
Local anaesthetic cream (EMLA or similar) is used on the (non puncturing) ear bars of the stereotactic equipment and analgesia is given pre and post surgery.
Injection is the only route to transplant cells into the CNS.
To address the effect of transplanted glia on circuit function, behavioural testing will be used. The behavioural tasks used will be mild and generally just observing movement of the animals, though some will require learning and appetitive stimuli to ensure that the animals perform the tasks.  Animals will only be used for behavioural tests when fully recovered from any surgical procedures (i.e. grade 0 after cranial surgeries), both for the welfare of the animals and to ensure validity of the data.   Animals will be group housed wherever possible to reduce social isolation stress. Animals quickly become habituated to the handling required for testing and in many cases the testing itself acts as environmental enrichment.
Inducible cre models will be used to give temporal control over expression or knock out of genes, though tamoxifen and similar induction agents are associated with side effects (mostly weightloss) we aim to minimise these effects by using the minimum dose of tamoxifen required for recombination of our specific transgenes, and providing heat pads and high calorie diet in the event of weight loss.
Decapitation will only be used in conscious animals when alternative methods are not viable, for example, in mice cervical dislocation immediately prior to decapitation can be used if the brain stem doesn’t need to be intact. A guillotine will be used for decapitation of non-neonate animals, to ensure an instantaneous separation of the head and a rapid loss of consciousness.
___________________________________________________________________
For each model and/or method, what is the scientific need for the expected clinical signs?
Direct injection is necessary to place the cells into the CNS, with the planned injections most clinical signs are due to inflammation or post-surgical discomfort and are not the aim of the experiment. As we are injecting into the central nervous system some damage may occur which leads to the clinical signs described. 
As our research questions involve glial cell function and myelination, and we wish to understand the mechanisms regulating both normal developmental situations and disease states, substances must be used in order to alter the responses and ascertain the effect on the brain and central nervous system. These alterations can lead to generation of symptoms similar to those seen in human myelin disorders, however we are not specifically replicating any degenerative disease so our humane endpoints have been set to minimise any clinical signs.
We do not expect to see any clinical signs as a result of the behavioural testing being used, some weight loss is required for appetite driven tasks to ensure that the animals are motivated to participate to receive food rewards.  
___________________________________________________________________
Why scientifically do the animals need to suffer to this degree?
There is no other route by which we can introduce cells into the adult brain so some post surgical discomfort is unavoidable. There is not currently a comparable alternative to transplantation into the central nervous system in order to achieve our aims. Suffering associated with the surgeries is minimised as much as possible through the use of analgesia.
Most substances that we will be using are expected to have only minor effects as we are typically using a combination of genetic approaches and specific cell modulators in order to identify mechanisms affecting brain function, myelination, or cognition.  
Though transgene induction agents lead to suffering in animals to which they are administered, their usage is necessary for temporal control over gene expression or knock-out. In many cases the suffering associated with transgene induction agents, such as tamoxifen, is less than that which would be associated with the transgene if it was expressed (or knocked out) earlier in development, such as knock out of myrf preventing myelin formation – at early postnatal timepoints there will be a more pronounced phenotype (severe seizures, tremors or movement disorders) than if myelination is impaired in adults, where it may only affect learning or similar processes involving late stage myelination. In order to obtain sufficient expression of inducible transgenes for many of our lines we require administration of high dosages of tamoxifen or its derivatives. Insufficient tamoxifen leads to a less effective knock out of genes of interest thus masking results due to compensation by unaltered cells, similarly insufficient expression can reduce the signal of labelled cells making them difficult or impossible to quantify, or can lead to expression only in a small subset of cells rather than the full population giving misleading data, and need for more animals to get statistically reliable results.  The weight loss seen as a result of the tamoxifen administration is regained, generally there is a peak of weight loss which is then reversed, and animals that do not reach the humane endpoints will recover to within 5% of their original weight within 2 weeks of the start of tamoxifen administration.
___________________________________________________________________
Why can't you achieve your scientific outputs with an earlier humane endpoint, or without animals showing any clinical signs?
The humane end points proposed are a balance between the suffering of one animal and the potential need for a replacement animal to undergo the procedures. Additionally, some of the cells being transplanted can be difficult to generate or are isolated from tissues, killing the animals at an earlier timepoint means losing the cells and the information that the experiment would yield.
Clinical signs that are seen post surgery do not progressively worsen and animals are expected to improve within the timescales, though some balance and movement difficulties can occur, animals are still able to move around in the cage and access food and water.  
An earlier humane endpoint for gene induction agent administration could be set but would increase the numbers of animals that need to undergo the protocol in order to replace those killed due to what is generally reversible weight loss.  We are actively seeking alternate gene induction agents to minimise clinical signs and reduce the number of animals reaching the humane endpoints.
___________________________________________________________________
Will you be administering substances for experimental purposes?
Yes
___________________________________________________________________
How will you assess the suitability of these substances, and minimise the unnecessary harms arising from their administration given the particular strain or type of animal you will be using?
When assessing suitability, state how you will consider toxicity, efficacy, and sterility.
Before administering any substances to animals, we will thoroughly check available literature for prior use in vivo.  Generally, substances used will not be expected to cause adverse effects and, in the cases of pro-regenerative agents would be expected to lead to improvements rather than any detrimental effects. Where substances have not been used previously, we will carry out ex vivo testing on brain slices or cultures to ascertain appropriate doses to generate the required effects before performing a small pilot study in vivo. 
The method of administration for these substances will depend on what route gives the optimal dose – dosages will be based on the available literature and in vitro or pilot studies.  We will always seek to choose the least invasive method and administration schedule to give the required dosage and onset of effect.  All substances administered to animals will be prepared in a sterile manner to minimise infection or contamination risks.
How will you determine an appropriate dosing regimen?
Include routes, dosage volumes, frequencies, and durations.
Routes, dosage volumes, frequencies and durations will be obtained from published literature where available. Pilot studies will be used to confirm that the chosen parameters are well tolerated by our specific models and genetic backgrounds.  Unless otherwise specified, dosing and sampling procedures will be undertaken using a combination of volumes, routes and frequencies that of themselves will result in no more than transient discomfort and no lasting harm. Maximum volumes and dosing frequencies will not exceed those described in the table below, and will be minimised to that which is sufficient to give the required experimental dose in pursuit of the scientific objective.
Where substances need to be administered to neonatal or pre weaning animals substances may be administered to the mother that are then passed through the mother’s milk.
	Mouse
	Daily max. vol. ml/kg
	Max. No./day < 10 days
	Max. No./day >10 days
	Max No.

	Subcutaneous injection
	20
	3
	2
	24

	Intraperitoneal injection
	20
	2
	1
	30

	Oral gavage
	20
	2
	1
	30

	Neonate intraperitoneal
	10
	1
	1
	5

	Rat
	Daily max. vol. ml/kg
	Max. No./day < 10 days
	Max. No./day >10 days
	Max No.

	Subcutaneous injection
	10
	3
	2
	24

	Intraperitoneal injection
	10
	2
	1
	30

	Oral gavage
	20
	2
	1
	30

	Neonate intraperitoneal
	5
	1
	1
	5


Protocol 14
Title
Perfusion under terminal anaesthesia
___________________________________________________________________
Protocol 14: Protocol details
Briefly describe the purposes of this protocol
Ensure that you state any relevant regulatory guidelines.
The purpose of this protocol is to generate control tissues or cells from wild type animals for comparisons to transgenic tissues or cells.
___________________________________________________________________
Given the controls and limitations in place, what is the highest severity that an animal could experience in this protocol?
Non-recovery
___________________________________________________________________
What proportion of animals will experience this severity?
All
___________________________________________________________________
Why are you proposing this severity category?
Animals will not undergo any procedure other than perfusion under terminal anaesthesia.
___________________________________________________________________
Locations where this protocol can be carried out
Select all that apply.
· University of Cambridge
___________________________________________________________________
Which of your objectives will this protocol address?
Select all that apply.
· Determine a pathway of how myelin is regenerated in disease.
· Identify whether white matter lesions impact on neural and circuit function.
· Establish a mechanism of myelin loss and damage throughout life 
· Identify a mechanism of how glia effect neuronal circuit development and function in health and disease
· Determine a mechanism of how myelin plasticity and dysfunction can affect learning and memory.
· Establish a mechanism of how myelin regeneration can be enhanced, and function restored.
· Identify a regulatory mechanism of myelination throughout life.
___________________________________________________________________
Protocol 14: Animals used in this protocol
Mice
Which life stages will be used during this protocol?
Select all that apply
· Juvenile
· Adult
· Aged animal
___________________________________________________________________
Will any animals coming on to this protocol be classed as ‘continued use’?
‘Continued use’ describes animals that are specifically genetically altered and bred for scientific use or animals that have had procedures applied to them in order to be prepared for use in this protocol.
No
___________________________________________________________________
Will you be re-using animals on to this protocol?
‘Re-use’ describes using animals again for a new experiment when you could equally use a naïve animal to get the same results.
No
___________________________________________________________________
What is the maximum number of animals that will be used on this protocol?
Please only enter numbers, e.g. 40
100
___________________________________________________________________
What is the maximum number of uses of this protocol per animal?
For example, if some animals will go through this protocol three more times after their first use, the number of uses will be four.   If no animals will go through this protocol more than once, enter '1'.  Please only enter numbers, e.g. 40
1
___________________________________________________________________
Rats
Which life stages will be used during this protocol?
Select all that apply
· Juvenile
· Adult
· Aged animal
___________________________________________________________________
Will any animals coming on to this protocol be classed as ‘continued use’?
‘Continued use’ describes animals that are specifically genetically altered and bred for scientific use or animals that have had procedures applied to them in order to be prepared for use in this protocol.
No
___________________________________________________________________
Will you be re-using animals on to this protocol?
‘Re-use’ describes using animals again for a new experiment when you could equally use a naïve animal to get the same results.
No
___________________________________________________________________
What is the maximum number of animals that will be used on this protocol?
Please only enter numbers, e.g. 40
100
___________________________________________________________________
What is the maximum number of uses of this protocol per animal?
For example, if some animals will go through this protocol three more times after their first use, the number of uses will be four.   If no animals will go through this protocol more than once, enter '1'.  Please only enter numbers, e.g. 40
1
___________________________________________________________________
Protocol 14: Genetically altered animals (GAA)
Will this protocol use any genetically altered animals?
No
___________________________________________________________________
Protocol 14: Steps
Step 1: Perfusion (mandatory)
Describe the procedures that will be carried out during this step.
Explain where one or more steps are repeated in one experiment, list any alternative techniques within a step (e.g. dosing routes), and include all procedures performed under terminal anaesthesia.  When describing the technical aspects of a step, be broad enough to be flexible when the variation does not impact on animal welfare (e.g. use "antibiotic" instead of "penicillin"). Finally, avoid specifying volumes and frequencies when they do not impact on animal welfare.
Animals will be killed by:
a. Perfusion fixation (AC); or
b. Perfusion without fixative (AC) followed by confirmation of death by a method in Schedule 1
___________________________________________________________________
Is this step optional?
No
___________________________________________________________________
Do you expect this step to have adverse effects for the animals that are more than mild and transient?
Do not list uncommon or unlikely adverse effects, or effects from procedures that will cause no more than transient discomfort and no lasting harm. For example, an intravenous injection of a small volume of an innocuous substance.
No
___________________________________________________________________
Protocol 14: Fate of animals
What will happen to animals at the end of this protocol?
Select all that apply. These options are based on what you selected in the non-technical summary.
· Killed
Will you be using non-schedule 1 killing methods on a conscious animal?
No
___________________________________________________________________
Protocol 14: Animal experience
Summarise the typical experience or end-to-end scenario for an animal being used in this protocol.
Consider the cumulative effect of any combinations of procedures that you may carry out.
Animals will be purchased from licensed suppliers, maintained in standard environments within biofacilities until the required age point then terminally anaesthetised and killed either by intracardiac perfusion of fixative or perfusion of non fixative solution followed by a secondary method.
___________________________________________________________________
Describe the general humane endpoints that you will apply during the protocol.
These will be in addition to the endpoints stated for each step.
N/A
___________________________________________________________________
Protocol 14: Experimental design
What outputs are expected to arise from this protocol?
For example, test results, phenotypic information, or products.
Tissues will be used to provide controls for other experiments. Likely outputs are thus immunohistochemical data, electrophysiological recordings, DNA/RNA, proteomics or other data.
___________________________________________________________________
Will this protocol generate quantitative data?
Yes
___________________________________________________________________
Will your experimental design be determined by a regulatory guideline?
No
Where relevant, explain how and when pilot studies will be used.
Pilot studies will be used to generate a mean and standard deviation as an estimate of the difference we will detect in the proposed experiments. This will then be used in power calculations to determine the number of animals required to obtain a statistical power >0.95 at alpha=0.05 in a two-tailed t-test studies.
How will you choose different experimental groups?
For example, controls, dose levels, satellites etc.
Details are given in each protocol, no different experimental groups fall under this protocol, only controls.
How will you choose control groups?
Provide a robust scientific justification for controls with significant suffering such as sham surgery controls or untreated infected controls.
This protocol will be used as required to give control tissues treated in the same way as tissues from animals under experimental protocols.
How will experiments and data analysis be randomised and blinded?
We will randomly allocate animals to different experimental conditions, such as by use of online randomiser tools https://www.randomizer.org/ or spreadsheet random number generation.
Experimental analysis will be carried out blinded or via automated analysis.
Blinding of files for analysis is performed by coding filenames to remove information that can be used to identify experimental condition (e.g. image files).  Where possible we use automated analysis using scripts or image processing software to minimise bias.
How will you minimise variables to ensure reproducibility?
Animals will be obtained at the same time and from the same supplier as the animals under experimental protocols where possible, housed in the same conditions, and procedures performed by either the same researcher or with conditions divided evenly between researchers.
How will you determine group sizes?
You should reference POWER calculations you have made, if relevant.
The determination of the sample size needed for each experiment is based on power calculations, and effect size calculations. We assume that the datasets we will generate follow normal, i.e. Gaussian, distribution, as with our previous data. We used the mean and standard deviation from our preliminary data, previous work, and available published datasets relating to similar experiments as we propose to do, as estimates of the difference we will detect in the proposed experiments. These assumptions allow us to calculate Cohen’s effect size d and use this to determine the estimated effect size for an experiment.  The Cohen’s effect size d was 3 or above, thus a sample size of n=5 for control and n=5 for most studies proposed will have at least a statistical power >0.95 at alpha=0.05 in a two-tailed t-test studies.  
Group sizes in ageing experiments will be increased to accommodate for loss of animals and to avoid single housing due to animal losses due to old age.
How will you maximise the data output from the animals you use on this protocol?
Where possible we will use the tissues obtained from this protocol as controls for multiple experimental factors rather than a new set of controls for each variable.  We will also store any resultant isolated cells, fixed tissues, or RNA not used in the original experiment for future additional analysis.
Protocol 14: Protocol justification
Why is each type of animal, experimental model, and/or method selected for this protocol:
a) the most appropriate scientific approach?
Controls are a requirement for usable data, this protocol allows us to generate control tissues in the same way as experimental tissues.
Perfusion fixation is the only method that will preserve tissue quality well enough to perform the histological analyses on which the study outputs depend (e.g. tissue for immunohistochemistry, in situ hybridisation and electron microscopy).  
Perfusion without fixatives is required to generate live tissue brain slices for electrophysiological recording of certain cells e.g. neurons. Removal of blood from the brain tissues prior to cell sorting or tissue isolation for cell culture, or omics; is best achieved by perfusion of physiological buffering solutions (or similar non fixative solutions).
We do not typically generate many wild type mice as a by-product of our breeding strategies and sometimes need to buy in wild type animals to use their tissues at precise timepoints as controls for our transgenic animals. Similarly, much of our rat work is in wild type rats so all control and experimental animals are bought in, but we need to perfuse with physiological salt solution in order to preserve neurons for electrophysiological recording or processing cells for RNAseq where blood cells interfere with the cell sorting procedure.
___________________________________________________________________
b) the most refined for the purpose?
The procedures are carried out under terminal anaesthesia so are as refined as possible.
___________________________________________________________________
For each model and/or method, what is the scientific need for the expected clinical signs?
No clinical signs are expected.
___________________________________________________________________
Why scientifically do the animals need to suffer to this degree?
No clinical signs are expected.
___________________________________________________________________
Why can't you achieve your scientific outputs with an earlier humane endpoint, or without animals showing any clinical signs?
No clinical signs are expected.
___________________________________________________________________
Will you be administering substances for experimental purposes?
No
___________________________________________________________________
Protocol 15
Title
Behavioural Testing
___________________________________________________________________
Protocol 15: Protocol details
Briefly describe the purposes of this protocol
Ensure that you state any relevant regulatory guidelines.
Running behavioural tests to obtain functional readouts of alterations to cells/circuits within the central nervous system.
___________________________________________________________________
Given the controls and limitations in place, what is the highest severity that an animal could experience in this protocol?
Moderate
___________________________________________________________________
What proportion of animals will experience this severity?
40% of animals would be expected to show moderate severity clinical signs or moderate weight loss. All other animals are expected to experience mild severity.
___________________________________________________________________
Why are you proposing this severity category?
Gene induction agents can cause adverse effects in rodents due to toxicity. All animals receiving tamoxifen, for instance, are likely to show weight loss of typically 8-15% but up to 20%.  Some animals <10% will develop piloerection, hunched posture, and subdued behaviour, concomitant with a drop in body condition, suggestive of moderate suffering. 
The behavioural tests that we will be performing are not expected to have any adverse effects.
___________________________________________________________________
Locations where this protocol can be carried out
Select all that apply.
· University of Cambridge
___________________________________________________________________
Which of your objectives will this protocol address?
Select all that apply.
· Determine a mechanism of how myelin plasticity and dysfunction can affect learning and memory.
___________________________________________________________________
Protocol 15: Animals used in this protocol
Mice
Which life stages will be used during this protocol?
Select all that apply
· Adult
· Aged animal
· Embryo and egg
· Neonate
· Juvenile
___________________________________________________________________
Will any animals coming on to this protocol be classed as ‘continued use’?
‘Continued use’ describes animals that are specifically genetically altered and bred for scientific use or animals that have had procedures applied to them in order to be prepared for use in this protocol.
Yes
___________________________________________________________________
How did these animals start their use?
Describe the procedures that have been applied to animals that will continue their use on to this protocol.
Genetically altered animals for use in this protocol may be obtained from: 
•	This licence: Protocol 5 ‘Breeding and maintenance of genetically altered animals’ (mild)
•	This licence: Protocol 8 ‘Cell transplantation into neonates’ (mild)
or 
•	other project licences with authority to breed and maintain genetically altered animals of a type authorised in this project, and to provide them for use on other projects.
Animals from protocol 8 will have been transplanted as neonates and will only have suffered mildly.
Will you be re-using animals on to this protocol?
‘Re-use’ describes using animals again for a new experiment when you could equally use a naïve animal to get the same results.
No
___________________________________________________________________
What is the maximum number of animals that will be used on this protocol?
Please only enter numbers, e.g. 40
640
___________________________________________________________________
What is the maximum number of uses of this protocol per animal?
For example, if some animals will go through this protocol three more times after their first use, the number of uses will be four.   If no animals will go through this protocol more than once, enter '1'.  Please only enter numbers, e.g. 40
1
___________________________________________________________________
Rats
Which life stages will be used during this protocol?
Select all that apply
· Adult
· Aged animal
___________________________________________________________________
Will any animals coming on to this protocol be classed as ‘continued use’?
‘Continued use’ describes animals that are specifically genetically altered and bred for scientific use or animals that have had procedures applied to them in order to be prepared for use in this protocol.
Yes
___________________________________________________________________
How did these animals start their use?
Describe the procedures that have been applied to animals that will continue their use on to this protocol.
Genetically altered animals for use in this protocol may be obtained from: 
•	This licence: Protocol 5 ‘Breeding and maintenance of genetically altered animals’ (mild)
or 
•	other project licences with authority to breed and maintain genetically altered animals of a type authorised in this project, and to provide them for use on other projects.
Will you be re-using animals on to this protocol?
‘Re-use’ describes using animals again for a new experiment when you could equally use a naïve animal to get the same results.
No
___________________________________________________________________
What is the maximum number of animals that will be used on this protocol?
Please only enter numbers, e.g. 40
200
___________________________________________________________________
What is the maximum number of uses of this protocol per animal?
For example, if some animals will go through this protocol three more times after their first use, the number of uses will be four.   If no animals will go through this protocol more than once, enter '1'.  Please only enter numbers, e.g. 40
1
___________________________________________________________________
Protocol 15: Genetically altered animals (GAA)
Will this protocol use any genetically altered animals?
Yes
___________________________________________________________________
Which general types or strains will you be using and why?
This project will use animals expressing altered myelin associated genes or genes that control glial proliferation, differentiation, or myelination. Genes will be modified that are involved in signalling pathways to glia and neurons - including ion channels, as our previous work has shown that these channels are expressed by oligodendrocyte precursor cells and may be important for proliferation and/or differentiation. Genetically encoded labels, and generic reporter mice will be used to identify different cells (e.g. for cell sorting or electrophysiology) and recombinant genes such as ChR2, hM4Di, hM3Dq, iGluSnFr, GRASP, GCaMP or other activity modulators, or sensors, will also be used. 
Modifications will include overexpression, partial or full knockout of the gene. Predominantly the cre-lox system will be used, generally using cell/tissue specific cre lines or promoters specific to the genes of interest. Inducible cre models will be used to give temporal control over expression or knock out of genes, enabling us to study development, repair, or other processes such as learning and behaviour. Additionally, immunodeficient mouse models will be used, alone or in combination with the other alterations mentioned above in order to investigate the role of immune cells in brain development and repair.
Mice with myelin deficits such as myrf (myelin regulatory factor) knock out mice will be used to investigate the role of myelin in the brain circuit, prevent myelin formation at critical points in development, or investigate rescue of myelin phenotypes through other interventions.
These modifications are necessary to address our objectives. Our work aims to identify factors which affect myelination or remyelination and the mechanisms behind their action. These factors can affect myelination or remyelination by perturbation of the survival, migration, myelin formation and compaction, differentiation or proliferation of oligodendrocyte precursor cells (OPCs). Other factors that might affect myelination are interactions between OPCs and other cells within the brain, such as neurons, astrocytes or microglia. 
Do you expect any of these GAAs to show a harmful phenotype with welfare consequences?
No
Protocol 15: Steps
Step 1: In utero electroporation (optional)
Repeated from protocol 12
Describe the procedures that will be carried out during this step.
Explain where one or more steps are repeated in one experiment, list any alternative techniques within a step (e.g. dosing routes), and include all procedures performed under terminal anaesthesia.  When describing the technical aspects of a step, be broad enough to be flexible when the variation does not impact on animal welfare (e.g. use "antibiotic" instead of "penicillin"). Finally, avoid specifying volumes and frequencies when they do not impact on animal welfare.
Foetuses exposed in protocol 4 will be injected with genetic material into the ventricles and the electroporation administered via electrodes connected to an electroporator. Up to 8 embryos per dam will be electroporated. (AB)
___________________________________________________________________
Is this step optional?
Yes
___________________________________________________________________
Do you expect this step to have adverse effects for the animals that are more than mild and transient?
Do not list uncommon or unlikely adverse effects, or effects from procedures that will cause no more than transient discomfort and no lasting harm. For example, an intravenous injection of a small volume of an innocuous substance.
Yes
___________________________________________________________________
What are the likely adverse effects of this step?
State the expected adverse effect, including the likely incidence, and the anticipated degree and duration of suffering.
Poor injection technique or selection of unhealthy embryos could lead to death of the embryos in utero. Miscarriage or pup rejection could result from stress to the mother.
How will you monitor for, control, and limit any of these adverse effects?
If adverse effects can't be prevented, how will you attempt to ameliorate their initial signs?
Embryos are assessed on colouration and amniotic fluid clarity prior to injection to avoid using unhealthy embryos not likely to survive the procedure.
Pre and post operative analgesia will be given to the mother under protocol 4 to minimise the chance of rejection of the pups or stress related miscarriage. 
If pups are rejected by the mother they will be fostered to another dam.
What are the humane endpoints for this step?
This would be the point at which you would kill the animal to prevent further suffering.
Pups rejected by their mother and a potential foster mother will be killed.
Step 2: Behavioural testing (mandatory)
Repeated from protocol 9
Describe the procedures that will be carried out during this step.
Explain where one or more steps are repeated in one experiment, list any alternative techniques within a step (e.g. dosing routes), and include all procedures performed under terminal anaesthesia.  When describing the technical aspects of a step, be broad enough to be flexible when the variation does not impact on animal welfare (e.g. use "antibiotic" instead of "penicillin"). Finally, avoid specifying volumes and frequencies when they do not impact on animal welfare.
a. At any stage and on multiple occasions, animals will undergo typically one, but up to three, behavioural procedures from the table below (AA).
b. On multiple occasions, if required for the behavioural test (indicated in the table below) Animals will undergo food restriction (fed daily with reduced amount) such that the animals do not drop below 85% of their free-feeding body weight (AA)
	Behavioural test
	Max session length
	Normal test frequency
	Additional procedures

	Operant conditioning (including Trial-Unique Non-matching to Location (TUNL) and the 5-choice serial reaction time task
	1 hour
	Typically once per day, up to twice. For up to 8 weeks
	Food restriction required for up to 8.5 weeks

	Rotarod
	Incremental fixed speed rotarod – up to 1 minute at three different speeds. 
Accelerating rotarod – up to 5 minutes per session
	Daily during training period, up to weekly after as required by experiments
	

	Erasmus Ladder
	42 runs across the ladder (up to 1 hour depending on length of rest periods between runs)
	Once per day, up to 10 days
	

	Open field test
	30 minutes
	Weekly, up to daily
	

	Balance beam coordination test
	30 minutes (up to 3 trials)
	Daily
	

	Grasping ability (modified wire hanging test, hind paws on ground)
	30 minutes
	Daily
	

	Visual acuity tasks
	30 minutes
	Daily
	

	Complex running wheel
	Unlimited, wheel is in the cage and usage is voluntary
	Up to 3 weeks
	Animals must be singly housed for the 3 week period

	Classical eye blink conditioning task
	
	
	


___________________________________________________________________
Is this step optional?
No
___________________________________________________________________
Do you expect this step to have adverse effects for the animals that are more than mild and transient?
Do not list uncommon or unlikely adverse effects, or effects from procedures that will cause no more than transient discomfort and no lasting harm. For example, an intravenous injection of a small volume of an innocuous substance.
Yes
___________________________________________________________________
What are the likely adverse effects of this step?
State the expected adverse effect, including the likely incidence, and the anticipated degree and duration of suffering.
Weight loss (typically ~10% from baseline weight) for food restricted animals.     
How will you monitor for, control, and limit any of these adverse effects?
If adverse effects can't be prevented, how will you attempt to ameliorate their initial signs?
If adverse effects can't be prevented, how will you attempt to ameliorate their initial signs?
Animals are weighed daily until their weight stabilises, then are weighed at least 5x a week. As animals are not singly housed during the food restriction, if one animal drops more weight than its cagemates it will be briefly separated to allow access to additional food (<30mins).
What are the humane endpoints for this step?
This would be the point at which you would kill the animal to prevent further suffering.
For food restricted animals, any animal showing weight loss over 15% or that approaches 20% and that is not improved within 1 hour by additional food being provided will be killed.
Step 3: Transgene induction (optional)
Repeated from protocol 9
Describe the procedures that will be carried out during this step.
Explain where one or more steps are repeated in one experiment, list any alternative techniques within a step (e.g. dosing routes), and include all procedures performed under terminal anaesthesia.  When describing the technical aspects of a step, be broad enough to be flexible when the variation does not impact on animal welfare (e.g. use "antibiotic" instead of "penicillin"). Finally, avoid specifying volumes and frequencies when they do not impact on animal welfare.
(At any stage) Transgene inducing or deleting agents (e.g. Tamoxifen, 4-hydroxytamoxifen, tetracycline) or control substances will be administered alone or in combination, continuously or intermittently by one of the following routes:
a. Oral (including in food or drinking water)
b. By gavage
c. Subcutaneous
d. Intraperitoneal
___________________________________________________________________
Is this step optional?
Yes
___________________________________________________________________
Do you expect this step to have adverse effects for the animals that are more than mild and transient?
Do not list uncommon or unlikely adverse effects, or effects from procedures that will cause no more than transient discomfort and no lasting harm. For example, an intravenous injection of a small volume of an innocuous substance.
Yes
___________________________________________________________________
What are the likely adverse effects of this step?
State the expected adverse effect, including the likely incidence, and the anticipated degree and duration of suffering.
Tamoxifen and tamoxifen derivatives show dose and age dependent adverse effects.
Administration of Tamoxifen (or its derivatives) for transgene induction may cause adverse effects in mice.  Most mice will show a transient lack of weight gain or weight loss of <15%.  Weight loss of up to 20% may occur gradually (over the course of 6-10 days). These effects typically arise 5-10 days after the last administration. Up to 10% of animals may develop piloerection, hunched posture, and subdued behaviour.
At high dosages (250mg-300mg/kg), more animals (<20%) may show piloerection, hunched posture, and subdued behaviour, the extent of which depends on the modification present. The adverse effects are attributed to the combination of tamoxifen toxicity and the resultant genetic modification. 
Animals which don't reach humane endpoints usually fully recover from tamoxifen administration within 2 weeks and regain weight to within 5% of baseline.
After gavage, 1% of animals may show signs of gastric reflux, this presents as subdued behaviour for a few minutes post gavage. If reflux is followed by aspiration this can cause gasping.
In less than 0.1% of cases, water consumption may be affected when substances are added to the drinking water. This can lead to dehydration related weight loss, skin tenting, or lethargy.
How will you monitor for, control, and limit any of these adverse effects?
If adverse effects can't be prevented, how will you attempt to ameliorate their initial signs?
Prior to administration of transgene induction agents, mice will be assigned a body condition score and have a baseline weight recorded.  Animals will be assessed daily for signs of piloerection, hunching or subdued behaviour. Only animals with a body score of 3 or above will receive transgene induction agents.
Soft food and/or calorie rich supplementation will be provided to the animals. Heat pads will be attached to the cage if the body score begins to drop, and weight will be monitored more frequently (daily rather than twice a week). Calorie rich diets may include up to 10 days of high fat western diet provided as a supplement to the normal diet. Animals may be habituated to higher calorie food prior to transgene induction.
Animals will be observed post gavage to identify any signs of reflux or gasping.
Water consumption for rats is approximately 10ml/100g and for mice 15ml/100g. If water consumption falls below normal, and is not corrected by use of sweeteners, and/or the animal starts showing signs of decreased consumption (e.g. weight loss, skin tenting) then administration of drug in water will be stopped and animals immediately offered untreated water. If drinking resumes, then the substances may be administered via an alternative method.
What are the humane endpoints for this step?
This would be the point at which you would kill the animal to prevent further suffering.
If clinical signs (hunching, piloerection) are sustained for 24 hours without improvement, the animals will be killed.
If the body score of animals declines rapidly (i.e. Half a point on the 5 point scale within 24 hours) animals will be killed.  Body condition scores are given on a 5 point scale, where 1 is emaciated, 3 is well conditioned, and 5 is obese.  Gradual weight loss over 5-7 days in the absence of additional clinical signs, which doesn't cause the body condition score to drop below the 'normal' well conditioned mouse has a humane end point of 20% weight loss from baseline.
Animals with a body condition score that falls to 2 will be killed.
Any animal showing gasping not resolved within 2 minutes will be killed. Any animal that appears subdued post gavage and does not return to normal behaviour will be killed.
If animals do not return to normal drinking after being presented with untreated water, then they will be killed.
Step 4: Tissues for genotyping (optional)
Repeated from protocol 5
Describe the procedures that will be carried out during this step.
Explain where one or more steps are repeated in one experiment, list any alternative techniques within a step (e.g. dosing routes), and include all procedures performed under terminal anaesthesia.  When describing the technical aspects of a step, be broad enough to be flexible when the variation does not impact on animal welfare (e.g. use "antibiotic" instead of "penicillin"). Finally, avoid specifying volumes and frequencies when they do not impact on animal welfare.
Tissue biopsy to determine genetic status by one of the following methods: 
a.	ear biopsy (AA/AB)
b.	hair sampling (AA/AB)
c.	mouth swabbing (AA/AB)
Rarely, due to technical problems during analysis, a second sample may be taken. 
___________________________________________________________________
Is this step optional?
Yes
___________________________________________________________________
Do you expect this step to have adverse effects for the animals that are more than mild and transient?
Do not list uncommon or unlikely adverse effects, or effects from procedures that will cause no more than transient discomfort and no lasting harm. For example, an intravenous injection of a small volume of an innocuous substance.
No
___________________________________________________________________
Step 5: Substance administration   (optional)
Describe the procedures that will be carried out during this step.
Explain where one or more steps are repeated in one experiment, list any alternative techniques within a step (e.g. dosing routes), and include all procedures performed under terminal anaesthesia.  When describing the technical aspects of a step, be broad enough to be flexible when the variation does not impact on animal welfare (e.g. use "antibiotic" instead of "penicillin"). Finally, avoid specifying volumes and frequencies when they do not impact on animal welfare.
(Optional, At any stage, and on multiple occasions, subject to the limits in the protocol justification) administration of substances (labelling agents e.g. BrdU, EdU, agonists or antagonists, cell response modulators e.g. tetracycline, clozapine, glial toxins, non pathogenic viruses, cytokines, antibodies, or controls) to adult (post wean) animals, by, on each occasion, one of the following routes. Additional substances may be administered concurrently by multiple routes (a-d) if the substances are innocuous and are not expected to increase the burden to the animal. (AA)
a.	Subcutaneously
b.	Intraperitoneally
c.	Oral (including in supplemental food or drinking water, standard diet will not be fully replaced)
d.	Gavage
___________________________________________________________________
Is this step optional?
Yes
___________________________________________________________________
Do you expect this step to have adverse effects for the animals that are more than mild and transient?
Do not list uncommon or unlikely adverse effects, or effects from procedures that will cause no more than transient discomfort and no lasting harm. For example, an intravenous injection of a small volume of an innocuous substance.
Yes
___________________________________________________________________
What are the likely adverse effects of this step?
State the expected adverse effect, including the likely incidence, and the anticipated degree and duration of suffering.
After gavage, 1% of animals may show signs of gastric reflux, this presents as subdued behaviour for a few minutes post gavage. If reflux is followed by aspiration this can cause gasping.
In less than 0.1% of cases, water consumption may be affected when substances are added to the drinking water. This can lead to dehydration related weight loss, skin tenting, or lethargy.
How will you monitor for, control, and limit any of these adverse effects?
If adverse effects can't be prevented, how will you attempt to ameliorate their initial signs?
Animals will be observed post gavage to identify any signs of reflux or gasping.
Water consumption for rats is approximately 10ml/100g and for mice 15ml/100g. If water consumption falls below normal, and is not corrected by use of sweeteners, and/or the animal starts showing signs of decreased consumption (e.g. weight loss, skin tenting) then administration of drug in water will be stopped and animals immediately offered untreated water. If drinking resumes, then the substances may be administered via an alternative method.
What are the humane endpoints for this step?
This would be the point at which you would kill the animal to prevent further suffering.
Any animal showing gasping not resolved within 2 minutes will be killed. Any animal that appears subdued post gavage and does not return to normal behaviour will be killed.
If animals do not return to normal drinking after being presented with untreated water, then they will be killed.
Step 6: Terminal procedures (mandatory)
Repeated from protocol 7
Describe the procedures that will be carried out during this step.
Explain where one or more steps are repeated in one experiment, list any alternative techniques within a step (e.g. dosing routes), and include all procedures performed under terminal anaesthesia.  When describing the technical aspects of a step, be broad enough to be flexible when the variation does not impact on animal welfare (e.g. use "antibiotic" instead of "penicillin"). Finally, avoid specifying volumes and frequencies when they do not impact on animal welfare.
Animals will be killed by:
a. Schedule 1 method; or
b. Perfusion fixation (AC); or
c. Perfusion without fixative (AC) followed by confirmation of death by a method in Schedule 1; or
d. Decapitation (AA/AC)
___________________________________________________________________
Is this step optional?
No
___________________________________________________________________
Do you expect this step to have adverse effects for the animals that are more than mild and transient?
Do not list uncommon or unlikely adverse effects, or effects from procedures that will cause no more than transient discomfort and no lasting harm. For example, an intravenous injection of a small volume of an innocuous substance.
No
___________________________________________________________________
Protocol 15: Fate of animals
What will happen to animals at the end of this protocol?
Select all that apply. These options are based on what you selected in the non-technical summary.
· Killed
Will you be using non-schedule 1 killing methods on a conscious animal?
Yes
For each non-schedule 1 method, explain why this is necessary.
Decapitation is necessary to give high quality, live brain slices to be used for electrophysiological experiments ex-vivo and cannot always be performed under anaesthesia, as the anaesthetic agents can affect the ion channels and cell activity that we are investigating. Similarly, CO2 anaesthesia changes the pH of the brain dramatically with effects on all cell types thus making it unsuitable as an alternative. 
Decapitation will only be used in conscious animals when alternative methods are not viable, for example, in mice cervical dislocation immediately prior to decapitation can be used if the brain stem doesn’t need to be intact. A guillotine will be used for decapitation of non-neonate animals, to ensure an instantaneous separation of the head and a rapid loss of consciousness.
___________________________________________________________________
Protocol 15: Animal experience
Summarise the typical experience or end-to-end scenario for an animal being used in this protocol.
Consider the cumulative effect of any combinations of procedures that you may carry out.
Where mice are moved to this protocol from protocol 8, there is no additional cumulative harm anticipated and animals will only have suffered mildly under the previous protocol. Mice from protocol 8 will have received brain injections as neonates to transplant neural lineage cells. These cells will spread through the brain and potentially integrate into the murine neural tissue. No adverse effects are expected, or have been observed from, the presence of these cells, and their presence should not lead to additional harm from procedures carried out under this protocol. 
Mice utilised for in utero electroporation will experience up to mild severity from the electroporation procedure.  Embryos will receive a 1-2ul injection into the brain (most commonly into the ventricle). Once injected, embryos will be electroporated using small paddle or tweezer electrodes. The uteri are then returned to the abdomen of the dam, and the incision sutured (under protocol 4). Analgesia is given to the dam pre and post surgery (protocol 4) which would pass to the electroporated pups in utero. The dam is left to litter down normally. The litter size will be reduced down to 8 if needed to ensure the best care for the electroporated pups.  Disturbance of the dam post surgery will be kept to a minimum to reduce the risk of stress induced cannibalism or rejection of the pups. Electroporated pups are generally normal at birth and none of the genetic modifications that we would use will lead to clinical signs.
All animals will undergo at least one behavioural test.  In some cases this will require food restriction prior to training in order to motivate the animals, in this instance animals are weighed daily and the quantity of food provided is adjusted to maintain a body weight approximately 10% below their baseline free feeding weight (maximum duration 8.5 weeks). Animals receive food everyday, just a reduced amount, and typically regain weight quickly as soon as the restriction is lifted. Water is not restricted. Appetite driven tasks such as operant conditioning (including Trial-Unique Non-matching to Location (TUNL) and the 5-choice serial reaction time task) have food based rewards as part of the task. Where negative stimuli or 'punishment' is required for successful task completion, this will be in the form of a tone and/or light.  The Erasmus ladder also uses gentle jets of air to discourage backtracking on the apparatus. Where tests require that the animals are raised off the ground then appropriate cushioning will be placed below to mitigate the risk of injury if any falls occur. Testing will generally occur daily but for time limited periods. The exception to this is the complex wheel, in which the wheel is added to the cage and the animal chooses to run on it or not. For the complex wheel, animals are singly housed for up to 3 weeks.
Before or after training, animals may receive transgene induction agents, such as tamoxifen, typically by intraperitoneal injection or gavage for 3-5 days, depending on the cre used. Most animals given transgene induction agents may experience weight loss and a minority of animals may show piloerection and subdued behaviour for up to 24 hours.  Body condition score and weight will be monitored after gene induction to monitor any detrimental effect from the induction agent. Food restriction is paused whilst animals receive tamoxifen to avoid compounding weight loss, animals will have access to heat pads and high calorie diet in the event of adverse effects. Behavioural testing does not continue during the period of transgene induction. Training typically resumes 7-14 days after transgene induction depending on when the animals return to within 5% of their baseline weight.
If required, animals may receive substances by various methods, typically in the food or drinking water, but potentially by gavage, subcutaneous injection or intraperitoneal injection. Substance administration may occur concomitantly with behavioural testing.
Animals may be transported to a nearby licensed designated area outside of the animal facility prior to killing if needed for experiments. Killing will either be via a schedule 1 method, decapitation, or perfusion under terminal anaesthesia (with or without fixative).
___________________________________________________________________
Describe the general humane endpoints that you will apply during the protocol.
These will be in addition to the endpoints stated for each step.
Any animal that shows deviation from normal health (such as piloerection, hunched posture, abnormal gait, inactivity or inappetence) that are not listed as expected protocol-related adverse effects, will be monitored more frequently and supportive treatment provided such as warming and wet mash. Should the signs persist for a period of 24 hours the animal will be humanely killed. 
Non food restricted animals that, unless otherwise specified in the step, lose 15% of its body weight compared to its baseline weight will be killed. For food restricted animals, any animal showing weight loss that approaches 20% and that is not improved within 4 hours by additional food being provided will be killed.
The determination of baseline weight depends on the age of the animal; young or juvenile animals that are still growing should be compared to expected growth curves. An initial weight should be taken prior to procedures and any weight loss from this initial weight should take into account expected weight gain for their age. For adult animals, the baseline should either be the highest recorded weight immediately prior to procedures, or an average of 3 weights on different days immediately prior to procedures. For food restricted animals, upon relaxing the food restriction animals will typically put on a significant amount of weight which reduces gradually over a few days. In this instance, baseline weight should be taken as the average of the weight prior to starting food restriction and the weight within 48 hours of the return to ad libitum feeding, prior to further procedures.
Adverse effects and humane endpoints should not differ between rats and mice unless otherwise stated in each step, where species differences become apparent this license will be amended to reflect additional humane endpoints or adverse effects.
___________________________________________________________________
Protocol 15: Experimental design
What outputs are expected to arise from this protocol?
For example, test results, phenotypic information, or products.
Behavioural data, tissues for in vitro or ex vivo use; brain slices for electrophysiology, cells isolated either to be further cultured or other laboratory uses, immunostaining of tissues to quantify cells.
___________________________________________________________________
Will this protocol generate quantitative data?
Yes
___________________________________________________________________
Will your experimental design be determined by a regulatory guideline?
No
Where relevant, explain how and when pilot studies will be used.
Pilot studies will be used to generate a mean and standard deviation as an estimate of the difference we will detect in the proposed experiments. This will then be used in power calculations to determine the number of animals required to obtain a statistical power >0.95 at alpha=0.05 in a two-tailed t-test studies.
Pilot studies will be conducted when substances not previously tested in vivo are used. This will typically be small scale (3-4 animals). Where the precise dose of drug or substance is not known from the literature or there is a lack of consensus on the required dose a pilot study may be carried out with several dosages in order to ascertain which dose is likely to achieve the desired effect whilst minimising any potential adverse effects on the animal. The dosages to test will be based on the available literature, tissue culture studies or ex vivo studies (such as brain slices).
How will you choose different experimental groups?
For example, controls, dose levels, satellites etc.
Experimental groups will typically comprise of animals with or without a transgene of interest. For transgenic animals requiring induction, controls will receive the transgene induction agent but will not express the transgene being tested. Experimental groups may include animals in which the transgene is activated at different time points, or with different transgenes - for example knock out of a gene in two different signalling pathways.
In some cases experimental groups will be treated with substances. Where animals move onto this protocol via continued use from 8, experimental groups may include different cell derivations.
Dose levels for experimental groups will be determined either through literature searches, based on response curves on ex vivo tissues, or pilot tests (under this protocol or otherwise).
How will you choose control groups?
Provide a robust scientific justification for controls with significant suffering such as sham surgery controls or untreated infected controls.
Appropriate control groups will be chosen and directly compared to experimentally treated animals.
For specific behavioural tests, control groups may include yoked control animals; where animals receive rewards but not linked to their performance on a task, thus preventing learning, or home cage controls where the animals remain in their cage and do not perform the behavioural task (though may still receive rewards proportionately). 
Control animals may receive vehicle control substances to control for the stress of substance administration or effects associated with the vehicle.
How will experiments and data analysis be randomised and blinded?
We will randomly allocate animals to different experimental conditions, such as by use of online randomiser tools https://www.randomizer.org/ or spreadsheet random number generation, though some grouping may occur prior to randomisation e.g. treated water may be given on a cage by cage rather than animal by animal basis to minimise animals being singly housed for long study durations. Blocking may also be used to ensure that groups being compared consist of similar individuals e.g. behavioural studies where animals perform pretraining, extreme high performers will be allocated evenly between experimental conditions.  
Experimental analysis will be carried out blinded or via automated analysis.
Blinding of files for analysis is performed by coding filenames to remove information that can be used to identify experimental condition (e.g. image files).  Where possible we use automated analysis using scripts or image processing software to minimise bias.
How will you minimise variables to ensure reproducibility?
Animals will be obtained at the same time and from the same supplier (or littermates where possible if bred in house) as the animals under experimental protocols where possible, housed in the same conditions, and procedures performed by either the same researcher or with conditions divided evenly between researchers. Animals will receive the same batch of substances across experimental and control groups. Full detailed records will be kept regarding details of each animal, such as weight data when appropriate and these details will be examined thoroughly throughout the experiment and subsequent analysis, when needed.
Behavioural testing will be conducted in the same room, with the same apparatus (animals will be assigned a testing box at the start of the experiment).
How will you determine group sizes?
You should reference POWER calculations you have made, if relevant.
The determination of the sample size needed for each experiment is based on power calculations, and effect size calculations. We assume that the datasets we will generate follow normal, i.e. Gaussian, distribution, as with our previous data. We used the mean and standard deviation from our preliminary data, previous work, and available published datasets relating to similar experiments as we propose to do, as estimates of the difference we will detect in the proposed experiments. These assumptions allow us to calculate Cohen’s effect size d and use this to determine the estimated effect size for an experiment.    For behavioural tasks, the Cohen’s effect size d is on average 1.5, thus a sample size of n=15 for each group will be needed to generate statistically meaningful data (statistical power >0.95 at alpha=0.05 in a two-tailed t-test studies).
Group sizes in ageing experiments will be increased to accommodate for loss of animals and to avoid single housing due to animal losses due to old age.
How will you maximise the data output from the animals you use on this protocol?
Behavioural data, particularly gathered using automated equipment, can record a wide range of parameters without increasing the overall length of the experiment, this information will be collected and stored for future analysis.
We will store any resultant isolated cells, fixed tissues, or RNA not used in the original experiment for future additional analysis. 
Electrophysiological data generated ex vivo will be stored for additional analysis.  Ex vivo brain slices will be shared between researchers where possible. 
Protocol 15: Protocol justification
Why is each type of animal, experimental model, and/or method selected for this protocol:
a) the most appropriate scientific approach?
To investigate the role of glia in learning we need to use both cognitive learning (eg. TUNL) and motor learning behavioural tasks (eg. Erasmus ladder, complex running wheel).  TUNL, and other similar cognitive tasks (eg. spontaneous object recognition task and open field test), are especially valuable for our studies as it gives a measure of cognitive learning without being associated with motor learning. The complex running wheel is non-invasive method for testing motor cortical function and learning. The Erasmus ladder and classical eye-blink conditioning tasks not only assesses motor learning, but are also non-invasive methods for testing cerebellar function.  These particular tasks are especially relevant for several of the brain regions that we are interested in and will provide valuable behavioural data.  Glial dysfunction can also lead to problems with memory, general locomotor activity, attention or impulsivity, which can be tested by the spontaneous object recognition task, open field test, and the 5 choice serial reaction time task respectively.  Grasping ability and eye-blink conditioning can also be affected by neuronal circuit dysfunction so grasping tests and eye-blink conditioning will give valuable insight into the effect of glia and myelin on the neuronal circuit function.
We will use inducible genetic approaches to test whether prevention of developmental myelination (such as by knock out of myelin regulatory transcription factor (myrf)) prevents learning. Similarly, we will use behavioural testing to ascertain the functional effects of alterations in neuronal activity, signalling pathways associated with myelination, and whether we can improve learning through factors affecting glial cells. Inducible genetic approaches allow us to pre-train the animals or habituate them to a task before transgene expression is induced, so that we can specifically identify changes that occur during the task itself and not the pretraining.
In order to study very early time points we need to be able to introduce genetic modifications in both specific brain regions and at specific times during development.  This can be achieved in several ways; genetic approaches such as the cre-lox system, or by direct injection in utero.
For example, we know that the visual cortex is unmyelinated at P10, then progressively becomes more myelinated with time; at P21 myelinated axons can be found mainly in the lower cortical layers, whereas at P120, myelin is found at lower and upper layers of the visual cortex. 
This gives us a very tight window in which to investigate myelin changes and how to alter the rate of myelination within this area.
Introducing the genetic modification in utero provides us with a means of introducing the genetic modification at both a specific time and within a specific area. Depending on the timing of the injection and electroporation we can target specific layers within the cortex, for example electroporation at E15.5 targets superficial layer 2-3 neurons, whereas electroporation at E13.5 will target the deeper layer 5 neurons.
In utero modification also enables the use of multiple different lines in combination with the additional genetic modification – allowing small groups to be generated without the need for complex breeding strategies to generate mice with multiple transgenes.
Decapitation is necessary to give high quality, live brain slices to be used for electrophysiological experiments ex-vivo and cannot always be performed under anaesthesia, as the anaesthetic agents can affect the ion channels and cell activity that we are investigating. Similarly, CO2 anaesthesia changes the pH of the brain dramatically with effects on all cell types thus making it unsuitable as an alternative. 
Perfusion fixation is the only method that will preserve tissue quality well enough to perform the histological analyses on which the study outputs depend (e.g. tissue for immunohistochemistry, in situ hybridisation and electron microscopy).  
Perfusion without fixatives is required to generate live tissue brain slices for electrophysiological recording of certain cells e.g. neurons. Removal of blood from the brain tissues prior to cell sorting or tissue isolation for cell culture, or omics; is best achieved by perfusion of physiological buffering solutions (or similar non fixative solutions).
___________________________________________________________________
b) the most refined for the purpose?
The behavioural tasks used will be mild and generally just observing movement of the animals, though some will require learning and appetitive stimuli to ensure that the animals perform the tasks.  Animals will only be used for behavioural tests when fully recovered from other procedures, both for the welfare of the animals and to ensure validity of the data.   Animals will be group housed wherever possible to reduce social isolation stress. Animals quickly become habituated to the handling required for testing and in many cases the testing itself acts as environmental enrichment.
For some motivation driven behavioural tests, food restriction is essential as we need to make the animals hungry so they perform the task. Food restriction will only be used where necessary for performance of the task e.g. the touch screen based Trial-Unique Non-matching to Location (TUNL) task and similar cognitive tasks, and food will be given daily, just a reduced intake.  Food restriction will only be required 3-7 days prior to and during the active testing phase, and during the tests animals will be given food rewards, weight loss will be monitored to ensure that it is gradual and non-harmful and never more than 15% (typically 5-10%). Schedules of food restriction used to motivate appetitive tasks are not harmful and food restriction can in fact increase overall measures of health (e.g. Holehan and Merry, Biological Review 61: 329-368, 1981).  This is particularly the case in rats where mild food restriction leads to improved health in ageing animals.  
Inducible cre models will be used to give temporal control over expression or knock out of genes, though tamoxifen and similar induction agents are associated with side effects (mostly weight loss) we aim to minimise these effects by using the minimum dose of tamoxifen required for recombination of our specific transgenes and providing heat pads and high calorie diet in the event of weight loss.
In utero electroporation allows us to address key questions in development by genetically modifying cells within the brain at early time points and without requiring complex breeding strategies (or creation of a new genetic line, both of which require many more animals).
Embryos are able to be assessed on colouration and amniotic fluid clarity prior to injection to avoid using unhealthy embryos not likely to survive the procedure.
Decapitation will only be used in conscious animals when alternative methods are not viable, for example, in mice cervical dislocation immediately prior to decapitation can be used if the brain stem doesn’t need to be intact. A guillotine will be used for decapitation of non-neonate animals, to ensure an instantaneous separation of the head and a rapid loss of consciousness.
___________________________________________________________________
For each model and/or method, what is the scientific need for the expected clinical signs?
We do not expect to see any clinical signs as a result of the behavioural testing being used, some weight loss is required for appetite driven tasks to ensure that the animals are motivated to participate to receive food rewards.  
In order to obtain sufficient expression of inducible transgenes for many of our lines we require administration of high dosages of tamoxifen or its derivatives. Insufficient tamoxifen leads to a less effective knock out of genes of interest thus masking results due to compensation by unaltered cells, similarly insufficient expression can reduce the signal of labelled cells making them difficult or impossible to quantify, or can lead to expression only in a small subset of cells rather than the full population giving misleading data, and need for more animals to get statistically reliable results.  The weight loss seen as a result of the tamoxifen administration is regained, generally there is a peak of weight loss which is then reversed, and animals that do not reach the humane endpoints will recover to within 5% of their original weight within 2 weeks of the start of tamoxifen administration.
___________________________________________________________________
Why scientifically do the animals need to suffer to this degree?
When animals are not sufficiently food restricted for behavioural tasks we see a decrease in performance in food motivated tasks such as TUNL, thus the animals need to be hungry at the time of testing in order to learn the task.
We need the inducible transgenes in order to address our research questions, gene induction agents do cause short lived clinical signs but these are not the end goal, and in most cases animals recover fully. In order to obtain sufficient expression of inducible transgenes for many of our lines we require administration of high dosages of tamoxifen or its derivatives. Insufficient tamoxifen leads to a less effective knock out of genes of interest thus masking results due to compensation by unaltered cells, similarly insufficient expression can reduce the signal of labelled cells making them difficult or impossible to quantify, or can lead to expression only in a small subset of cells rather than the full population giving misleading data, and need for more animals to get statistically reliable results.  The weight loss seen as a result of the tamoxifen administration is regained, generally there is a peak of weight loss which is then reversed, and animals that do not reach the humane endpoints will recover to within 5% of their original weight within 2 weeks of the start of tamoxifen administration.
Where mice are electroporated in utero, suffering is minimal as the nociceptive pathways are immature and are not thought to be sufficiently developed to detect pain.
___________________________________________________________________
Why can't you achieve your scientific outputs with an earlier humane endpoint, or without animals showing any clinical signs?
An earlier humane endpoint for gene induction agent administration could be set but would increase the numbers of animals that need to undergo the protocol in order to replace those killed due to what is generally reversible weight loss.  We are actively seeking alternate gene induction agents to minimise clinical signs and reduce the number of animals reaching the humane endpoints.
___________________________________________________________________
Will you be administering substances for experimental purposes?
Yes
___________________________________________________________________
How will you assess the suitability of these substances, and minimise the unnecessary harms arising from their administration given the particular strain or type of animal you will be using?
When assessing suitability, state how you will consider toxicity, efficacy, and sterility.
Before administering any substances to animals, we will thoroughly check available literature for prior use in vivo.  Generally, substances used will not be expected to cause adverse effects and, in the cases of pro-regenerative agents would be expected to lead to improvements rather than any detrimental effects. Where substances have not been used previously, we will carry out ex vivo testing on brain slices or cultures to ascertain appropriate doses to generate the required effects before performing a small pilot study in vivo. 
The method of administration for these substances will depend on what route gives the optimal dose – dosages will be based on the available literature and in vitro or pilot studies.  We will always seek to choose the least invasive method and administration schedule to give the required dosage and onset of effect.  All substances administered to animals will be prepared in a sterile manner to minimise infection or contamination risks.
How will you determine an appropriate dosing regimen?
Include routes, dosage volumes, frequencies, and durations.
Routes, dosage volumes, frequencies and durations will be obtained from published literature where available. Pilot studies will be used to confirm that the chosen parameters are well tolerated by our specific models and genetic backgrounds.  Unless otherwise specified, dosing and sampling procedures will be undertaken using a combination of volumes, routes and frequencies that of themselves will result in no more than transient discomfort and no lasting harm. Maximum volumes and dosing frequencies will not exceed those described in the table below, and will be minimised to that which is sufficient to give the required experimental dose in pursuit of the scientific objective.
	Mouse
	Daily max. vol. ml/kg
	Max. No./day < 10 days
	Max. No./day >10 days
	Max No.

	Subcutaneous injection
	20
	3
	2
	24

	Intraperitoneal injection
	20
	2
	1
	30

	Oral gavage
	20
	2
	1
	30

	Rat
	Daily max. vol. ml/kg
	Max. No./day < 10 days
	Max. No./day >10 days
	Max No.

	Subcutaneous injection
	10
	3
	2
	24

	Intraperitoneal injection
	10
	2
	1
	30

	Oral gavage
	20
	2
	1
	30


Protocol 16
Title
Administration of substances to label or modulate cell responses
___________________________________________________________________
Protocol 16: Protocol details
Briefly describe the purposes of this protocol
Ensure that you state any relevant regulatory guidelines.
Administration of substances to alter and/or label cells within the central nervous system allowing investigation of myelination, cell state, and circuit formation.
___________________________________________________________________
Given the controls and limitations in place, what is the highest severity that an animal could experience in this protocol?
Moderate
___________________________________________________________________
What proportion of animals will experience this severity?
Approximately 40% of animals would be expected to show signs that are moderate severity, 60% will show signs that are mild.
___________________________________________________________________
Why are you proposing this severity category?
Most substances being administered are not expected to cause any adverse effects, animals may experience mild transient discomfort associated with the administration route, such as multiple injections or handling stress from gavage. In some cases animals will undergo brief surgery to implant a subcutaneous or intraperitoneal minipump which would lead to short-lived post-operative pain and discomfort of moderate severity.
Gene induction agents can cause adverse effects in rodents due to toxicity. All animals receiving tamoxifen, for instance, are likely to show weight loss. Some animals will develop piloerection, hunched posture, and subdued behaviour, concomitant with a drop in body condition, suggestive of moderate suffering.
Additionally, as our interest lies in regulation of myelination we will be working with transgenes or substances that could result in myelin deficits which could result in a minor tremor or, very exceedingly rarely, seizures. Suffering as the result of this should be only mild, humane endpoints are in place to prevent significant suffering.
___________________________________________________________________
Locations where this protocol can be carried out
Select all that apply.
· University of Cambridge
___________________________________________________________________
Which of your objectives will this protocol address?
Select all that apply.
· Establish a mechanism of myelin loss and damage throughout life 
· Identify a mechanism of how glia effect neuronal circuit development and function in health and disease
· Determine a mechanism of how myelin plasticity and dysfunction can affect learning and memory.
· Identify whether white matter lesions impact on neural and circuit function.
· Determine a pathway of how myelin is regenerated in disease.
· Establish a mechanism of how myelin regeneration can be enhanced, and function restored.
· Identify a regulatory mechanism of myelination throughout life.
___________________________________________________________________
Protocol 16: Animals used in this protocol
Mice
Which life stages will be used during this protocol?
Select all that apply
· Neonate
· Juvenile
· Adult
· Aged animal
· Pregnant adult
· Embryo and egg
___________________________________________________________________
Will any animals coming on to this protocol be classed as ‘continued use’?
‘Continued use’ describes animals that are specifically genetically altered and bred for scientific use or animals that have had procedures applied to them in order to be prepared for use in this protocol.
Yes
___________________________________________________________________
How did these animals start their use?
Describe the procedures that have been applied to animals that will continue their use on to this protocol.
Genetically altered animals for use in this protocol may be obtained from: 
•	This licence: Protocol 5 ‘Breeding and maintenance of genetically altered animals’ (mild)
•	This licence: Protocol 8 ‘Cell transplantation into neonates’ (mild)
or 
•	other project licences with authority to breed and maintain genetically altered animals of a type authorised in this project, and to provide them for use on other projects.
Animals from protocol 8 will have been transplanted as neonates and will only have suffered mildly.
Will you be re-using animals on to this protocol?
‘Re-use’ describes using animals again for a new experiment when you could equally use a naïve animal to get the same results.
No
___________________________________________________________________
What is the maximum number of animals that will be used on this protocol?
Please only enter numbers, e.g. 40
774
___________________________________________________________________
What is the maximum number of uses of this protocol per animal?
For example, if some animals will go through this protocol three more times after their first use, the number of uses will be four.   If no animals will go through this protocol more than once, enter '1'.  Please only enter numbers, e.g. 40
1
___________________________________________________________________
Rats
Which life stages will be used during this protocol?
Select all that apply
· Neonate
· Juvenile
· Adult
· Aged animal
___________________________________________________________________
Will any animals coming on to this protocol be classed as ‘continued use’?
‘Continued use’ describes animals that are specifically genetically altered and bred for scientific use or animals that have had procedures applied to them in order to be prepared for use in this protocol.
Yes
___________________________________________________________________
How did these animals start their use?
Describe the procedures that have been applied to animals that will continue their use on to this protocol.
Genetically altered animals for use in this protocol may be obtained from: 
•	This licence: Protocol 5 ‘Breeding and maintenance of genetically altered animals’ (mild)
or 
•	other project licences with authority to breed and maintain genetically altered animals of a type authorised in this project, and to provide them for use on other projects.
Will you be re-using animals on to this protocol?
‘Re-use’ describes using animals again for a new experiment when you could equally use a naïve animal to get the same results.
No
___________________________________________________________________
What is the maximum number of animals that will be used on this protocol?
Please only enter numbers, e.g. 40
200
___________________________________________________________________
What is the maximum number of uses of this protocol per animal?
For example, if some animals will go through this protocol three more times after their first use, the number of uses will be four.   If no animals will go through this protocol more than once, enter '1'.  Please only enter numbers, e.g. 40
1
___________________________________________________________________
Protocol 16: Genetically altered animals (GAA)
Will this protocol use any genetically altered animals?
Yes
___________________________________________________________________
Which general types or strains will you be using and why?
This project will use animals expressing altered myelin associated genes or genes that control glial proliferation, differentiation, or myelination. Genes will be modified that are involved in signalling pathways to glia and neurons - including ion channels, as our previous work has shown that these channels are expressed by oligodendrocyte precursor cells and may be important for proliferation and/or differentiation. Genetically encoded labels, and generic reporter mice will be used to identify different cells (e.g. for cell sorting or electrophysiology) and recombinant genes such as ChR2, hM4Di, hM3Dq, iGluSnFr, GRASP, GCaMP or other activity modulators, or sensors, will also be used. 
Modifications will include overexpression, partial or full knockout of the gene. Predominantly the cre-lox system will be used, generally using cell/tissue specific cre lines or promoters specific to the genes of interest. Inducible cre models will be used to give temporal control over expression or knock out of genes, enabling us to study development, repair, or other processes such as learning and behaviour. Additionally, immunodeficient mouse models will be used, alone or in combination with the other alterations mentioned above in order to investigate the role of immune cells in brain development and repair.
Mice with myelin deficits such as myrf (myelin regulatory factor) knock out mice will be used to investigate the role of myelin in the brain circuit, prevent myelin formation at critical points in development, or investigate rescue of myelin phenotypes through other interventions.
These modifications are necessary to address our objectives. Our work aims to identify factors which affect myelination or remyelination and the mechanisms behind their action. These factors can affect myelination or remyelination by perturbation of the survival, migration, myelin formation and compaction, differentiation or proliferation of oligodendrocyte precursor cells (OPCs). Other factors that might affect myelination are interactions between OPCs and other cells within the brain, such as neurons, astrocytes or microglia. 
Do you expect any of these GAAs to show a harmful phenotype with welfare consequences?
Yes
Why are each of these harmful phenotypes necessary?
Human myelin disorders can lead to seizures or movement disorders; as we are attempting to model similar myelin deficits in the mouse this can lead to similar clinical signs being observed. We have seen tremors in some of the lines that we have used previously, such as NRG1 overexpressing mice which generate excessive myelin, these are usually mild and do not prevent eating, drinking or ambulation.  Whilst tremor was not an effect which we were intending to study, similar to how seizures are not an end goal to study, they can be an unavoidable side effect depending on where the myelin deficit is induced.  In many cases, generation of symptoms similar to those seen in human myelin disorders is a sign that we have altered myelination within the animal.
How will you minimise the harms associated with these phenotypes?
Ensure that you include any humane endpoints that you will use.
In general we are not expecting any harmful phenotypes until after transgene induction and we have not yet seen transgene related seizures in any of our lines. 
Under this protocol, if seizures are seen then the animals will be killed.
Tremors and other movement problems may affect the ability of animals to reach food hoppers and/or water bottles, if assessment of the animal shows that this is a possible outcome then a long nozzled water bottle or hydrogel and more accessible food (e.g. a lower hopper, soft food) will be provided.
For animals exhibiting tremors or movement disorders humane end points are:
Animals should still be able to move well around the cage and access food and water given reasonable adjustments indicated above. Clinical signs will not progress past mild severity tremors and should not deteriorate to paralysis. Any animals displaying paralysis or that are unable to balance well enough to carry out normal behaviours such as grooming, eating, or drinking will be promptly killed.
The precise onset and severity of adverse clinical signs will vary with the timepoint at which the transgene is expressed, e.g. at early postnatal timepoints there will be a more pronounced phenotype more quickly than if myelination is impaired in adults.  Timepoints for study will be chosen taking into account any clinical signs seen in pilot studies and carefully balanced to minimise clinical signs whilst still enabling us to collect data. The precise onset and severity of adverse clinical signs will vary with the timepoint at which transgene induction is carried out, e.g. at early postnatal timepoints there will be a more pronounced phenotype more quickly than if myelination is impaired in adults.  Timepoints for study will be chosen taking into account any clinical signs seen in pilot studies and carefully balanced to minimise clinical signs whilst still enabling us to collect data.
Protocol 16: Steps
Step 1: In utero electroporation (optional)
Repeated from protocol 12
Describe the procedures that will be carried out during this step.
Explain where one or more steps are repeated in one experiment, list any alternative techniques within a step (e.g. dosing routes), and include all procedures performed under terminal anaesthesia.  When describing the technical aspects of a step, be broad enough to be flexible when the variation does not impact on animal welfare (e.g. use "antibiotic" instead of "penicillin"). Finally, avoid specifying volumes and frequencies when they do not impact on animal welfare.
Foetuses exposed in protocol 4 will be injected with genetic material into the ventricles and the electroporation administered via electrodes connected to an electroporator. Up to 8 embryos per dam will be electroporated. (AB)
___________________________________________________________________
Is this step optional?
Yes
___________________________________________________________________
Do you expect this step to have adverse effects for the animals that are more than mild and transient?
Do not list uncommon or unlikely adverse effects, or effects from procedures that will cause no more than transient discomfort and no lasting harm. For example, an intravenous injection of a small volume of an innocuous substance.
Yes
___________________________________________________________________
What are the likely adverse effects of this step?
State the expected adverse effect, including the likely incidence, and the anticipated degree and duration of suffering.
Poor injection technique or selection of unhealthy embryos could lead to death of the embryos in utero. Miscarriage or pup rejection could result from stress to the mother.
How will you monitor for, control, and limit any of these adverse effects?
If adverse effects can't be prevented, how will you attempt to ameliorate their initial signs?
Embryos are assessed on colouration and amniotic fluid clarity prior to injection to avoid using unhealthy embryos not likely to survive the procedure.
Pre and post operative analgesia will be given to the mother under protocol 4 to minimise the chance of rejection of the pups or stress related miscarriage. 
If pups are rejected by the mother they will be fostered to another dam.
What are the humane endpoints for this step?
This would be the point at which you would kill the animal to prevent further suffering.
Pups rejected by their mother and a potential foster mother will be killed.
Step 2: Ageing (optional)
Repeated from protocol 9
Describe the procedures that will be carried out during this step.
Explain where one or more steps are repeated in one experiment, list any alternative techniques within a step (e.g. dosing routes), and include all procedures performed under terminal anaesthesia.  When describing the technical aspects of a step, be broad enough to be flexible when the variation does not impact on animal welfare (e.g. use "antibiotic" instead of "penicillin"). Finally, avoid specifying volumes and frequencies when they do not impact on animal welfare.
Animals may be maintained, prior to the start of other procedures, up to 20 months of age. Maintenance of animals may continue to a maximum of 24 months of age.
Not all animals will reach 2 years of age as we will have multiple different timepoints within the ageing period which may vary between experiments. 
___________________________________________________________________
Is this step optional?
Yes
___________________________________________________________________
Do you expect this step to have adverse effects for the animals that are more than mild and transient?
Do not list uncommon or unlikely adverse effects, or effects from procedures that will cause no more than transient discomfort and no lasting harm. For example, an intravenous injection of a small volume of an innocuous substance.
Yes
___________________________________________________________________
What are the likely adverse effects of this step?
State the expected adverse effect, including the likely incidence, and the anticipated degree and duration of suffering.
Ageing animals naturally have decreased body condition and an increased risk of spontaneous death as they reach the end of their normal lifespan. Animals reaching the end of their natural life may show decreased movement, or respiratory distress.
About 20% aged rats and mice are expected to develop some superficial (mainly mammary) tumours during the course of ageing experiments. These are not typically malignant or painful but can grow rapidly and become an impediment to movement if left unchecked. 
Malocclusion can also occur in ageing animals with an incidence of approximately 5-10%. This can lead to weight loss and discomfort if not controlled. 
How will you monitor for, control, and limit any of these adverse effects?
If adverse effects can't be prevented, how will you attempt to ameliorate their initial signs?
Wherever possible animals will be kept for the minimum amount of time required to conduct experiments and experimental time points will take the average time to reach the humane end point into account.
As age related tumours occur spontaneously, control is not possible, however their effect on wellbeing of the animal can be limited through regular inspection and application of humane end points.  Routine inspections of the animals is performed by biofacility technicians and any tumours will be identified before they become large enough to impact on wellbeing. 
After 15 months of age for mice, and 18 months of age for rats, animals will be assigned a body condition score and reassessed weekly.  Body condition scores are based on the BCS scoresheet in figure 2. of Burkholder et al Health Evaluation of Experimental Laboratory Mice. Curr Protoc Mouse Biol. 2012 Jun;2:145-165. doi: 10.1002/9780470942390.mo110217 with additional criteria from internally generated score sheets.
What are the humane endpoints for this step?
This would be the point at which you would kill the animal to prevent further suffering.
In cases of malocclusion the animal will be killed unless, in agreement with the NVS, teeth clipping, and monitoring are used to keep the animal feeding well and the end point of the experiment is within 4 weeks.
Ageing animals can rapidly become unwell and any of the following are signs of a mouse or rat reaching the end of its lifespan. An animal will be killed immediately if it meets any of the following criteria;
●	Any sudden significant drop in body condition score (BCS) (taking into account general appearance, porphyrin production, coat grooming, curvature of the spine). Animals with a body condition score that falls to 2 will be killed. 
●	Impaired mobility which interferes with normal eating and drinking.
●	Respiratory distress: laboured breathing, increased or decreased respiratory rate, cyanosis
Animals showing tumours will be killed unless in agreement with the NVS for animals of particular interest they are kept until the conclusion of the experiment. Animals kept in these instances will be killed if the tumour reaches 1.2 cm diameter in mice or 2.5cm in rats (where more than one tumour grows, total burden will not exceed that of single tumour), or tumour becomes ulcerated or the tumour interferes in any way with the animal's ability to fulfil its normal behavioural and physiological functions (e.g. eating, drinking, defaecation) or in any way impedes its mobility.
Step 3: Administration of substances (mandatory)
Repeated from protocol 11
Describe the procedures that will be carried out during this step.
Explain where one or more steps are repeated in one experiment, list any alternative techniques within a step (e.g. dosing routes), and include all procedures performed under terminal anaesthesia.  When describing the technical aspects of a step, be broad enough to be flexible when the variation does not impact on animal welfare (e.g. use "antibiotic" instead of "penicillin"). Finally, avoid specifying volumes and frequencies when they do not impact on animal welfare.
(At any stage, and on multiple occasions) administration of substances (labelling agents e.g. BrdU, EdU, agonists or antagonists, cell response modulators e.g. tetracycline, clozapine, glial toxins, viruses, cytokines, antibodies, or controls) by, on each occasion, one of the following routes (for neonates only by routes c or g):
a. Injection into the tail vein (AA/AB) (adult or aged only)
b. Subcutaneously (AA)
c. Intraperitoneally (AA) (not for pregnant animals)
d. Oral (including in supplemental food or drinking water, standard diet will not be fully replaced) (AA)
e. Gavage (AA)
f. Infusion through previously implanted minipump (AA) (adult or aged only)
g. (Pre wean only) Oral via mother’s milk (AA)
___________________________________________________________________
Is this step optional?
No
___________________________________________________________________
Do you expect this step to have adverse effects for the animals that are more than mild and transient?
Do not list uncommon or unlikely adverse effects, or effects from procedures that will cause no more than transient discomfort and no lasting harm. For example, an intravenous injection of a small volume of an innocuous substance.
Yes
___________________________________________________________________
What are the likely adverse effects of this step?
State the expected adverse effect, including the likely incidence, and the anticipated degree and duration of suffering.
Some of the genetic modifications from viruses could lead to myelin deficits and thus clinical signs akin to the phenotype of shiverer mice.  The severity of these adverse clinical signs will vary depending on the age in which the myelin deficits occur and the degree of myelin perturbation that is triggered. Myelin perturbation could lead to the following adverse effects: 
•           Generalized tremor during locomotion with potential for this shivering to increase in severity with age, and possible discoordination of the limbs. 
•           Animals may also undergo seizure-like attacks during which they may lie rigid and motionless for several seconds. 
How will you monitor for, control, and limit any of these adverse effects?
If adverse effects can't be prevented, how will you attempt to ameliorate their initial signs?
None of the viruses used will be pathogenic, they will be solely used for genetic modification.  The genetic modifications from the viruses that we will use are not intended to cause any clinical signs.   However, as our interest lies in regulation of myelination some of the genetic modifications could lead to myelin deficits and thus the tremors/movement problems or seizures.
Tremors and other movement problems may affect the ability of animals to reach food hoppers and/or water bottles, if assessment of the animal shows that this is a possible outcome then a long nozzled water bottle or hydration gel and more accessible food (e.g. a lower hopper, soft food) will be provided. If these interventions are required then animals will be weighed regularly to ensure that they are still eating well.
What are the humane endpoints for this step?
This would be the point at which you would kill the animal to prevent further suffering.
Any animal showing seizures under this protocol will be killed.
For animals exhibiting tremors or movement disorders humane end points are: 
Animals should still be able to move around the cage and access food and water given reasonable adjustments indicated above.  Movement should not deteriorate to paralysis and any animals displaying paralysis will be promptly killed. 
In less than 0.1% of cases, water consumption may be affected when substances are added to the drinking water. Water consumption for rats is approximately 10ml/100g and for mice 15ml/100g. If water consumption falls below normal, and is not corrected by use of sweeteners, and/or the animal starts showing signs of decreased consumption (e.g. weight loss, skin tenting) then administration of drug in water will be stopped. If animals do not return to normal drinking, then they will be killed. If drinking resumes, then the substances may be administered via an alternative method.
Step 4: Minipump (optional)
Describe the procedures that will be carried out during this step.
Explain where one or more steps are repeated in one experiment, list any alternative techniques within a step (e.g. dosing routes), and include all procedures performed under terminal anaesthesia.  When describing the technical aspects of a step, be broad enough to be flexible when the variation does not impact on animal welfare (e.g. use "antibiotic" instead of "penicillin"). Finally, avoid specifying volumes and frequencies when they do not impact on animal welfare.
For adult or aged animals only;
Implantation of a minipump subcutaneously or into the abdomen on one occasion. (AB)
___________________________________________________________________
Is this step optional?
Yes
___________________________________________________________________
Do you expect this step to have adverse effects for the animals that are more than mild and transient?
Do not list uncommon or unlikely adverse effects, or effects from procedures that will cause no more than transient discomfort and no lasting harm. For example, an intravenous injection of a small volume of an innocuous substance.
Yes
___________________________________________________________________
What are the likely adverse effects of this step?
State the expected adverse effect, including the likely incidence, and the anticipated degree and duration of suffering.
If an osmotic minipump is implanted for a longer time period than recommended by the manufacturer then it can start to leak concentrated salt solutions which will act as an irritant.  Adverse effects can include localised swelling around the minipump, signs of dehydration (e.g. increased water consumption, skin tenting) redness around the implantation site, increased scratching of the area around the minipump, or signs of pain or discomfort from the animal such as hunching or squinting (assessed using grimace scales).  
Intraperitoneal implantation can disrupt normal feeding and weight gain for 24-48 hours but does not typically cause weight loss.
Placement of a subcutaneous minipump can lead to formation of a seroma, this does not typically cause any discomfort to the animal and should resolve without intervention.
How will you monitor for, control, and limit any of these adverse effects?
If adverse effects can't be prevented, how will you attempt to ameliorate their initial signs?
The guaranteed lifespan of a minipump is approximately 1.5x the delivery period for the pump.  If animals have a minipump in situ approaching this timepoint then there will be increased monitoring for any signs of irritation; at the first appearance of any of the clinical signs associated with a minipump leak the animal will be killed.
A subcutaneous minipump may be implanted for administration of substances if multiple sub-cutaneous injections are a requirement for the experiment to minimise stress and suffering to the animal.  A sub-cutaneous minipump will also be used as an alternative to an intraperitoneal minipump where literature searches or substance properties show that it will have a comparable experimental outcome.  
In the event of a seroma, the NVS will be consulted, and the seroma monitored for changes in size or colouration. Animals will be monitored for signs of discomfort such as scratching, hunching or subdued behaviour.
For intraperitoneal pumps, these will be used as a refinement over multiple intraperitoneal injections.  If adverse effects do occur, then an alternative means of substance delivery, such as a non osmotic minipump, will be used for future experiments requiring that duration of implantation. Animals will be allowed a minimum of 24 hours’ recovery period before undergoing any further procedures after intraperitoneal implantation.
What are the humane endpoints for this step?
This would be the point at which you would kill the animal to prevent further suffering.
Any animals showing continued clinical signs associated with the minipump leaking will be killed.
If a seroma impedes movement or causes discomfort then the animal will be killed. If discolouration of the area is seen such as a dark appearance or yellowing then the animal will be killed as this suggests either bleeding or infection. Animals with a seroma that does not decrease in size after a week will be killed.
Step 5: Behavioural testing (optional)
Repeated from protocol 9
Describe the procedures that will be carried out during this step.
Explain where one or more steps are repeated in one experiment, list any alternative techniques within a step (e.g. dosing routes), and include all procedures performed under terminal anaesthesia.  When describing the technical aspects of a step, be broad enough to be flexible when the variation does not impact on animal welfare (e.g. use "antibiotic" instead of "penicillin"). Finally, avoid specifying volumes and frequencies when they do not impact on animal welfare.
a. At any stage and on multiple occasions, animals will undergo typically one, but up to three, behavioural procedures from the table below (AA).
b. On multiple occasions, after complete recovery from any surgical interventions, if required for the behavioural test (indicated in the table below) Animals will undergo food restriction (fed daily with reduced amount) such that the animals do not drop below 85% of their free-feeding body weight (AA)
	Behavioural test
	Max session length
	Normal test frequency
	Additional procedures

	Operant conditioning (including Trial-Unique Non-matching to Location (TUNL) and the 5-choice serial reaction time task
	1 hour
	Typically once per day, up to twice. For up to 8 weeks
	Food restriction required for up to 8.5 weeks

	Rotarod
	Incremental fixed speed rotarod – up to 1 minute at three different speeds. 
Accelerating rotarod – up to 5 minutes per session
	Daily during training period, up to weekly after as required by experiments
	

	Erasmus Ladder
	42 runs across the ladder (up to 1 hour depending on length of rest periods between runs)
	Once per day, up to 10 days
	

	Open field test
	30 minutes
	Weekly, up to daily
	

	Balance beam coordination test
	30 minutes (up to 3 trials)
	Daily
	

	Grasping ability (modified wire hanging test, hind paws on ground)
	30 minutes
	Daily
	

	Visual acuity tasks
	30 minutes
	Daily
	

	Complex running wheel
	Unlimited, wheel is in the cage and usage is voluntary
	Up to 3 weeks
	Animals must be singly housed for up to 3 weeks

	Classical eye blink conditioning task
	
	
	


___________________________________________________________________
Is this step optional?
Yes
___________________________________________________________________
Do you expect this step to have adverse effects for the animals that are more than mild and transient?
Do not list uncommon or unlikely adverse effects, or effects from procedures that will cause no more than transient discomfort and no lasting harm. For example, an intravenous injection of a small volume of an innocuous substance.
Yes
___________________________________________________________________
What are the likely adverse effects of this step?
State the expected adverse effect, including the likely incidence, and the anticipated degree and duration of suffering.
Weight loss (typically ~10% from baseline weight) for food restricted animals.
How will you monitor for, control, and limit any of these adverse effects?
If adverse effects can't be prevented, how will you attempt to ameliorate their initial signs?
Animals are weighed daily until their weight stabilises, then are weighed at least 5x a week. As animals are not singly housed during the food restriction, if one animal drops more weight than its cagemates it will be briefly separated to allow access to additional food (<30mins).
What are the humane endpoints for this step?
This would be the point at which you would kill the animal to prevent further suffering.
For food restricted animals, any animal showing weight loss over 15% or that approaches 20% and that is not improved within 1 hour by additional food being provided will be killed.
Step 6: Transgene induction  (optional)
Describe the procedures that will be carried out during this step.
Explain where one or more steps are repeated in one experiment, list any alternative techniques within a step (e.g. dosing routes), and include all procedures performed under terminal anaesthesia.  When describing the technical aspects of a step, be broad enough to be flexible when the variation does not impact on animal welfare (e.g. use "antibiotic" instead of "penicillin"). Finally, avoid specifying volumes and frequencies when they do not impact on animal welfare.
(At any stage) Transgene inducing or deleting agents (e.g. Tamoxifen, 4-hydroxytamoxifen, tetracycline) or control substances will be administered alone or in combination, continuously or intermittently by one of the following routes, (for neonates only by route d):
a. Oral (including in food or drinking water)
b. By gavage
c. Subcutaneous
d. Intraperitoneal
___________________________________________________________________
Is this step optional?
Yes
___________________________________________________________________
Do you expect this step to have adverse effects for the animals that are more than mild and transient?
Do not list uncommon or unlikely adverse effects, or effects from procedures that will cause no more than transient discomfort and no lasting harm. For example, an intravenous injection of a small volume of an innocuous substance.
Yes
___________________________________________________________________
What are the likely adverse effects of this step?
State the expected adverse effect, including the likely incidence, and the anticipated degree and duration of suffering.
Tamoxifen and tamoxifen derivatives show dose and age dependent adverse effects.
Administration of Tamoxifen (or its derivatives) for transgene induction may cause adverse effects in mice.  Most mice will show a transient lack of weight gain or weight loss of <15%.  Weight loss of up to 20% may occur gradually (over the course of 6-10 days). These effects typically arise 5-10 days after the last administration. Up to 10% of animals may develop piloerection, hunched posture, and subdued behaviour.
At high dosages (250mg-300mg/kg), more animals (<20%) may show piloerection, hunched posture, and subdued behaviour, the extent of which depends on the modification present. The adverse effects are attributed to the combination of tamoxifen toxicity and the resultant genetic modification. 
Animals which don't reach humane endpoints usually fully recover from tamoxifen administration within 2 weeks and regain weight to within 5% of baseline.
After gavage, 1% of animals may show signs of gastric reflux, this presents as subdued behaviour for a few minutes post gavage. If reflux is followed by aspiration this can cause gasping.
In less than 0.1% of cases, water consumption may be affected when substances are added to the drinking water. This can lead to dehydration related weight loss, skin tenting, or lethargy.
How will you monitor for, control, and limit any of these adverse effects?
If adverse effects can't be prevented, how will you attempt to ameliorate their initial signs?
Prior to administration of transgene induction agents, mice will be assigned a body condition score and have a baseline weight recorded.  Animals will be assessed daily for signs of piloerection, hunching or subdued behaviour. Only animals with a body score of 3 or above will receive transgene induction agents.
Soft food and/or calorie rich supplementation will be provided to the animals. Heat pads will be attached to the cage if the body score begins to drop, and weight will be monitored more frequently (daily rather than twice a week). Calorie rich diets may include up to 10 days of high fat western diet provided as a supplement to the normal diet. Animals may be habituated to higher calorie food prior to transgene induction.
Animals will be observed post gavage to identify any signs of reflux or gasping.
Water consumption for rats is approximately 10ml/100g and for mice 15ml/100g. If water consumption falls below normal, and is not corrected by use of sweeteners, and/or the animal starts showing signs of decreased consumption (e.g. weight loss, skin tenting) then administration of drug in water will be stopped and animals immediately offered untreated water. If drinking resumes, then the substances may be administered via an alternative method.
What are the humane endpoints for this step?
This would be the point at which you would kill the animal to prevent further suffering.
If clinical signs (hunching, piloerection) are sustained for 24 hours without improvement, the animals will be killed.
If the body score of animals declines rapidly (i.e. Half a point on the 5 point scale within 24 hours) animals will be killed.  Body condition scores are given on a 5 point scale, where 1 is emaciated, 3 is well conditioned, and 5 is obese.  Gradual weight loss over 5-7 days in the absence of additional clinical signs, which doesn't cause the body condition score to drop below the 'normal' well conditioned mouse has a humane end point of 20% weight loss from baseline.
Animals with a body condition score that falls to 2 will be killed.
Any animal showing gasping not resolved within 2 minutes will be killed. Any animal that appears subdued post gavage and does not return to normal behaviour will be killed.
If animals do not return to normal drinking after being presented with untreated water, then they will be killed.
Step 7: Tissues for genotyping (optional)
Repeated from protocol 5
Describe the procedures that will be carried out during this step.
Explain where one or more steps are repeated in one experiment, list any alternative techniques within a step (e.g. dosing routes), and include all procedures performed under terminal anaesthesia.  When describing the technical aspects of a step, be broad enough to be flexible when the variation does not impact on animal welfare (e.g. use "antibiotic" instead of "penicillin"). Finally, avoid specifying volumes and frequencies when they do not impact on animal welfare.
Tissue biopsy to determine genetic status by one of the following methods: 
a.	ear biopsy (AA/AB)
b.	hair sampling (AA/AB)
c.	mouth swabbing (AA/AB)
Rarely, due to technical problems during analysis, a second sample may be taken. 
___________________________________________________________________
Is this step optional?
Yes
___________________________________________________________________
Do you expect this step to have adverse effects for the animals that are more than mild and transient?
Do not list uncommon or unlikely adverse effects, or effects from procedures that will cause no more than transient discomfort and no lasting harm. For example, an intravenous injection of a small volume of an innocuous substance.
No
___________________________________________________________________
Step 8: Terminal procedures (mandatory)
Repeated from protocol 7
Describe the procedures that will be carried out during this step.
Explain where one or more steps are repeated in one experiment, list any alternative techniques within a step (e.g. dosing routes), and include all procedures performed under terminal anaesthesia.  When describing the technical aspects of a step, be broad enough to be flexible when the variation does not impact on animal welfare (e.g. use "antibiotic" instead of "penicillin"). Finally, avoid specifying volumes and frequencies when they do not impact on animal welfare.
Animals will be killed by:
a. Schedule 1 method; or
b. Perfusion fixation (AC); or
c. Perfusion without fixative (AC) followed by confirmation of death by a method in Schedule 1; or
d. Decapitation (AA/AC)
___________________________________________________________________
Is this step optional?
No
___________________________________________________________________
Do you expect this step to have adverse effects for the animals that are more than mild and transient?
Do not list uncommon or unlikely adverse effects, or effects from procedures that will cause no more than transient discomfort and no lasting harm. For example, an intravenous injection of a small volume of an innocuous substance.
No
___________________________________________________________________
Protocol 16: Fate of animals
What will happen to animals at the end of this protocol?
Select all that apply. These options are based on what you selected in the non-technical summary.
· Killed
Will you be using non-schedule 1 killing methods on a conscious animal?
Yes
For each non-schedule 1 method, explain why this is necessary.
Decapitation is necessary to give high quality, live brain slices to be used for electrophysiological experiments ex-vivo and cannot always be performed under anaesthesia, as the anaesthetic agents can affect the ion channels and cell activity that we are investigating. Similarly, CO2 anaesthesia changes the pH of the brain dramatically with effects on all cell types thus making it unsuitable as an alternative. 
Decapitation will only be used in conscious animals when alternative methods are not viable, for example, in mice cervical dislocation immediately prior to decapitation can be used if the brain stem doesn’t need to be intact. A guillotine will be used for decapitation of non-neonate animals, to ensure an instantaneous separation of the head and a rapid loss of consciousness.
___________________________________________________________________
Protocol 16: Animal experience
Summarise the typical experience or end-to-end scenario for an animal being used in this protocol.
Consider the cumulative effect of any combinations of procedures that you may carry out.
Animals will be bought in from commercial suppliers, bred in house, from other protocols on this license as continued use, or obtained from other licenses with the authority to share animals of the genotype required.  
Where mice are moved to this protocol from protocol 8, there is no additional cumulative harm anticipated and animals will only have suffered mildly under the previous protocol. Mice from protocol 8 will have received brain injections as neonates to transplant neural lineage cells. These cells will spread through the brain and potentially integrate into the murine neural tissue. No adverse effects are expected, or have been observed from, the presence of these cells, and their presence should not lead to additional harm from procedures carried out under this protocol. 
Mice utilised for in utero electroporation, will experience up to mild severity from the electroporation procedure.  Embryos will receive a 1-2ul injection into the brain (most commonly into the ventricle). Once injected, embryos will be electroporated using small paddle or tweezer electrodes. The uteri are then returned to the abdomen of the dam, and the incision sutured (under protocol 4). Analgesia is given to the dam pre and post surgery (protocol 4) which would pass to the electroporated pups in utero. The dam is left to litter down normally. The litter size will be reduced down to 8 if needed to ensure the best care for the electroporated pups.  Disturbance of the dam post surgery will be kept to a minimum to reduce the risk of stress induced cannibalism or rejection of the pups. Electroporated pups are generally normal at birth and none of the genetic modifications that we would use will lead to clinical signs.
All animals will be administered substances, commonly in the food or drink for long term administration, or by injection if more precise temporal control is required. Tail vein injections, if required, are typically carried out in awake animals, using a restraint device and local anaesthetic to prevent pain from the injection. A heat source is used to increase dilation of the vein. Short inhalation anaesthesia will be used as an alternative to restraint if the animal becomes agitated.
Rarely animals will undergo surgery to implant a minipump, in these instances animals will be anaesthetised, and a small incision made to access the intraperitoneal space or subcutaneous space. Subcutaneous minipumps, will be placed into a pocket under the skin generated by gentle insertion of forceps to form a gap between the musculature and the skin.  At the end of the surgery, animals are sutured and moved to a warming cabinet to recover.
Animals are expected to make an unremarkable recovery from anaesthesia, but oxygen and heating will be provided post-operatively to facilitate recovery. Pain in the subsequent days will be minimized by post-operatory analgesia, administered orally, or in jelly/chocolate spread, or by injection, twice a day, for at least three days.
Animals may receive transgene induction agents, most commonly by oral gavage or intraperitoneal injection for 1-5 days depending on the age at which induction is required. Their weight and body condition will be checked regularly for 2 weeks post induction. Animals showing signs of weight loss will have a heat pack and soft food added to the cage, they may also receive high calorie diets for a short period to provide additional support. After induction a second ear biopsy may be taken to confirm transgene activation.
Some animals (<1%) may begin to minor movement difficulties post gene induction or substance administration, these animals will be the subject of increased monitoring and cage alterations to ensure that suffering is minimised.
Animals will be maintained using standard maintenance protocols up to a maximum of 24 months of age, most animals will not reach 2 years of age as we will have multiple different timepoints within the ageing period which may vary between experiments. Typically we will be looking within the first 6 months of life.
Animals may also undergo behavioural tests.  In some cases this will require food restriction prior to training in order to motivate the animals, in this instance animals are weighed daily and the quantity of food provided is adjusted to maintain a body weight approximately 10% below their baseline free feeding weight. Animals receive food everyday, just a reduced amount, and typically regain weight quickly as soon as the restriction is lifted. Water is not restricted. Appetite driven tasks such as operant conditioning (including Trial-Unique Non-matching to Location (TUNL) and the 5-choice serial reaction time task) have food based rewards as part of the task. Where negative stimuli or 'punishment' is required for successful task completion, this will be in the form of a tone and/or light.  The Erasmus ladder also uses gentle jets of air to discourage backtracking on the apparatus. Where tests require that the animals are raised off the ground then appropriate cushioning will be placed below to mitigate the risk of injury if any falls occur. Testing will generally occur daily but for time limited periods. The exception to this is the complex wheel, in which the wheel is added to the cage and the animal chooses to run on it or not.
At the end of the experiment, animals may be transported to a nearby licensed designated area outside of the animal facility prior to killing if needed for experiments.
Killing will either be via a schedule 1 method, decapitation, or perfusion under terminal anaesthesia (with or without fixative) depending on the downstream use.
___________________________________________________________________
Describe the general humane endpoints that you will apply during the protocol.
These will be in addition to the endpoints stated for each step.
Any animal that exhibits signs of distress or suffering that are not listed as expected protocol-related adverse effects will be humanely killed. 
Under this protocol, if seizures are seen then the animals will be killed.
For animals exhibiting tremors or movement disorders humane end points are:
Animals should still be able to move well around the cage and access food and water given reasonable adjustments. Clinical signs will not progress past mild severity tremors and should not deteriorate to paralysis. Any animals displaying paralysis or that are unable to balance well enough to carry out normal behaviours such as grooming, eating, or drinking will be promptly killed.
In addition, unless otherwise specified in the step, any animal that loses 15% of its body weight compared to its baseline weight will be killed.  The determination of baseline weight depends on the age of the animal; young or juvenile animals that are still growing should be compared to expected growth curves. An initial weight should be taken prior to procedures and any weight loss from this initial weight should take into account expected weight gain for their age. For adult animals, the baseline should either be the highest recorded weight immediately prior to procedures, or an average of 3 weights on different days immediately prior to procedures. For food restricted animals, upon relaxing the food restriction animals will typically put on a significant amount of weight which reduces gradually over a few days. In this instance, baseline weight should be taken as the average of the weight prior to starting food restriction and the weight within 48 hours of the return to ad libitum feeding, prior to further procedures.
Adverse effects and humane endpoints should not differ between rats and mice unless otherwise stated in each step, where species differences become apparent this license will be amended to reflect additional humane endpoints or adverse effects.
___________________________________________________________________
Protocol 16: Experimental design
What outputs are expected to arise from this protocol?
For example, test results, phenotypic information, or products.
Tissues for in vitro or ex vivo use; brain slices for electrophysiology, cells isolated either to be further cultured or other laboratory uses, immunostaining of tissues to quantify cells, behavioural data.
___________________________________________________________________
Will this protocol generate quantitative data?
Yes
___________________________________________________________________
Will your experimental design be determined by a regulatory guideline?
No
Where relevant, explain how and when pilot studies will be used.
Pilot studies will be used to generate a mean and standard deviation as an estimate of the difference we will detect in the proposed experiments. This will then be used in power calculations to determine the number of animals required to obtain a statistical power >0.95 at alpha=0.05 in a two-tailed t-test studies.
Pilot studies will be conducted when substances not previously tested in vivo are used. This will typically be small scale (3-4 animals). Where the precise dose of drug or substance is not known from the literature or there is a lack of consensus on the required dose a pilot study may be carried out with several dosages in order to ascertain which dose is likely to achieve the desired effect whilst minimising any potential adverse effects on the animal. The dosages to test will be based on the available literature, tissue culture studies or ex vivo studies (such as brain slices).
Pilot studies will also be used to ascertain whether AAV-PHP.eB viruses, which can cross the blood brain barrier, can be injected into the tail vein to express genes effectively within the brain, to replace the need for brain injections.
How will you choose different experimental groups?
For example, controls, dose levels, satellites etc.
All experiments will have at least one control and one experimental group.
Dose levels for experimental groups will be determined either through literature searches, based on response curves on ex vivo tissues, or pilot tests (under this protocol or otherwise).  Experimental groups may include animals in which the transgene is activated at different time points, or with different transgenes - for example knock out of a gene in two different signalling pathways.
How will you choose control groups?
Provide a robust scientific justification for controls with significant suffering such as sham surgery controls or untreated infected controls.
Controls will receive either vehicle, saline, or inert labelling substances via the same method as the experimental groups.
For transgenic animals requiring induction, controls may receive the transgene induction agent but will not express the transgene being tested. For specific behavioural tests, control groups may include yoked control animals; where animals receive rewards but not linked to their performance on a task, thus preventing learning, or home cage controls where the animals remain in their cage and do not perform the behavioural task (though may still receive rewards proportionately). 
How will experiments and data analysis be randomised and blinded?
We will randomly allocate animals to different experimental conditions, such as by use of online randomiser tools https://www.randomizer.org/ or spreadsheet random number generation, though some grouping may occur prior to randomisation e.g. treated water may be given on a cage by cage rather than animal by animal basis to minimise animals being singly housed for long study durations. Blocking may also be used to ensure that groups being compared consist of similar individuals e.g. behavioural studies where animals perform pretraining, extreme high performers will be allocated evenly between experimental conditions.  
Experimental analysis will be carried out blinded or via automated analysis.
Blinding of files for analysis is performed by coding filenames to remove information that can be used to identify experimental condition (e.g. image files).  Where possible we use automated analysis using scripts or image processing software to minimise bias.
How will you minimise variables to ensure reproducibility?
Animals will be obtained at the same time and from the same supplier (or littermates if bred in house) as the animals under experimental protocols where possible, housed in the same conditions, and procedures performed by either the same researcher or with conditions divided evenly between researchers. Substances being administered will be from the same supplier and prepared in the same way between animals.
How will you determine group sizes?
You should reference POWER calculations you have made, if relevant.
The determination of the sample size needed for each experiment is based on power calculations, and effect size calculations. We assume that the datasets we will generate follow normal, i.e. Gaussian, distribution, as with our previous data. We used the mean and standard deviation from our preliminary data, previous work, and available published datasets relating to similar experiments as we propose to do, as estimates of the difference we will detect in the proposed experiments. These assumptions allow us to calculate Cohen’s effect size d and use this to determine the estimated effect size for an experiment.  Apart from behavioural and tissue culture studies, the Cohen’s effect size d was 3 or above, thus a sample size of n=5 for control and n=5 for most studies proposed will have at least a statistical power >0.95 at alpha=0.05 in a two-tailed t-test studies.  For behavioural tasks, the Cohen’s effect size d is on average 1.5, thus a sample size of n=15 for each group will be needed to generate statistically meaningful data.
Group sizes in ageing experiments will be increased to accommodate for loss of animals and to avoid single housing due to animal losses due to old age.
How will you maximise the data output from the animals you use on this protocol?
Where possible we will use the tissues obtained from this protocol as controls for multiple experimental factors rather than a new set of controls for each variable.  We will also store any resultant isolated cells, fixed tissues, or RNA not used in the original experiment for future additional analysis.
Protocol 16: Protocol justification
Why is each type of animal, experimental model, and/or method selected for this protocol:
a) the most appropriate scientific approach?
For many of our research questions we will need to administer substances to the animals.  These substances will vary according to the purpose of the experiment but will include, for example, labelling agents, designer drugs, transgene modifiers, agonists and antagonists of specific pathways.  The method of administration for these substances will depend on what route gives the optimal dose – dosages will be based on the available literature and in vitro or pilot studies. 
In order to test whether previously identified signalling pathways such as BDNF, NRG, glutamate signalling or PKMz, play an important role in myelination, we will alter gene expression and administer substances to alter cell responses/induce transgenes (such as tetracycline, clozapine, or clozapine-N-oxide (CNO) and/or to label certain cells (such as BrdU/EdU to label proliferating cells). To investigate how glia affect neuronal circuit development and circuit dysfunction in disease we will modify or delete specific CNS glial cells by administering specific glia toxins such as PLX3397 which blocks CSFR1 and thus depletes microglia cells, or blocking glia function using specific antibodies, antagonists or blocking substances administered to the animal. These substances will be delivered at different time points throughout development to compare the effects and identify any critical activity windows.
AAV-PHP.eB viruses can cross the brain-blood barrier in rodents, thus allowing intravenous (IV) delivery of viruses as a potential alternative to brain stereotaxic injection for gene modification (Chan et al., 2017). To identify how myelination is regulated by patterns of neuronal activity we will genetically alter neurons or glia cells either by modifying gene expression of ion-channels (such as Kir4.1, Kir 2.1, Nav) or recombinant genes (such as ChR2, hM4Di, hM3Dq, iGluSnFr, GCaMP, and fluorescent proteins) using intravenous viral injections. Following at least 2 weeks of expression, in some cases, substances will be administered; such as tetracycline, clozapine, or clozapine-N-oxide (CNO), to alter activity of cells, and observe the effects on myelination and behaviour. 
Recent evidence indicate now that mechanisms of myelination may differ between older adults compared to young adults. Thus, to identify the differences of identified mechanisms between ages, we will need to compare older animals to younger animals, as well as comprehensively analyse changes throughout the lifespan. These findings may be extremely important for understanding age related decline in myelin maintenance and regeneration. 
To investigate the role of glia in learning we need to use both cognitive learning (eg. TUNL) and motor learning behavioural tasks (eg. Erasmus ladder, complex running wheel).  TUNL, and other similar cognitive tasks (eg. spontaneous object recognition task and open field test), are especially valuable for our studies as it gives a measure of cognitive learning without being associated with motor learning. The complex running wheel is non-invasive method for testing motor cortical function and learning. The Erasmus ladder and classical eye-blink conditioning tasks not only assesses motor learning, but are also non-invasive methods for testing cerebellar function.  These particular tasks are especially relevant for several of the brain regions that we are interested in and will provide valuable behavioural data.  Glial dysfunction can also lead to problems with memory, general locomotor activity, attention or impulsivity, which can be tested by the spontaneous object recognition task, open field test, and the 5 choice serial reaction time task respectively.  Grasping ability and eye-blink conditioning can also be affected by neuronal circuit dysfunction so grasping tests and eye-blink conditioning will give valuable insight into the effect of glia and myelin on the neuronal circuit function.
In order to study very early time points we need to be able to introduce genetic modifications in both specific brain regions and at specific times during development.  This can be achieved in several ways; genetic approaches such as the cre-lox system, or by direct injection in utero.
For example, we know that the visual cortex is unmyelinated at P10, then progressively becomes more myelinated with time; at P21 myelinated axons can be found mainly in the lower cortical layers, whereas at P120, myelin is found at lower and upper layers of the visual cortex. 
This gives us a very tight window in which to investigate myelin changes and how to alter the rate of myelination within this area.
Introducing the genetic modification in utero provides us with a means of introducing the genetic modification at both a specific time and within a specific area. Depending on the timing of the injection and electroporation we can target specific layers within the cortex, for example electroporation at E15.5 targets superficial layer 2-3 neurons, whereas electroporation at E13.5 will target the deeper layer 5 neurons.
In utero modification also enables the use of multiple different lines in combination with the additional genetic modification – allowing small groups to be generated without the need for complex breeding strategies to generate mice with multiple transgenes.
Some of our analyses may require labelling prior to killing and so we will in some cases label certain cells prior to killing- such as by administration of EdU to label proliferating cells. To address functional changes in myelination development, maintenance or regeneration, animals will be killed by a schedule 1 method, or by decapitation or saline perfusion to better preserve brain tissue, followed by ex-vivo electrophysiology or calcium imaging e.g. to quantify the conduction speed in acute brain slices, or optic nerve, record calcium changes, or electrophysiological changes in cells with patch-clamp recordings. 
Perfusion fixation is the only method that will preserve tissue quality well enough to perform the histological analyses on which the study outputs depend (e.g. tissue for immunohistochemistry, in situ hybridisation and electron microscopy).  
Perfusion without fixatives is required to generate live tissue brain slices for electrophysiological recording of certain cells e.g. neurons. Removal of blood from the brain tissues prior to cell sorting or tissue isolation for cell culture, or omics; is best achieved by perfusion of physiological buffering solutions (or similar non fixative solutions).
Decapitation is necessary to give high quality, live brain slices to be used for electrophysiological experiments ex-vivo and cannot always be performed under anaesthesia, as the anaesthetic agents can affect the ion channels and cell activity that we are investigating. Similarly, CO2 anaesthesia changes the pH of the brain dramatically with effects on all cell types thus making it unsuitable as an alternative. 
___________________________________________________________________
b) the most refined for the purpose?
We will always seek to choose the least invasive method and administration schedule to give the required dosage and onset of effect. In the case of injection into the tail vein of viruses, this represents a refinement over the use of direct brain injection. Where pilot studies show this is an effective route and a focal delivery is not needed, these viruses will allow use of this protocol rather than for example, protocol 11.
A subcutaneous minipump may be implanted if multiple sub-cutaneous injections are a requirement for the experiment to minimise stress and suffering to the animal.  A sub-cutaneous minipump will also be used as an alternative to an intraperitoneal minipump where literature searches or substance properties show that it will have a comparable experimental outcome.  Not all substances demonstrate the same efficacy when applied subcutaneously, so some intraperitoneal minipumps will be required. Where intraperitoneal injections are necessary and are likely to be more distressing than the implantation of a minipump then an intraperitoneal minipump may be used instead. This allows a continuous infusion of a substance systemically, which may be a more appropriate route for some substances as well as minimising the repetitive handling and restraint stress of multiple intraperitoneal injections for many weeks.  All minipumps will be used according to the manufacturers’ recommendations for appropriate sizing with respect to the weight of the animal.
For subcutaneous minipump experiments which need a long administration period followed by a long observation period, we will trial use of a powered minipump rather than an osmotic minipump. These pumps are larger and require a longer surgery for implanting than osmotic minipumps so the exact pump used will be selected according to the required infusion duration, flow rate, experiment duration and weight of the animals.
Intraperitoneal pumps will be used as a refinement over multiple intraperitoneal injections. If a minipump is implanted for a longer time period than recommended by the manufacturer then it can start to leak concentrated salt solutions which will act as an irritant.  The guaranteed lifespan where this will not occur is approximately 1.5x the delivery period for the pump. Pumps implanted as a refinement would not be implanted for longer than the guaranteed lifespan.  If animals have a minipump in situ approaching this timepoint then there will be increased monitoring for any signs of irritation; this might include localised swelling around the minipump, signs of dehydration (e.g. Increased water consumption, skin tenting) redness around the implantation site, increased scratching of the area around the minipump, or signs of pain or discomfort from the animal such as hunching or squinting (assessed using grimace scales).  At the first appearance of any of these clinical signs then the animal will be killed.  The majority of our experiments will not require leaving a minipump in situ beyond the manufacturers’ recommendations, and we will trial the use of a powered minipump if this is a requirement and still a refinement over multiple injections.
Inducible cre models will be used to give temporal control over expression or knock out of genes, though tamoxifen and similar induction agents are associated with side effects (mostly weightloss) we aim to minimise these effects by using the minimum dose of tamoxifen required for recombination of our specific transgenes, and providing heat pads and high calorie diet in the event of weight loss.
In utero electroporation allows us to address key questions in development by genetically modifying cells within the brain at early time points and without requiring complex breeding strategies (or creation of a new genetic line, both of which require many more animals).
Embryos are able to be assessed on colouration and amniotic fluid clarity prior to injection to avoid using unhealthy embryos not likely to survive the procedure.
For ageing experiments, animals will only be kept if they are showing no, or minor and controllable, ill effects from growing older. Teeth checks and general health monitoring ensures that animal suffering is kept to a minimum. 
The method of killing chosen will preferentially be via a schedule 1 method unless there is a particular need for perfusion or decapitation.
Decapitation will only be used in conscious animals when alternative methods are not viable, for example, in mice cervical dislocation immediately prior to decapitation can be used if the brain stem doesn’t need to be intact. A guillotine will be used for decapitation of non-neonate animals, to ensure an instantaneous separation of the head and a rapid loss of consciousness. 
___________________________________________________________________
For each model and/or method, what is the scientific need for the expected clinical signs?
As our research questions involve glial cell function and myelination, and we wish to understand the mechanisms regulating both normal developmental situations and disease states, substances must be used in order to alter the responses and ascertain the effect on the brain and central nervous system. These alterations can lead to generation of symptoms similar to those seen in human myelin disorders, however we are not specifically replicating any degenerative disease so our humane endpoints have been set to minimise any clinical signs.
Inducible cre models are required to give temporal control over expression or knock out of genes.  Human myelin disorders can lead to seizures or movement disorders; as we are attempting to model similar myelin deficits in the mouse this can lead to similar clinical signs being observed. 
With age, we see increased white matter damage and a decline in myelin maintenance and repair; we see this clearly in human diseases such as multiple sclerosis or dementia, with worsening impairment with age. On a cellular level, we also see changes in the ion channel composition of oligodendrocyte lineage cells. It isn't possible to replicate this complex, multifactorial process without ageing the animals. 
___________________________________________________________________
Why scientifically do the animals need to suffer to this degree?
Most substances that we will be using are expected to have only minor effects as we are typically using a combination of genetic approaches and specific cell modulators in order to identify mechanisms affecting brain function, myelination, or cognition.  
Though transgene induction agents lead to suffering in animals to which they are administered, their usage is necessary for temporal control over gene expression or knock-out. In many cases the suffering associated with transgene induction agents, such as tamoxifen, is less than that which would be associated with the transgene if it was expressed (or knocked out) earlier in development, such as knock out of myrf preventing myelin formation – at early postnatal timepoints there will be a more pronounced phenotype (severe seizures, tremors or movement disorders) than if myelination is impaired in adults, where it may only affect learning or similar processes involving late stage myelination. In order to obtain sufficient expression of inducible transgenes for many of our lines we require administration of high dosages of tamoxifen or its derivatives. Insufficient tamoxifen leads to a less effective knock out of genes of interest thus masking results due to compensation by unaltered cells, similarly insufficient expression can reduce the signal of labelled cells making them difficult or impossible to quantify, or can lead to expression only in a small subset of cells rather than the full population giving misleading data, and need for more animals to get statistically reliable results.  The weight loss seen as a result of the tamoxifen administration is regained, generally there is a peak of weight loss which is then reversed, and animals that do not reach the humane endpoints will recover to within 5% of their original weight within 2 weeks of the start of tamoxifen administration.
We have seen tremors in some of the lines that we have used previously, such as NRG1 overexpressing mice which generate excessive myelin, these are usually mild and do not prevent eating, drinking or ambulation.  Whilst tremor was not an effect which we were intending to study, similar to how seizures are not an end goal to study, they can be an unavoidable side effect depending on where the myelin deficit is induced.  In many cases, generation of symptoms similar to those seen in human myelin disorders is a sign that we have successfully altered myelination within the animal.
Where mice are electroporated in utero, suffering is minimal as the nociceptive pathways are immature and are not thought to be sufficiently developed to detect pain.
With age the risk of spontaneous death increases, this natural process can occur rapidly and though we regularly health check the animals and kill them if they show clinical signs, we are not guaranteed to be able to intervene earlier. In the event of spontaneous death, this will be reported by SC18.  We know that ageing affects myelination and other processes within the brain and that ageing is a complex process that we cannot model without the animals themselves being aged. Our previous work has shown, for example, that oligodendrocyte precursor cells express different ion channels and display different functional states with age, the interplay of receptors within the brain is not possible to model without animals being aged.
___________________________________________________________________
Why can't you achieve your scientific outputs with an earlier humane endpoint, or without animals showing any clinical signs?
The humane end points proposed are a balance between the suffering of one animal and the potential need for a replacement animal to undergo procedures. 
Due to the nature of the processes that we are investigating, some clinical signs associated with myelin deficits are to be expected, we have already set our humane endpoints to be prior to the onset of more severe clinical signs.
An earlier humane endpoint for gene induction agent administration could be set but would increase the numbers of animals that need to undergo the protocol in order to replace those killed due to what is generally reversible weight loss.  We are actively seeking alternate gene induction agents to minimise clinical signs and reduce the number of animals reaching the humane endpoints.
It is not possible to set an earlier humane endpoint due to the nature of ageing. We need advanced age to be able to investigate the underlying processes of myelination and repair.
___________________________________________________________________
Will you be administering substances for experimental purposes?
Yes
___________________________________________________________________
How will you assess the suitability of these substances, and minimise the unnecessary harms arising from their administration given the particular strain or type of animal you will be using?
When assessing suitability, state how you will consider toxicity, efficacy, and sterility.
Before administering any substances to animals, we will thoroughly check available literature for prior use in vivo.  Generally, substances used will not be expected to cause adverse effects and, in the cases of pro-regenerative agents would be expected to lead to improvements rather than any detrimental effects. Where substances have not been used previously, we will carry out ex vivo testing on brain slices or cultures to ascertain appropriate doses to generate the required effects before performing a small pilot study in vivo. 
The method of administration for these substances will depend on what route gives the optimal dose – dosages will be based on the available literature and in vitro or pilot studies.  We will always seek to choose the least invasive method and administration schedule to give the required dosage and onset of effect.  All substances administered to animals will be prepared in a sterile manner to minimise infection or contamination risks.
How will you determine an appropriate dosing regimen?
Include routes, dosage volumes, frequencies, and durations.
Routes, dosage volumes, frequencies and durations will be obtained from published literature where available. Pilot studies will be used to confirm that the chosen parameters are well tolerated by our specific models and genetic backgrounds.  Unless otherwise specified, dosing and sampling procedures will be undertaken using a combination of volumes, routes and frequencies that of themselves will result in no more than transient discomfort and no lasting harm. Maximum volumes and dosing frequencies will not exceed those described in the table below, and will be minimised to that which is sufficient to give the required experimental dose in pursuit of the scientific objective.
Where substances need to be administered to neonatal or pre weaning animals substances may be administered to the mother that are then passed through the mother’s milk.
A subcutaneous minipump may be implanted if multiple sub-cutaneous injections are a requirement for the experiment to minimise stress and suffering to the animal.  A sub-cutaneous minipump will also be used as an alternative to an intraperitoneal minipump where literature searches or substance properties show that it will have a comparable experimental outcome.  Not all substances demonstrate the same efficacy when applied subcutaneously, so some intraperitoneal minipumps will be required. Where intraperitoneal injections are necessary and are likely to be more distressing than the implantation of a minipump then an intraperitoneal minipump may be used instead. This allows a continuous infusion of a substance systemically, which may be a more appropriate route for some substances as well as minimising the repetitive handling and restraint stress of multiple intraperitoneal injections for many weeks.  All minipumps will be used according to the manufacturers’ recommendations for appropriate sizing with respect to the weight of the animal.
	Mouse
	Daily max. vol. ml/kg
	Max. No./day < 10 days
	Max. No./day >10 days
	Max No.

	Subcutaneous injection
	20
	3
	2
	24

	Intraperitoneal injection
	20
	2
	1
	30

	Oral gavage
	20
	2
	1
	30

	Neonate intraperitoneal
	10
	1
	1
	5

	Intravenous
	10mL/kg (5ml/kg bolus)
	1
	n/a
	3

	Rat
	Daily max. vol. ml/kg
	Max. No./day < 10 days
	Max. No./day >10 days
	Max No.

	Subcutaneous injection
	10
	3
	2
	24

	Intraperitoneal injection
	10
	2
	1
	30

	Oral gavage
	20
	2
	1
	30

	Neonate intraperitoneal
	5
	1
	1
	5

	Intravenous
	10mL/kg (5ml/kg bolus)
	1
	n/a
	3


If repeated i/v injections under recovery anaesthesia (AB) are required, they will be separated by at least 4 days.
Protocol 17
Title
Labelling under terminal anaesthesia
___________________________________________________________________
Protocol 17: Protocol details
Briefly describe the purposes of this protocol
Ensure that you state any relevant regulatory guidelines.
To inject fast expressing labelling agents and/or light emitting substances into the central nervous system to visualise injection paths, white matter tracts, and specific cell groups within the injection site under non recovery anaesthesia.
___________________________________________________________________
Given the controls and limitations in place, what is the highest severity that an animal could experience in this protocol?
Non-recovery
___________________________________________________________________
What proportion of animals will experience this severity?
All animals.
___________________________________________________________________
Why are you proposing this severity category?
All animals will be anaesthetised prior to any procedures and will not regain consciousness post surgery.
___________________________________________________________________
Locations where this protocol can be carried out
Select all that apply.
· University of Cambridge
___________________________________________________________________
Which of your objectives will this protocol address?
Select all that apply.
· Determine a pathway of how myelin is regenerated in disease.
· Identify whether white matter lesions impact on neural and circuit function.
· Identify a regulatory mechanism of myelination throughout life.
___________________________________________________________________
Protocol 17: Animals used in this protocol
Mice
Which life stages will be used during this protocol?
Select all that apply
· Juvenile
· Adult
___________________________________________________________________
Will any animals coming on to this protocol be classed as ‘continued use’?
‘Continued use’ describes animals that are specifically genetically altered and bred for scientific use or animals that have had procedures applied to them in order to be prepared for use in this protocol.
Yes
___________________________________________________________________
How did these animals start their use?
Describe the procedures that have been applied to animals that will continue their use on to this protocol.
Genetically altered animals for use in this protocol may be obtained from: 
•	This licence: Protocol 5 ‘Breeding and maintenance of genetically altered animals’ (mild)
or 
•	other project licences with authority to breed and maintain genetically altered animals of a type authorised in this project, and to provide them for use on other projects.
Will you be re-using animals on to this protocol?
‘Re-use’ describes using animals again for a new experiment when you could equally use a naïve animal to get the same results.
No
___________________________________________________________________
What is the maximum number of animals that will be used on this protocol?
Please only enter numbers, e.g. 40
100
___________________________________________________________________
What is the maximum number of uses of this protocol per animal?
For example, if some animals will go through this protocol three more times after their first use, the number of uses will be four.   If no animals will go through this protocol more than once, enter '1'.  Please only enter numbers, e.g. 40
1
___________________________________________________________________
Rats
Which life stages will be used during this protocol?
Select all that apply
· Juvenile
· Adult
___________________________________________________________________
Will any animals coming on to this protocol be classed as ‘continued use’?
‘Continued use’ describes animals that are specifically genetically altered and bred for scientific use or animals that have had procedures applied to them in order to be prepared for use in this protocol.
Yes
___________________________________________________________________
How did these animals start their use?
Describe the procedures that have been applied to animals that will continue their use on to this protocol.
Genetically altered animals for use in this protocol may be obtained from: 
•	This licence: Protocol 5 ‘Breeding and maintenance of genetically altered animals’ (mild)
or 
•	other project licences with authority to breed and maintain genetically altered animals of a type authorised in this project, and to provide them for use on other projects.
Will you be re-using animals on to this protocol?
‘Re-use’ describes using animals again for a new experiment when you could equally use a naïve animal to get the same results.
No
___________________________________________________________________
What is the maximum number of animals that will be used on this protocol?
Please only enter numbers, e.g. 40
150
___________________________________________________________________
What is the maximum number of uses of this protocol per animal?
For example, if some animals will go through this protocol three more times after their first use, the number of uses will be four.   If no animals will go through this protocol more than once, enter '1'.  Please only enter numbers, e.g. 40
1
___________________________________________________________________
Protocol 17: Genetically altered animals (GAA)
Will this protocol use any genetically altered animals?
Yes
___________________________________________________________________
Which general types or strains will you be using and why?
This project will use animals expressing altered myelin associated genes or genes that control glial proliferation, differentiation, or myelination. Genes will be modified that are involved in signalling pathways to glia and neurons - including ion channels, as our previous work has shown that these channels are expressed by oligodendrocyte precursor cells and may be important for proliferation and/or differentiation. Genetically encoded labels, and generic reporter mice will be used to identify different cells (e.g. for cell sorting or electrophysiology) and recombinant genes such as ChR2, hM4Di, hM3Dq, iGluSnFr, GRASP, GCaMP or other activity modulators, or sensors, will also be used. 
Modifications will include overexpression, partial or full knockout of the gene. Predominantly the cre-lox system will be used, generally using cell/tissue specific cre lines or promoters specific to the genes of interest. Inducible cre models will be used to give temporal control over expression or knock out of genes, enabling us to study development, repair, or other processes such as learning and behaviour. Additionally, immunodeficient mouse models will be used, alone or in combination with the other alterations mentioned above in order to investigate the role of immune cells in brain development and repair.
Mice with myelin deficits such as myrf (myelin regulatory factor) knock out mice will be used to investigate the role of myelin in the brain circuit, prevent myelin formation at critical points in development, or investigate rescue of myelin phenotypes through other interventions.
These modifications are necessary to address our objectives. Our work aims to identify factors which affect myelination or remyelination and the mechanisms behind their action. These factors can affect myelination or remyelination by perturbation of the survival, migration, myelin formation and compaction, differentiation or proliferation of oligodendrocyte precursor cells (OPCs). Other factors that might affect myelination are interactions between OPCs and other cells within the brain, such as neurons, astrocytes or microglia. 
Do you expect any of these GAAs to show a harmful phenotype with welfare consequences?
No
Protocol 17: Steps
Step 1: CNS injections (mandatory)
Describe the procedures that will be carried out during this step.
Explain where one or more steps are repeated in one experiment, list any alternative techniques within a step (e.g. dosing routes), and include all procedures performed under terminal anaesthesia.  When describing the technical aspects of a step, be broad enough to be flexible when the variation does not impact on animal welfare (e.g. use "antibiotic" instead of "penicillin"). Finally, avoid specifying volumes and frequencies when they do not impact on animal welfare.
All animals will receive injections into the central nervous system, which may include the brain and/or spinal cord, of labelling substances or light emitting substances. (AC)
___________________________________________________________________
Is this step optional?
No
___________________________________________________________________
Do you expect this step to have adverse effects for the animals that are more than mild and transient?
Do not list uncommon or unlikely adverse effects, or effects from procedures that will cause no more than transient discomfort and no lasting harm. For example, an intravenous injection of a small volume of an innocuous substance.
No
___________________________________________________________________
Step 2: Terminal procedures (mandatory)
Describe the procedures that will be carried out during this step.
Explain where one or more steps are repeated in one experiment, list any alternative techniques within a step (e.g. dosing routes), and include all procedures performed under terminal anaesthesia.  When describing the technical aspects of a step, be broad enough to be flexible when the variation does not impact on animal welfare (e.g. use "antibiotic" instead of "penicillin"). Finally, avoid specifying volumes and frequencies when they do not impact on animal welfare.
Animals will be killed by:
a. Schedule 1 method (AC); or
b. Perfusion fixation (AC); or
c. Perfusion of physiological salt solution (AC); or
d. Decapitation (AC).
___________________________________________________________________
Is this step optional?
No
___________________________________________________________________
Do you expect this step to have adverse effects for the animals that are more than mild and transient?
Do not list uncommon or unlikely adverse effects, or effects from procedures that will cause no more than transient discomfort and no lasting harm. For example, an intravenous injection of a small volume of an innocuous substance.
No
___________________________________________________________________
Protocol 17: Fate of animals
What will happen to animals at the end of this protocol?
Select all that apply. These options are based on what you selected in the non-technical summary.
· Killed
Will you be using non-schedule 1 killing methods on a conscious animal?
No
___________________________________________________________________
Protocol 17: Animal experience
Summarise the typical experience or end-to-end scenario for an animal being used in this protocol.
Consider the cumulative effect of any combinations of procedures that you may carry out.
Animals will be purchased from licensed suppliers or bred in house, maintained in standard environments within biofacilities until the required age point.  Animals will then be anaesthetised, placed in a stereotactic frame and receive a number of injections into the brain, spinal cord, or both. Animals may remain under anaesthesia after the injections for up to two hours, then killed either by a schedule 1 method, decapitation, intracardiac perfusion of fixative, or perfusion of non fixative solution followed by a secondary method.
___________________________________________________________________
Describe the general humane endpoints that you will apply during the protocol.
These will be in addition to the endpoints stated for each step.
Animals showing signs of regaining consciousness will be killed immediately if additional anaesthesia is insufficient to keep them unconscious.
___________________________________________________________________
Protocol 17: Experimental design
What outputs are expected to arise from this protocol?
For example, test results, phenotypic information, or products.
Labelled cells and/or tissue samples for further processing
___________________________________________________________________
Will this protocol generate quantitative data?
Yes
___________________________________________________________________
Will your experimental design be determined by a regulatory guideline?
No
Where relevant, explain how and when pilot studies will be used.
This protocol may be used to provide information for other protocols and act as a pilot study for testing different brain co-ordinates, and identifying related circuits within the brain or spinal cord.
How will you choose different experimental groups?
For example, controls, dose levels, satellites etc.
Experimental groups will mostly be how the cells or slices are treated ex vivo, however experimental groups may also be different transgenic animals expressing additional labels or genes that affect glial cell function or development.
How will you choose control groups?
Provide a robust scientific justification for controls with significant suffering such as sham surgery controls or untreated infected controls.
Control and experimental tissues may be generated from the same animal for comparison depending on the label. Alternatively, control groups may be wild type animals compared to transgenic animals.
How will experiments and data analysis be randomised and blinded?
We will randomly allocate animals to different experimental conditions, such as by use of online randomiser tools https://www.randomizer.org/ or spreadsheet random number generation.
Experimental analysis will be carried out blinded or via automated analysis. Blinding of files for analysis is performed by coding filenames to remove information that can be used to identify experimental condition (e.g. image files). Where possible we use automated analysis using scripts or image processing software to minimise bias.
How will you minimise variables to ensure reproducibility?
Animals will be obtained at the same time and from the same supplier as the animals under experimental protocols where possible, housed in the same conditions, and procedures performed by either the same researcher or with conditions divided evenly between researchers. The duration of the anaesthesia will remain the same between conditions.
How will you determine group sizes?
You should reference POWER calculations you have made, if relevant.
The determination of the sample size needed for each experiment is based on power calculations, and effect size calculations. We assume that the datasets we will generate follow normal, i.e. Gaussian, distribution, as with our previous data. We used the mean and standard deviation from our preliminary data, previous work, and available published datasets relating to similar experiments as we propose to do, as estimates of the difference we will detect in the proposed experiments. These assumptions allow us to calculate Cohen’s effect size d and use this to determine the estimated effect size for an experiment.  The Cohen’s effect size d was 3 or above, thus a sample size of n=5 for control and n=5 for most studies proposed will have at least a statistical power >0.95 at alpha=0.05 in a two-tailed t-test studies.  
How will you maximise the data output from the animals you use on this protocol?
We may inject in both the brain and the spinal cord during one surgery and take samples from multiple areas post mortem. 
Where possible we will store any resultant isolated cells, fixed tissues, or RNA not used in the original experiment for future additional analysis.
Electrophysiological data generated ex vivo will be stored for additional analysis.  Ex vivo brain slices will be shared between researchers where possible.
Protocol 17: Protocol justification
Why is each type of animal, experimental model, and/or method selected for this protocol:
a) the most appropriate scientific approach?
Precise targeting of a specific subpopulation or small region of cells within the brain is only achievable with direct brain injection and is essential for investigation of individual neuronal circuits. For rapidly expressed labels or dyes this process can sometimes be completed under anaesthesia. 
Perfusion fixation is the only method that will preserve tissue quality well enough to perform the histological analyses on which the study outputs depend (e.g. tissue for immunohistochemistry, in situ hybridisation and electron microscopy).  
Perfusion with non fixative solutions such as physiological salt solutions provide the best preparation for tissues to be used for slice cultures, enable electrophysiological recordings to be made from adult neurons, or clear blood from the brain tissue to reduce background signals for cell sorting.
Decapitation is necessary to give high quality,brain tissueto be used for experiments ex-vivo. Under this protocol, anaesthesia will be used for the full duration of any procedures, including decapitation. The experimental questions for these experiments should not be affected by the anaesthesia used under this protocol.     
___________________________________________________________________
b) the most refined for the purpose?
As the animal remains under anaesthesia until killed this means that recovery from brain/spinal surgery is not required and the most significant adverse effects are thus avoided.
___________________________________________________________________
For each model and/or method, what is the scientific need for the expected clinical signs?
No clinical signs are expected.
___________________________________________________________________
Why scientifically do the animals need to suffer to this degree?
Animals are not expected to suffer.
___________________________________________________________________
Why can't you achieve your scientific outputs with an earlier humane endpoint, or without animals showing any clinical signs?
Animals remain under anaesthesia for the entire experiment and do not show clinical signs.
___________________________________________________________________
Will you be administering substances for experimental purposes?
Yes
___________________________________________________________________
How will you assess the suitability of these substances, and minimise the unnecessary harms arising from their administration given the particular strain or type of animal you will be using?
When assessing suitability, state how you will consider toxicity, efficacy, and sterility.
Before administering any substances to animals, we will thoroughly check available literature for prior use in vivo.  For this protocol, all substances will be non harmful labels.
The method of administration for these substances will depend on what route gives the optimal dose – dosages will be based on the available literature and in vitro or pilot studies.  We will always seek to choose the least invasive method and administration schedule to give the required dosage and onset of effect.  All substances administered to animals will be prepared in a sterile manner to minimise infection or contamination risks.
How will you determine an appropriate dosing regimen?
Include routes, dosage volumes, frequencies, and durations.
Routes, dosage volumes, frequencies and durations will be obtained from published literature where available. Pilot studies will be used to confirm that the chosen parameters are well tolerated by our specific models and genetic backgrounds.  As animals will be anaesthetised throughout the administration steps there should be no harm from the administration routes chosen.
Protocol 18
Title
Intravitreal injections
___________________________________________________________________
Protocol 18: Protocol details
Briefly describe the purposes of this protocol
Ensure that you state any relevant regulatory guidelines.
Alteration of retinal ganglion cell function and/or labelling of retinal ganglion cells to investigate the effect on myelin formation in the optic nerve and the visual circuit.
___________________________________________________________________
Given the controls and limitations in place, what is the highest severity that an animal could experience in this protocol?
Moderate
___________________________________________________________________
What proportion of animals will experience this severity?
Approximately 20% of animals may experience clinical signs of moderate severity.
___________________________________________________________________
Why are you proposing this severity category?
Intravitreal injections may cause some discomfort. In humans, intravitreal injections are performed using topical anaesthesia and any reported discomfort is transient, with the worst discomfort being reported during the injection itself.  As our mice and rats will be anaesthetised for the procedure they will experience less discomfort than the human patients.   The majority of the moderate clinical signs that will be present in this protocol will be due to the effects of transgene induction agents like tamoxifen which causes weight loss, and occasionally hunching or subdued behaviour.
___________________________________________________________________
Locations where this protocol can be carried out
Select all that apply.
· University of Cambridge
___________________________________________________________________
Which of your objectives will this protocol address?
Select all that apply.
· Establish a mechanism of myelin loss and damage throughout life 
· Identify a mechanism of how glia effect neuronal circuit development and function in health and disease
· Identify a regulatory mechanism of myelination throughout life.
___________________________________________________________________
Protocol 18: Animals used in this protocol
Mice
Which life stages will be used during this protocol?
Select all that apply
· Adult
· Aged animal
___________________________________________________________________
Will any animals coming on to this protocol be classed as ‘continued use’?
‘Continued use’ describes animals that are specifically genetically altered and bred for scientific use or animals that have had procedures applied to them in order to be prepared for use in this protocol.
Yes
___________________________________________________________________
How did these animals start their use?
Describe the procedures that have been applied to animals that will continue their use on to this protocol.
Genetically altered animals for use in this protocol may be obtained from: 
•	This licence: Protocol 5 ‘Breeding and maintenance of genetically altered animals’ (mild)
or 
•	other project licences with authority to breed and maintain genetically altered animals of a type authorised in this project, and to provide them for use on other projects.
Will you be re-using animals on to this protocol?
‘Re-use’ describes using animals again for a new experiment when you could equally use a naïve animal to get the same results.
No
___________________________________________________________________
What is the maximum number of animals that will be used on this protocol?
Please only enter numbers, e.g. 40
400
___________________________________________________________________
What is the maximum number of uses of this protocol per animal?
For example, if some animals will go through this protocol three more times after their first use, the number of uses will be four.   If no animals will go through this protocol more than once, enter '1'.  Please only enter numbers, e.g. 40
1
___________________________________________________________________
Protocol 18: Genetically altered animals (GAA)
Will this protocol use any genetically altered animals?
Yes
___________________________________________________________________
Which general types or strains will you be using and why?
This project will use animals expressing altered myelin associated genes or genes that control glial proliferation, differentiation, or myelination. Genes will be modified that are involved in signalling pathways to glia and neurons - including ion channels, as our previous work has shown that these channels are expressed by oligodendrocyte precursor cells and may be important for proliferation and/or differentiation. Genetically encoded labels, and generic reporter mice will be used to identify different cells (e.g. for cell sorting or electrophysiology) and recombinant genes such as ChR2, hM4Di, hM3Dq, iGluSnFr, GRASP, GCaMP or other activity modulators, or sensors, will also be used. 
Modifications will include overexpression, partial or full knockout of the gene. Predominantly the cre-lox system will be used, generally using cell/tissue specific cre lines or promoters specific to the genes of interest. Inducible cre models will be used to give temporal control over expression or knock out of genes, enabling us to study development, repair, or other processes such as learning and behaviour. Additionally, immunodeficient mouse models will be used, alone or in combination with the other alterations mentioned above in order to investigate the role of immune cells in brain development and repair.
Mice with myelin deficits such as myrf (myelin regulatory factor) knock out mice will be used to investigate the role of myelin in the brain circuit, prevent myelin formation at critical points in development, or investigate rescue of myelin phenotypes through other interventions.
These modifications are necessary to address our objectives. Our work aims to identify factors which affect myelination or remyelination and the mechanisms behind their action. These factors can affect myelination or remyelination by perturbation of the survival, migration, myelin formation and compaction, differentiation or proliferation of oligodendrocyte precursor cells (OPCs). Other factors that might affect myelination are interactions between OPCs and other cells within the brain, such as neurons, astrocytes or microglia. 
Animals that will be used under this protocol are not expected to exhibit any harmful phenotype due to areas of interest and the timepoints that we will be using.
Do you expect any of these GAAs to show a harmful phenotype with welfare consequences?
No
Protocol 18: Steps
Step 1: Ageing (optional)
Repeated from protocol 11
Describe the procedures that will be carried out during this step.
Explain where one or more steps are repeated in one experiment, list any alternative techniques within a step (e.g. dosing routes), and include all procedures performed under terminal anaesthesia.  When describing the technical aspects of a step, be broad enough to be flexible when the variation does not impact on animal welfare (e.g. use "antibiotic" instead of "penicillin"). Finally, avoid specifying volumes and frequencies when they do not impact on animal welfare.
Maintenance of existing genetically altered or wildtype animals by conventional methods up to a maximum of 24 months of age.
Not all animals will reach 2 years of age as we will have multiple different timepoints within the ageing period which may vary between experiments. 
___________________________________________________________________
Is this step optional?
Yes
___________________________________________________________________
Do you expect this step to have adverse effects for the animals that are more than mild and transient?
Do not list uncommon or unlikely adverse effects, or effects from procedures that will cause no more than transient discomfort and no lasting harm. For example, an intravenous injection of a small volume of an innocuous substance.
Yes
___________________________________________________________________
What are the likely adverse effects of this step?
State the expected adverse effect, including the likely incidence, and the anticipated degree and duration of suffering.
Ageing animals naturally have decreased body condition and an increased risk of spontaneous death as they reach the end of their normal lifespan. Animals reaching the end of their natural life may show decreased movement, or respiratory distress.
About 20% of aged mice are expected to develop some superficial (mainly mammary) tumours during the course of ageing experiments. These are not typically malignant or painful but can grow rapidly and become an impediment to movement if left unchecked. 
Malocclusion can also occur in ageing animals with an incidence of approximately 5-10%. This can lead to weight loss and discomfort if not controlled.
How will you monitor for, control, and limit any of these adverse effects?
If adverse effects can't be prevented, how will you attempt to ameliorate their initial signs?
Wherever possible animals will be kept for the minimum amount of time required to conduct experiments and experimental time points will take the average time to reach the humane end point into account. 
As age related tumours occur spontaneously, control is not possible, however their effect on wellbeing of the animal can be limited through regular inspection and application of humane end points.  Routine inspections of the animals is performed by biofacility technicians and any tumours will be identified before they become large enough to impact on wellbeing. 
After 15 months of age animals will be assigned a body condition score and reassessed weekly. Body condition scores are based on the BCS scoresheet in figure 2. of Burkholder et al Health Evaluation of Experimental Laboratory Mice. Curr Protoc Mouse Biol. 2012 Jun;2:145-165. doi: 10.1002/9780470942390.mo110217 with additional criteria from internally generated score sheets.
What are the humane endpoints for this step?
This would be the point at which you would kill the animal to prevent further suffering.
In cases of malocclusion the animal will be killed unless, in agreement with the NVS, teeth clipping, and monitoring are used to keep the animal feeding well and the end point of the experiment is within 4 weeks.
Ageing animals can rapidly become unwell and any of the following are signs of a mouse reaching the end of its lifespan. An animal will be killed immediately if it meets any of the following criteria;
●	Any sudden significant drop in body condition score (BCS) (taking into account general appearance, porphyrin production, coat grooming, curvature of the spine). Animals with a body condition score that falls to 2 will be killed.
●	Impaired mobility which interferes with normal eating and drinking.
●	Respiratory distress: laboured breathing, increased or decreased respiratory rate, cyanosis
Animals showing tumours will be killed unless in agreement with the NVS for animals of particular interest they are kept until the conclusion of the experiment. Animals kept in these instances will be killed if the tumour reaches 1.2 cm diameter (where more than one tumour grows, total burden will not exceed that of single tumour), or tumour becomes ulcerated or the tumour interferes in any way with the animal's ability to fulfil its normal behavioural and physiological functions (e.g. eating, drinking, defaecation) or in any way impedes its mobility.
Step 2: Intravitreal injections (mandatory)
Describe the procedures that will be carried out during this step.
Explain where one or more steps are repeated in one experiment, list any alternative techniques within a step (e.g. dosing routes), and include all procedures performed under terminal anaesthesia.  When describing the technical aspects of a step, be broad enough to be flexible when the variation does not impact on animal welfare (e.g. use "antibiotic" instead of "penicillin"). Finally, avoid specifying volumes and frequencies when they do not impact on animal welfare.
(At any stage and on up to two occasions) 
All animals will receive intravitreal injections of substances (e.g; labelling substances, viruses, CTB, fluorescent tracing agents, transgene inducing or deleting agents, control substances); two injections may be used per eye, with a maximum total volume of 2 µL. Injections may be in one eye or both eyes. Where both eyes are injected, the second eye will be a control injection using only substances unlikely to cause adverse reactions (AB)
___________________________________________________________________
Is this step optional?
No
___________________________________________________________________
Do you expect this step to have adverse effects for the animals that are more than mild and transient?
Do not list uncommon or unlikely adverse effects, or effects from procedures that will cause no more than transient discomfort and no lasting harm. For example, an intravenous injection of a small volume of an innocuous substance.
Yes
___________________________________________________________________
What are the likely adverse effects of this step?
State the expected adverse effect, including the likely incidence, and the anticipated degree and duration of suffering.
Eyes may appear red for several days post injection but generally no signs of distress are apparent and visual function is normal.  Animals may show signs of pain or distress such as pawing the eye, loss of appetite, porphyrin production, inactivity or hunching.  Rarely there may be a reduction in visual function caused by penetration of the lens – this is painless and not expected to interfere with normal movement, feeding or drinking behaviours. 
Signs of intraocular infections include over grooming of the eye region leading to swelling and irritation, or a severely inflamed eye. Very rarely intraocular bleeding may occur after injection, this is almost always self-limiting and can be identified by the eye appearing darker than usual but usually non harmful and is monitored by visual inspection.
How will you monitor for, control, and limit any of these adverse effects?
If adverse effects can't be prevented, how will you attempt to ameliorate their initial signs?
Animals will be monitored carefully for signs of pain or distress such as pawing the eye, loss of appetite, porphyrin production, inactivity or hunching and treated with additional analgesia if needed.  
Intraocular infections will be prevented by use of post-operative antibiotic gel applied to the eye, and animal displaying signs of infection will be killed (example sheets will be available to personal licensees for identification of potential adverse effects). 
What are the humane endpoints for this step?
This would be the point at which you would kill the animal to prevent further suffering.
Animals will be monitored for signs of pain or distress and killed if the distress is not alleviated by additional analgesia within 24 hours.
Animals showing signs of infection; swelling, irritation or inflammation around the eye area, will be killed.
Step 3: Transgene induction (optional)
Repeated from protocol 9
Describe the procedures that will be carried out during this step.
Explain where one or more steps are repeated in one experiment, list any alternative techniques within a step (e.g. dosing routes), and include all procedures performed under terminal anaesthesia.  When describing the technical aspects of a step, be broad enough to be flexible when the variation does not impact on animal welfare (e.g. use "antibiotic" instead of "penicillin"). Finally, avoid specifying volumes and frequencies when they do not impact on animal welfare.
(At any stage) Transgene inducing or deleting agents (e.g. Tamoxifen, 4-hydroxytamoxifen, tetracycline) or control substances will be administered alone or in combination, continuously or intermittently by one of the following routes:
a. Oral (including in food or drinking water)
b. By gavage
c. Subcutaneous
d. Intraperitoneal
___________________________________________________________________
Is this step optional?
Yes
___________________________________________________________________
Do you expect this step to have adverse effects for the animals that are more than mild and transient?
Do not list uncommon or unlikely adverse effects, or effects from procedures that will cause no more than transient discomfort and no lasting harm. For example, an intravenous injection of a small volume of an innocuous substance.
Yes
___________________________________________________________________
What are the likely adverse effects of this step?
State the expected adverse effect, including the likely incidence, and the anticipated degree and duration of suffering.
Tamoxifen and tamoxifen derivatives show dose and age dependent adverse effects.
Administration of Tamoxifen (or its derivatives) for transgene induction may cause adverse effects in mice.  Most mice will show a transient lack of weight gain or weight loss of <15%.  Weight loss of up to 20% may occur gradually (over the course of 6-10 days). These effects typically arise 5-10 days after the last administration. Up to 10% of animals may develop piloerection, hunched posture, and subdued behaviour.
At high dosages (250mg-300mg/kg), more animals (<20%) may show piloerection, hunched posture, and subdued behaviour, the extent of which depends on the modification present. The adverse effects are attributed to the combination of tamoxifen toxicity and the resultant genetic modification. 
Animals which don't reach humane endpoints usually fully recover from tamoxifen administration within 2 weeks and regain weight to within 5% of baseline.
After gavage, 1% of animals may show signs of gastric reflux, this presents as subdued behaviour for a few minutes post gavage. If reflux is followed by aspiration this can cause gasping.
In less than 0.1% of cases, water consumption may be affected when substances are added to the drinking water. This can lead to dehydration related weight loss, skin tenting, or lethargy.
How will you monitor for, control, and limit any of these adverse effects?
If adverse effects can't be prevented, how will you attempt to ameliorate their initial signs?
Prior to administration of transgene induction agents, mice will be assigned a body condition score and have a baseline weight recorded.  Animals will be assessed daily for signs of piloerection, hunching or subdued behaviour. Only animals with a body score of 3 or above will receive transgene induction agents.
Soft food and/or calorie rich supplementation will be provided to the animals. Heat pads will be attached to the cage if the body score begins to drop, and weight will be monitored more frequently (daily rather than twice a week). Calorie rich diets may include up to 10 days of high fat western diet provided as a supplement to the normal diet. Animals may be habituated to higher calorie food prior to transgene induction.
Animals will be observed post gavage to identify any signs of reflux or gasping.
Water consumption for rats is approximately 10ml/100g and for mice 15ml/100g. If water consumption falls below normal, and is not corrected by use of sweeteners, and/or the animal starts showing signs of decreased consumption (e.g. weight loss, skin tenting) then administration of drug in water will be stopped and animals immediately offered untreated water. If drinking resumes, then the substances may be administered via an alternative method.
What are the humane endpoints for this step?
This would be the point at which you would kill the animal to prevent further suffering.
If clinical signs (hunching, piloerection) are sustained for 24 hours without improvement, the animals will be killed.
If the body score of animals declines rapidly (i.e. Half a point on the 5 point scale within 24 hours) animals will be killed.  Body condition scores are given on a 5 point scale, where 1 is emaciated, 3 is well conditioned, and 5 is obese.  Gradual weight loss over 5-7 days in the absence of additional clinical signs, which doesn't cause the body condition score to drop below the 'normal' well conditioned mouse has a humane end point of 20% weight loss from baseline.
Animals with a body condition score that falls to 2 will be killed.
Any animal showing gasping not resolved within 2 minutes will be killed. Any animal that appears subdued post gavage and does not return to normal behaviour will be killed.
If animals do not return to normal drinking after being presented with untreated water, then they will be killed.
Step 4: Tissues for genotyping (optional)
Repeated from protocol 5
Describe the procedures that will be carried out during this step.
Explain where one or more steps are repeated in one experiment, list any alternative techniques within a step (e.g. dosing routes), and include all procedures performed under terminal anaesthesia.  When describing the technical aspects of a step, be broad enough to be flexible when the variation does not impact on animal welfare (e.g. use "antibiotic" instead of "penicillin"). Finally, avoid specifying volumes and frequencies when they do not impact on animal welfare.
Tissue biopsy to determine genetic status by one of the following methods: 
a.	ear biopsy (AA/AB)
b.	hair sampling (AA/AB)
c.	mouth swabbing (AA/AB)
Rarely, due to technical problems during analysis, a second sample may be taken. 
___________________________________________________________________
Is this step optional?
Yes
___________________________________________________________________
Do you expect this step to have adverse effects for the animals that are more than mild and transient?
Do not list uncommon or unlikely adverse effects, or effects from procedures that will cause no more than transient discomfort and no lasting harm. For example, an intravenous injection of a small volume of an innocuous substance.
No
___________________________________________________________________
Step 5: Substance administration (optional)
Repeated from protocol 13
Describe the procedures that will be carried out during this step.
Explain where one or more steps are repeated in one experiment, list any alternative techniques within a step (e.g. dosing routes), and include all procedures performed under terminal anaesthesia.  When describing the technical aspects of a step, be broad enough to be flexible when the variation does not impact on animal welfare (e.g. use "antibiotic" instead of "penicillin"). Finally, avoid specifying volumes and frequencies when they do not impact on animal welfare.
(Optional, At any stage, and on multiple occasions, subject to the limits in the protocol justification) administration of substances (labelling agents e.g. BrdU, EdU, agonists or antagonists, cell response modulators e.g. tetracycline, clozapine, glial toxins, non pathogenic viruses, cytokines, antibodies, or controls) by, on each occasion, one of the following routes.  Additional substances may be administered concurrently by multiple routes (a-d) if the substances are innocuous and are not expected to increase the burden to the animal. (AA)
a.	Subcutaneously
b.	Intraperitoneally
c.	Oral (including in supplemental food or drinking water, standard diet will not be fully replaced)
d.	Gavage
___________________________________________________________________
Is this step optional?
Yes
___________________________________________________________________
Do you expect this step to have adverse effects for the animals that are more than mild and transient?
Do not list uncommon or unlikely adverse effects, or effects from procedures that will cause no more than transient discomfort and no lasting harm. For example, an intravenous injection of a small volume of an innocuous substance.
Yes
___________________________________________________________________
What are the likely adverse effects of this step?
State the expected adverse effect, including the likely incidence, and the anticipated degree and duration of suffering.
After gavage, 1% of animals may show signs of gastric reflux, this presents as subdued behaviour for a few minutes post gavage. If reflux is followed by aspiration this can cause gasping.
In less than 0.1% of cases, water consumption may be affected when substances are added to the drinking water. This can lead to dehydration related weight loss, skin tenting, or lethargy.
How will you monitor for, control, and limit any of these adverse effects?
If adverse effects can't be prevented, how will you attempt to ameliorate their initial signs?
Animals will be observed post gavage to identify any signs of reflux or gasping.
Water consumption for rats is approximately 10ml/100g and for mice 15ml/100g. If water consumption falls below normal, and is not corrected by use of sweeteners, and/or the animal starts showing signs of decreased consumption (e.g. weight loss, skin tenting) then administration of drug in water will be stopped and animals immediately offered untreated water. If drinking resumes, then the substances may be administered via an alternative method.
What are the humane endpoints for this step?
This would be the point at which you would kill the animal to prevent further suffering.
Any animal showing gasping not resolved within 2 minutes will be killed. Any animal that appears subdued post gavage and does not return to normal behaviour will be killed.
If animals do not return to normal drinking after being presented with untreated water, then they will be killed.
Step 6: Electroretinogram recording (optional)
Repeated from protocol 9
Describe the procedures that will be carried out during this step.
Explain where one or more steps are repeated in one experiment, list any alternative techniques within a step (e.g. dosing routes), and include all procedures performed under terminal anaesthesia.  When describing the technical aspects of a step, be broad enough to be flexible when the variation does not impact on animal welfare (e.g. use "antibiotic" instead of "penicillin"). Finally, avoid specifying volumes and frequencies when they do not impact on animal welfare.
(At any stage and on up to 3 occasions) Up to 24 hours dark adaptation (AA) followed by electroretinogram recording (AB)
___________________________________________________________________
Is this step optional?
Yes
___________________________________________________________________
Do you expect this step to have adverse effects for the animals that are more than mild and transient?
Do not list uncommon or unlikely adverse effects, or effects from procedures that will cause no more than transient discomfort and no lasting harm. For example, an intravenous injection of a small volume of an innocuous substance.
No
___________________________________________________________________
Step 7: Terminal procedures (mandatory)
Repeated from protocol 7
Describe the procedures that will be carried out during this step.
Explain where one or more steps are repeated in one experiment, list any alternative techniques within a step (e.g. dosing routes), and include all procedures performed under terminal anaesthesia.  When describing the technical aspects of a step, be broad enough to be flexible when the variation does not impact on animal welfare (e.g. use "antibiotic" instead of "penicillin"). Finally, avoid specifying volumes and frequencies when they do not impact on animal welfare.
Animals will be killed by:
a. Schedule 1 method; or
b. Perfusion fixation (AC); or
c. Perfusion without fixative (AC) followed by confirmation of death by a method in Schedule 1; or
d. Decapitation (AA/AC)
___________________________________________________________________
Is this step optional?
No
___________________________________________________________________
Do you expect this step to have adverse effects for the animals that are more than mild and transient?
Do not list uncommon or unlikely adverse effects, or effects from procedures that will cause no more than transient discomfort and no lasting harm. For example, an intravenous injection of a small volume of an innocuous substance.
No
___________________________________________________________________
Protocol 18: Fate of animals
What will happen to animals at the end of this protocol?
Select all that apply. These options are based on what you selected in the non-technical summary.
· Killed
Will you be using non-schedule 1 killing methods on a conscious animal?
Yes
For each non-schedule 1 method, explain why this is necessary.
Decapitation is necessary to give high quality, live brain slices to be used for electrophysiological experiments ex-vivo and cannot always be performed under anaesthesia, as the anaesthetic agents can affect the ion channels and cell activity that we are investigating. Similarly, CO2 anaesthesia changes the pH of the brain dramatically with effects on all cell types thus making it unsuitable as an alternative. 
Decapitation will only be used in conscious animals when alternative methods are not viable, for example, in mice cervical dislocation immediately prior to decapitation can be used if the brain stem doesn’t need to be intact. A guillotine will be used for decapitation of non-neonate animals, to ensure an instantaneous separation of the head and a rapid loss of consciousness.
___________________________________________________________________
Protocol 18: Animal experience
Summarise the typical experience or end-to-end scenario for an animal being used in this protocol.
Consider the cumulative effect of any combinations of procedures that you may carry out.
Animals will be bought in or already be within the unit and aged to necessary time points. After an acclimation period of one week (if required), animals will be anaesthetised and receive an injection into the vitreous of normally one, occasionally both, eye(s). Animals will be monitored carefully for signs of pain or distress such as pawing the eye, loss of appetite, porphyrin production, inactivity or hunching and treated with additional analgesia if needed. Eyes may appear red for several days post injection but generally no signs of distress are apparent and visual function is normal.  Eyes will be assessed using score sheets for 5 days post op checks.
Where inducible transgenic models are used, mice may receive transgene induction agents, typically via 3-4 days of gavage or intraperitoneal injections, depending on the cre used. This may occur before or after the eye injections. Body condition score and weight will be monitored after gene induction to monitor any detrimental effect from the induction agent. Some mice will lose weight due to the transgene induction, or show subdued behaviour, animals will have access to heat pads and high calorie diet in the event of adverse effects. Body weight typically returns to baseline within 2 weeks of administration of transgene induction agents, with the peak in weight loss being approximately 6-10 days after administration.
If substances need to be administered, preference will be given to in the food or drinking water, though administration will be via gavage, subcutaneous or intraperitoneal injections if required, dependent on the bioavailability of the substance and need for discrete or continuous administration. If the substance isn't palatable then sweeteners will be added to ensure consumption.
Animals may be transported to a nearby licensed designated area outside of the animal facility prior to killing if needed for experiments. Killing will either be via a schedule 1 method, decapitation, or perfusion under terminal anaesthesia (with or without fixative).
A typical experiment would be; a mouse receives an injection of a virus to the eye (such as to introduce modulators of neuronal activity like hM4Di or hM3Dq designer receptors exclusively activated by designer drugs, or other receptors/channels aimed to modulate neuronal activity in retinal ganglion cells; or to introduce a fluorescent tracer), followed by administration of tamoxifen by gavage for 3-4 days to induce transcription of a fluorescent marker on newly formed oligodendrocytes; the mouse would then be administered CNO or clozapine in the drinking water for 1-3 months, receive 1-3 IP injections of EdU 24-72 hours before killing, then be perfuse fixed for tissues.
Another typical experiment would be; a mouse is dark adapted for 24 hours, then undergoes electroretinogram (ERG) recording under anaesthesia (where an electrode is placed on the cornea and a probe inserted into the rectum) to establish a baseline of activity, the mouse then receives an injection of a virus to the eye (such as to introduce modulators of neuronal activity like hM4Di or hM3Dq designer receptors exclusively activated by designer drugs, or other receptors/channels aimed to modulate neuronal activity in retinal ganglion cells; or to introduce a fluorescent tracer), the mouse would then be administered CNO or clozapine in the drinking water for 1-3 months, undergo a further ERG, receive an IP injection of EdU 24-72 hours before killing, then be perfuse fixed for tissues.
For harm-benefit calculations, the worst case scenario for this protocol would be the following:
The animal is ear biopsied for genotyping if not already performed under protocol 5. The animal is aged to 18 months then the animal will then receive an intravitreal injection of virus into one eye and control substances into the other eye. After recovery, the animal then receives tamoxifen by oral gavage for 4 consecutive days. This is followed by administration of substances in the food or drinking water for 1-3 months, if compounds cannot be delivered via drinking water, the animal will receive 30 intraperitoneal injections over 30 days and then be culled by perfusion fixation.
___________________________________________________________________
Describe the general humane endpoints that you will apply during the protocol.
These will be in addition to the endpoints stated for each step.
In addition, unless otherwise specified in the step, any animal that loses 15% of its body weight compared to its baseline weight will be killed. For adult animals, the baseline weight should either be the highest recorded weight immediately prior to procedures, or an average of 3 weights on different days immediately prior to procedures.
___________________________________________________________________
Protocol 18: Experimental design
What outputs are expected to arise from this protocol?
For example, test results, phenotypic information, or products.
Tissues for in vitro or ex vivo use; brain slices or optic nerves for electrophysiology, cells isolated either to be further cultured or other laboratory uses, immunostaining of tissues to quantify cells.
___________________________________________________________________
Will this protocol generate quantitative data?
Yes
___________________________________________________________________
Will your experimental design be determined by a regulatory guideline?
No
Where relevant, explain how and when pilot studies will be used.
Pilot studies will be used to generate a mean and standard deviation as an estimate of the difference we will detect in the proposed experiments. This will then be used in power calculations to determine the number of animals required to obtain a statistical power >0.95 at alpha=0.05 in a two-tailed t-test studies.
Where substances are being injected intravitreally for the first time a small number of animals will be injected first, in one eye only, in order to observe any potential adverse effect before moving to a larger cohort.  Pilot studies may also be used to establish the minimum required dose or titre of reagent or virus to generate the required data. Typically required doses for transgene induction will have already been tested in other protocols.
How will you choose different experimental groups?
For example, controls, dose levels, satellites etc.
All experiments will have at least one control and one experimental group.  Experimental groups may include animals in which a transgene is activated at different time points, or with different transgenes - for example knock out of a gene in two different signalling pathways. Experimental groups may also include expression of different viral encoded modulators - such as Gi or Gq DREADD to decrease or increase activity respectively.
How will you choose control groups?
Provide a robust scientific justification for controls with significant suffering such as sham surgery controls or untreated infected controls.
When appropriate, internal controls will be utilised (i.e. contralateral side analysis) to reduce the overall number of animals needed, in this case an animal will receive an injection of a vehicle control or virus encoding a label rather than the experimental substance into one eye. Control groups may also be animals which receive the transgene induction agent but do not express the transgenes being tested.
How will experiments and data analysis be randomised and blinded?
We will randomly allocate animals to different experimental conditions, such as by use of online randomiser tools https://www.randomizer.org/ or spreadsheet random number generation, though some grouping may occur prior to randomisation e.g. treated water may be given on a cage by cage rather than animal by animal basis to minimise animals being singly housed for long study durations. 
Experimental analysis will be carried out blinded or via automated analysis.
Blinding of files for analysis is performed by coding filenames to remove information that can be used to identify experimental condition (e.g. image files).  Where possible we use automated analysis using scripts or image processing software to minimise bias.
How will you minimise variables to ensure reproducibility?
Animals will be obtained at the same time and from the same supplier (or littermates if bred in house) as the animals under experimental protocols where possible, housed in the same conditions, and procedures performed by either the same researcher or with conditions divided evenly between researchers. Animals will receive the same batch of substances across experimental and control groups.
How will you determine group sizes?
You should reference POWER calculations you have made, if relevant.
The determination of the sample size needed for each experiment is based on power calculations, and effect size calculations. We assume that the datasets we will generate follow normal, i.e. Gaussian, distribution, as with our previous data. We used the mean and standard deviation from our preliminary data, previous work, and available published datasets relating to similar experiments as we propose to do, as estimates of the difference we will detect in the proposed experiments. These assumptions allow us to calculate Cohen’s effect size d and use this to determine the estimated effect size for an experiment.  Apart from behavioural and tissue culture studies, the Cohen’s effect size d was 3 or above, thus a sample size of n=5 for control and n=5 for most studies proposed will have at least a statistical power >0.95 at alpha=0.05 in a two-tailed t-test studies.  
Group sizes in ageing experiments will be increased to accommodate for loss of animals and to avoid single housing due to animal losses due to old age.
How will you maximise the data output from the animals you use on this protocol?
We will store any resultant isolated cells, fixed tissues, or RNA not used in the original experiment for future additional analysis.
Protocol 18: Protocol justification
Why is each type of animal, experimental model, and/or method selected for this protocol:
a) the most appropriate scientific approach?
Intravitreal injections will be used to regulate and investigate myelin changes in the optic nerve. The optic nerve is one of the few fully myelinated white matter tracts in the CNS, has a well-defined timeline of myelin formation, and evidence of multiple regulatory pathways, making it a model tissue for the investigation of axonglial interactions within a normal CNS white matter tract. It is known with ageing that optic nerve damage is associated with increased risk of dementia, hence we will be investigating the effects of age on myelination of the optic nerve.
We will use inducible genetic approaches to test and verify whether previously identified signalling pathways such as BDNF, NRG, glutamate signalling or PKMz, play an important role in myelination of the optic nerve.  We will also use genetic approaches to identify how myelination is regulated by patterns of neuronal activity by modifying gene expression of ion-channels (such as Kir4.1, Kir 2.1, Nav) or recombinant genes (such as ChR2, hM4Di, hM3Dq, iGluSnFr, GRASP, GCaMP, and fluorescent proteins) under cell specific promotors.
Some of our analyses may require labelling prior to killing and so we will in some cases label certain cells prior to killing- such as by administration of EdU to label proliferating cells. Perfusion fixation allows preservation of the tissue so that we can conduct immunohistochemical analyses. 
Administration of substances is required to activate certain recombinant genes (such as clozapine or CNO with DREADD) or otherwise modulate activity and thus myelination.
The electroretinogram (ERG) is an important test that allows us to assess whether the retina can respond to light and propagate the visual signal to downstream interneurons within the retina, both essential for visual function. This propagation of signal is dependent upon myelination.
To address functional changes in myelination development or maintenance, animals will be killed by a schedule 1 method, or by decapitation or saline perfusion to better preserve brain tissue, followed by ex-vivo electrophysiology or calcium imaging e.g. to quantify the conduction speed in acute brain slices, or optic nerve, record calcium changes, or electrophysiological changes in cells with patch-clamp recordings 
Decapitation is necessary to give high quality, live brain slices to be used for electrophysiological experiments ex-vivo and cannot always be performed under anaesthesia, as the anaesthetic agents can affect the ion channels and cell activity that we are investigating. Similarly, CO2 anaesthesia changes the pH of the brain dramatically with effects on all cell types thus making it unsuitable as an alternative. 
Perfusion fixation is the only method that will preserve tissue quality well enough to perform the histological analyses on which the study outputs depend (e.g. tissue for immunohistochemistry, in situ hybridisation and electron microscopy).  
Perfusion without fixatives is required to generate live tissue brain slices for electrophysiological recording of certain cells e.g. neurons. Removal of blood from the brain tissues prior to cell sorting or tissue isolation for cell culture, or omics; is best achieved by perfusion of physiological buffering solutions (or similar non fixative solutions).
___________________________________________________________________
b) the most refined for the purpose?
In humans, intravitreal injections are performed using topical anaesthesia and any reported discomfort is transient, with the worst discomfort being reported during the injection itself. As our mice and rats will be anaesthetised for the procedure they will experience less discomfort than the human patients.
Inducible cre models will be used to give temporal control over expression or knock out of genes, though tamoxifen and similar induction agents are associated with side effects (mostly weightloss) we aim to minimise these effects by using the minimum dose of tamoxifen required for recombination of our specific transgenes, and providing heat pads and high calorie diet in the event of weight loss. 
For ageing experiments, animals will only be kept if they are showing no, or minor and controllable, ill effects from growing older. Tooth checks and general health monitoring ensures that animal suffering is kept to a minimum.
The electroretinogram is a minimally invasive test of visual function that allows a ‘clean’ evaluation of retinal ganglion cell function. It is minimally invasive as no permanent electrodes need to be implanted, the electrode in contact with the cornea does not pierce into the eye, and the other electrode is placed into the rectum. Eye tracking does provide a measure of visual function, however this involves information being transferred from the eye to the brain and back, rather than just one circuit which the ERG provides, additionally eye tracking is not sensitive enough to detect very minor perturbations in function that result from modest changes in retinal ganglion cell myelination.
___________________________________________________________________
For each model and/or method, what is the scientific need for the expected clinical signs?
For intravitreal injections, the goal is not to induce any cataract or discomfort, any signs that are seen are a consequence of the injection itself. It is not possible to target the eye in the specific manner required, and thus effect changes in the optic nerve, without direct injection.
With age, we see increased white matter damage and a decline in myelin maintenance and repair; we see this clearly in human diseases such as multiple sclerosis or dementia, with worsening impairment with age. On a cellular level, we also see changes in the ion channel composition of oligodendrocyte lineage cells. It isn't possible to replicate this complex, multifactorial process without ageing the animals. 
Decapitation will only be used in conscious animals when alternative methods are not viable, for example, in mice cervical dislocation immediately prior to decapitation can be used if the brain stem doesn’t need to be intact. A guillotine will be used for decapitation of non-neonate animals, to ensure an instantaneous separation of the head and a rapid loss of consciousness.
___________________________________________________________________
Why scientifically do the animals need to suffer to this degree?
The optic nerve is usually fully myelinated and has a well-defined timeline of myelin formation and evidence of multiple regulatory pathways, making it a model tissue for the investigation of axon-glial interactions within a normal CNS white matter tract. In diseases such as multiple sclerosis (MS) we see decreased myelin within the optic nerve, thus findings from our experiments should have applicability to the real life disease scenario. 
With age the risk of spontaneous death increases, this natural process can occur rapidly and though we regularly health check the animals and kill them if they show clinical signs, we are not guaranteed to be able to intervene earlier. In the event of spontaneous death, this will be reported by SC18. We know that ageing affects myelination and other processes within the brain and that ageing is a complex process that we cannot model without the animals themselves being aged.  Our previous work has shown, for example, that oligodendrocyte precursor cells express different ion channels and display different functional states with age, the interplay of receptors within the brain is not possible to model without animals being aged.
In order to obtain sufficient expression of inducible transgenes for many of our lines we require administration of high dosages of tamoxifen or its derivatives. Insufficient tamoxifen leads to a less effective knock out of genes of interest thus masking results due to compensation by unaltered cells, similarly insufficient expression can reduce the signal of labelled cells making them difficult or impossible to quantify, or can lead to expression only in a small subset of cells rather than the full population giving misleading data, and need for more animals to get statistically reliable results.  The weight loss seen as a result of the tamoxifen administration is regained, generally there is a peak of weight loss which is then reversed, and animals that do not reach the humane endpoints will recover to within 5% of their original weight within 2 weeks of the start of tamoxifen administration.
___________________________________________________________________
Why can't you achieve your scientific outputs with an earlier humane endpoint, or without animals showing any clinical signs?
Animals exhibiting discomfort after eye injections can be kept for 24 hours to allow additional analgesia time to decrease the distress; this gives us a balance between the suffering of one animal and the potential need for a replacement animal to undergo the eye injection.  Animals showing signs of infection will be killed due to the risk of increased pain and longer time period in which they would experience the adverse effects.
It is not possible to set an earlier humane endpoint due to the nature of ageing. We need advanced age to be able to investigate the underlying processes of myelination and repair.
An earlier humane endpoint for gene induction agent administration could be set but would increase the numbers of animals that need to undergo the protocol in order to replace those killed due to what is generally reversible weight loss.  We are actively seeking alternate gene induction agents to minimise clinical signs and reduce the number of animals reaching the humane endpoints.
___________________________________________________________________
Will you be administering substances for experimental purposes?
Yes
___________________________________________________________________
How will you assess the suitability of these substances, and minimise the unnecessary harms arising from their administration given the particular strain or type of animal you will be using?
When assessing suitability, state how you will consider toxicity, efficacy, and sterility.
Before administering any substances to animals, we will thoroughly check available literature for prior use in vivo.  Generally, substances used will not be expected to cause adverse effects and, in the cases of pro-regenerative agents would be expected to lead to improvements rather than any detrimental effects. Where substances have not been used previously, we will carry out ex vivo testing on brain slices or cultures to ascertain appropriate doses to generate the required effects before performing a small pilot study in vivo. 
The method of administration for these substances will depend on what route gives the optimal dose – dosages will be based on the available literature and in vitro or pilot studies.  We will always seek to choose the least invasive method and administration schedule to give the required dosage and onset of effect.  All substances administered to animals will be prepared in a sterile manner to minimise infection or contamination risks.
How will you determine an appropriate dosing regimen?
Include routes, dosage volumes, frequencies, and durations.
Routes, dosage volumes, frequencies and durations will be obtained from published literature where available. Pilot studies will be used to confirm that the chosen parameters are well tolerated by our specific models and genetic backgrounds.  Unless otherwise specified, dosing and sampling procedures will be undertaken using a combination of volumes, routes and frequencies that of themselves will result in no more than transient discomfort and no lasting harm. Maximum volumes and dosing frequencies will not exceed those described in the table below, and will be minimised to that which is sufficient to give the required experimental dose in pursuit of the scientific objective.
	Mouse
	Daily max. vol. ml/kg
	Max. No./day < 10 days
	Max. No./day >10 days
	Max No.

	Subcutaneous injection
	20
	3
	2
	24

	Intraperitoneal injection
	20
	2
	1
	30

	Oral gavage
	20
	2
	1
	30


For the eye injections, two injections may be used per eye, with a maximum total volume of 2 µL for a mouse as this is a well tolerated volume that does not result in harmful increases in intraocular pressure.
Protocol 19
Title
Decapitation
___________________________________________________________________
Protocol 19: Protocol details
Briefly describe the purposes of this protocol
Ensure that you state any relevant regulatory guidelines.
Generation of high quality, live brain slices to be used for electrophysiological recordings from wild type animals.
___________________________________________________________________
Given the controls and limitations in place, what is the highest severity that an animal could experience in this protocol?
Mild
___________________________________________________________________
What proportion of animals will experience this severity?
All animals
___________________________________________________________________
Why are you proposing this severity category?
 With a trained personal license holder no adverse effects are expected other than mild stress from handling. Decapitation is near instantaneous death when using a guillotine.
___________________________________________________________________
Locations where this protocol can be carried out
Select all that apply.
· University of Cambridge
___________________________________________________________________
Which of your objectives will this protocol address?
Select all that apply.
· Determine a pathway of how myelin is regenerated in disease.
· Identify a mechanism of how glia effect neuronal circuit development and function in health and disease
· Establish a mechanism of myelin loss and damage throughout life 
· Identify whether white matter lesions impact on neural and circuit function.
· Identify a regulatory mechanism of myelination throughout life.
___________________________________________________________________
Protocol 19: Animals used in this protocol
Mice
Which life stages will be used during this protocol?
Select all that apply
· Neonate
· Juvenile
· Adult
___________________________________________________________________
Will any animals coming on to this protocol be classed as ‘continued use’?
‘Continued use’ describes animals that are specifically genetically altered and bred for scientific use or animals that have had procedures applied to them in order to be prepared for use in this protocol.
No
___________________________________________________________________
Will you be re-using animals on to this protocol?
‘Re-use’ describes using animals again for a new experiment when you could equally use a naïve animal to get the same results.
No
___________________________________________________________________
What is the maximum number of animals that will be used on this protocol?
Please only enter numbers, e.g. 40
100
___________________________________________________________________
What is the maximum number of uses of this protocol per animal?
For example, if some animals will go through this protocol three more times after their first use, the number of uses will be four.   If no animals will go through this protocol more than once, enter '1'.  Please only enter numbers, e.g. 40
1
___________________________________________________________________
Rats
Which life stages will be used during this protocol?
Select all that apply
· Neonate
· Juvenile
· Adult
___________________________________________________________________
Will any animals coming on to this protocol be classed as ‘continued use’?
‘Continued use’ describes animals that are specifically genetically altered and bred for scientific use or animals that have had procedures applied to them in order to be prepared for use in this protocol.
No
___________________________________________________________________
Will you be re-using animals on to this protocol?
‘Re-use’ describes using animals again for a new experiment when you could equally use a naïve animal to get the same results.
No
___________________________________________________________________
What is the maximum number of animals that will be used on this protocol?
Please only enter numbers, e.g. 40
100
___________________________________________________________________
What is the maximum number of uses of this protocol per animal?
For example, if some animals will go through this protocol three more times after their first use, the number of uses will be four.   If no animals will go through this protocol more than once, enter '1'.  Please only enter numbers, e.g. 40
1
___________________________________________________________________
Protocol 19: Genetically altered animals (GAA)
Will this protocol use any genetically altered animals?
No
___________________________________________________________________
Protocol 19: Steps
Step 1: Decapitation (mandatory)
Describe the procedures that will be carried out during this step.
Explain where one or more steps are repeated in one experiment, list any alternative techniques within a step (e.g. dosing routes), and include all procedures performed under terminal anaesthesia.  When describing the technical aspects of a step, be broad enough to be flexible when the variation does not impact on animal welfare (e.g. use "antibiotic" instead of "penicillin"). Finally, avoid specifying volumes and frequencies when they do not impact on animal welfare.
Animals will be killed by decapitation (AA/ AC)
___________________________________________________________________
Is this step optional?
No
___________________________________________________________________
Do you expect this step to have adverse effects for the animals that are more than mild and transient?
Do not list uncommon or unlikely adverse effects, or effects from procedures that will cause no more than transient discomfort and no lasting harm. For example, an intravenous injection of a small volume of an innocuous substance.
No
___________________________________________________________________
Protocol 19: Fate of animals
What will happen to animals at the end of this protocol?
Select all that apply. These options are based on what you selected in the non-technical summary.
· Killed
Will you be using non-schedule 1 killing methods on a conscious animal?
Yes
For each non-schedule 1 method, explain why this is necessary.
Decapitation is necessary to give high quality, live brain slices to be used for electrophysiological experiments ex-vivo and cannot always be performed under anaesthesia, as the anaesthetic agents can affect the ion channels and cell activity that we are investigating. Similarly, CO2 anaesthesia changes the pH of the brain dramatically with effects on all cell types thus making it unsuitable as an alternative.
Decapitation will only be used in conscious animals when alternative methods are not viable, for example, in mice cervical dislocation immediately prior to decapitation can be used if the brain stem doesn’t need to be intact. A guillotine will be used for decapitation of non neonatal animals, to ensure an instantaneous separation of the head and a rapid loss of consciousness.
___________________________________________________________________
Protocol 19: Animal experience
Summarise the typical experience or end-to-end scenario for an animal being used in this protocol.
Consider the cumulative effect of any combinations of procedures that you may carry out.
Animals will either be anaesthetised and decapitated whilst unconscious, or habituated to handling and decapitated using a guillotine.  Animals may be transported from the animal facility and decapitated in an external procedure room.
___________________________________________________________________
Describe the general humane endpoints that you will apply during the protocol.
These will be in addition to the endpoints stated for each step.
In the extremely unlikely event that complications occur during the procedure (such as incomplete decapitation, incorrect placement in guillotine) the animal will be killed immediately by cervical dislocation or a sch1 method and the NVS informed. 
___________________________________________________________________
Protocol 19: Experimental design
What outputs are expected to arise from this protocol?
For example, test results, phenotypic information, or products.
Fresh brain tissue slices for use in electrophysiology or slice culture.
___________________________________________________________________
Will this protocol generate quantitative data?
Yes
___________________________________________________________________
Will your experimental design be determined by a regulatory guideline?
No
Where relevant, explain how and when pilot studies will be used.
Pilot studies will be used to generate a mean and standard deviation as an estimate of the difference we will detect in the proposed experiments. This will then be used in power calculations to determine the number of animals required to obtain a statistical power >0.95 at alpha=0.05 in a two-tailed t-test studies.
How will you choose different experimental groups?
For example, controls, dose levels, satellites etc.
Details are given in each protocol, no different experimental groups fall under this protocol, only controls.
How will you choose control groups?
Provide a robust scientific justification for controls with significant suffering such as sham surgery controls or untreated infected controls.
Animals under this protocol will be used as controls where wild type brain tissues are required for comparison to experimental groups.
How will experiments and data analysis be randomised and blinded?
We will randomly allocate animals to different experimental conditions, such as by use of online randomiser tools https://www.randomizer.org/ or spreadsheet random number generation.
Experimental analysis will be carried out blinded or via automated analysis.
Blinding of files for analysis is performed by coding filenames to remove information that can be used to identify experimental condition (e.g. image files).  Where possible we use automated analysis using scripts or image processing software to minimise bias.
How will you minimise variables to ensure reproducibility?
Animals will be obtained at the same time and from the same supplier as the animals under experimental protocols where possible, housed in the same conditions, and procedures performed by either the same researcher or with conditions divided evenly between researchers.
How will you determine group sizes?
You should reference POWER calculations you have made, if relevant.
The determination of the sample size needed for each experiment is based on power calculations, and effect size calculations. We assume that the datasets we will generate follow normal, i.e. Gaussian, distribution, as with our previous data. We used the mean and standard deviation from our preliminary data, previous work, and available published datasets relating to similar experiments as we propose to do, as estimates of the difference we will detect in the proposed experiments. These assumptions allow us to calculate Cohen’s effect size d and use this to determine the estimated effect size for an experiment.  The Cohen’s effect size d was 3 or above, thus a sample size of n=5 for control and n=5 for most studies proposed will have at least a statistical power >0.95 at alpha=0.05 in a two-tailed t-test studies.  
How will you maximise the data output from the animals you use on this protocol?
Where possible we will use the tissues obtained from this protocol as controls for multiple experimental factors rather than a new set of controls for each variable.  We will also fix and store brain slices not used in the original experiment for future additional analysis.
Protocol 19: Protocol justification
Why is each type of animal, experimental model, and/or method selected for this protocol:
a) the most appropriate scientific approach?
Decapitation is necessary to give high quality, live brain slices to be used for electrophysiological experiments ex-vivo. In this protocol, we will be decapitating wild type control animals to compare to either transgenic animals or animals which have undergone procedures on other protocols. It is essential that the tissues are prepared the same way or the results would not be comparable. 
Additionally, the high quality live brain slices can be used for slice cultures and to test compounds in vitro.
___________________________________________________________________
b) the most refined for the purpose?
For decapitation of conscious animals (AA) animals will be habituated to handling to minimise distress during the procedure.  All personal license holders performing this technique will be specially trained until they are quick and confident with use of the guillotine on cadavers before moving to live animals.  The guillotine will be maintained to ensure sharp edges and smooth action, and will always be checked to be operating well prior to any use.  With a trained personal license holder no adverse effects are expected. 
Ex vivo slice culture can be used to test compounds that would otherwise need to be tested in animals, this can inform us of what dose is required to elicit a response so that we can more carefully choose our concentrations to test in vivo using a smaller number of animals (as one animal can yield multiple slices to test).
We do not typically generate many wild type mice as a by-product of our breeding strategies (protocol 5) and sometimes need to buy in wild type animals to use their tissues at precise time points as controls for our transgenic animals. Indeed, much of our rat work is in wild type rats so all control and experimental animals are bought in.
___________________________________________________________________
For each model and/or method, what is the scientific need for the expected clinical signs?
No clinical signs are expected
___________________________________________________________________
Why scientifically do the animals need to suffer to this degree?
Decapitation is necessary to give high quality, live brain slices to be used for electrophysiological experiments ex-vivo and cannot always be performed under anaesthesia, as the anaesthetic agents can affect the ion channels and cell activity that we are investigating. Similarly, CO2 anaesthesia changes the pH of the brain dramatically with effects on all cell types thus making it unsuitable as an alternative. 
Decapitation will only be used in conscious animals when alternative methods are not viable, for example, in mice cervical dislocation immediately prior to decapitation can be used if the brain stem doesn’t need to be intact. A guillotine will be used for decapitation of non-neonate animals, to ensure an instantaneous separation of the head and a rapid loss of consciousness.
___________________________________________________________________
Why can't you achieve your scientific outputs with an earlier humane endpoint, or without animals showing any clinical signs?
No clinical signs will be seen with this protocol.
___________________________________________________________________
Will you be administering substances for experimental purposes?
No
___________________________________________________________________
Protocol 20
Title
Lesioning with 3 stereotactic surgeries
___________________________________________________________________
Protocol 20: Protocol details
Briefly describe the purposes of this protocol
Ensure that you state any relevant regulatory guidelines.
To generate lesioned animals with implanted devices for longitudinal studies of the remyelination process, using three stereotactic surgeries.
___________________________________________________________________
Given the controls and limitations in place, what is the highest severity that an animal could experience in this protocol?
Severe
___________________________________________________________________
What proportion of animals will experience this severity?
The majority of animals used under this protocol are likely to display clinical signs of moderate severity, while approximately up to 15% may show signs of that are severe. 
___________________________________________________________________
Why are you proposing this severity category?
We are proposing this severity category because all animals will undergo surgery to induce a lesion in the central nervous system, in most cases this surgery will lead to clinical signs which would be considered moderate (post surgical discomfort, head tilt and balance problems that do not affect the ability of the animal to move around the cage). In approximately 15% of animals the lesion surgery may lead to more severe clinical signs such as balance problems affecting their ability to right themselves, with a pronounced head tilt, and spontaneous rolling. Where animals are completely unable to balance and roll continuously after lesioning they are immediately killed. 
75% are expected to recover quickly from surgery within 24 hours, 15-20% will be expected to continue to show moderate signs for no more than 72 hours, while 5%-15% may show signs that are severe, and will be killed if they remain at Grade 4 for 48 hours or Grade 5 for 8 hours. It is expected to see a gradual recovery during these time frames, with the majority of animals showing improvement in our experience. 
Animals will undergo two other stereotactic surgeries in addition to the lesion surgery, these can also lead to moderate clinical signs (post surgical discomfort, head tilt and balance problems that do not affect the ability of the animal to move around the cage). All animals will receive appropriate analgesia.
Only animals that recover well will be taken forward for subsequent surgeries so most animals would be expected to suffer moderate severity pain and discomfort from the stereotactic surgeries.
___________________________________________________________________
Locations where this protocol can be carried out
Select all that apply.
· University of Cambridge
___________________________________________________________________
Which of your objectives will this protocol address?
Select all that apply.
· Establish a mechanism of how myelin regeneration can be enhanced, and function restored.
· Determine a pathway of how myelin is regenerated in disease.
· Identify whether white matter lesions impact on neural and circuit function.
___________________________________________________________________
Protocol 20: Animals used in this protocol
Rats
Which life stages will be used during this protocol?
Select all that apply
· Adult
___________________________________________________________________
Will any animals coming on to this protocol be classed as ‘continued use’?
‘Continued use’ describes animals that are specifically genetically altered and bred for scientific use or animals that have had procedures applied to them in order to be prepared for use in this protocol.
Yes
___________________________________________________________________
How did these animals start their use?
Describe the procedures that have been applied to animals that will continue their use on to this protocol.
Genetically altered animals for use in this protocol may be obtained from: 
•	This licence: Protocol 5 ‘Breeding and maintenance of genetically altered animals’ (mild)
or 
•	other project licences with authority to breed and maintain genetically altered animals of a type authorised in this project, and to provide them for use on other projects.
Will you be re-using animals on to this protocol?
‘Re-use’ describes using animals again for a new experiment when you could equally use a naïve animal to get the same results.
No
___________________________________________________________________
What is the maximum number of animals that will be used on this protocol?
Please only enter numbers, e.g. 40
150
___________________________________________________________________
What is the maximum number of uses of this protocol per animal?
For example, if some animals will go through this protocol three more times after their first use, the number of uses will be four.   If no animals will go through this protocol more than once, enter '1'.  Please only enter numbers, e.g. 40
1
___________________________________________________________________
Protocol 20: Genetically altered animals (GAA)
Will this protocol use any genetically altered animals?
Yes
___________________________________________________________________
Which general types or strains will you be using and why?
This project will use animals expressing genetically encoded labels for identification of specific cells.
Do you expect any of these GAAs to show a harmful phenotype with welfare consequences?
No
Protocol 20: Steps
Step 1: CNS injections (mandatory)
Describe the procedures that will be carried out during this step.
Explain where one or more steps are repeated in one experiment, list any alternative techniques within a step (e.g. dosing routes), and include all procedures performed under terminal anaesthesia.  When describing the technical aspects of a step, be broad enough to be flexible when the variation does not impact on animal welfare (e.g. use "antibiotic" instead of "penicillin"). Finally, avoid specifying volumes and frequencies when they do not impact on animal welfare.
(On up to two separate occasions, can be carried out in the same surgery as step 2, 3, or 4, or separately, for a maximum total of three stereotactic surgeries.)
Stereotactic injection into the CNS of substances, with or without implantation a cannula, (e.g. labelling substances e.g. BrdU, EdU; antibodies, agonists or antagonists, cell response modulators e.g. tetracycline, clozapine; transgene inducing agents, toxins e.g. PTX, TTX, or glial toxins; non pathogenic viruses, cytokines, or controls), with a maximum volume per injection of 10 µL, with typically 2, but rarely up to 4 injections.  Injections may take place through a previously implanted cannula. (AB)
___________________________________________________________________
Is this step optional?
No
___________________________________________________________________
Do you expect this step to have adverse effects for the animals that are more than mild and transient?
Do not list uncommon or unlikely adverse effects, or effects from procedures that will cause no more than transient discomfort and no lasting harm. For example, an intravenous injection of a small volume of an innocuous substance.
Yes
___________________________________________________________________
What are the likely adverse effects of this step?
State the expected adverse effect, including the likely incidence, and the anticipated degree and duration of suffering.
Damage to the brain from the needle during injection carries a small risk of bleeding and unintended injury to brain structures, the effects of which would depend on the region affected but can include a minor head tilt and/or mild imbalance. Substances which interfere with conduction near the inferior olive can also lead to an extended limb phenotype where an animal splays out its limbs.
●	Grade 0: about 80% animals will recover soon after surgery without head tilt.
●	Grade 1: (<15% of animals) Slight head tilt when walking for the first few days after the procedure. This does not prevent walking, drinking, eating or free ambulation around the cage.
●	Grade 2: (<5% of animals) Clearly apparent head tilt with the lower body generally remaining upright and with a tendency to veer towards the opposite side of the injection when moving. Less than 2 % of these animals may develop rolling when handled or disturbed (reactive). The animals are still able to move around in the cage.
●	Grade 3: (<1% of animals) Clearly apparent head tilt with the animal generally on its side, not associated with any spontaneous or reactive rolling.  These animals can still move around the cage. 
How will you monitor for, control, and limit any of these adverse effects?
If adverse effects can't be prevented, how will you attempt to ameliorate their initial signs?
Regular monitoring within the first few hours post surgery should allow quick identification of the extended limb phenotype, as in our experience, the extended limb phenotype typically presents within the first 3-4 hours.
Post-surgery all animals will receive analgesia, this will be continued as necessary but will be provided for three days at a minimum.  Animals will be kept warm until they are successfully roused from anaesthesia and handling minimised to reduce distress.  If needed, warm saline injections will be given to ensure that the animals do not become dehydrated.  All animals will be monitored post surgery for recovery from anaesthesia, ensuring that they are mobile within the cage and able to access food and water.  Additional support and monitoring is determined by the grading of the animal, see below.  All animals will be checked in the AM and PM daily for a minimum of 5 days.
●	Grade 0-1: normal post operative monitoring and analgesia.
●	Grade 2-3: Ensure access to food and fluid; a long nozzled water bottle or hydration gel and a soft form of food will be provided in an accessible location, until animals recover to Grade 1 or 0.
What are the humane endpoints for this step?
This would be the point at which you would kill the animal to prevent further suffering.
 All timings are given as hours post surgery.
●	Grade 2: If the reactive rolling persists for 72 hours after operation the animals will be killed. If the animals have not recovered to grade 1 or 0 within 96 hours then they will be killed
●	Grade 3: Animals will be killed.
Additionally, if the ‘extended limb phenotype’ where the animal splays out their limbs, is observed, the animal should be killed immediately. Severity moderate if identification of the adverse effect and killing is carried out in a timely manner.
Step 2: CNS lesioning (mandatory)
Describe the procedures that will be carried out during this step.
Explain where one or more steps are repeated in one experiment, list any alternative techniques within a step (e.g. dosing routes), and include all procedures performed under terminal anaesthesia.  When describing the technical aspects of a step, be broad enough to be flexible when the variation does not impact on animal welfare (e.g. use "antibiotic" instead of "penicillin"). Finally, avoid specifying volumes and frequencies when they do not impact on animal welfare.
(On one occasion, with up to two injections, can be carried out in the same surgery as step 1, 3, or 4, or separately, for a maximum total of three stereotactic surgeries.)
All animals will be lesioned by injection of small volumes (maximum volume 5µL per injection) of either ethidium bromide, lysolecithin or lipopolysaccharide (LPS) into the brain or spinal cord. Injections may take place through a previously implanted cannula. (AB)
___________________________________________________________________
Is this step optional?
No
___________________________________________________________________
Do you expect this step to have adverse effects for the animals that are more than mild and transient?
Do not list uncommon or unlikely adverse effects, or effects from procedures that will cause no more than transient discomfort and no lasting harm. For example, an intravenous injection of a small volume of an innocuous substance.
Yes
___________________________________________________________________
What are the likely adverse effects of this step?
State the expected adverse effect, including the likely incidence, and the anticipated degree and duration of suffering.
Lesions can lead to the following adverse effects. Animals will be graded according to the system detailed below and treated accordingly.
●	Grade 0: about 60-75% animals will recover soon after surgery without head tilt.
●	Grade 1: Slight head tilt (<20% of animals) with or without a tendency to veer towards the opposite side of the lesion when walking for the first few days after the procedure. This does not prevent walking, drinking, eating or free ambulation around the cage.
●	Grade 2: Clearly apparent (<10% of animals) head tilt with the lower body generally remaining upright and with a tendency to veer towards the opposite side of the lesion when moving. Less than 10 % of these animals may develop rolling when handled or disturbed (reactive). The animals are still able to move around in the cage.
●	Grade 3: Clearly apparent head tilt with the animal generally on its side, not associated with any spontaneous or reactive rolling.  These animals can still move around the cage. 
●	Grade 4: Head extremely tilted (<5% of animals) with the animal generally on its side (although capable of being upright) and associated with occasional spontaneous rolling or rolling when handled or disturbed. They are still able to move around the cage. If minor unilateral impairment to a hind limb is seen, particularly with spinal cord lesions, this is classed as grade 4, with or without a head tilt being present.
●	Grade 5: Extreme head tilt with the animal associated with infrequent spontaneous rolling (<once in 5 minutes) but consistent reactive rolling (<3% animals). The animals are unable to right themselves. 
●	Grade 6: Extreme head tilt with the animal on its side associated with continuous spontaneous rolling. (<2% of animals). Any signs of paralysis in the upper limbs or splayed out immobile limbs.
Grades 0-3 are regarded as moderate; Grade 4-6 as severe.
How will you monitor for, control, and limit any of these adverse effects?
If adverse effects can't be prevented, how will you attempt to ameliorate their initial signs?
Post-surgery all animals will receive analgesia, this will be continued as necessary but will be provided for three days at a minimum.  Animals will be kept warm until they are successfully roused from anaesthesia and handling minimised to reduce distress.  If needed, warm saline injections will be given to ensure that the animals do not become dehydrated.  All animals will be monitored post lesion surgery for recovery from anaesthesia, ensuring that they are mobile within the cage and able to access food and water.  Additional support and monitoring is determined by the grading of the animal, see below.  All animals will be checked in the AM and PM daily for a minimum of 5 days post lesion.
●	Grade 0-1: normal post operative monitoring and analgesia.
●	Grade 2-3: Ensure access to food and fluid; a long nozzled water bottle or hydration gel and a soft form of food will be provided in an accessible location, until animals recover to Grade 1 or 0.
●	Grade 4: A soft form of food will be placed into the cage daily within reach of the animal and an intraperitoneal injection of warm saline may be administered if the animals have difficulty drinking from the water dispenser or hydration gel. The animal will be assessed twice daily at a minimum.
●	Grade 5: Provide food and water as above, monitor and reassess every 2 hours at a minimum. Disturbance of the recovering animal can lead to additional stress so observations without removing the cage from the rack are recommended. More frequent checks (~every 20 mins) for the first hour allow early identification of any worsening symptoms.
●	Grade 6: See humane endpoints.
Grades 0-3 are regarded as moderate; Grade 4-6 as severe.
After surgery, animals do not always fall neatly into one category of the grading system. In those cases, grading is assigned as accurately as possible based on the most ‘severe’ clinical sign. For example, an animal that appears to be fully recovered with no head tilt visible but that exhibits occasional reactive rolling would be classified as a Grade 2 even if all other clinical signs would be classed as Grade 0. Most adverse events would be expected to occur within 24 hours of surgery and after this time animals should steadily improve.
What are the humane endpoints for this step?
This would be the point at which you would kill the animal to prevent further suffering.
Lesions involving cerebellar white matter can lead to the following adverse effects. Animals will be graded according to the system detailed below and treated accordingly. All timings are given as hours post surgery.
●	Grade 2: If the reactive rolling persists for 72 hours after operation the animals will be killed. If the animals have not recovered to grade 1 or 0 within 96 hours then they will be killed
●	Grade 2: If the reactive rolling persists for 72 hours after operation the animals will be killed.
●	Grade 3: If the animals have not improved to grade 2 or above within 72 hours then they will be killed.
●	Grade 4: If the animals are not improved to grade 3 or above within 48 hours they will be killed.
●	Grade 5: If the animal does not improve to grade 4 or better within 8 hours, they will be killed.  If animals show worsening frequency of rolling after 4 hours they will be killed.
●	Grade 6: The animals will be killed immediately.
Grades 0-3 are regarded as moderate; Grade 4-6 as severe.
Animals that move to Grade 4 or higher 48 hours post-surgery rather than showing signs of improvement will be killed immediately.
Step 3: Device implantation (optional)
Describe the procedures that will be carried out during this step.
Explain where one or more steps are repeated in one experiment, list any alternative techniques within a step (e.g. dosing routes), and include all procedures performed under terminal anaesthesia.  When describing the technical aspects of a step, be broad enough to be flexible when the variation does not impact on animal welfare (e.g. use "antibiotic" instead of "penicillin"). Finally, avoid specifying volumes and frequencies when they do not impact on animal welfare.
(On one occasion, can be carried out in the same surgery as step 1, 2, or 4, or separately, for a maximum total of three stereotactic surgeries.)
Implantation of an optical/electrical or recording device (with a cannula if needed for targeting, or using a cannula implanted in a previous step), into a specific area of the brain. After implantation, in the same surgery, the device may be used to check location.  (AB / AC)
___________________________________________________________________
Is this step optional?
Yes
___________________________________________________________________
Do you expect this step to have adverse effects for the animals that are more than mild and transient?
Do not list uncommon or unlikely adverse effects, or effects from procedures that will cause no more than transient discomfort and no lasting harm. For example, an intravenous injection of a small volume of an innocuous substance.
Yes
___________________________________________________________________
What are the likely adverse effects of this step?
State the expected adverse effect, including the likely incidence, and the anticipated degree and duration of suffering.
Attachment of devices to the skull with dental cement can cause irritation to the surrounding tissues or prevent healing. In less than 1% of animals, attachment points for the device can come loose exposing the skull or underlying tissues.  In cases where the implant comes loose and is removed by the animal this can cause damage to the brain and recapitulate the side effects of brain injury.
Where the skin is not fully closed over the implant, the skin around the implant may retract slightly during healing, this can lead to minor scabbing.  
Due to the impact of the dental cement on healing, resuturing may be required on occasion more than 48 hours after surgery, if incision breakdown occurs after 48 hours post-surgery NVS advice will be followed, including resuturing if advised.
Where devices have a fiber, sensor, or wire implanted into a specific brain region this can cause damage to the brain and carries a small risk of bleeding and unintended injury to brain structures, the effects of which would depend on the region affected but can include a minor head tilt and/or mild imbalance. 
●	Grade 0: about 80% animals will recover soon after surgery without head tilt.
●	Grade 1: (<15% of animals) Slight head tilt when walking for the first few days after the procedure. This does not prevent walking, drinking, eating or free ambulation around the cage.
●	Grade 2: (<5% of animals) Clearly apparent head tilt with the lower body generally remaining upright and with a tendency to veer towards the opposite side of the injection when moving. Less than 2 % of these animals may develop rolling when handled or disturbed (reactive). The animals are still able to move around in the cage.
●	Grade 3: (<1% of animals) Clearly apparent head tilt with the animal generally on its side, not associated with any spontaneous or reactive rolling.  These animals can still move around the cage. 
Where this step is carried out within the same surgery as the lesion, it can be difficult to disentangle the effects of the lesion and other interventions so the lesion humane endpoints and incidence rates should be followed.
How will you monitor for, control, and limit any of these adverse effects?
If adverse effects can't be prevented, how will you attempt to ameliorate their initial signs?
Any skin that comes into contact with the cement will be cleaned with a sterile wipe or cotton swab to prevent irritation.  The wound will be checked daily for signs of irritation i.e. redness, swelling, or scratching of the wound. If wounds appear irritated they will be assessed by the NVS and treated with a suitable antiseptic cream. The skin around the implant may retract slightly during healing, this will be monitored and NVS recommendations followed for wound care.
Post-surgery all animals will receive analgesia, this will be continued as necessary but will be provided for three days at a minimum.  Animals will be kept warm until they are successfully roused from anaesthesia and handling minimised to reduce distress.  If needed, warm saline injections will be given to ensure that the animals do not become dehydrated.  All animals will be monitored post surgery for recovery from anaesthesia, ensuring that they are mobile within the cage and able to access food and water.  Additional support and monitoring is determined by the grading of the animal, see below.  All animals will be checked in the AM and PM daily for a minimum of 5 days.
●	Grade 0-1: normal post operative monitoring and analgesia.
●	Grade 2-3: Ensure access to food and fluid; a long nozzled water bottle or hydration gel and a soft form of food will be provided in an accessible location, until animals recover to Grade 1 or 0, or the humane endpoint is reached.
To reduce the risk of damage to the implant and attachment points to the skull, animals may be singly housed.
What are the humane endpoints for this step?
This would be the point at which you would kill the animal to prevent further suffering.
In the rare event that attachment points for devices come loose then the animal will be killed.  
If wound irritation shows no sign of improvement within 48 hours or the animal shows signs of distress not alleviated by analgesia, then the animal will be killed.
All timings are given as hours post surgery.
●	Grade 2: If the reactive rolling persists for 72 hours after operation the animals will be killed. If the animals have not recovered to grade 1 or 0 within 96 hours then they will be killed 
●	Grade 3: Animals will be killed.
If skin retraction around the implant leads to exposure of the area adjacent to the cement cap e.g. skull is clearly visible, then the animal will be culled.
Step 4: CNS cannulation and minipump implantation (optional)
Describe the procedures that will be carried out during this step.
Explain where one or more steps are repeated in one experiment, list any alternative techniques within a step (e.g. dosing routes), and include all procedures performed under terminal anaesthesia.  When describing the technical aspects of a step, be broad enough to be flexible when the variation does not impact on animal welfare (e.g. use "antibiotic" instead of "penicillin"). Finally, avoid specifying volumes and frequencies when they do not impact on animal welfare.
(On one occasion, can be carried out in the same surgery as step 1, 2, or 3, or separately, for a maximum total of three stereotactic surgeries.)
A guide cannula will be implanted into specific brain areas if required. A minipump will be inserted sub-cutaneously and attached to the implanted cannula. (AB)
___________________________________________________________________
Is this step optional?
Yes
___________________________________________________________________
Do you expect this step to have adverse effects for the animals that are more than mild and transient?
Do not list uncommon or unlikely adverse effects, or effects from procedures that will cause no more than transient discomfort and no lasting harm. For example, an intravenous injection of a small volume of an innocuous substance.
Yes
___________________________________________________________________
What are the likely adverse effects of this step?
State the expected adverse effect, including the likely incidence, and the anticipated degree and duration of suffering.
Damage to the brain from the cannula during implantation carries a small risk of bleeding and unintended injury to brain structures, the effects of which would depend on the region affected but can include a minor head tilt and/or mild imbalance. 
●	Grade 0: about 80% animals will recover soon after surgery without head tilt.
●	Grade 1: (<15% of animals) Slight head tilt when walking for the first few days after the procedure. This does not prevent walking, drinking, eating or free ambulation around the cage.
●	Grade 2: (<5% of animals) Clearly apparent head tilt with the lower body generally remaining upright and with a tendency to veer towards the opposite side of the injection when moving. Less than 2 % of these animals may develop rolling when handled or disturbed (reactive). The animals are still able to move around in the cage.
●	Grade 3: (<1% of animals) Clearly apparent head tilt with the animal generally on its side, not associated with any spontaneous or reactive rolling.  These animals can still move around the cage. 
Attachment of cannulae to the skull with dental cement can cause irritation to the surrounding tissues or prevent healing. In less than 1% of animals, attachment points for the cannulae can come loose exposing the skull or underlying tissues. In cases where the implant comes loose and is removed by the animal this can cause damage to the brain and recapitulate the side effects of brain injury.
Due to the impact of the dental cement on healing, resuturing may be required on occasion more than 48 hours after surgery, if incision breakdown occurs after 48 hours post-surgery NVS advice will be followed, including resuturing if advised.
Placement of a subcutaneous minipump can lead to formation of a seroma, this does not typically cause any discomfort to the animal and should resolve without intervention.
How will you monitor for, control, and limit any of these adverse effects?
If adverse effects can't be prevented, how will you attempt to ameliorate their initial signs?
Post-surgery all animals will receive analgesia, this will be continued as necessary but will be provided for three days at a minimum.  Animals will be kept warm until they are successfully roused from anaesthesia and handling minimised to reduce distress.  If needed, warm saline injections will be given to ensure that the animals do not become dehydrated.  All animals will be monitored post surgery for recovery from anaesthesia, ensuring that they are mobile within the cage and able to access food and water.  Additional support and monitoring is determined by the grading of the animal, see below.  All animals will be checked in the AM and PM daily for a minimum of 5 days.
●	Grade 0-1: normal post operative monitoring and analgesia.
●	Grade 2-3: Ensure access to food and fluid; a long nozzled water bottle or hydration gel and a soft form of food will be provided in an accessible location, until animals recover to Grade 1 or 0, or the humane endpoint is reached.
Any skin that comes into contact with the cement will be cleaned with a sterile wipe or cotton swab to prevent irritation.  The wound will be checked daily for signs of irritation i.e. redness, swelling, or scratching of the wound. If wounds appear irritated they will be assessed by the NVS and treated with a suitable antiseptic cream.
In the event of a seroma, the NVS will be consulted, and the seroma monitored for changes in size or colouration. Animals will be monitored for signs of discomfort such as scratching, hunching or subdued behaviour.
What are the humane endpoints for this step?
This would be the point at which you would kill the animal to prevent further suffering.
All timings are given as hours post surgery.
●	Grade 2: If the reactive rolling persists for 72 hours after operation the animals will be killed. If the animals have not recovered to grade 1 or 0 within 96 hours then they will be killed     
●	Grade 3: If the animals have not improved to grade 2 or above within 72 hours then they will be killed.
In the rare event that attachment points for cannulae or minipumps come loose then the animal will be killed.  
If wound irritation shows no sign of improvement within 48 hours or the animal shows signs of distress then the animal will be killed.
If a seroma impedes movement or causes discomfort then the animal will be killed. If discolouration of the area is seen such as a dark appearance or yellowing then the animal will be killed as this suggests either bleeding or infection. Animals with a seroma that does not decrease in size after a week should be killed.
Step 5: Device recording (optional)
Describe the procedures that will be carried out during this step.
Explain where one or more steps are repeated in one experiment, list any alternative techniques within a step (e.g. dosing routes), and include all procedures performed under terminal anaesthesia.  When describing the technical aspects of a step, be broad enough to be flexible when the variation does not impact on animal welfare (e.g. use "antibiotic" instead of "penicillin"). Finally, avoid specifying volumes and frequencies when they do not impact on animal welfare.
(After implantation of the device in step 3 and recovery from surgery, and on multiple occasions if recording AA. For AB, limit of 1 session per day for 7 days.)
The device may be used to image or record the brain. (AA/AB/AC)
Imaging will only be repeated providing that the animal has fully recovered from the previous imaging session; i.e. eating, drinking normally and appropriately socialising. 
Prolonged imaging or recording will only be conducted if shows no effect on the animal i.e. eating, drinking normally and appropriately socialising. 
Imaging is limited to one session per day of up to 45 mins.  Up to 30 sessions within a 4 month period when imaging AA.
___________________________________________________________________
Is this step optional?
Yes
___________________________________________________________________
Do you expect this step to have adverse effects for the animals that are more than mild and transient?
Do not list uncommon or unlikely adverse effects, or effects from procedures that will cause no more than transient discomfort and no lasting harm. For example, an intravenous injection of a small volume of an innocuous substance.
Yes
___________________________________________________________________
What are the likely adverse effects of this step?
State the expected adverse effect, including the likely incidence, and the anticipated degree and duration of suffering.
High stimulation or imaging frequency could lead to a head tilt.
Alteration of activity within the brain could cause minor changes in behaviour. 
Animals could become distressed or tangled in external cabling.  Signs of distress could include hunching, changes in locomotor behaviour, reduction in ability to eat or drink.
How will you monitor for, control, and limit any of these adverse effects?
If adverse effects can't be prevented, how will you attempt to ameliorate their initial signs?
Animals will be habituated to any cabling, in short bursts prior to longer term attachment.  Animals will be checked frequently, either directly in person or indirectly via a secure monitoring system, to ensure that they do not become tangled in cabling or distressed.
If a head tilt is seen then stimulation will be stopped.
What are the humane endpoints for this step?
This would be the point at which you would kill the animal to prevent further suffering.
In the event of distress - hunching, changes in locomotor behaviour, reduction in ability to eat or drink, not alleviated within 24 hours by removal of attached cabling and/or cessation of stimulation/recording - animals will be killed.
Step 6: Device stimulation (optional)
Repeated from protocol 10
Describe the procedures that will be carried out during this step.
Explain where one or more steps are repeated in one experiment, list any alternative techniques within a step (e.g. dosing routes), and include all procedures performed under terminal anaesthesia.  When describing the technical aspects of a step, be broad enough to be flexible when the variation does not impact on animal welfare (e.g. use "antibiotic" instead of "penicillin"). Finally, avoid specifying volumes and frequencies when they do not impact on animal welfare.
(After implantation of the optical/recording device in step 5, and recovery from surgery, and on multiple occasions) Animals will be stimulated using the device and/or a fiber optic cable attached to the device. (AA/AC)
Prolonged stimulation will only be conducted if stimulation shows no effect on the animal i.e. eating, drinking normally and appropriately socialising.
___________________________________________________________________
Is this step optional?
Yes
___________________________________________________________________
Do you expect this step to have adverse effects for the animals that are more than mild and transient?
Do not list uncommon or unlikely adverse effects, or effects from procedures that will cause no more than transient discomfort and no lasting harm. For example, an intravenous injection of a small volume of an innocuous substance.
Yes
___________________________________________________________________
What are the likely adverse effects of this step?
State the expected adverse effect, including the likely incidence, and the anticipated degree and duration of suffering.
In less than 1% of cases, prolonged light stimulation could lead to phototoxicity in the cells and cause a mild head tilt.
Alteration of activity within the brain could cause minor changes in behaviour.
Animals could become distressed or tangled in external cabling for light stimulation.
How will you monitor for, control, and limit any of these adverse effects?
If adverse effects can't be prevented, how will you attempt to ameliorate their initial signs?
Animals will be habituated to any cabling, such as for light stimulation, in short bursts prior to longer term stimulations.  During the stimulations animals will be checked frequently, either directly in person or indirectly via a secure monitoring system, to ensure that they do not become tangled in cabling or distressed.
If a head tilt is seen then stimulation will be stopped.
What are the humane endpoints for this step?
This would be the point at which you would kill the animal to prevent further suffering.
In the event of distress - hunching, changes in locomotor behaviour, reduction in ability to eat or drink, not alleviated within 24 hours by removal of attached cabling and cessation of stimulation - animals will be killed.
Step 7: Administration of substances (optional)
Repeated from protocol 9
Describe the procedures that will be carried out during this step.
Explain where one or more steps are repeated in one experiment, list any alternative techniques within a step (e.g. dosing routes), and include all procedures performed under terminal anaesthesia.  When describing the technical aspects of a step, be broad enough to be flexible when the variation does not impact on animal welfare (e.g. use "antibiotic" instead of "penicillin"). Finally, avoid specifying volumes and frequencies when they do not impact on animal welfare.
(At any stage, and on multiple occasions, subject to the limits in the protocol justification) administration of substances (labelling agents e.g. BrdU, EdU; agonists or antagonists, cell response modulators e.g. tetracycline, clozapine; glial toxins, non pathogenic viruses, cytokines, antibodies, or controls)  by, on each occasion, one of the following routes: one of the following routes. Additional substances may be administered concurrently by multiple routes (a-f) if the substances are innocuous and are not expected to increase the burden to the animal. 
a. Subcutaneously (AA)
b. Intraperitoneally (AA)
c. Oral (including in supplemental food or drinking water, standard diet will not be fully replaced) (AA)
d. Gavage (AA)
e. Infusion via minipump, previously implanted in step 4, non glial specific toxins may also be administered by this route e.g. TTX, PTX, conotoxin (AA)
f. Injection into the tail vein (AA)
___________________________________________________________________
Is this step optional?
Yes
___________________________________________________________________
Do you expect this step to have adverse effects for the animals that are more than mild and transient?
Do not list uncommon or unlikely adverse effects, or effects from procedures that will cause no more than transient discomfort and no lasting harm. For example, an intravenous injection of a small volume of an innocuous substance.
Yes
___________________________________________________________________
What are the likely adverse effects of this step?
State the expected adverse effect, including the likely incidence, and the anticipated degree and duration of suffering.
After gavage, 1% of animals may show signs of gastric reflux, this presents as subdued behaviour for a few minutes post gavage. If reflux is followed by aspiration this can cause gasping.
In less than 0.1% of cases, water consumption may be affected when substances are added to the drinking water. This can lead to dehydration related weight loss, skin tenting, or lethargy.
How will you monitor for, control, and limit any of these adverse effects?
If adverse effects can't be prevented, how will you attempt to ameliorate their initial signs?
Animals will be observed post gavage to identify any signs of reflux or gasping.
Water consumption for rats is approximately 10ml/100g. If water consumption falls below normal, and is not corrected by use of sweeteners, and/or the animal starts showing signs of decreased consumption (e.g. weight loss, skin tenting) then administration of drug in water will be stopped and animals immediately offered untreated water. If drinking resumes, then the substances may be administered via an alternative method.
What are the humane endpoints for this step?
This would be the point at which you would kill the animal to prevent further suffering.
Any animal showing gasping not resolved within 2 minutes will be killed. Any animal that appears subdued post gavage and does not return to normal behaviour will be killed.
If animals do not return to normal drinking after being presented with untreated water, then they will be killed.
Step 8: Behavioural testing (optional)
Repeated from protocol 9
Describe the procedures that will be carried out during this step.
Explain where one or more steps are repeated in one experiment, list any alternative techniques within a step (e.g. dosing routes), and include all procedures performed under terminal anaesthesia.  When describing the technical aspects of a step, be broad enough to be flexible when the variation does not impact on animal welfare (e.g. use "antibiotic" instead of "penicillin"). Finally, avoid specifying volumes and frequencies when they do not impact on animal welfare.
At any stage and on multiple occasions, after recovery to grade 1 or better, animals will undergo typically one, but up to two, behavioural procedures from the table below (AA).
	Behavioural test
	Max session length
	Normal test frequency
	Additional procedures

	Rotarod
	Incremental fixed speed rotarod – up to 1 minute at three different speeds. 
Accelerating rotarod – up to 5 minutes per session
	Daily during training period, up to weekly after as required by experiments
	

	Open field test
	30 minutes
	Weekly, up to daily
	

	Classical eye blink conditioning task
	
	
	


___________________________________________________________________
Is this step optional?
Yes
___________________________________________________________________
Do you expect this step to have adverse effects for the animals that are more than mild and transient?
Do not list uncommon or unlikely adverse effects, or effects from procedures that will cause no more than transient discomfort and no lasting harm. For example, an intravenous injection of a small volume of an innocuous substance.
No
___________________________________________________________________
Step 9: Terminal procedures (mandatory)
Repeated from protocol 7
Describe the procedures that will be carried out during this step.
Explain where one or more steps are repeated in one experiment, list any alternative techniques within a step (e.g. dosing routes), and include all procedures performed under terminal anaesthesia.  When describing the technical aspects of a step, be broad enough to be flexible when the variation does not impact on animal welfare (e.g. use "antibiotic" instead of "penicillin"). Finally, avoid specifying volumes and frequencies when they do not impact on animal welfare.
Animals will be killed by:
a. Schedule 1 method; or
b. Perfusion fixation (AC); or
c. Perfusion without fixative (AC) followed by confirmation of death by a method in Schedule 1; or
d. Decapitation (AA/AC)
___________________________________________________________________
Is this step optional?
No
___________________________________________________________________
Do you expect this step to have adverse effects for the animals that are more than mild and transient?
Do not list uncommon or unlikely adverse effects, or effects from procedures that will cause no more than transient discomfort and no lasting harm. For example, an intravenous injection of a small volume of an innocuous substance.
No
___________________________________________________________________
Protocol 20: Fate of animals
What will happen to animals at the end of this protocol?
Select all that apply. These options are based on what you selected in the non-technical summary.
· Killed
Will you be using non-schedule 1 killing methods on a conscious animal?
Yes
For each non-schedule 1 method, explain why this is necessary.
Decapitation is necessary to give high quality, live brain slices to be used for electrophysiological experiments ex-vivo and cannot always be performed under anaesthesia, as the anaesthetic agents can affect the ion channels and cell activity that we are investigating. Similarly, CO2 anaesthesia changes the pH of the brain dramatically with effects on all cell types thus making it unsuitable as an alternative. 
Decapitation will only be used in conscious animals when alternative methods are not viable. A guillotine will be used for decapitation to ensure an instantaneous separation of the head and a rapid loss of consciousness.
___________________________________________________________________
Protocol 20: Animal experience
Summarise the typical experience or end-to-end scenario for an animal being used in this protocol.
Consider the cumulative effect of any combinations of procedures that you may carry out.
All animals in this protocol will undergo three stereotaxic surgeries, one of which must include induction of a demyelinating lesion in the CNS, and another which must include injection of substances into the CNS. Depending on study requirements, implantation of device or cannula will then be performed in combination with lesioning/brain injection or on a separate occasion, for a total of three mandatory stereotactic surgeries. The interval between surgeries will typically be two to three weeks to allow complete recovery between surgical procedures. Repeated surgical interventions increase the exposure to inhalant anaesthesia, potentially leading to an increased risk of anaesthesia related death. To minimise this risk only animals that make a complete and unremarkable recovery will be used for multiple surgeries. Any animal that experiences adverse effects graded 3 or above will not be used for any subsequent surgical procedure.
Pain and discomfort may result from surgeries, but will be minimized by the administration of pre-operatory analgesia. Animals are expected to make an unremarkable recovery from anaesthesia, but oxygen and heating will be provided post-operatively to facilitate recovery. Pain in the subsequent days will be minimized by post-operatory analgesia, administered subcutaneously or orally, or in jelly/chocolate spread, twice a day, for three days. Most animals will proceed to recover from lesioning with no or mild symptoms (e.g mild head tilt), which when present will typically last no longer than four days. A small percentage of animals may experience severe side effects, e.g. balance problems leading to rolling and difficulties in movement within the limits for humane endpoint. Water gel, soft food and a heating pad will be provided in these cases to ensure that animals continue to have access to water/food and to improve overall well being.
 In rare cases, brain interventions post lesion may recapitulate the potential adverse events associated with lesioning, where this happens grading will be as before, but the severity for grades 2-6 will be regarded as severe due to the cumulative effects of the adverse events. No further surgical procedures will take place for any animal graded severe at any stage in the protocol.
After lesioning, some animals will be administered substances, typically orally, mixed in chocolate spread, jelly, or dissolved in drinking water. Some animals may undergo behavioural testing or stimulation through implanted devices. Where a minipump has been implanted substances will be infused via the minipump, this may occur in addition to receiving substances by other routes, such as an intraperitoneal injection of labelling agent, or clozapine in the drinking water. Procedures taking place after lesioning are expected to begin typically three days post-lesion but not before full recovery from surgery has been achieved. Animals will be killed typically three-four weeks after lesioning.
[image: ]
Chart showing the main subset of experiments that will use this protocol and typical usage of optional steps. Not every combination of steps is shown, however the majority of the planned experiments will be as illustrated.  Mandatory steps are shown in purple ovals, optional steps in blue rectangles.
The maximum number of surgeries that could be performed under this protocol would be three stereotactic surgeries.
Typically, rats under this protocol would receive an injection into the brain (such as non-pathogenic virus expressing GCaMP). After 2-3weeks, to allow virus expression, a second stereotactic surgery would be performed to implant a recording device focused on the area of the injection. The recording device would immediately be used during the surgery to allow for correct positioning and focusing over the cells expressing the virus. After recovery from the surgery, baseline recordings would be made of the brain activity on two or three occasions whilst the animal is awake and active. The animal would then undergo a third and final stereotactic surgery to inject a lesioning agent into the brain to generate a demyelinated lesion. When the animal has recovered to grade 0-1, recordings will be made of brain activity during the remyelination period. At the end of the remyelination period the animal would be killed by perfusion fixation.
For harm-benefit calculations, an example of the worst case scenario for this protocol would be the following:
In one stereotactic surgery, there would be an injection into the brain (such as non pathogenic virus expressing GCaMP). After 2-3weeks, to allow virus expression, a second stereotactic surgery would be performed to implant a recording device focused on the area of the injection. The recording device would immediately be used during the surgery to allow for correct positioning and focusing over the cells expressing the virus. After recovery from the surgery, baseline recordings would be made of the brain activity on multiple occasions whilst the animal is awake and active. The animal would then undergo a third and final stereotactic surgery to inject a lesioning agent into the brain to generate a demyelinated lesion. When the animal has recovered to grade 0-1, recordings will be made of brain activity during the remyelination period. An animal could receive up to 7 IP injections of non harmful substances during the remyelination period and be tested in an open field test for up to 30 minutes once a week. After 3 weeks of remyelination the animal is killed by perfusion fixation.
___________________________________________________________________
Describe the general humane endpoints that you will apply during the protocol.
These will be in addition to the endpoints stated for each step.
Repeated surgical interventions increase the exposure to inhalant anaesthesia, potentially leading to an increased risk of anaesthesia related death. To minimise this risk only animals that make a complete and unremarkable recovery will be used for multiple surgeries. Additionally animals will only be used for additional stereotactic surgeries if they do not show signs of rolling after any previous surgery, and must not show adverse effects beyond grade 2.
In rare cases, brain interventions post lesion may recapitulate the potential adverse events associated with lesioning, where this happens grading will be as before, but the severity for grades 2-6 will be regarded as severe due to the cumulative effects of the adverse events.
The general humane endpoints will apply unless within the post-operatory period following lesioning, in which case please refer to the step endpoints. Any animal that shows deviation from normal health (such as piloerection, hunched posture, abnormal gait, inactivity or inappetence) will be monitored more frequently and supportive treatment provided such as warming, analgesia, and wet mash. Should the signs persist for a period of 24 hours the animal will be humanely killed using either a Schedule 1 method or a method detailed in the killing step to allow data to be gathered. 
In addition, unless otherwise specified in the step, any animal that loses 15% of its body weight compared to its baseline weight will be killed. The baseline weight should either be the highest recorded weight immediately prior to procedures, or an average of 3 weights on different days immediately prior to procedures. 
___________________________________________________________________
Protocol 20: Experimental design
What outputs are expected to arise from this protocol?
For example, test results, phenotypic information, or products.
Brain and spinal cord tissue for histological and cellular analysis. Data from in-vivo recordings of CNS activity and behavioural testing.
___________________________________________________________________
Will this protocol generate quantitative data?
Yes
___________________________________________________________________
Will your experimental design be determined by a regulatory guideline?
No
Where relevant, explain how and when pilot studies will be used.
Pilot studies are unlikely to be performed under this protocol. All untested substances, and other experimental methods, like viral targeting,  will be used in pilot studies under less intensive protocols.
How will you choose different experimental groups?
For example, controls, dose levels, satellites etc.
For most longitudinal brain recordings, pre-lesioning baseline recordings will serve as internal controls for post-lesioning recordings from the same animal. For studies in which the main output is CNS tissue for histological and cellular analysis, control groups will typically be comprised of lesioned animals injected with control viruses inducing the expression of control transgenes, or injection of control virus to the contralateral side (e.g. in the case of the inferior olive where there are two nuclei and two cerebellar peduncle white matter tracts, allowing the contralateral side of the same animal to serve as an internal control and reduce the overall number of animals used). In these studies, experimental groups will typically comprise lesioned animals in which a transgene of interest is expressed following viral injection in the brain.
How will you choose control groups?
Provide a robust scientific justification for controls with significant suffering such as sham surgery controls or untreated infected controls.
Internal controls will be used for most longitudinal brain recordings. Control groups in cross-sectional studies will be comprised of lesioned animals injected with control viruses inducing the expression of control transgenes or lesioned wild-type animals,  or internal controls  (e.g. in the case of the inferior olive where there are two nuclei and two cerebellar peduncle white matter tracts, thus an injection of control virus to the contralateral side of the same animal serves as an internal control and reduces the overall number of animals used.
How will experiments and data analysis be randomised and blinded?
We will randomly allocate animals to different experimental conditions, such as by use of online randomiser tools https://www.randomizer.org/ or spreadsheet random number generation, though some grouping may occur prior to randomisation e.g. treated water may be given on a cage by cage rather than animal by animal basis to minimise animals being singly housed for long study durations. Blocking may also be used to ensure that groups being compared consist of similar individuals e.g. behavioural studies where animals perform pretraining, extreme high performers will be allocated evenly between experimental conditions.  
Experimental analysis will be carried out blinded or via automated analysis.
Blinding of files for analysis is performed by coding filenames to remove information that can be used to identify experimental condition (e.g. image files).  Where possible we use automated analysis using scripts or image processing software to minimise bias.
How will you minimise variables to ensure reproducibility?
Animals will be obtained at the same time and from the same supplier (or littermates if bred in house) as the animals under experimental protocols where possible, housed in the same conditions, and procedures performed by either the same researcher or with conditions divided evenly between researchers. Within the same experiment the same batch of demyelinating agent and other substances will be used for all groups.
How will you determine group sizes?
You should reference POWER calculations you have made, if relevant.
The determination of the sample size needed for each experiment is based on power calculations, and effect size calculations. We assume that the datasets we will generate follow normal, i.e. Gaussian, distribution, as with our previous data. We used the mean and standard deviation from our preliminary data, previous work, and available published datasets relating to similar experiments as we propose to do, as estimates of the difference we will detect in the proposed experiments. These assumptions allow us to calculate Cohen’s effect size d and use this to determine the estimated effect size for an experiment.  Apart from behavioural and tissue culture studies, the Cohen’s effect size d was 3 or above, thus a sample size of n=5 for control and n=5 for most studies proposed will have at least a statistical power >0.95 at alpha=0.05 in a two-tailed t-test studies.
How will you maximise the data output from the animals you use on this protocol?
Where possible we will use the tissues obtained from this protocol for multiple experimental factors rather than just one variable. We will also store any resultant isolated cells, fixed tissues, or RNA not used in the original experiment for future additional analysis.
Where long term in-vivo recordings are available through an implanted optical or recording device we will image/record at several timepoints thus gaining multiple data-points from within the same animal.
Electrophysiological data generated ex vivo will be stored for additional analysis. Ex vivo brain slices will be shared between researchers where possible.
Protocol 20: Protocol justification
Why is each type of animal, experimental model, and/or method selected for this protocol:
a) the most appropriate scientific approach?
Disease associated white matter damage is a well known issue in human populations such as multiple sclerosis (MS), or leukodystrophies. Indeed, white matter damage is not limited to disease and seems to accumulate with age, or occur as a consequence of medical treatment such as chemotherapy, brain injury or even infections, leading to long-lasting white matter damage and cognitive decline – potentially underpinning dementia. OPCs, which remain in the adult CNS, respond to the demyelinating injury by migrating to the lesion site where they differentiate into new myelinating oligodendrocytes to restore the lost myelin sheaths and thus function. Myelin regeneration can occur spontaneously in demyelinating diseases such as MS, and is essential for functional recovery. However, it often fails, leading to axonal degeneration and sustained clinical disability. We generate demyelinating lesions in order to address myelin damage and regeneration. Ethidium bromide, lysolecithin, and lipopolysaccharide each disrupt white matter in different ways. Ethidium bromide and lysolecithin both provide  a discrete and rapid demyelination phase followed by efficient remyelination ideal for studying the effects of different interventions in modulating repair. Lipopolysaccharide lesions have a stronger immune mediated component and are a closer model to the immunological damage seen in MS, but can still be directed to specific regions.  
In order to modulate the remyelination response or label particular cell populations it will be necessary to perform surgical procedures in addition to lesioning, such as implantation of an optical or recording device, brain injections, and/or minipump implantation for infusion. By carrying out these procedures in a separate stereotactic surgery to the lesion surgery, we can look at later responses, pre-label certain cells before the lesion, give time for viral vectors to be expressed, focus devices onto cells expressing the vectors, and/or establish baseline activity recordings.  
Precise targeting of a specific subpopulation or small region of cells within the brain is only achievable with direct brain injection or infusion and is essential for investigation of individual neuronal circuits. Through injection of different substances into the brain or spinal cord we can obtain data about signalling pathways (such as by blocking specific signals) and their relevance for remyelination, we can express labels and identify specific circuits within the brain, we can test the effects of the immune mediated factors, we can also modulate activity and evaluate the effects on key processes within the brain, for example, remyelination, neuronal circuit development, or proliferation, migration and differentiation of glial cells. We can also use infusions into the brain or spinal cord via minipump determine the effect of chronic demyelination on neuronal function, similar to as seen in MS, by generation of a demyelinated lesion, followed by local delivery of EdU via an implanted minipump, or proliferation or differentiation blockers, which prevent remyelination.  This chronic demyelination model also enables us to address whether there exists a limited window of opportunity for myelin regeneration to take place and whether it can be affected by changes in neuronal activity.
Optical devices allow us to stimulate the brain and alter neuronal activity with light to determine how neuronal activity regulates myelin regeneration or to image axon-glia interactions during the remyelination process. Recording devices are used to obtain measures of electrical activity within the brain, and can be used to simultaneously stimulate and record the effect of altering activity (for example, measuring action potentials fired in response to a small local stimulus). In order to establish a baseline of activity prior to lesion onset, these devices need to be implanted in a separate surgery to the lesion surgery, each animal can then function as a control for its pre lesion state allowing a detailed interrogation of the changes that occur as a result of demyelination.
Through use of these interventions in different combinations and areas of the central nervous system we can identify key signalling pathways and mechanisms underlying remyelination, not just across the lesion area, but in areas of the circuit downstream of the damage, and we can disentangle the contributions of different cell types, or even cell states, to the remyelination process.  
For example, in order to investigate alterations in the cell bodies of neurons that pass through the lesion, and surrounding glia,  we would generate a CCP lesion and record changes in the inferior olive (the neuronal cell bodies of the axons which extend through the CCP are found in the inferior olive). To do this, we must first inject viruses into the area to express a fluorescent sensor (such as GCaMP, GRASP, or similar), followed by 2 weeks of expression time, then a second surgery to implant the optical device, establish the baseline recordings, and in a final stereotactic surgery perform the lesion. Using this triple stereotactic approach enables us to focus the optical device in the correct location based on the expression of the fluorescent sensors for imaging neuronal activity, and also to establish a baseline for the recording so that we can compare the activity of the same neurons before and after the lesion, increasing the validity of the resultant data.  Longitudinal recordings, with internal controls, within the same animal, reduce intra-animal variability and significantly reduce the number of animals required to address the research question. The alternative to this protocol, would be a larger number of animals undergoing two surgeries under protocol 10. The overall suffering would be greater, whereas separating the virus injection from the implantation and lesion, within the humane endpoints that we have set, would not represent a significant additional burden to the individual animal.  Data from this protocol will also feed back into protocol 10 to reduce variability in optical device recordings in the region expressing viral vectors.  Where possible, protocol 10 will be used instead of this protocol.
This type of information cannot be obtained by using in situ electrophysiology or imaging methods. These experiments provide essential information that is critical to understand the regulation of myelin regeneration and to devise novel treatments to promote repair in people with MS and other white matter disorders.We have a number of ex-vivo experimental techniques which can utilise the brain tissue from lesioned animals (with or without other interventions) to determine the changes in neurons and glia which occur during and after the remyelination process. Which we use whenever possible to address our experimental question. For example, we can patch-clamp neurons whose axons pass through the demyelinated lesion, as well as collecting neuronal cells bodies for proteomic and RNAseq analysis. Neuronal cell bodies of demyelinated axons can be labelled by injecting a retrograde dye (such as FastBlue) into the lesion at the point of lesion induction. These recordings, and expression analysis, can be compared to age matched animals where the neurons that pass through the same tract are also labelled with the same dye but in unaffected neurons. Similarly we can patch clamp glia within the lesion, or in the areas surrounding the lesion, to obtain data about cell state and changes in the ion channels within glia in response to demyelination.
To investigate the functional behavioural consequences of our interventions we will use the classical eye-blink conditioning task not only to assess motor learning but also as a non-invasive method for testing cerebellar function. Glial dysfunction can also lead to problems with general locomotor activity, which can be tested by the open field test.  Grasping ability and eye-blink conditioning can also be affected by neuronal circuit dysfunction so grasping tests such as the rotarod and eye-blink conditioning will give valuable insight into the effect of glia and myelin on the neuronal circuit function.
Decapitation is necessary to give high quality, live brain slices to be used for electrophysiological experiments ex-vivo and cannot always be performed under anaesthesia, as the anaesthetic agents can affect the ion channels and cell activity that we are investigating. Similarly, CO2 anaesthesia changes the pH of the brain dramatically with effects on all cell types thus making it unsuitable as an alternative. 
Perfusion fixation is the only method that will preserve tissue quality well enough to perform the histological analyses on which the study outputs depend (e.g. tissue for immunohistochemistry, in situ hybridisation and electron microscopy).  
Perfusion without fixatives is required to generate live tissue brain slices for electrophysiological recording of certain cells e.g. neurons. Removal of blood from the brain tissues prior to cell sorting or tissue isolation for cell culture, or omics; is best achieved by perfusion of physiological buffering solutions (or similar non fixative solutions)
___________________________________________________________________
b) the most refined for the purpose?
For the stereotactic surgeries we have referred to the NC3Rs guidance on Refining rodent stereotactic surgeries and other resources in the NC3Rs 3Rs resource library. 
The remyelination process is a complicated interplay between multiple cell types, growth factors, environmental changes and other pathways that is currently impossible to model by any other method except an in vivo demyelinating model.  The lesion locations that we are using have been carefully chosen to minimise the occurrence of long lasting adverse effects to minimise the suffering of the animals, and are typically small, so that the complete remyelination process (approximately 3-4 weeks) can be studied.  Lesions will be generated by injection of small volumes of one of the following chemicals; ethidium bromide, lysolecithin, or lipopolysaccharide; use of these lesioning agents is well established. Post-surgical animals will be supported with pain relief, accessible food and water, fluid injection if needed, kept warm during their recovery time, and minimally disturbed to reduce stress. Where possible post operative analgesia is provided in an edible form such as in jelly or chocolate spread, to minimise handling stress post surgery. Local anaesthetic cream (EMLA or similar) is used on the (non puncturing) ear bars of the stereotactic equipment and analgesia is given pre and post surgery.
     An alternative to the use of the lesioning agents injected into the CNS would be experimental autoimmune encephalomyelitis (EAE), which, depending on mode of induction and duration of the experiment, leads to widespread lesions and significant progressive clinical disability (e.g., progressive paralysis) and death (in some strains up to 80% mortality). In comparison, our model does not lead to any progressive symptoms and clinical signs typically resolve within a few days.     
Precise targeting of a specific subpopulation or small region of cells within the brain is only achievable with direct brain injection, or infusion. Genetically modifying specific cell types to label them or modulate their responses with the use of transgenic rodent models is not feasible for certain targets, or genetic modification may be required to allow area restricted and cell specific modulation or regulation.  Specific cell-type genetic modification would still lack the precision needed to address circuit development, or effects on individual circuits, and may also lead to more severe adverse effects – especially when it comes to modulation of activity, whereby increasing activity in a small local area could potentially have no adverse effects but increasing activity generally could lead to seizures or long-lasting movement problems.
Recently, new viruses have been developed (AAV-PHP.eB) that can cross the brain-blood barrier in rodents, thus allowing intravenous (IV) delivery of viruses as a potential alternative for gene modification and representing a significant refinement to brain stereotaxic injection (Chan et al., 2017). Where pilot studies show this is an effective route and a focal delivery is not needed, it will be used rather than brain injection.
To address the effect of glia and myelin on neuronal circuit function, behavioural testing will be used. The behavioural tasks used will be mild and generally just observing movement of the animals, though some will require learning and appetitive stimuli to ensure that the animals perform the tasks.  Animals will only be used for behavioural tests when fully recovered from any surgical procedures (i.e. grade 0/1 after cranial surgeries), both for the welfare of the animals and to ensure validity of the data.   Animals will be group housed wherever possible to reduce social isolation stress. Animals quickly become habituated to the handling required for testing and in many cases the testing itself acts as environmental enrichment.
If an osmotic minipump is implanted for a longer time period than recommended by the manufacturer then it can start to leak concentrated salt solutions which will act as an irritant.  The guaranteed lifespan where this will not occur is approximately 1.5x the delivery period for the pump.  If animals have an osmotic minipump in situ approaching this timepoint then there will be increased monitoring for any signs of irritation; this might include localised swelling around the minipump, signs of dehydration (eg. Increased water consumption, skin tenting) redness around the implantation site, increased scratching of the area around the minipump, or signs of pain or discomfort from the animal such as hunching or squinting (assessed using grimace scales).  At the first appearance of any of these clinical signs the animal will be killed.  The majority of our experiments will not require leaving a minipump in situ beyond the manufacturers’ recommendations.
Decapitation will only be used in conscious animals when alternative methods are not viable, for example, in mice cervical dislocation immediately prior to decapitation can be used if the brain stem doesn’t need to be intact. A guillotine will be used for decapitation of non-neonate animals, to ensure an instantaneous separation of the head and a rapid loss of consciousness.
___________________________________________________________________
For each model and/or method, what is the scientific need for the expected clinical signs?
In order to modulate the remyelination response or label particular cell populations it will be necessary to perform surgical procedures in addition to lesioning, such as implantation of an optical or recording device, brain injections, and/or minipump implantation for infusion. By carrying out these procedures in a separate stereotactic surgery to the lesion surgery, we can look at later responses, pre-label certain cells before the lesion, give time for viral vectors to be expressed, focus devices onto cells expressing the vectors, and/or establish baseline activity recordings. 
As we are injecting or implanting into the central nervous system some damage is likely to occur which leads to the clinical signs described. 
___________________________________________________________________
Why scientifically do the animals need to suffer to this degree?
We cannot study the process of remyelination without first generating a demyelinating lesion. In order to generate a localised area of damage we need to access the central nervous system surgically and this is associated with the clinical signs described. In order to modulate repair we need to administer substances to the area of damage - where systemic administration is possible then it will be used rather than localised. The locations and types of lesion that are to be generated have been chosen to minimise the effect of the lesion itself on the animal, the bulk of the clinical signs expected are due to the initial inflammation associated with the surgical procedures, which resolve within a few days (or within the humane limits) rather than a necessary induced harm.
Animals under this protocol need to undergo three separate stereotactic surgeries in order to investigate the remyelination process, as with the lesion most clinical signs as a result of the surgeries are due to inflammation and not the aim of the experiment. Where interventions can be performed in one surgery they will be carried out under protocol 9, if they can be performed in two surgeries then they will be carried out under protocol 10.
___________________________________________________________________
Why can't you achieve your scientific outputs with an earlier humane endpoint, or without animals showing any clinical signs?
It has been our experience that animals undergoing lesion surgeries can make dramatic improvements over time as swelling from the surgery decreases and within that 8 hour time window the majority of animals will recover to less severe grades.  Animals capable of righting themselves and moving well around the cage will be kept for a maximum of 48 hours if they are generally on their side and associated with occasional spontaneous rolling or reactive rolling. In all cases animals that show reactive rolling will be handled as little as possible and stress minimised wherever possible. Animals undergoing lesion surgeries will be assessed regularly using our established grading system by trained assessors (see protocols for further details).  The grading system will also be used to ensure that, where an additional surgery is planned, that surgery does not take place until the animal has been assessed using the grading system as being grade 0/1.  The majority of animals (60-75%) will recover with no head tilt and mild-moderate clinical signs post anaesthesia recovery, with an additional 20% of animals showing a mild head tilt that has no effect on free movement, drinking, eating or other behaviour. All animals that are killed due to reaching a humane end point will undergo either a necropsy to confirm the lesion location or a full pathological necropsy in order to establish any potential cause.
The humane end points proposed are a balance between the suffering of one animal and the potential need for a replacement animal to undergo procedure. Clinical signs that are seen post lesion do not progressively worsen as in many models of neurological damage and animals are expected to improve within the timescales, though some balance and movement difficulties can occur, animals are still able to move around in the cage and access food and water.
Due to the nature of the processes that we are investigating, some clinical signs associated with myelin deficits are to be expected, we have already set our humane endpoints to be prior to the onset of more severe clinical signs.
___________________________________________________________________
Will you be administering substances for experimental purposes?
Yes
___________________________________________________________________
How will you assess the suitability of these substances, and minimise the unnecessary harms arising from their administration given the particular strain or type of animal you will be using?
When assessing suitability, state how you will consider toxicity, efficacy, and sterility.
Before administering any substances to animals we will thoroughly check available literature for prior use in vivo.  Generally, substances used will not be expected to cause adverse effects and, in the cases of pro-regenerative agents would be expected to lead to improvements rather than any detrimental effects. Where substances have not been used previously, we will carry out ex vivo testing on brain slices or cultures to ascertain appropriate doses to generate the required effects before performing a small pilot study in vivo. 
The method of administration for these substances will depend on what route gives the optimal dose – dosages will be based on the available literature and in vitro or pilot studies.  We will always seek to choose the least invasive method and administration schedule to give the required dosage and onset of effect.  All substances administered to animals will be prepared in a sterile manner to minimise infection or contamination risks.
Pertussis toxin injections into the brain have been carried out repeatedly in the literature and no adverse effects have been reported at the low doses (≤0.5 µg) that we plan to use. Adverse effects associated with pertussis toxin injections are predominantly due to its effect on the lungs, which is avoided by the use of brain injection. None of the toxins for injection into the brain or CNS are expected to have any particular adverse effects, unless they are used as a lesion induction agent, adverse effects relating to the procedure are detailed in the protocol.
How will you determine an appropriate dosing regimen?
Include routes, dosage volumes, frequencies, and durations.
Routes, dosage volumes, frequencies and durations will be obtained from published literature where available. Pilot studies (performed under other protocols within this license) will be used to confirm that the chosen parameters are well tolerated by our specific models and genetic backgrounds.  Unless otherwise specified, dosing and sampling procedures will be undertaken using a combination of volumes, routes and frequencies that of themselves will result in no more than transient discomfort and no lasting harm. Maximum volumes and dosing frequencies will not exceed those described in the table below, and will be minimised to that which is sufficient to give the required experimental dose in pursuit of the scientific objective. 
All minipumps will be used according to the manufacturers’ recommendations for appropriate sizing with respect to the weight of the animal.
If repeated i/v injections under recovery anaesthesia (AB) are required, they will be separated by at least 4 days.
	
	Daily max. vol. ml/kg
	Max. number per day
	Max. number

	Subcutaneous injection
	10
	1
	7

	Intraperitoneal injection
	10
	1
	7

	Oral gavage
	20
	1
	7

	Intravenous
	10 (5ml/kg bolus)
	1
	3


Use of animals
Purpose bred animals
Will all schedule 2 animals used in your project be purpose bred?
This means animals that have been bred primarily to be used in regulated procedures or for the use of their tissues or organs for scientific purposes.
Yes
___________________________________________________________________
Endangered animals
Will you be using any endangered animals, apart from non-human primates?
Endangered animals are any of the species listed on Annex A of Council Regulation 338/97 and are not bred in captivity.
No
___________________________________________________________________
Animals taken from the wild
Will you be using any animals taken from the wild?
No
___________________________________________________________________
Feral animals
Will you be using any feral animals in your project?
A feral animal is an animal living in the wild but descended from domesticated individuals.
No
___________________________________________________________________
Other considerations
Neuromuscular blocking agents (NMBAs)
Will this project involve the use of neuromuscular blocking agents (NMBAs)?
No
___________________________________________________________________
Re-using animals
Why do you intend to re-use animals?
Explain how you will balance the needs of refining and reducing animal use before making your decision.
For protocols 1-3, we may re-use wild-type mice that have been genotyped by a regulated method. This reduces the overall number of animals that are used and makes use of animals which have only experienced minor discomfort - typically an ear biopsy.
We may also reuse mice in protocol 2 which have already been implanted by a non-surgical method. As the mice would only undergo minor discomfort from the procedure and would otherwise be wasted, we believe that the potential reduction in animal numbers balances the individual suffering, particularly if animals would otherwise need to be purchased and transported from a different location.
___________________________________________________________________
What are the limitations on re-using animals for this project?
For example, there may be a maximum number of times that an animal can be re-used, or a set of performance standards that requires a limit on re-use.
Animals will only be re-used once.
___________________________________________________________________
Commercial slaughter
Will you send any farm animals to a commercial slaughterhouse at the end of their use?
No
___________________________________________________________________
Animals containing human material
Do you intend to use animals containing human material in experiments classed as Category 2 or 3 by the Academy of Medical Sciences?
No
___________________________________________________________________
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