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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'.
Nutrient sensing in the brain
___________________________________________________________________
Licence holder
Clemence Blouet
___________________________________________________________________
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
___________________________________________________________________
Non-technical summary
Aims
What's the aim of this project?
Keep this to a short one or two sentence summary.
The aim of this project is to understand how the brain controls our appetite, weight and health. In particular, we want to understand how the brain detects the different types of food that we eat and the different types of energy that we have available in the body, and uses this information to regulate appetite, weight and health.
___________________________________________________________________
Why is it important to undertake this work?
This work is important because when brain pathways regulating appetite and energy use in the body are not working, this can cause diseases like obesity, diabetes and cardiovascular diseases like heart disease or atherosclerosis. Understanding these pathways will help develop new more efficient and safer therapies to lift the huge burden that these diseases represent (63% adults in the UK are overweight or obese, causing over 30,000 deaths each year and £6 billion of related health care cost).
___________________________________________________________________
Key words that describe this project
Choose up to 5. For example: cancer, stem cells, therapy.
· obesity
· appetite
· diabetes
· brain
· nutrient sensing
___________________________________________________________________
Benefits
What outputs do you think you will see at the end of this project?
Outputs can include new information, publications, or products.
I hope to discover pathways that the brain uses to control appetite and weight that we could target to treat obesity and metabolic diseases. 
I hope to produce new databases of genes involved in how the brain detects the nutrients we eat or have available in our body. These databases will be made available to others. I hope to produce a detailed characterisation of the mechanisms through which 3 of these pathways work. In the end, I may demonstrate that targeting these pathways is an efficient strategy to treat obesity and related health complications , leading to new research to develop new anti-obesity drugs. Such findings may be of interest for the pharmaceutical industry and I will submit patent applications when relevant. Data arising from this research may support future funding applications/clinical trials .
This work is important because our understanding of how the brain controls appetite and metabolism is very limited and as a consequence, there are only a few drug options to treat obesity. Obesity is a major threat to public health and costs billions of pounds each year in healthcare treatments. Most of the available pharmacological options have limited efficiency. Our new results indicate that we have identified one of the mechanism of action of the new anti-obesity drug Zepbound, which we want to further pursue. In additional, we are testing dietary interventions which are relevant for the human population (high protein diets, yoyo diets).
___________________________________________________________________
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.
The annual UK-wide NHS costs attributable to overweight and obesity are proposed to reach £9.7 billion by 2050. Most of this cost relates to dealing with the metabolic diseases associated with obesity, including type 2 diabetes, fatty liver disease and cardiovascular disease. This license will support research that will help generate new insights into the causes of type 2 diabetes and other common metabolic diseases associated with obesity, and to potentially reveal novel therapeutic drug targets.
In the short term, the scientific community will gain new information on the pathways and genes that we will investigate. The proposed work will increase our knowledge of how the brain works which will be useful for other researchers in neuroscience but also researchers who study nutrition and interactions between the body and the brain.  
Clinical researchers may benefit from this work, in particular if we show that some of the pathways we identify can help reduce obesity. 
Eventually this may benefit patients and society as a whole if we manage to decrease the burden of obesity and metabolic diseases.
___________________________________________________________________
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.
We will disseminate all our findings, including negative results and unsuccessful approaches, in local, national and international scientific conferences and seminars, and via publications in specialised open access peer-reviewed journals.
We coordinate with other researchers in the university and outside our institution internationally to share tissue samples and mouse models. This helps maximise the output of each animals or model we are using to prevent wastage.
We will engage with clinical researchers to initiate the translation of our work.
___________________________________________________________________
Project harms
Explain why you are using these types of animals and your choice of life stages.
Our goal is to produce knowledge that can be applied to improve human health. Therefore we need to use an adult mammalian organism. Mammals have unique sophisticated pathways to regulate feeding and metabolism. We cannot use a lower life-form, e.g. fish or insects, as they regulate energy balance, and in particular the expenditure side of the equation, very differently from mammals. 
Rodents allow the study of whole-body control of energy balance in a manner relevant to humans, as pathways involved in the control of appetite and body weight are largely similar between rodents and humans. Rodents allow access to several tissues critical to the control of metabolism (brain, pancreas) that are inaccessible in humans. Rodents are amenable to genetic manipulations, offering endless possibilities to characterise mechanisms underlying diseases in a specific and relevant manner.
 We need to understand how an adult mammalian organism functions as a whole to obtain and use energy. This happens at the level of the “whole organism” and not simply at a cellular level. Therefore, in the majority of the cases we cannot perform experiments in a dish.
We will focus on juveniles and adult mice because before weaning, the way pups obtain and use energy is very different. Also, fat mass storage occurs typically in the adult and cannot be studied in younger animals. Last, younger animals have different nutritional needs as they are still growing. We will also study pregnant females to study the metabolic adaptations that occur during pregnancy, a physiological state during which energy balance is challenged and which can help us understand underpinning pathways.
___________________________________________________________________
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.
Firstly, we will use established standardised breeding protocols to generate genetically altered mice.
Before performing large scale studies, we will use small groups of animals (pilot study) to confirm the details of our experiments (dose, timing), identify potential problems, confirm the experimental design, as well as implement improvements early on in the licence using a reduced number of animals. 
Mice will typically be group-housed in their home cages while being supplied with a regular diet or a modified diet enriched or depleted in specific nutrients for the entire lifetime. Mice may be exposed to dietary modifications, typically once in their lifetime but up to 7 times. They may be housed at different ambient temperatures ranging for 4C to 30C, typically for 4 weeks, and may be single housed typically for up to 8 weeks but sometimes for their entire lifetime. Mice may also be housed on modified flooring with a continuous pattern of holes. Mice may be food restricted overnight, typically on 4 occasions, or in some cases may be calorie-restricted typically for 4 weeks.
Mice on moderate severity protocols will typically undergo 1 surgery to inject substances into the brain, the blood or the intestine, and/or position permanent cannula for repeated injections in awake animals. 
· In brain surgery (up to 2 times in the lifetime of the animal), mice will undergo general anaesthesia for up to 30min. A small hole in the skull will be performed an a cannula will be inserted temporarily for the purpose of an acute injection, or secured permanently. 
· Vascular surgery (once per animal) will typically last 60 min and involves general anaesthesia, the opening of the upper body to isolate the jugular vein and carotid artery and the insertion of a permanent catheter into these blood vessels. 
· Intestine surgery (once per animal, 30min per procedure) involves general anaesthesia, the exposure of the intestine after opening of the body cavity, and the insertion of a permanent cannula. 
· Surgery for the insertion of a minipump or a telemetric device involves general anaesthesia and typically takes up to 5 min per procedure. Minipumps are used to deliver a substance in a continuous manner typically for 2 weeks in awake animals. Telemetric devices are used to measure body temperature and activity in a continuous manner in awake animals. Both these surgeries involve the opening of the body cavity or a small incision of the back, the insertion of the device, and closure of the cavity with sutures.
Alternatively, mice doses with tamoxifen via oral gavage might be on a moderate severity protocol because of the transient adverse effects produced by the required dose of tamoxifen through this route.
The majority of the mice will receive substances administered either into a vein, into the brain, into the intestine, into the body cavity, under the skin and/or via a tube inserted via the mouth onto the stomach dietary. The total number of substance administration through all these different routes will typically be 20 and in rare cases up to 60 over a minimum of 50 days.
In the majority of the mice, we will collect blood from either a superficial vein or via a pre-inserted catheter. 
Some mice may be tested in bespoke experimental chambers that allow advanced measurements or experimental paradigms. These include:
·  behavioural chambers: typically, animals will be acclimatised to these chambers and trained to perform a task of drinking or eating a predefined amount of diet or solution. This may be in a conditioning paradigm where the animals need to perform a task before accessing the diet or solution. Animals will be tested typically once a day (up to 2 times a day) and each session will last typically for 1h, typically for 8 weeks. Mice might be food restricted (80% of normal intake) in these experiments.
· calorimetry chambers: mice will be housed in a home-cage based system measuring gas consumption to determine how the body uses energy. Mice will be housed in these chambers typically for 3 days.
Typically, mice may need to have 2 scans in their lifetime to measure nutrient absorption in specific tissues or determine the amount of fat or muscle in their bodies. 
Female mice will  receive  a gene-inducing substance prior mating and undergo measurements of energy intake, energy expenditure, body composition and nutrient handling during pregnancy or lactation. For the purpose of energy intake and expenditure measurements, mice might be singly housed.
At the end of the experiment, animals will be humanely killed, tissues will be collected under deep, terminal anaesthetic unconsciousness by first removing the blood by pumping a salt-containing liquid through the blood vessels, called perfusion, followed by tissue preservation in a fixative solution for follow-up analyses. We with coordinate with other groups to share animal tissues including tissues from genetically modified mouse lines and post-mortem tissues in order to further reduce overall mouse numbers.
___________________________________________________________________
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.
Our studies will involve the following:
1. Blood sampling with its associated handling stress and transient discomfort.
2. Injections with their associated handling stress and transient discomfort.
3. Surgeries that will produce moderate transient discomfort. All surgical procedure will be completed under general anaesthesia so that the animal will remain in a state of sleep/unconsciousness throughout.
4. Some mice may develop diabetes and other metabolic complication which will result in increased drinking and urine production. If this is noted, we will monitor blood sugar levels and if they go too high the animal will be killed.
5. They will experience stress related to experimental procedures in bespoke environmental chambers or equipment and social isolation, producing mild transient or long-term harm.
6. Mice will also experience the cumulative effect of successive procedures producing mild and transient discomfort. All studies involving multiple steps will be performed in a longitudinal manner. Mice will be allowed most of the time 1 week (minimum 3 days) recovery between distinct steps and their welfare will be constantly monitored.
7. In some cases, specific mouse strains need to be dosed with a high dose of tamoxifen through oral gavage, which might produce transient moderate disconfort, and weight loss up to 20% from baseline, and therefore justifying a moderate severity limit.
___________________________________________________________________
What are the expected severities and the proportion of animals in each category (per animal type)?
Mice	:
· Mild	62%
· Moderate 37%
· Severe 1%
___________________________________________________________________
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 control of energy balance and metabolism occurs at the level of the “whole organism” and not simply at a cellular level. Therefore, the scientific understanding of these processes requires the study of whole organisms and cannot be studied in a dish.
We want to understand how the human body uses and obtains energy and the role of the brain in these processes. Therefore, we need to use a specie where the interactions between the brain and the body are similar. Also the interactions between the brain and the body are integrated multi-organ processes that require the study of live animals and whole organisms.
___________________________________________________________________
Which non-animal alternatives did you consider for use in this project?
As much as possible we will study our research questions in a dish. In particular, we have recently developed the use neuronal cell cultures that we can study in a dish. These are useful to test sensing mechanisms with a number of different assays. They enable us to test the role of candidate pathways in a dish before investigating their role in whole organisms. In addition, we have developed the use of brain tissues in a dish. In this model, we can test nutrients or hormones and measure a number of metrics relevant to brain function.
We use genetic and health data obtained from large group of human participants to guide our research in rodents.
We obtain tissues from collaborators as often as possible and share tissues as well.
___________________________________________________________________
Why were they not suitable?
We cannot use a lower life-form, e.g. fish or insects, because in these species, the way the body uses energy is different from mammals. Our goal is to produce data that are relevant to humans, therefore we need to use species where energy use is similar to that in humans.
___________________________________________________________________
Reduction
Enter the estimated number of animals of each type used in this project.
Mice: 20,800
___________________________________________________________________
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.
I used data from the past 4 years of my research to estimate numbers given the expected level of funding I will have in the next 5 years. Numbers are being adjusted in Dec 2022 following the obtention of new research funding . In these studies, we will use transgenic mice with 4 transgenic alleles, 2 of which have to be maintained in  heterozygous for breeding efficiency (ob allele- ob/ob being infertile- and myrf-flox allele). This creted complex breeding schemes with a high number of animals with unwanted genotype.Number are adjusted again in Apr 2024 following obtention of new research funding, with experiments requiring mice bred in the heterozygous state to create homozygous and wild-type littermates.
___________________________________________________________________
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 this project, we have the option to use diverse "phenotyping steps" in phenotyping protocols. Phenotyping steps are procedures where we measure how the body obtains and uses energy. They allow us to characterise the role of a pathway and the mechanisms through which this pathway eventually regulates body weight and health.The specific phenotyping steps we will use in a given study will depend on our specific experimental goals, varying from study to study. For example, we may find that one pathway modifies body weight by increasing the addiction to sugar and decreasing how the body burns fat. We may find that a pathway increases diabetes by increasing the preference to sugar and decreasing how the body uses sugar. Therefore, it is difficult to predict which steps may be used together. For that reason, we chose to propose modular phenotyping protocols, allowing us to optimise the quantity and type of information we will obtain from each study. In our experience, such modular approach will promote reduction. 
In addition, we included a number of generic phenotyping steps aimed at measuring covariables that can explain variability in our main outcome measures. These steps will increase the quality of the datasets we collect and promote reduction.
To further reduce the number of animals necessary to reach statistical significance and demonstrate an effect, we:
· 1) consult a senior biostatistician to advise us on statistics and experimental designs, 
· 2) reduce experimental variability using procedures, designs and technologies that limit variability in the measures, 
· 3) acclimatise animals to stressful procedures such as injections (using mocking injections where the animals are handled as during actual injections but do not receive any substance). This allows to familiarise the animal to the procedure, decreasing stress during the actual experiment where data are collected, and therefore decreasing variability,
·  4)  maximise the information that can be recovered from a single animal by testing several conditions and measuring multiple variables in the same mouse. See also above paragraph on modular protocols
· 5)  use the guidelines and online tools from NC3Rs and PREPARE to design experiments  
___________________________________________________________________
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.
We use randomisation, blinding protocols, and crossover designs when possible. To further reduce variability, we use inbred strains, littermates, body-weight-matched, gender-matched and age-matched groups. We acclimatise animals to experimental procedures to reduce stress-induced variability. For example, for animals who will receive substances through a pre-implanted brain cannula, we habituate the animals to the injection paradigm with "mocking brain injections" during which we connect the mice to the injection system without delivering any substance. We do this on 4 consecutive days before the actual substance administration. In behavioural experiments, will acclimatise animals to modified testing conditions and train them to perform expected tasks in order to increase the quality of the data collected.
We measure production and breeding performance and ensure the minimum numbers of animals are used. Whenever possible, we maintain homozygous lines. We also reuse WT animals for embryo recipients and in the generation of vasectomised males. However, it is best to keep cre alleles hemizygote, which we use routinely. Because we use bi- or tri-allelic strains, a number of animals with unwanted genotypes are being created.
Data collection from behaving undisturbed animals (telemetry, behavioural or calorimetric chambers) significantly reduces stress-induced variability. These technologies often enable continuous data collection, a way to detect small dynamic changes. Using these technologies, each animal can be used as its own control, which negates the need to have a second cohort of control mice running alongside. 
Surgical procedures also promote reduction by allowing the administration of substances in freely moving animals (undisturbed), hence reducing stress and  variability in collected experimental data, therefore reducing the number of animals required to reach good statistical power. To reduce the number of animal needed in surgical procedures, we implement strategies to maintain the potency of implanted catheters or cannulas, including regular flushing, and we use of surgery bedding.
Systematic use of body weight loss as humane endpoint sometimes leads to the loss of precious experimental animals otherwise clinically fine. Therefore, we use adequate techniques to assess welfare depending on each procedure (body composition scoring, assessment of clinical signs of suffering). Experience has enabled minor interventions to enable animals to continue to be used without additional suffering. In addition, strain-specific baselines for clinical signs improve our assessments of animal welfare. For disease models (i.e., ob/ob mice), different endpoints are necessary to allow us to study the disease state. These mice will be used under a specific age and allow to display frank diabetes for a maximum period of 8 weeks.
[image: ]
___________________________________________________________________
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.
Rodents have the enormous advantage of being readily susceptible to genetic manipulation enabling precise alteration in the function/expression of specific genes and the creation of animal models of relevant human diseases. We will use genetically altered mice or viral vectors to manipulate the activity of pathways of interest.
We use and continuously develop non-invasive technologies that enable the collection of data without killing the animals (e.g., use of a scan to determine the amount of fat in the body). For example, we have recently developed the use of telemetry to monitor body temperature in behaving animals in their normal housing environment, and we are planning to use telemetric devices to monitor blood glucose continuously.
In mice dosed with Tamoxifen through oral gavage, we acclimatise the mice to the scruffing and supplements 1 week prior dosing, we monitor weight loss closely and administer mash, hydrogel , peanut butter and heating pads to mitigate weight loss.
Cannulas inserted into a blood vessels, into the brain or into the intestine, although invasive, permit the development of refined animal models with discrete manipulation of candidate pathways, which helps for the generation of data more easily interpretable. Cannulas inserted into a blood vessel also enable decreased suffering in protocols with repeated blood sampling and delivery of substance into the blood. We are developing the use of new technology that use transgenes to insert proteins into some cells which then allow to rapidly turn on and off these cell populations. These tools permit reversible and discrete pathway manipulations, therefore minimally affect the phenotype of the animals. We constantly improve our surgical techniques, for example with the use of magnetic access buttons, allowing reduced catheter flushing frequency. These magnetic vascular access buttons allow a magnet-enabled clean and easy connection of an implanted catheter to a syringe for direct access, but otherwise maintain the catheter in a closed system, allowing long-term patency, low-stress sampling and infusion, and group housing of implanted animals. We are also currently developing the use of programmable minipumps, which are small devices that we insert under the skin or in the body cavity and deliver drugs continuously. The programmable versions refine chronic drug delivery by enabling pulsatile delivery, better representing how the body works. To limit the adverse events related to the use of tools to determine how neurons in the brain are connected together, we are continuously integrating new tools that are less toxic to the brain.
___________________________________________________________________
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.
We need to use animal models relevant to human diseases. In addition, the complexity of the mammalian brain is key to model central metabolic-sensing circuits, and this research question cannot be addressed in lower organisms.
Very rarely we can use terminal anaesthesia to measure how the body uses energy, but often anaesthetics inhibit the brain control of metabolism and are therefore not appropriate. In addition, when we study behaviour, terminal anaesthesia are not appropriate either.
___________________________________________________________________
How will you stay informed about advances in the 3Rs, and implement these advances effectively, during the project?
To be informed about latest advances we will primarily use the National Centre for the Replacement and Reduction of Animals in Research (NC3R) website (https://www.nc3rs.org.uk) and 3Rs tools in-house tool and external resources such as Norecopa https://norecopa.no/databases-guidelines; https://resources.jax.org/; Systematic Review Facility (SyRF). It provides an extensive library of 3Rs guidelines, resources, practical information and themed hubs. It also provides links to publications, other online resources, and video and training materials.
Implementation of the advances will be defined on a case-by-case basis and will be informed by the latest NC3R recommendations.
We also share expertise across our institute with regular internal seminars and have an external seminar series so hear from other experts on a regular basis.
We have a team of researchers at our institute who specialise in using mice in obesity and diabetes research and they regularly provide us with updates on new advances.
___________________________________________________________________
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.
To improve the quality of life of the animals we:
-	reduce stress by group housing where possible to keep singly housed mice to a minimum, using buddys when needed.
-	use environmental enrichment (EE), within what is available to us at our animal facility. In general, EE is an animal housing technique composed of increased space, physical activity, and social interactions, which in turn increases sensory, mental, motor, and social stimulation. Igloos, running wheels, saucer wheels, fun tunnels, and other objects in the housing environment provide stimulation by promoting exploration and interaction. EE can be maintained when animals are handled (e.g. handling tunnels), thus minimising stress when for example an injection is needed. In mice housed on grid flooring (typically 35% of the surface punctures with 5mm diameter holes), a plain nesting area will be provided to mitigate harm.
-	use a series of non-invasive methods for characterising mice so that we can generate useful data without killing the animals, thus minimising the number of mice needed (telemetry etc..)
-	use pain killers to lessen pain.  
-	provide 'behavioural' training to mice undergoing specific procedures (e.g. acclimatisation to single housing in cages used to measure food intake and energy burned).
- use scoring sheets to monitor the health of animals undergoing procedures. 
-  monitor harm and potential adverse events with daily observations and provide energy-dense enrichment when appropriate.
- provide additional intervention in post-surgical conditions (post-operative bedding, nesting, heating pads and mash)
- provide medicated palatable substances for voluntary treatment such as flavoured jelly, paste or milk shake liquid, when necessary.
- before and during tamoxifen delivery by oral gavage, provide energy-dense supplements, mash and heating pads as needed to minimise weight loss.
In experiments with LPS administration we will always test new batches in pilot studies, adjust doses based on strain, age and gender and typically kill the animals at 48 to 72h after a single injection.
___________________________________________________________________
What published best practice guidance will you follow to ensure experiments are conducted in the most refined way?
Laboratory Animal Science Association (LASA) guiding principles documents of aseptic technique (https://www.lasa.co.uk/current_publications/) 
ARRIVE (Animal Research: Reporting of In Vivo Experiment) guidelines for preparing papers for publication (https://www.nc3rs.org.uk/arrive-guidelines) 
PREPARE (Planning Research and Experimental Procedures on Animals: Recommendations for Excellence) guidelines for planning our experiments (15 topics including formulation of the study, dialogue between scientists and the animal facility, and methods) (https://www.ncbi.nlm.nih.gov/pubmed/28771074). 
___________________________________________________________________
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 identified and characterised new nutrient sensing pathways in the brain that regulate appetite and metabolism (Kohnke S, Cell Reports, 2021; Tsang AH, Moll Metab, 2020 ; Cheng W, Cell Metab 2020; Heeley N, Mol Metab, 2018; Burke L, eLife 2017) and produced supporting preclinical data for translatinal work in the field of obesity (Hornigold DC, Appetite, 2018 ; Adriaenssens AE, Cell Metab, 2019; Roth E, Mol Metab 2021).
What relevant scientific knowledge or education do you have?
I developed my expertise through a PhD in Nutrition and Metabolism in France, a postdoctoral and faculty position at the Albert Einstein College of Medicine in New York from January 2007 to January 2014, and an independent position at the Institute of Metabolic Science in Cambridge since January 2014. I have worked continuously on rodent’s models for the past 20 years studying glucose and energy homeostasis, and the neuronal circuits implicated in the neurohumoral control of metabolism. I have carried out extensive and detailed metabolic phenotyping, have extensive experience in stereotactic surgery, vascular surgery, denervation and gastric/duodenal surgery in rats and mice. My research has been published in some of the highest impact scientific journals and has made an important contribution to the field. 
___________________________________________________________________
What experience do you have of using the types of animals and experimental models stated in this licence application?
I have been using this type of animals and experimental models for 20 years.
___________________________________________________________________
What experimental design and data analysis training have you had?
If you do not have this expertise, how will you access it?
I have a strong background in statistics, initially trained as in Bioscience Engineering. I received further training in experimental design and data analysis specific to animal research during a training in animals surgical skills in 2005.
___________________________________________________________________
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 have a unique set of scientific and technical skills necessary for this project and have been working in the field for 20 years. 
___________________________________________________________________
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.
The majority of my work will be performed in the Anne McLaren facility at the university of Cambridge with dedicated and trained staff. Some work may be undertaken in others animal facility of the university of Cambridge.
4 to 6 people will be working on this project, either students or postdoctoral researchers trained with a background in physiology or neuroscience.
___________________________________________________________________
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.
I am currently holding a MRC project grant (£650,000, 2019-2022), a Lilly collaborative grant (£250,000, 2020-2022), and a MRC Unit Programme grant(£1.3M, 2018-2024). Two of my students are supported by Wellcome Trust studentships with funds for animal costs. In 2022 I obtained a Diabetes UK project grant (2023-2026) and a Lilly research agreement (2023-2025).In 2024, I obtained a new funding from the MRC (£1.4M, 2024-2029).
I am continuing to apply to further grant supports.
___________________________________________________________________
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?
Yes, by the medical research council and the Wellcome Trust
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.
Energy balance, the product of energy intake and energy expenditure, is maintained at a steady state over many years in most healthy mammals, despite day-to-day fluctuations in food intake and physical activity. This regulation allows for the maintenance of body weight around a set point; however, our understanding of how the body weight set point is regulated or how this regulation becomes disrupted in obesity remains incomplete. This homeostatic maintenance relies on tightly regulated mechanisms through which the body: 1) monitors the level of available energy (metabolic/nutrient sensing), 2) sends humoral or neuronal information to brain integration centers, and 3) coordinates food intake and adaptive energy expenditure (a process that converts excess calories into heat) to maintain energy balance. Similarly, blood glucose levels are tightly controlled through comparable circuits despite daily variations in glucose supply. Failure in these homeostatic systems results in obesity, diabetes, and associated metabolic complications. Therefore, understanding how they function is essential to prevent and treat these diseases. While the field has made tremendous progress in recent years, demonstrating that the mouse is a useful model to identify and develop efficient therapies to treat human obesity and diabetes, it is still in its infancy. Exciting new opportunities arise from the development of novel tools to study neurobiology in mice.
The metabolic and nutrient-sensing steps that initiate the homeostatic feedback loops described above, which maintain glucose and body weight set points, require the detection of food and energy cues by specialized nutrient-sensing cells in the brain. These cells use these signals to modulate feeding behavior, metabolism, and nutrient homeostasis. Physiological or pathological challenges associated with increased appetite, energy use, or storage, with or without deviation from the body weight or glucose set points, have been extremely useful in the past to identify these nutrient-sensing cells in the brain, which are up- or down-regulated during such challenges. These challenges include energy restriction, high-fat feeding, physical activity, or thermal challenges. Additionally, pregnancy and lactation represent physiological states during which the body weight and blood glucose set points are differentially regulated, allowing increased fat storage and glucose availability, and as such, offer alternative models to identify novel mechanisms regulating energy and glucose homeostasis.
My past work has focused on the brain's ability to sense dietary proteins, mediating the action of proteins on body weight regulation and glycemic control. While we characterized how brain protein sensing affects behavioral, metabolic, and neuroendocrine circuits, detailed knowledge of the identity of protein-sensing neurons is still lacking but is needed to translate these findings into therapeutic strategies. Therefore, a key focus of the current project is to identify and characterize these neurons, investigate the neural circuits they modulate to change physiology, and understand how they may maladapt during disease progression. Using in vitro systems, we have recently identified neurons that sense proteins (Heeley, Mol Metab, 2015), but little is known about their exact molecular identity and how they control glucose and energy homeostasis. They may form molecularly heterogeneous clusters that regulate specific peripheral functions via distinct neural pathways.
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.
One of the most pressing challenge in the field is to identify nutrient sensing neuronal populations of the brain that can produce sustained improvements in energy or glucose homeostasis without causing clinical side effects. Identifying these populations has proven difficult when focusing on neurons that simply sense energy. Here, by looking specifically at protein sensing neurons, knowing that dietary proteins can safely produce long term health benefits, we hope to create new knowledge that will advance this question. With these studies, we hope to identify uncharacterised mechanisms through which the brain sense nutrients and regulates neural circuits that control appetite, metabolism and glucose homeostasis, resolve how they work and develop strategies to  target them , potentially leading to new drugs to treat humans.
Does your project mainly involve translational or veterinary clinical applications?
No
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
P452380DD
___________________________________________________________________
Expiry date
For example, 13 06 2019
04/04/2022
___________________________________________________________________
Action plan
Objective 1
Objective title
To identify 3 novel brain nutrient sensing pathways involved in the control of energy balance and health.
___________________________________________________________________
Objective 2
Objective title
To characterise 3 novel brain nutrient sensing pathways involved in the control of energy balance and health.
___________________________________________________________________
Objective 3
Objective title
To assess the potential of  3 novel brain nutrient sensing pathways as targets for anti-obesity treatments.
___________________________________________________________________
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.
In Objective 1, we will use environmental, physiological, pharmacological or genetic manipulations to identify novel nutrient sensing pathways involved in the control of energy balance and health in mouse models. Environmental challenges will include dietary manipulations, heavily used in the field to reveal relevant pathways involved in nutrient sensing, promoting weight gain, weight loss, or excess/deficit in specific nutrients, as well as thermic challenges that also help revel these pathways given than thermoregulation is tightly linked to energy and glucose homeostasis, particularly in mice. We will also use physiological challenges during which adaptive changes in energy homeostasis are required to maintain health, including pregnancy and lactation. Pharmacological manipulations will allow to target established nutrient and metabolic pathways, sometimes site-specifically, required prior surgical interventions. Genetic manipulations will allow to both label specific cell types with reporter lines, or induce gene loss- or gain- of function in specific cell types and/or specific brain site, sometimes using a viral vector and a gene inducing/repressing substance. Importantly , these approach (viral vectors used in adults or gene inducing/repressing substances) will allow genetic manipulations in adults, avoiding the development of compensatory changes that typically occur in models with germline genetic manipulations.
These data will be complemented by experiments performed in vitro, as well as using fly models and  human genetic databases, aiming at identifying an evolutionary-conserved pathway (likely more hardwired and relevant for translation to humans). 
We will need to collect tissue and blood samples to measure the activity and expression levels of the pathways of interest and test the effect of the chosen manipulations.
Ideally, selected pathways will respond specifically to a given environmental/pharmacological/genetic stimulation (as opposed to responding ubiquitously to many stimulations), and will be expressed/active in a discrete group of brain cells (as opposed to many brain sites as this may increase the chances of undesirable side-effects). Once a pathways is discovered, further iterations of similar experiments covered in objective 1 may be necessary to obtain a more specific understanding of the precise event in the identified pathway that produces the expected outcome (for example starting from the identification of a cell type/cell population, to the identification of a signalling pathway , ending at the identification of a specific protein/transporter/receptor).   From these studies, we plan to select 3 top candidate pathways to further study in objectives 2 and 3. 
In Objective 2, we will  characterise the role of selected pathways in the central control of energy and glucose homeostasis  and health in mouse models. Data need to achieve this goal include behavioural and metabolic phenotyping profiles of animals in which the activity/expression of the chosen pathway is altered pharmacologically or genetically.  Obtaining such profiles is complex and requires a number of different procedures, that need to be combined in order to allow meaningful interpretation of the data. We will need to build a full picture of the phenotypes, measuring many specific aspects that together contribute for example to  energy balance (food intake, feeding behaviour, energy expenditure, weight gain, body composition , cold tolerance etc..). Many functional tests used in our field involve the administration of a substance (nutrient, hormone or receptor agonist/antagonist) in fasted animals, followed by the measurements of a specific parameter over a time course. Our models are likely to have a complex, multi-system phenotype. Multiple cohorts of animals will be used to investigate different aspects of the overall phenotype (energy balance, substrate utilization or glycaemic control), in order to reduce the number of procedures undergone by a single animal. These evaluations may need to be performed under  various environmental contexts. Many of the measures taken are correlated and represent covariables that may need to be measured in the same animals to understand variability and reduce the number of animals used. This explains the high number of optional steps in the protocols of this license. The phenotyping protocols were designed to allow the assessment of a few aspects of the metabolic phenotype in various contexts. These will be determined based on our initial findings in AIM 1. The order and number of the non-obligatory steps will be adapted to the experimental needs.
Similar studies in flies may be conducted to complement our studies. Likewise, studies in vitro will be useful to test specific mechanisms of action in simpler models. We hope to precisely define the neural circuits controlled by these pathways, which physiological functions are controlled by the pathways, and the acute and long-term consequences of loss-or gain-of function of these pathways. The goal is to establish whether the pathways represent realistic therapeutic targets and should be considered for pre-clinical pharmacological studies in objective 3. A new pathway that produces sustained and significant changes in body weight, glycaemic control or another endpoint marker of metabolic health will be further considers for Objective 3.
Amendment on January 2024: New findings in the lab led us to identify a nutrient sensing pathway in the brain important for the regulation of body weight and blood glucose set point and particularly upregulated during pregnancy and lactation. This is exciting because neural circuits mediating the physiological adaptations to pregnancy overlap with circuits regulating appetite and metabolism, but we know very little about how these circuits operate to modulate body weight and blood glucose set points.  To further characterise these pathways, we are adding the use of pregnant and lactating females to this license. 
In Objective 3, we will develop tools to target pathways selected from  Objective 3 and use these strategies in obese or diabetic mice. The goal is to determine the efficiency of these approaches to treat diseases. We may want to combine these strategies with existing treatments to test potential synergistic or additive action. Typically in interventions developed to produce weight loss, substances need to be administered once or twice a day for 2 to 4 weeks. Minipumps may sometime allow the correct dosing regimen, but in some instances repeated injections will be required over these periods of time. We are planning to investigate novel strategies to target the brain in these experiments, using intranasal dosing regimens and viral vectors that specifically infect the brain following intravenous administration. Eventually this should lead to information useful to for clinical trials testing these findings in humans.
This workflow is summarised in the figure below.
[image: ]
___________________________________________________________________
Where relevant, how will you seek to use or develop non-animal alternatives for all or part of your work?
We will use fly models to identify and characterise novel nutrient sensing pathways.
We will used human genetic databases to identify novel nutrient sensing pathways.
We will use primary culture of neurons and iPSC-derived hypothalamic neurons to characterise nutrient sensing pathways
___________________________________________________________________
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?
To establish a research model in the lab before further investigating it.
___________________________________________________________________
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 general, investigators in our field focus on male mice for three reasons:
 - substantial differences in the sexes are relatively uncommon in terms of predisposition to insulin resistance and obesity 
-  male mice of the strains most commonly used e.g. C57BL6 typically manifest a more consistent body weight phenotype, particularly in response to a high fat diet. This facilitates the use of smaller groups of mice as the greater heterogeneity in high fat fed female mice increases the standard deviation in body weights. Female mice are significantly smaller than the males so we typically do not study mixed male and female groups. We acknowledge that this does unfortunately lead to the need for more mice being bred and killed.
- The main brain region involved in nutrient sensing in the hypothalamus, largely regulated by sex hormones. This regulation changes during different stages of the ovarian cycle and it is therefore necessary to compare females at the same stage of the ovarian cycle. To address this, we would need to use ovariectomized females with or without hormone replacement, and this becomes a distinct scientific question not in the scope of this license. 
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.
· To identify 3 novel brain nutrient sensing pathways involved in the control of energy balance and health.
· To characterise 3 novel brain nutrient sensing pathways involved in the control of energy balance and health.
· To assess the potential of  3 novel brain nutrient sensing pathways as targets for anti-obesity treatments.
___________________________________________________________________
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 4 ‘Breeding and maintenance of genetically altered animals’ (mild) or
•	This licence: Protocol 5 ‘Breeding and maintenance of genetically altered animals’ (moderate) 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
What is the maximum number of animals that will be used on this protocol?
Please only enter numbers, e.g. 40
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 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?
We will be using :
- fluorescently-labelled reporter mice to label or follow the fate or activity of specific cell types
- Cre-reporter mice to produce cell-specific genetic manipulations, 
- floxed mice to knock-out specific genes in a cell type specific manner, other knock-out mice to test the role of specific pathways in energy balance
- knock-out mice  to test the role of specific genes in energy balance
- mice expressing optogenetic reporters or DREADDS to reversibly manipulate neuronal activity
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.No clinical signs are expected.
___________________________________________________________________
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?
80% animals
___________________________________________________________________
Why are you proposing this severity category?
Animals undergoing surgical embryo transfer will experience short-lived post-operative pain and discomfort.
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.
· To identify 3 novel brain nutrient sensing pathways involved in the control of energy balance and health.
· To characterise 3 novel brain nutrient sensing pathways involved in the control of energy balance and health.
· To assess the potential of  3 novel brain nutrient sensing pathways as targets for anti-obesity treatments.
___________________________________________________________________
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
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 the 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?
All animals will undergo surgery for vasectomy and will experience short-lived post-operative pain and discomfort.
___________________________________________________________________
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.
· To identify 3 novel brain nutrient sensing pathways involved in the control of energy balance and health.
· To characterise 3 novel brain nutrient sensing pathways involved in the control of energy balance and health.
· To assess the potential of  3 novel brain nutrient sensing pathways as targets for anti-obesity treatments.
___________________________________________________________________
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.
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 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 the establishment for non-regulated purposes or possible reuse
___________________________________________________________________
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
Breeding and maintenance of genetically altered animals mild
___________________________________________________________________
Protocol 4: Protocol details
Briefly describe the purposes of this protocol
Ensure that you state any relevant regulatory guidelines.
To produce, maintain and provide genetically altered mice.
___________________________________________________________________
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 the phenotype(s) 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.
· To identify 3 novel brain nutrient sensing pathways involved in the control of energy balance and health.
· To characterise 3 novel brain nutrient sensing pathways involved in the control of energy balance and health.
· To assess the potential of  3 novel brain nutrient sensing pathways as targets for anti-obesity treatments.
___________________________________________________________________
Protocol 4: Animals used in this protocol
Mice
Which life stages will be used during this protocol?
Select all that apply
· Adult
· Embryo and egg
· Neonate
· Juvenile
· 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
10000
___________________________________________________________________
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?
We will be using :
- fluorescently-labelled reporter mice to label or follow the fate or activity of specific cell types
- Cre-reporter mice to produce cell-specific genetic manipulations, 
- floxed mice to knock-out specific genes in a cell type specific manner, other knock-out mice to test the role of specific pathways on energy balance
- knock-out mice  to test the role of specific genes in energy balance
- mice expressing optogenetic reporters or DREADDS to reversibly manipulate neuronal activity
Do you expect any of these GAAs to show a harmful phenotype with welfare consequences?
No
Protocol 4: 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.
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 (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: 
●	ear biopsy (AA/AB)
●	blood sampling (AA/AB)  
●	hair sampling (AA/AB)
●	mouth swabbing (AA/AB)
Rarely, due to technical problems during analysis, a second sample may be taken using the least invasive 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
___________________________________________________________________
Step 3 (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 4 (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:
•	Exsanguination (AC) with killing by a Schedule 1 method*
•	Perfusion  (AC)
•	Schedule 1 killing
___________________________________________________________________
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?
No
· 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 of the type produced on this protocol
· Continued use on other projects
___________________________________________________________________
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.
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.
___________________________________________________________________
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 will be immediately killed by Schedule 1 method if it shows signs of suffering that is greater than minor and transient or in any way compromises normal behaviour unless moved on to another protocol for a specific purpose (continued use). 
Animals exhibiting any unexpected harmful phenotypes will be killed (Schedule 1), or in the case of individual animals of particular scientific interest, advice will be sought promptly from the local Home Office inspector.
___________________________________________________________________
Protocol 4: Experimental design
What outputs are expected to arise from this protocol?
For example, test results, phenotypic information, or products.
Genetically altered mice, tissues from genetically altered mice and tissues for the development of primary cultures
___________________________________________________________________
Will this protocol generate quantitative data?
No
___________________________________________________________________
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?
Genetically altered mice of these types are required to achieve the scientific aim of this project.  
___________________________________________________________________
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. 
___________________________________________________________________
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.  
___________________________________________________________________
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 5
Title
Breeding and maintenance of genetically altered mice (moderate)
___________________________________________________________________
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 mice.
___________________________________________________________________
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 are likely to experience moderate levels of severity. 
___________________________________________________________________
Why are you proposing this severity category?
We will be using ob/ob mice and this strain will show increased appetite. 
Mice will show progressive development of obesity from 4 weeks of age and some degree of insulin resistance worsening with age. 
___________________________________________________________________
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.
· To identify 3 novel brain nutrient sensing pathways involved in the control of energy balance and health.
· To characterise 3 novel brain nutrient sensing pathways involved in the control of energy balance and health.
· To assess the potential of  3 novel brain nutrient sensing pathways as targets for anti-obesity treatments.
___________________________________________________________________
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: 
●	This licence: Protocol 4 (Breeding and maintenance of genetically altered mice (mild); or
●	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
2500
___________________________________________________________________
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?
We will use mice that spontaneously develop obesity (usually ob/ob). These allow us to develop a more advanced form of metabolic complications than dietary models alone. Furthermore they develop metabolic complications without a change in diet, thus allowing us to control for effects of e.g. dietary lipid composition.
Do you expect any of these GAAs to show a harmful phenotype with welfare consequences?
Yes
Why are each of these harmful phenotypes necessary?
In addition to having some distinct traits such as lower activity levels and greasy fur, these mice develop obesity and associated metabolic complications. These mice will be very valuable in the study of metabolic diseases to test interventions that can reduce obesity and diabetes and characterise the mechanisms of metabolic diseases.
How will you minimise the harms associated with these phenotypes?
Ensure that you include any humane endpoints that you will use.
We will use heterozygous mice as much as possible and only use pre-diabetic young breeders. As soon as the breeders become diabetic, they will be replaced. Homozygous mice are expected to become diabetic at around 16 weeks of age and will be replaced as soon as they reach this age. 
Body weight gain will be monitored, and we will remain attentive to the mice's ability to move freely around the cage and access food, modifying cage environment as appropriate.
We will remain vigilant to the development of diabetes by monitoring water consumption and urine output, in particular being cognisant of an increased need to change bedding and increase the amount of water provided as being a potential sign of hyperglycaemia- driven polyuria. If blood glucose is greater than 25 mmol/l, the animal will be killed. Before these limits are reached, animals are not expected to lose weight and should behave normally. If necessary, cages will be changed more frequently to account for polyuria.  
If polydipsia and/or polyuria develop, urine will be collected by scruffing and free catch. If urine testing shows greater than 3+ glucose on more than 2 occasions, blood glucose will be measured. Mice will be considered diabetic if blood glucose level exceed 30 mmol/L.
Data suggests diabetic mice become more prone to infections and have an increased mortality rate 12 weeks post the onset of diabetes. As such we limit the length of time mice with diabetes can be kept alive to 8 weeks post the onset of sustained hyperglycaemia (see adverse events for details)
Protocol 5: 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.
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 (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: 
●	ear biopsy (AA/AB)
●	blood sampling (AA/AB)  
●	hair sampling (AA/AB)
●	mouth swabbing (AA/AB)
Rarely, due to technical problems during analysis, a second sample may be taken using the least invasive 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
___________________________________________________________________
Step 3 (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 or 18 weeks for homozygous mice.
___________________________________________________________________
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.
the ob/ob strain will show progressive obesity and insulin resistance and may develop diabetes. 
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?
Body weight gain will be monitored and we will remain attentive to the mice's ability to move freely around the cage and access food, modifying cage environment as appropriate.
We will remain vigilant to the development of diabetes by monitoring water consumption and urine output, in particular being cognisant of an increased need to change bedding as being a potential sign of hyperglycaemia- driven polyuria. If polydipsia and/or polyuria develop, urine will be collected by scruffing and free catch. If urine testing shows greater than 3+ glucose on more than 2 occasions, blood glucose will be measured. If blood glucose is greater than 25 mmol/l, the animal will be killed. Before these limits are reached, animals are not expected to lose weight and should behave normally.
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 with a body composition score of 2 or reaching 20% weight loss will be removed from the protocol, monitored closely, and culled unless they recover their weight within 48h of ad libitum food access. 
If blood glucose is greater than 25 mmol/l, the animal will be killed. Before these limits are reached, animals are not expected to lose weight and should behave normally.
Step 4 (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:
•	Exsanguination (AC) with killing by a Schedule 1 method
•	 Perfusion (AC)
•	Schedule 1 killing
___________________________________________________________________
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.
· 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 of the type produced on this protocol.
· Killed
Will you be using non-schedule 1 killing methods on a conscious animal?
No answer provided
· Kept alive at the establishment for non-regulated purposes or possible reuse
· 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 .
Maintenance of animals by methods appropriate to their genetic alteration until they reach a maximum of 15 months of age.
Homozygous Ob/ob mice will  be humanely killed before the age of 18 weeks or be transferred to another protocol for continued 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 will be immediately killed by Schedule 1 method if it shows signs of suffering that are exceeding those detailed for this transgenic line, for greater than minor and transient (observed consistently over a 24h period) and cannot be relieved with minor interventions over 24h or in the case of individual animals of particular scientific interest, advice will be sought promptly from the local Home Office Inspector.
For each line, detailed phenotypic assessments will be made, for inclusion in a mouse passport.
___________________________________________________________________
Protocol 5: Experimental design
What outputs are expected to arise from this protocol?
For example, test results, phenotypic information, or products.
Genetically altered mice. 
___________________________________________________________________
Will this protocol generate quantitative data?
No
___________________________________________________________________
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?
Ob/ob mice are required for the study of obesity and diabetes. In fact, these mice represent one of the few models of type 2 diabetes in mice, and are necessary for the characterisation of the pathophysiology of diabetes and related metabolic complications, as well as the development of therapies to treat or prevent diabetes.
___________________________________________________________________
b) the most refined for the purpose?
We need sexually mature mice to produce progeny that can then be used in protocol 11 and achieve objectives 2 and 3.
___________________________________________________________________
For each model and/or method, what is the scientific need for the expected clinical signs?
In this protocol, we do not need the mice to become obese or diabetic. The clinical signs that will develop over time in ob/ob mice, obesity and dysregulation of glucose homeostasis, are the reason why we will use this strain for our scientific objectives in protocol 10. 
___________________________________________________________________
Why scientifically do the animals need to suffer to this degree?
We need mice that develop obesity, insulin resistance and diabetes to characterise the mechanisms involved in these diseases and test therapies to treat of prevent them.
___________________________________________________________________
Why can't you achieve your scientific outputs with an earlier humane endpoint, or without animals showing any clinical signs?
An earlier humane endpoint cannot be obtained as ob/ob mice become obese as early as 4 weeks of age. In addition, in some experiments, we will need them to become insulin resistant or diabetic to characterise the underpinning biology.
___________________________________________________________________
Will you be administering substances for experimental purposes?
No
___________________________________________________________________
Protocol 6
Title
Identify novel nutrient sensing pathways with mild severity
___________________________________________________________________
Protocol 6: Protocol details
Briefly describe the purposes of this protocol
Ensure that you state any relevant regulatory guidelines.
To identify nutrient-sensing pathways responding to genetic, pharmacological or environmental challenges.
___________________________________________________________________
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?
100% of the animals are likely to experience mild severity
___________________________________________________________________
Why are you proposing this severity category?
Animals undergoing non-surgical procedures 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.
· To identify 3 novel brain nutrient sensing pathways involved in the control of energy balance and health.
___________________________________________________________________
Protocol 6: 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.
Animals may start their use on Protocol 4 (animals bred and maintained under this license will be used in this protocol).
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
1500
___________________________________________________________________
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?
We will be using :
- fluorescently-labelled reporter mice to label or follow the fate or activity of specific cell types
- Cre-reporter mice to produce cell-specific genetic manipulations, 
- floxed mice to knock-out specific genes in a cell type specific manner, other knock-out mice to test the role of specific pathways on energy balance
- knock-out mice  to test the role of specific genes in energy balance
- mice expressing optogenetic reporters or DREADDS to reversibly manipulate neuronal activity
Do you expect any of these GAAs to show a harmful phenotype with welfare consequences?
No
Protocol 6: Steps
Step 1 (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.
Transgene inducing or deleting agents or control substances may be administered continuously or intermittently by one of the following routes: 
a. In diet or drinking water (AA)
b. Subcutaneous at up to 20ml/kg, up to 2 times per day and up to a total of 20 occasions(AA)
c. Intraperitoneal , up to 20ml/kg, up to 2 times a day, up to 20 times in total (AA); 
d. oral gavage once per day, 10ml/kg for up to 5 days (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.
Tamoxifen when administered with a high Fat diet may produce aversion against the high fat diet.
During tamoxifen administration, fur appearance might transiently change and look greasy, because of the formulation of the vehicle used for this compound. This is not a sign of ill health. Tamoxifen changes coat appearance and sometimes gives an impression of slight piloerection. Therefore, during tamoxifen administration, coat appearance cannot be used to assess welfare.
Some specific mouse strains have a slightly different posture before interventions and might look slightly hunched. In these strains, posture before intervention will be recorded and used as a reference.
Scrotal swelling, painless accumulation of fluid, may occur in tamoxifen-treated mice (5%).
All gene-inducing/repressing substances may produce some level of weight loss, in a route- and mouse strain- dependant manner. In the majority of the cases, weight loss will be transient and mild (i.e. <10% from pre-tamoxifen baseline body weight )  with recovery within 1 week after the end of the treatment. In some cases (strain and route dependant), mice may lose up to 15% body weight from pre-tamoxifen baseline body weight without showing clinical signs and normally recover weight within 1 week after the interruption of tamoxifen administration.
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?
Pilot studies will be performed to determine the minimal effective dose and the potential adverse events in each mouse strain. Animals will be on daily observations during and after the treatments (1 week after the last dose) to detect any sign of compromised welfare.
Whenever possible, we will perform dietary changes either 1 week before or 3 weeks after tamoxifen administration to avoid the production of dietary aversion. Food intake will be monitored to make sure the diet does not produce an aversive response.
Whenever possible, tamoxifen will be administered through the oral route (in food pellets or by gavage) to avoid side effects associated with oil injection.
Animals will be weighed daily during the administration of the drugs as well as during recovery (return to baseline or stable body weight). Animals will be fed energy-dense supplements, mash and hydrogel 2 to 3 days before the treatments (to avoid aversion) and until weight regain stabilises. Animals losing weight will be provided with a heating pad until weight regain stabilises. These strategies have been used previously and are efficient in reducing weight loss.
What are the humane endpoints for this step?
This would be the point at which you would kill the animal to prevent further suffering.
Mice with moderate or severe scrotal swelling with any signs of pain on palpation or interference with locomotion, any changes/ulceration to surface of skin of scrotum will be killed.
If mice show mild and transient signs of pain or ill-health that cannot be relieved with minor interventions over 8h, they will be killed with a Sch1 method. Mice losing more than 10% body weight from baseline during the week following the end of the treatment will be assessed using body condition scoring to confirm animal welfare. Mice scoring BCS2 will be killed by a schedule 1 method. All animals reaching 15% body weight loss from their pre-tamoxifen baseline body weight will be immediately Sch1.
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.
Dietary Intervention (AA). Animals will undergo one or all of the following dietary treatment administered alone or in combination.
a. Animals will be fed either standard or modified diets, the composition of which may be changed on up to  3 7 occasions. 
b. Animals may be food deprived typically for 16h (on up to 15 occasions separated by a minimum of 60h), and for up to 24h (maximum of 2 occasions separated by a minimum of 72h). During that period, animals may be housed on grid flooring.
___________________________________________________________________
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.
Diets with altered macronutrient composition might produce weight gain, obesity and increase the likelihood of diabetes (in very rare cases in our models, 1%). 
Diets with altered macronutrient composition might also produce weight loss or reduced rate of weight gain.  
In obese animals, weight loss is not an adverse effect. 
Weight loss will be calculated against  age-matched ad libitum fed controls if the treatment is initiated in growing mice (<P60),  pre-intervention weight if the treatment is initiated in lean adults (>P60), or lean age-matched controls if the treated animals are obese.
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?
Body weight gain will be monitored during dietary interventions and if mice become overweight or obese, we will remain attentive to their ability to move freely around the cage and access food, modifying cage environment as appropriate.
We will remain vigilant to the potential development of diabetes by monitoring water consumption and urine output, in particular being cognisant of an increased need to change bedding as being a potential sign of hyperglycaemia- driven polyuria. If polydipsia and/or polyuria develop, urine will be collected by scruffing and free catch. If urine testing shows greater than 3+ glucose on more than 2 occasions, blood glucose will be measured. 
What are the humane endpoints for this step?
This would be the point at which you would kill the animal to prevent further suffering.
Weight loss is not always an appropriate indicator of welfare, in particular in obese mice or in interventions that target the mechanisms of body weight control (i.e. caloric restriction, high-protein diets) to produce energy deficit. 
In these cases where weight loss threshold is extended, we will use body condition scoring to assess well-being and determine the humane endpoint in addition to measurements of body weight loss. Mice scoring BCS2 will be  killed by a schedule 1 method.
In caloric restriction experiments, if mice reach 15% weight loss, we will increase their daily food ration to allow for weight maintenance of weight regain . If this fails to stabilise or increase weight over 48h, mice will be fed ad libitum and monitored until weight returns to baseline. Mice will be culled unless they stabilise their weight within 48h of ad libitum food access. 
In mice exposed to weight loss diets (i.e. high protein diets), if mice reach 15% weight loss, mice will be returned to a normal chow diet ad libitum and monitored until weight returns to baseline. Mice will be culled unless they stabilise their weight within 48h of ad libitum food access.
If blood glucose is greater than 25 mmol/l, the animal will be killed. Before these limits are reached, animals are not expected to lose weight and should behave normally.
Step 3 (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.
 Administration of substances modulating metabolic pathways, including control/vehicle substances, administered alone or in combination, via a bolus or continuously, through up to 2 of the following routes
a. oral gavage on multiple occasions, up to 20ml/kg, up to 2 times a day, up to 30 times in total (AA)
b. mixed in diet or diluted in drinking water, continuously or intermittently (AA);
c. intraperitoneal (ip) injection on multiple occasion, up to 20ml/kg, up to 2 times a day, up to 30 times in total (AA) 
d. intravenous (iv) on multiple occasion, up to 10ml.kg, up to 2 times a day, up to 14 times in total (AA); 
e. subcutaneous bolus at up to 20ml/kg, up to 2 times a day, on up to 24 occasions (AA)
f. intranasal bolus on multiple occasions (max 50ul per injection), up to 2 times a day, up to 60 times on total (AA)
Acute treatments may be preceded by a fasting period of 6 to 24h during which animals may be housed on grid flooring. 
___________________________________________________________________
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.
Substances used in this step may cause side effects including weight loss, inappetence and transient discomfort, for example reducing general activity levels.
In obese animals, weight loss is not an adverse effect. 
Weight loss will be calculated against  age-matched ad libitum fed controls if the treatment is initiated in growing mice (<P60),  pre-intervention weight if the treatment is initiated in lean adults (>P60), or lean age-matched controls if the treated animals are obese.
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?
Exact duration and doses will depend on the substance used. These  will be determined based on the study of the published literature to select dosing regimen not causing more than transient adverse effects. They will be tested in pilot cohorts.
In experiments combining steps where substances need to be administered, the total number of injections across all steps  will not exceed the maximal numbers per route  defined in protocol justification.
Animals will be monitored and weight measured throughout the intervention. As soon as 10% weight loss is reached, body composition scoring will be used to assess welfare.
What are the humane endpoints for this step?
This would be the point at which you would kill the animal to prevent further suffering.
Weight loss is not always an appropriate indicate of welfare, in particular in obese mice or in interventions that target the mechanisms of body weight control ( treatment with substances targeting metabolic pathways) to produce energy deficit. 
In these cases where weight loss threshold is extended, we will use body condition scoring to assess well-being and determine the humane endpoint in addition to measurements of body weight loss. If mice show mild and transient signs of pain or ill-health that cannot be relieved with minor interventions over 8h, they will be killed with a Sch1 method.Mice scoring BCS2 will be killed by a schedule 1 method.
Mice reaching 15% weight loss during the course of chronic substance administration will be removed from the protocol and no longer receive the substances. In the absence of other signs of pain or ill-health, if condition does not improve or weight does not stabilise or increase within 48h after interruption of substance administration, mice will be killed by Schedule 1 method.
Step 4 (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.
Manipulation of neuronal activity including control/vehicle substances/interventions, administered alone or in combination, via a bolus , through up to 2 of the following routes
a. subcutaneous (sc) at up to 20ml/kg, up to 2 times a day and up to 28 times in total  (AA) or;
b. intraperitoneal (ip) on multiple occasion, up to 20ml/kg, up to 2 times a day, up to 30 times in total (AA).
c. intranasal bolus on multiple occasions (max 50ul per injection), up to 2 times a day, up to 60 times in total (AA)
Acute treatments may be preceded by a fasting period of 6 to 24h during which animals may be housed on grid flooring. 
___________________________________________________________________
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.
Substances used in this step may cause side effects including weight loss, and inappetance and transient discomfort, for example reducing general activity levels.
In obese animals, weight loss is not an adverse effect. 
Weight loss will be calculated against  age-matched ad libitum fed controls if the treatment is initiated in growing mice (<P60),  pre-intervention weight if the treatment is initiated in lean adults (>P60), or lean age-matched controls if the treated animals are obese.
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?
Exact duration and doses will depend on the substance used. These  will be determined based on the study of the published literature to select dosing regimen not causing more than transient adverse effects. They will be tested in pilot cohorts.
In experiments combining steps where substances need to be administered, the total number of injections across all steps  will not exceed the maximal numbers per route  defined in protocol justification.
Animals will be monitored and weight measured throughout the intervention. As soon as 10% weight loss is reached, body composition scoring will be used to assess welfare.
What are the humane endpoints for this step?
This would be the point at which you would kill the animal to prevent further suffering.
Weight loss is not always an appropriate indicate of welfare, in particular in obese mice or in interventions that target the mechanisms of body weight control ( treatment with substances targeting metabolic pathways) to produce energy deficit. In these cases where weight loss threshold is extended, we will use body condition scoring to assess well-being and determine the humane endpoint in addition to measurements of body weight loss. 
If mice show mild and transient signs of pain or ill-health that cannot be relieved with minor interventions over 8h, they will be killed with a Sch1 method. Mice scoring BCS2 will be killed by a schedule 1 method.
Mice reaching 15% weight loss during the course of chronic substance administration will be removed from the protocol and no longer receive the substances. In the absence of other signs of pain or ill-health, if condition does not improve or weight does not stabilise or increase within 48h after interruption of substance administration, mice will be killed by Schedule 1 method.
Step 5 (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.
Administration of substances modulating immune cells 
Animals may be treated with substances modulating immune cells, including control/vehicle substances, administered alone or in combination, via a bolus or continuously, via up to 2 of the following routes
a. oral gavage on multiple occasions, up to 20ml/kg, up to 2 times a day, up to 30 times in total (AA)
b. mixed in diet or diluted in drinking water, continuously or intermittently (AA);
c. intraperitoneal (ip) on multiple occasion, up to 20ml/kg, up to 2 times a day, up to 30 times in total (AA); 
d. intravenous (iv) on multiple occasion, up to 10ml.kg, up to 2 times a day, up to 14 times in total (AA); 
Acute administrations may be preceded by a fasting period of 6 to 24h during which animals may be housed on grid flooring. 
___________________________________________________________________
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.
Substances used in this step may cause side effects including weight loss, and inappetence and transient discomfort, for example reducing general activity levels.
In obese animals, weight loss is not an adverse effect. 
Weight loss will be calculated against  age-matched ad libitum fed controls if the treatment is initiated in growing mice (<P60),  pre-intervention weight if the treatment is initiated in lean adults (>P60), or lean age-matched controls if the treated animals are obese.
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?
Exact duration and doses will depend on the substance used. These  will be determined based on the study of the published literature to select dosing regimen not causing more than transient adverse effects. 
In experiments combining steps where substances need to be administered, the total number of injections across all steps  will not exceed the  maximal numbers per route  defined in protocol justification.
LPS has  recognised variability in its potency both between suppliers and between same supplier batches. 
Prior to using a batch of LPS we will do pilot studies in small numbers of animals, starting with the lowest effective dose as judged by expert consensus and previous literature. In these pilot studies we will dose early in the day with continuous presence of investigators in the room for the duration of the experiment/first 8 hrs post dose to enable close monitoring of effect.
Once a dose is established, we will seek to use same batch from same supplier from thereon in; any change in supplier and/or batch will require new pilot studies. We will not exceed a dose of 0.5 mg/kg mouse, a dose successfully used by collaborators and which is recognised in the literature to be a very low dose; i.e. sufficient to stimulate signalling pathways but without major systemic upset.  
The majority (90%) of our studies with LPS will be based around a single dose, with mice killed within 24 hrs of the injection as a prescribed part of the study plan. 
Animals will be monitored and weight measured throughout the intervention. As soon as 10% weight loss is reached, body composition scoring will be used to assess welfare.
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 mice show mild and transient signs of pain or ill-health that cannot be relieved with minor interventions over 8h, they will be killed with a Sch1 method.  Mice scoring BCS2 will be killed by a schedule 1 method.
Step 6 (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.
Measurement of food intake. We will measure food intake either on group-housed or on single-housed mice. For that purpose, mice may be single housed for up to 8 weeks or for their lifetime.
___________________________________________________________________
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.
Single housing may produce  transient weight loss during the first few days reaching up to 10% 
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?
Mice will be single housed 5 to 7 days prior any measurement is taken to avoid the combination of adverse effects. We will monitor weight of  single housed animals at least twice in the first week; should weight drop more than expected (e.g. by 10% vs. pre-intervention), supplementary food (e.g. wet mash) will be offered as well as heating pads.
Whenever possible, we will regroup the mice and monitor for signs of fighting (frequent in males under these conditions, i.e. wounds, weight loss). We will use bedding from initial cage to restore olfactory environment.
What are the humane endpoints for this step?
This would be the point at which you would kill the animal to prevent further suffering.
Should the weight trajectory not change with the intervention described above within 48h mice will be killed. 
Step 7 (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.
Tracing substance administration.
Animals may be treated with tracing substances, including control/vehicle substances, administered alone or in combination, via up to 2 of the following routes
a. oral gavage on multiple occasions, up to 20ml/kg, up to 2 times a day, up to 30 times in total (AA)
b. mixed in diet or diluted in drinking water, continuously or intermittently (AA);
c. intraperitoneal (ip) injection on multiple occasion, up to 20ml/kg, up to 2 times a day, up to 30 times in total (AA) 
d. intravenous (iv) on multiple occasion, up to 10ml.kg, up to 2 times a day, up to 14 times in total (AA); 
e. subcutaneous bolus at up to 20ml/kg, up to 2 times a day, on up to 24 occasions (AA)
Acute treatments may be preceded by a fasting period of 6 to 24h during which animals may be housed on grid flooring. 
___________________________________________________________________
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 (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.
Blood sampling. Withdrawal of a blood sample from a superficial blood vessel no more than 10% of total blood volume in 24hrs and 15% of total blood volume in any 28 days (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.
No
___________________________________________________________________
Step 9 (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) Removal of organs or tissues following by killing  by
a. Schedule 1, or
b. Perfusion (AC), or
c. Exsanguination (AC), or
d. Decapitation for animals up to 20 weeks of age (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
___________________________________________________________________
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 may be required when sampling brainstem tissues for subsequent analysis in order to maintain the morphology and neuro-anatomy of the organ and ensure the validity of the collected brain samples. Decapitation promotes reduction  (see 3R section). Decapitation will be performed without anaesthetics on animals of up to 20 weeks of age. The absence of anaesthetics allows the investigation of signalling pathways highly sensitive to these drugs. We have shown in the past that the presence of anaesthetics massively increased variability in phosphorylation profiles for example.
___________________________________________________________________
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.
The typical workflow of this protocol is depicted below:
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Typically, animals will be exposed to a challenge to activate brain metabolic sensing pathways. This will be typically through one of the following: an acute or chronic environmental (diet or thermal challenge), pharmacological (via the administration of substances modulating metabolism, neural pathways) or immune challenge (typically 2 of these steps will be combined). In worst cases, mice may be exposed to 3 of these challenges (steps 2-6).
Mice may receive  tracers to assess the consequences on variables such as blood-brain barrier permeability or cell proliferation, and we will measure food intake, a frequent covariable in metabolic studies.
We will collect blood and tissues to identify brain pathways modulated by these challenges and candidate pathways in brain nutrient sensing for subsequent studies.
Examples of typical animal experience: 
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___________________________________________________________________
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  signs of mild suffering that are observed consistently over a 8h period and cannot be relieved with minor interventions over 8h will be killed by a SCh1 method. In the case of individual animals of particular scientific interest, advice will be sought promptly from the local Home Office Inspector.
___________________________________________________________________
Protocol 6: Experimental design
What outputs are expected to arise from this protocol?
For example, test results, phenotypic information, or products.
We will measure body weight and food intake, blood parameters and perform analysis on tissues.
___________________________________________________________________
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 determine the safe most efficient dose and route of administration for each  new substances.
How will you choose different experimental groups?
For example, controls, dose levels, satellites etc.
Experimental groups will include WT littermates if genetically altered animals are used.
For experiments involving diet or substance administration, we will always include control groups administered with vehicle substances or control diets. 
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 randomised but age-, gender- and weight matched to treatment groups.
How will experiments and data analysis be randomised and blinded?
Dietary exposure and substance administrations will be randomised.
Staff collecting and analysis data will be blinded for treatment and genotype.
How will you minimise variables to ensure reproducibility?
To  reduce variability, we use inbred strains, littermates, body-weight-matched, gender-matched and age-matched groups. 
We acclimatise animals to experimental procedures to reduce stress-induced variability. For example, we perform mocking brain injections on 4 consecutive days before the actual substance administration, during which animals are connected to the brain injection swivel.
We will keep all environmental parameters constant, ie time of the day at which the experiment is performed, person performing the procedures etc..
We will use standard operating procedures .
We  develop and use non or less invasive techniques that reduce variability (remote continuous data collection in behaving animals).
When possible we will  use cross-over experimental designs  to minimise variability
How will you determine group sizes?
You should reference POWER calculations you have made, if relevant.
group size will be calculated using previous data for variability of a given outcome measure, a power of 80% and an effect of 50%.
How will you maximise the data output from the animals you use on this protocol?
Whenever possible we will crossover treatments in the same animals  to reduce the number of animals used and increase the power of the experimental design. Will we maximise the number of tissues collected from these animals and share tissues with collaborators. 
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?
Type of animal: 
The control of energy balance and metabolism occurs at the level of the “whole organism” and not simply at a cellular level. Therefore the scientific understanding of these processes requires the study of whole organisms. Mammalian metabolism is a physiologically integrated multi-organ process that requires an in vivo mammalian setting.
Experimental models and methods:
To identify nutrient sensing pathways, we need to challenge the animals with procedures that will activate these pathways to trigger changes in appetite or metabolism. These challenges include:
-dietary manipulations to produce models of obesity or leanness or models of mice lacking a specific nutrient. These manipulations will activate specific sensing pathways that we hope to identify. These include mice fed diets promoting weight gain (high fat, high sucrose), mice fed a low protein diet, fasted or mice maintained on a caloric restriction regimen to study pathways activated by weight loss. Food deprivation of 24h may be needed, because in that case the body upregulates certain metabolic sensing pathways that may be difficult to detect under milder conditions of food deprivation. 24h fasting will be used as a screening tool to identify which pathways are sensing internal energy deficit.  In some cases, food may be delivered in the semi liquid (mash) or liquid form. Mash will be provided ad libitum and until the end of the lifetime of all animals implanted with a gastrointestinal catheter because a solid diet may obstruct the implanted catheter. Liquid food may be provided in acute experiments as test meals when specific dietary compositions cannot be formulated as palatable pellets or powder (i.e. 100% protein ).   
-substances modulating metabolic pathways including nutrients, analogues, hormones, hormone receptor agonist/antagonist, metabolic drugs that can activate directly nutrient sensing pathways, and mimic metabolic situations, allowing the identification of downstream mechanisms. Fasting before the administration of these substances is appropriate to increase the signal to noise ratio of the outcome measures or minimise endogenous levels of the administered compound.
 -substances modulating neuronal activity to activate relevant mechanisms modulating energy balance and identify downstream pathways. These strategies have been shown to be valuable in the discovery of pathways regulating metabolism. 
- substances modulating Immune cells: increasingly recognised for their role in metabolic and nutrient sensing functions in obesity and diabetes and models with administration of substances modulation immune cells will allow to identify these pathways.
In some cases, genetic manipulations will be required to identify nutrients sensing pathways downstream from specific genes. In these cases, it is best to produce site-specific inducible (with gene inducing substances) gene manipulation when possible, as whole body knock-out and germline knockout often do not inform accurately on adult physiology. 
Measurement of food intake in singly housed animals is appropriate because this will likely be a covariable in the expression/activity of pathways being investigated. Single housing is also required during food restriction to avoid unequal access to food between dominant and dominated cage-mates. It is also required when measuring food intake or assessing feeding behaviour, as the only way to collect individual data. 
___________________________________________________________________
b) the most refined for the purpose?
We will use genetically altered (GA) mice expressing reporters in different cell types to investigate the distribution of cells/tissues expressing the candidate pathway, missing a specific gene of interest or allowing site-specific inducible expression of a transgene. Inducing transgene expression or gene knockout in adulthood with gene-expression inducing substances is important because if a pathway is missing during development, this can trigger the compensatory development of an alternative pathway that will mask the role of the pathway under investigation in normally developed animals. Therefore it is best to use models in which embryonic development occurs in the absence of genetic abnormalities. 
___________________________________________________________________
For each model and/or method, what is the scientific need for the expected clinical signs?
Some dietary intervention or substance administrations we use to study hunger will induce physiological weight loss which is necessary to decipher hunger pathways. Conversely some may produce obesity and diabetes, necessary to identify pathways activated in these conditions of metabolic dysfunction.
Using of single housing is necessary to obtain individual feeding data (more accurate). Single housing is also required during food restriction to avoid unequal access to food between dominant and dominated cage-mates. It is also required when measuring food intake or assessing feeding behaviour, as the only way to collect individual data. 
Grid flooring may be required to perform complete stomach emptying, important when studying gut-brain sensing pathways sensitive to bedding or faeces ingestion. In the majority of cases, grid-flooring will not exceed sessions of 24h. In some cases (during the study of feeding behaviour).
___________________________________________________________________
Why scientifically do the animals need to suffer to this degree?
Scientifically it is important to identify nutrient sensing pathways that respond in particular to significant weight loss via food deprivation or weight gain via pro-obesity diets. Targeting these pathways may represent novel strategies for anti-obesity drugs.
Single housing is necessary for accuracy and to decrease data variability.
___________________________________________________________________
Why can't you achieve your scientific outputs with an earlier humane endpoint, or without animals showing any clinical signs?
All the transient mild harm caused by the procedures in this protocol is either necessary to produce the desired model, will allow to decrease data variability or collect individual data, and will allow to collect more robust data. Indeed, most relevant pathways are not modulated under mild conditions. Even under more extreme conditions (i.e. 24h fast vs. overnight fast, or during caloric restriction) transcriptomic profiling or other screening tools give a lot of variability and it is difficult to select top candidates pathways that may lead to efficient strategies. Thus, to obtain robust data and the targeted scientific output, we cannot use earlier humane endpoint.
In some cases, we will need to repeatedly dose mice via the ip or sc routes, and total numbers of injections may need to be above standard numbers. This will be necessary in experiments where we will test the effect of substances activating neuronal pathways or metabolic pathways pharmacologically, typically to decrease/increase appetite and weight gain. Significant effects on appetite and weight may take up to 2 months to become statistically significant. These approaches are often translationally relevant and used to model the effect of therapeutic strategies.
___________________________________________________________________
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.
We will study the literature to identify appropriate doses, route and administration paradigms, and perform pilot studies to confirm optimal efficiency with minimal adverse events.
How will you determine an appropriate dosing regimen?
Include routes, dosage volumes, frequencies, and durations.
We will measure the expected outcome in a pilot study to determine if the dosing regimen is efficient, produces robust changes and monitor for adverse effects. 
The maximum number of injections that may be given by each route, across all steps, is detailed below:
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Protocol 7
Title
Identify novel nutrient sensing pathways with moderate severity 
___________________________________________________________________
Protocol 7: Protocol details
Briefly describe the purposes of this protocol
Ensure that you state any relevant regulatory guidelines.
To identify nutrient-sensing pathways responding to genetic, pharmacological or environmental challenges.
___________________________________________________________________
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?
60% of the animals will experience moderate severity
40% will experience mild severity
___________________________________________________________________
Why are you proposing this severity category?
Animals undergoing surgical procedures will experience short-lived post-operative pain and discomfort. Alternatively, mice will receive oral administration of tamoxifen, which in some strains may produce moderate weight loss (up to 20% ) with recovery within the week following the end of the treatment. In some cases, we will need to activate hunger pathways by restricting caloric intake with weight loss reaching up to 20%.
___________________________________________________________________
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.
· To identify 3 novel brain nutrient sensing pathways involved in the control of energy balance and health.
___________________________________________________________________
Protocol 7: 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.
Animals may start their use on Protocol 1 (animals bred and maintained under this license will be used in this protocol).
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
1500
___________________________________________________________________
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?
We will be using :
- fluorescently-labelled reporter mice to label or follow the fate or activity of specific cell types
- Cre-reporter mice to produce cell-specific genetic manipulations, 
- floxed mice to knock-out specific genes in a cell type specific manner, other knock-out mice to test the role of specific pathways on energy balance
- knock-out mice  to test the role of specific genes in energy balance
- mice expressing optogenetic reporters or DREADDS to reversibly manipulate neuronal activity
Do you expect any of these GAAs to show a harmful phenotype with welfare consequences?
No
Protocol 7: Steps
Step 1 (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.
Transgene inducing or deleting agents or control substances may be administered continuously or intermittently by one of the following routes: 
a. In diet or drinking water (AA)
b. Subcutaneous at up to 20ml/kg, up to 2 times per day and up to a total of 20 occasions (AA)
c. Intraperitoneal  up to 20ml/kg, up to 2 times a day, up to 20 times in total (AA); 
d. oral gavage up once a day, 10ml/kg for up to 5 days (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.
Tamoxifen when administered with a high Fat diet may produce aversion against the high fat diet.
Scrotal swelling, painless accumulation of fluid, may occur in tamoxifen-treated mice (5%).
All gene-inducing/repressing substances may produce some level of weight loss, in a route- and mouse strain- dependant manner. In the majority of the cases, weight loss will be transient and mild (i.e. <10% from pre-tamoxifen baseline body weight ) with recovery within 1 week after the end of the treatment. In some cases (strain and route dependant), mice may lose up to 15% body weight from pre-tamoxifen baseline body weight  without showing clinical signs and normally recover weight within 1 week after the interruption of tamoxifen administration.
During tamoxifen administration, fur appearance might transiently change and look greasy, because of the formulation of the vehicle used for this compound. This is not a sign of ill health. This changes coat appearance and sometimes gives an impression of slight piloerection. Therefore, during tamoxifen administration, coat appearance cannot be used to assess welfare.
Some specific mouse strains have a slightly different posture before interventions and might look slightly hunched. In these strains, posture before intervention will be recorded and used as a reference.
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?
Pilot studies will be performed to determine the minimal effective dose and the potential adverse events in each mouse strain. Animals will be on daily observations during and after the treatments (1 week after the last dose) to detect any sign of compromised welfare.
Whenever possible, we will perform dietary changes either 1 week before or 3 weeks after tamoxifen administration to avoid the production of dietary aversion. Food intake will be monitored to make sure the diet does not produce an aversive response.
Whenever possible, tamoxifen will be administered through the oral route (in food pellets or by gavage) to avoid side effects associated with oil injection.
Animals will be weighed daily during the administration of the drugs as well as during recovery (return to baseline or stable body weight). Animals will be fed energy-dense supplements, mash and hydrogel   2 to 3 days before the treatments (to avoid aversion) and until weight regain stabilises. Animals losing weight will be provided with a heating pad until weight regain stabilises. These strategies have been used previously and are efficient in reducing weight loss.
What are the humane endpoints for this step?
This would be the point at which you would kill the animal to prevent further suffering.
Mice with moderate or severe scrotal swelling with any signs of pain on palpation or interference with locomotion, any changes/ulceration to surface of skin of scrotum will be killed.
If mice show signs of pain or ill-health that cannot be relieved with minor interventions over 24h, they will be killed with a Sch1 method.  Mice losing more than 10% body weight from baseline during the week following the end of the treatment will be assessed using body condition scoring to confirm animal welfare. Mice scoring BCS2 will be supplied with additional support (mash, hydrogel, heating pads) and killed by a schedule 1 method if condition does not improve in the next 6h All animals reaching  20% body weight loss will be immediately Sch1.
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.
Surgery (AB). Animals may undergo one or both of the following surgical procedures: 
a. stereotactic surgery to position cannulae into the CNS. Cannulae may be temporary or permanently secured. While anaesthetised, animals may receive a substance via the preimplanted cannulae.
b. Gastro-intestinal surgery to permanently implant a catheter positioned in the gastrointestinal tract. The catheter will be permanently secured with dental cement or a magnetic access button on the head or back. While anaesthetised, animals may receive a substance via the catheter. After this procedure, animals will be kept on soft bedding. Catheters will be kept potent by daily sterile saline injections, typically for 6 weeks and for up to 12 weeks.
Post-operatively animals may be singly housed for the duration of the subsequent study and fed semi-liquid diet or liquid diet.
___________________________________________________________________
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.
Animals may fail to recover from the surgery (less than 1 %) 
Less than 1% animals may die during the surgical procedure or the post-operative period.
1% of the mice may develop a head tilt.
Animals with chronic catheter implantation may need to be Sch1 if the cap attaching the cannula to the skull detaches, which happens in less than 5% of the case according to our experience. To avoid cap detachment, the cap is secured with both tissue glue and biocompatible dental cement, animals are single housed post-surgery, and hard nesting material is replaced by soft nesting chips.
Animals with a gastrointestinal catheter may need to be Sch1 if the catheter becomes clogged and can no longer be used for substance delivery. 
In 1% of the cases, peritonitis may occur after the insertion of a gastro-intestinal catheter. Weight and wound appearance will be monitored daily during the first week following surgery to detect potential infection.
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?
Surgical procedures will be carried out aseptically. Peri- and post-operative analgesia will be provided; agents will be administered as agreed in advance with NVS. Animals will be monitored daily for 1 week after surgery , provided with hydrogel and mash, as well as a heating pad if necessary.
In the case of wound dehiscence, uninfected wounds may be re-closed on one occasion within 48 hours of the initial surgery.
Catheters will be flushed weekly with sterile saline.
If a mouse loses its head cap, it will be killed immediately.
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 that fail to recover, develop a head tilt, or exhibit signs of pain, distress or  significant ill health will be killed by a Schedule 1 . 
Any animal not fully recovered from the surgical procedure within 24 hrs (eating, drinking and return to normal behaviour) will be killed.
Step 3 (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.
Insertion of a subcutaneous or intraperitoneal minipump delivering substance  (AB). Should the animals need to be studied and kept alive for a period longer than the pump delivery period, pumps will be surgically removed at the end of the delivery period as recommended by the manufacturers.
___________________________________________________________________
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.
Animal may in rare cases not recover from the procedure (less than 1%)
Wound may reopen.
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?
Surgical procedures will be carried out aseptically. Peri- and post-operative analgesia will be provided; agents will be administered as agreed in advance with NVS. Animals will be monitored daily for 1 week after surgery , provided with hydrogel and mash, as well as a heating pad if necessary.
In the case of wound dehiscence, uninfected wounds may be re-closed on one occasion within 48 hours of the initial 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.
Any animals that exhibit signs of pain, distress or of significant ill health will be 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) will be killed.
Step 4 (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.
Dietary Intervention (AA). Animals will undergo one or all of the following dietary treatment administered alone or in combination.
a. Animals will be fed either standard or modified diets, in the solid, semi-liquid (mash) or liquid form. Liquid or semi-liquid diet will be changed daily. The composition of the diet  may be changed on up to 3 7 occasions. 
b. Animals may be food deprived typically for 16h (on up to 15 occasions separated by a minimum of 60h), and for up to 24h (maximum of 2 occasions separated by a minimum of 72h). During that period, animals may be housed on grid flooring.
c. One 1 occasion, food  may be restricted to reach up to 20% body weight loss for periods typically not exceeding 8 weeks and on occasions for up to 12 weeks. During that time, animals may be single housed and returned group housing whenever possible after the end of the treatment.
d. Liquid food may be delivered via a previously implanted intra gastro-intestinal catheter for up to 48h on up to 8 occasions.
___________________________________________________________________
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.
Diets with altered macronutrient composition might produce weight gain, obesity and increase the likelihood of diabetes (in very rare cases in our models, 1%). 
Diets with altered macronutrient composition might also produce weight loss or reduced rate of weight gain.  
In obese animals, weight loss is not an adverse effect. 
Weight loss will be calculated against  age-matched ad libitum fed controls if the treatment is initiated in growing mice (<P60),  pre-intervention weight if the treatment is initiated in lean adults (>P60), or lean age-matched controls if the treated animals are obese.
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?
Body weight gain will be monitored and if mice become overweight or obese, we will remain attentive to their ability to move freely around the cage and access food, modifying cage environment as appropriate.
We will remain vigilant to its development by monitoring water consumption and urine output, in particular being cognisant of an increased need to change bedding as being a potential sign of hyperglycaemia- driven polyuria. If polydipsia and/or polyuria develop, urine will be collected by scruffing and free catch. If urine testing shows greater than 3+ glucose on more than 2 occasions, blood glucose will be measured. 
As soon as 10% weight loss is reached, body composition scoring will be used to assess welfare.
What are the humane endpoints for this step?
This would be the point at which you would kill the animal to prevent further suffering.
Weight loss is not always an appropriate indicator of welfare, in particular in obese mice or in interventions that target the mechanisms of body weight control (i.e., caloric restriction, high protein diets) to produce energy deficit. 
In these cases where weight loss threshold is extended, we will use body condition scoring to assess well-being and determine the humane endpoint in addition to measurements of body weight loss. Mice scoring BCS2 will be supplied with additional support (mash, hydrogel, heating pads) and killed by a schedule 1 method if condition does not improve in the next 6h 
In mice exposed to weight loss diets (i.e. high protein diets), if mice reach 20% weight loss, mice will be returned to a normal chow diet ad libitum and monitored until weight returns to baseline. Mice will be culled unless they stabilise their weight within 48h of ad libitum food access.
In caloric restriction experiments, if mice reach 20% weight loss, we will increase their daily food ration to allow for weight maintenance of weight regain . If this fails to stabilise or increase weight over 48h, mice will be fed ad libitum and monitored until weight returns to baseline. Mice will be culled unless they stabilise their weight within 48h of ad libitum food access. 
If blood glucose is greater than 25 mmol/l, the animal will be killed. Before these limits are reached, animals are not expected to lose weight and should behave normally.
Step 5 (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.
Thermogenic adaptation.
Animals will be subjected to acute (on up to 4 occasions typically for 72h) and/or chronic (typically for 4 weeks and for up to 8 weeks) housing temperature exposure ranging from 4-34C.
During this step, animals may undergo steps 2, 4, 5, 7, 8 and/or 9.
___________________________________________________________________
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 very rare cases, some mice can exhibit hyperthermia or hypothermia during the first hours of thermal acclimatisation.
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?
Changes in housing temperatures will be introduced at the beginning of the day to allow for close monitoring of the animals during the first hours of acclimatisation.
Hyperthermia can be detected  by seeing a mouse spread saliva on its fur and/or prostrates itself to help cool itself. If a mouse shows these behaviours it will be moved to lower environmental temperature. 
Hypothermia might lead to weight loss. Mice will be removed from the cold before exceeding 10% weight loss except where cold exposure is being used in an attempt to reverse an obesity phenotype. In such cases where cold is used to reverse obesity phenotypes weight loss will only be considered clinically limiting if it reaches 10% of a room-temperature control lean animal. In such cases mice will be removed from the cold prior to exceeding 10% weight loss. 
What are the humane endpoints for this step?
This would be the point at which you would kill the animal to prevent further suffering.
A hyperthermic mouse that does not return to normal behaviour (posture, activity) after being placed at ambient temperature for 3h will be killed.
If mice do not begin to regain weight within 3 days of being removed from the cold cabinet then the mice will be Sch1 killed.
Step 6 (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.
 Administration of substances modulating metabolic pathways, including control/vehicle substances, administered alone or in combination, via a bolus or continuously, through up to 2 of the following routes
a. oral gavage on multiple occasions, up to 20ml/kg, up to 3 times a day, up to 30 times in total (AA)
b. mixed in diet or diluted in drinking water, continuously or intermittently (AA);
c. intraperitoneal (ip) injection on multiple occasion, up to 20ml/kg, up to 2 times a day, up to 60 times in total (AA) 
d. intraperitoneal (ip)  minipump (previously implanted under step 3) up to 0.08 ml/kg/min on up to 2 occasions  (substances may be combined in the same infusion mix) (AA)
e. intravenous (iv) on multiple occasion, up to 10ml.kg, up to 2 times a day, up to 14 times in total (AA); 
f.  intravenous (iv) infusion  up to 0.04 ml/kg/min on up to 2 occasions (substances may be combined in the same infusion mix) (AA)
g. intra brain parenchymal administration via a pre-implanted cannula on up to 10 occasions separated by at least 96h, up to 2 ul per injection, up to 10 times in total (AA)
h. intra brain  infusion with a minipump via a pre-implanted cannula up to 0.02 ml/kg/min on up to 2 occasions (substances may be combined in the same infusion mix) (AA)
i. subcutaneous bolus at up to 20ml/kg, up to 2 times a day, for up to 56 occasions (AA)
j. subcutaneous infusion with a minipump (previously implanted under step 3) at up to 0.08 ml/kg/min on up to 2 occasions (AA)
k. intranasal bolus on multiple occasions, 50ul per injection, up to 2 times a day, up to 60 times on total (AA)
l. intra gastro-intestinal administration via a pre-implanted catheter on up to 15 occasions up to once a day.
Acute treatments may be preceded by a fasting period of 6 to 24h during which animals may be housed on grid flooring. 
___________________________________________________________________
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.
Substances used in this step may cause side effects including weight loss, and inappetence and transient discomfort, for example reducing general activity levels.
In obese animals, weight loss is not an adverse effect. 
Weight loss will be calculated against  age-matched ad libitum fed controls if the treatment is initiated in growing mice (<P60),  pre-intervention weight if the treatment is initiated in lean adults (>P60), or lean age-matched controls if the treated animals are obese.
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?
Exact duration and doses will depend on the substance used. These  will be determined based on the study of the published literature to select dosing regimen not causing more than transient adverse effects. They will be tested in pilot cohorts.
Animals will be monitored and weight measured throughout the intervention. As soon as 10% weight loss is reached, body composition scoring will be used to assess welfare.
Mice dosed via the ip route for more than 30 times or the sc route for more than 24 times will be checked by the NACWO weekly and the NVS if necessary .
What are the humane endpoints for this step?
This would be the point at which you would kill the animal to prevent further suffering.
Weight loss is not always an appropriate indicate of welfare, in particular in obese mice or in interventions that target the mechanisms of body weight control ( treatment with substances targeting metabolic pathways) to produce energy deficit. In these cases where weight loss threshold is extended, we will use body condition scoring to assess well-being and determine the humane endpoint in addition to measurements of body weight loss. If mice show signs of pain or ill-health that cannot be relieved with minor interventions over 24h, they will be killed with a Sch1 method.  Mice scoring BCS2 will be supplied with additional support (mash, hydrogel, heating pads) and killed by a schedule 1 method if condition does not improve in the next 6h.
Mice reaching 20% weight loss during the course of chronic substance administration will be removed from the protocol and no longer receive the substances. In the absence of other signs of pain or ill-health, if condition does not improve or weight does not stabilise or increase within 48h after interruption of substance administration, mice will be killed by Schedule 1 method.
Step 7 (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.
Manipulation of neuronal activity  including control/vehicle substances/interventions, administered alone or in combination, via a bolus , through up to 2 of the following routes
a. brain parenchymal through a pre-implanted cannula on up to 10 occasions separated by at least 96h, up to 2 ul per injection (AA)(AA/AB/AC) 
b.  subcutaneous bolus at up to 20ml/kg, up to 2 times a day, for up to 56 occasions (AA) 
c. intraperitoneal (ip) on multiple occasion, up to 20ml/kg, up to 2 times a day, up to 60 times in total (AA).
d. intranasal bolus on multiple occasions (max 50ul per injection), up to 2 times a day, up to 60 times in total (AA)
e. Chemogenetic or optogenetic stimulation up to twice a day, up to 28 times in total (AA)
Acute treatments may be preceded by a fasting period of 6 to 24h during which animals may be housed on grid flooring. 
___________________________________________________________________
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.
Substances used in this step may cause side effects including weight loss, and inappetence and transient discomfort, for example reducing general activity levels.
In obese animals, weight loss is not an adverse effect. 
Weight loss will be calculated against  age-matched ad libitum fed controls if the treatment is initiated in growing mice (<P60),  pre-intervention weight if the treatment is initiated in lean adults (>P60), or lean age-matched controls if the treated animals are obese.
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?
Exact duration and doses will depend on the substance used. These  will be determined based on the study of the published literature to select dosing regimen not causing more than transient adverse effects. They will be tested in pilot cohorts.
Throughout the administration , animals will be monitored and weight . As soon as 10% weight loss is reached, body composition scoring will be used to assess welfare.
Mice dosed via the ip route for more than 30 times or the sc route for more than 24 times will be checked by the Nacwo weekly and the NVS if necessary .
What are the humane endpoints for this step?
This would be the point at which you would kill the animal to prevent further suffering.
Weight loss is not always an appropriate indicate of welfare, in particular in obese mice or in interventions that target the mechanisms of body weight control ( treatment with substances targeting metabolic pathways) to produce energy deficit. In these cases where weight loss threshold is extended, we will use body condition scoring to assess well-being and determine the humane endpoint in addition to measurements of body weight loss. If mice show signs of pain or ill-health that cannot be relieved with minor interventions over 24h, they will be killed with a Sch1 method.  Mice scoring BCS2 will be supplied with additional support (mash, hydrogel, heating pads) and killed by a schedule 1 method if condition does not improve in the next 6h 
Mice reaching 20% weight loss during the course of chronic substance administration will be removed from the protocol and no longer receive the substances. In the absence of other signs of pain or ill-health, if condition does not improve or weight does not stabilise or increase within 48h after interruption of substance administration, mice will be killed by Schedule 1 method.
Step 8 (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.
Administration of substances modulating immune cells 
Animals may be treated with substances modulating immune cells, including control/vehicle substances, administered alone or in combination, via a bolus or continuously, via up to 2 of the following routes
a. oral gavage on multiple occasions, up to 20ml/kg, up to 3 times a day, up to 30 times in total (AA)
b. mixed in diet or diluted in drinking water, continuously or intermittently (AA);
c. intraperitoneal (ip) on multiple occasion, up to 20ml/kg, up to 2 times a day, up to 30 times in total (AA); 
d. intravenous (iv) on multiple occasion, up to 10ml.kg, up to 2 times a day, up to 14 times in total (AA); 
Acute administrations may be preceded by a fasting period of 6 to 24h during which animals may be housed on grid flooring. 
___________________________________________________________________
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.
Substances used in this step may cause side effects including weight loss, inappetence and transient discomfort, for example reducing general activity levels.
In obese animals, weight loss is not an adverse effect. 
Weight loss will be calculated against  age-matched ad libitum fed controls if the treatment is initiated in growing mice (<P60),  pre-intervention weight if the treatment is initiated in lean adults (>P60), or lean age-matched controls if the treated animals are obese.
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?
Exact duration and doses will depend on the substance used, and these will be determined based on the study of the published literature to select dosing regimen not causing more than transient adverse effects.
LPS has  recognised variability in its potency both between suppliers and between same supplier batches. 
Prior to using a batch of LPS we will do pilot studies in small numbers of animals, starting with the lowest effective dose as judged by expert consensus and previous literature. In these pilot studies we will dose early in the day with continuous presence of investigators in the room for the duration of the experiment/first 8 hrs post dose to enable close monitoring of effect.
Once a dose is established, we will seek to use same batch from same supplier from thereon in; any change in supplier and/or batch will require new pilot studies. We will not exceed a dose of 0.5 mg/kg mouse, a dose successfully used by collaborators and which is recognised in the literature to be a very low dose; i.e. sufficient to stimulate signalling pathways but without major systemic upset.  
The majority (90%) of our studies with LPS will be based around a single dose, with mice killed within 24 hrs of the injection as a prescribed part of the study plan. 
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 mice show signs of pain or ill-health that cannot be relieved with minor interventions over 24h, they will be killed with a Sch1 method.  Mice scoring BCS2 will be supplied with additional support (mash, hydrogel, heating pads) and killed by a schedule 1 method if condition does not improve in the next 6h 
Step 9 (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.
Measurement of food intake. We will measure food intake either on group-housed or on single-housed mice. For that purpose, mice may be single housed for up to 8 weeks or for their lifetime.
___________________________________________________________________
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.
Single housing may produce  transient weight loss during the first few days reaching up to 10% . 
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?
Mice will be single housed 5 to 7 days prior any measurement is taken to avoid the combination of adverse effects. We will monitor weight of  single housed animals at least twice in the first week; should weight drop more than expected (e.g. by 10% vs. pre-intervention), supplementary food (e.g. wet mash) will be offered as well as heating pads.
Whenever possible, we will regroup the mice and monitor for signs of fighting (frequent in males under these conditions, i.e. wounds, weight loss). We will use bedding from initial cage to restore olfactory environment.
What are the humane endpoints for this step?
This would be the point at which you would kill the animal to prevent further suffering.
Should the weight trajectory not change with the intervention described above within 48h mice will be killed. 
Step 10 (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.
Tracing substance administration.
Animals may be treated with tracing substances, including control/vehicle substances, administered alone or in combination, via up to 2 of the following routes
a. oral gavage on multiple occasions, up to 20ml/kg, up to 2 times a day, up to 30 times in total (AA)
b. mixed in diet or diluted in drinking water, continuously or intermittently (AA);
c. intraperitoneal (ip) injection on multiple occasion, up to 20ml/kg, up to 2 times a day, up to 30 times in total (AA) 
d. intravenous (iv) on multiple occasion, up to 10ml.kg, up to 2 times a day, up to 14 times in total (AA); 
e. subcutaneous bolus at up to 20ml/kg, up to 2 times a day for up to 28 days (AA)
Acute treatments may be preceded by a fasting period of 6 to 24h during which animals may be housed on grid flooring. 
___________________________________________________________________
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 11 (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.
Blood sampling. Withdrawal of a blood sample from a superficial blood vessel no more than 10% of total blood volume in 24hrs and 15% of total blood volume in any 28 days (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.
No
___________________________________________________________________
Step 12 (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.
Removal of organs or tissues followed by perfusion, exsanguination or a Schedule 1 method (AC)
8. (At any stage). Killing. Animals will be killed by
a. Schedule 1, or
b. Perfusion (AC), or
c. Exsanguination (AC), or
d. Decapitation for animals up to 20 weeks of age (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
___________________________________________________________________
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 may be required when sampling brainstem tissues for subsequent analysis in order to maintain the morphology and neuro-anatomy of the organ and ensure the validity of the collected brain samples. Decapitation promotes reduction  (see 3R section). Decapitation will be performed without anaesthetics on animals of up to 20 weeks of age.
___________________________________________________________________
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.
This typical workflow for this protocol   is depicted below:
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Typically, animals will go through once "model-related steps" (steps 1-3) that will allow us to activate/ inhibit a transgene and/or perform surgical interventions necessary for future substance administration. In worst case scenario, all 3 steps may be needed.
Animals will then be exposed to an acute or chronic environmental (diet or thermal challenge), pharmacological (via the administration of substances modulating metabolism, neural pathways) or  the immune challenge to activate and identify brain nutrient sensing pathways (steps 4 to 8). Typically 2 of these steps will be used and in worst case scenario, 3 of these steps may be used.
During this environmental, pharmacological or genetic challenge, we will measure body weight and food intake as main outcomes related to energy balance and likely covariables in the effect of these manipulations. We may administer tracers to assess the consequences on variables such as blood-brain barrier permeability or cell proliferation.
We will collect blood and tissues to identify brain pathways modulated by these challenges and candidate pathways in brain nutrient sensing for subsequent studies.
Specific examples are depicted below:
[image: ]
___________________________________________________________________
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 signs of suffering that are greater than minor and transient (observed consistently over a 24h period) and cannot be relieved with minor interventions over 24h will be killed by a Sch1 method. Mice scoring BCS2 will be supplied with additional support (mash, hydrogel, heating pads) and killed by a schedule 1 method if condition does not improve in the next 6h In the case of individual animals of particular scientific interest, advice will be sought promptly from the local Home Office Inspector.
___________________________________________________________________
Protocol 7: Experimental design
What outputs are expected to arise from this protocol?
For example, test results, phenotypic information, or products.
We will measure body weight and food intake, blood parameters and perform analysis on tissues.
___________________________________________________________________
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 determine the safe most efficient dose and route of administration for each  new substances.
How will you choose different experimental groups?
For example, controls, dose levels, satellites etc.
Experimental groups will include WT littermates if genetically altered animals are used.
For experiments involving diet or substance administration, we will always include control groups administered with vehicle substances or control diets. 
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 randomised but age-, gender- and weight matched to treatment groups.
How will experiments and data analysis be randomised and blinded?
Dietary exposure and substance administrations will be randomised.
Staff collecting and analysis data will be blinded for treatment and genotype.
How will you minimise variables to ensure reproducibility?
To  reduce variability, we use inbred strains, littermates, body-weight-matched, gender-matched and age-matched groups. 
We acclimatise animals to experimental procedures to reduce stress-induced variability. For example, we perform mocking brain injections on 4 consecutive days before the actual substance administration, during which animals are connected to the brain injection swivel.
We will keep all environmental parameters constant, ie time of the day at which the experiment is performed, person performing the procedures etc..
We will use standard operating procedures .
We  develop and use non or less invasive techniques that reduce variability (remote continuous data collection in behaving animals).
When possible we will  use cross-over experimental designs  to minimise variability
How will you determine group sizes?
You should reference POWER calculations you have made, if relevant.
group size will be calculated using previous data for variability of a given outcome measure, a power of 80% and an effect of 50%.
How will you maximise the data output from the animals you use on this protocol?
Whenever possible we will crossover treatments in the same animals  to reduce the number of animals used and increase the power of the experimental design. Will we maximise the number of tissues collected from these animals and share tissues with collaborators. 
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?
Type of animal: 
The control of energy balance and metabolism occurs at the level of the “whole organism” and not simply at a cellular level. Therefore the scientific understanding of these processes requires the study of whole organisms. Mammalian metabolism is a physiologically integrated multi-organ process that requires an in vivo mammalian setting.
Experimental models and methods:
To identify nutrient sensing pathways, we need to challenge the animals with procedures that will activate these pathways to trigger changes in appetite or metabolism. These challenges include:
-dietary manipulations to produce models of obesity or leanness or models of mice lacking a specific nutrient. These manipulations will activate specific sensing pathways that we hope to identify. These include mice fed diets promoting weight gain (high fat, high sucrose), mice fed a low protein diet, fasted or mice maintained on a caloric restriction regimen to study pathways activated by weight loss. Food deprivation of 24h may be needed, because in that case the body upregulates certain metabolic sensing pathways that may be difficult to detect under milder conditions of food deprivation. 24h fasting will be used as a screening tool to identify which pathways are sensing internal energy deficit. 
- thermal manipulations, are used either to study animals at thermoneutrality (28C), perform a cold challenge and study the activation of the sympathetic nervous system, or modulate energy needs (increased when thermoregulation requirements are increased at cooler temperature) and study the effects on energy balance. 
-substances modulating metabolic pathways including nutrients, analogues, hormones, hormone receptor agonist/antagonist, metabolic drugs that can activate directly nutrient sensing pathways, and mimic metabolic situations, allowing the identification of downstream mechanisms. Fasting before the administration of these substances is appropriate to increase the signal to noise ratio of the outcome measures or minimise endogenous levels of the administered compound .
 -substances modulating  neuronal activity to activate relevant mechanisms modulating energy balance and identify downstream pathways. These strategy have been shown to be valuable in the discovery of pathways regulating metabolism. 
- substances modulating Immune cells : increasingly recognised for their role in metabolic and nutrient sensing functions in obesity and diabetes and models with administration of substances modulation immune cells will allow to identify these pathways.
Surgical manipulations will allow either the chronic delivery of substances to assess their long-term effect, or the specific delivery into the brain to avoid non-desirable effects associated with systemic delivery.
Liquid diet: in some cases, food may be delivered in the semi liquid (mash) or liquid form. Mash will be provided ad libitum and until the end of the lifetime of all animals implanted with a gastrointestinal catheter because a solid diet may obstruct the implanted catheter. Liquid food may be provided in acute experiments as test meals when specific dietary compositions can not be formulated as palatable pellets or powder (i.e. 100% protein ).   
Intra-gastro-intestinal food delivery: this procedure will allow to deliver food in unstressed freely moving animals acutely or over prolonged periods of time (typically for up to 48h on each occasion ) in order to measure the behavioural, neuroendocrine and metabolic responses to food detection in the gut. This procedure is the most refined to:
i) characterise the immediate and prolonged stress-sensitive physiological, endocrine and behavioural responses to local food sensing in specific segments of the gastro-intestinal tract. This procedure allows the delivery of food at rates mimicking normal food ingestion. Output measures are independent of orosensory food detection. 
ii) Assess macronutrient-specific appetite while controlling the body’s energy and nutritional status. For example, by delivering a protein-devoid but otherwise complete meal via a gastric catheter and allowing the animal to freely consume proteins and record the associated behavioural, neuroendocrine and metabolic responses.
iii) Dissociate chemical and mechanosensing modalities of food sensing in the gastro-intestinal tract by infusing isocaloric isovolumic meals. With solid diets, this is almost impossible to achieve when animals eat ad libitum.
In some cases, genetic manipulations will be required to identify nutrients sensing pathways downstream from specific genes. In these cases, it is best to produce site-specific inducible (with gene inducing substances) gene manipulation when possible, as whole body knock-out and germline knockout often do not inform accurately on adult physiology. 
Measurement of food intake in singly housed animals is appropriate because this will likely be a covariable in the expression/activity of pathways being investigated. 
___________________________________________________________________
b) the most refined for the purpose?
We will use genetically altered (GA) mice expressing reporters in different cell types to investigate the distribution of cells/tissues expressing the candidate pathway, missing a specific gene of interest or allowing site-specific inducible expression of a transgene . Inducing transgene expression or gene knockout in adulthood with gene-expression inducing substances is important because if a pathway is missing during development, this can trigger the compensatory development of an alternative pathway that will mask the role of the pathway under investigation in normally developed animals. Therefore it is best to use  models in which embryonic development occurs in the absence of genetic abnormalities. 
Surgical manipulations will allow site-specific substance delivery, a model more refined than when substances are delivered systemically. Surgical strategies allowing chronic substance infusions rather than multiple injections (Minipumps, intravascular catheter) also increase refinement , allowing continuous dosing without the need to scruff animals repeatedly. 
___________________________________________________________________
For each model and/or method, what is the scientific need for the expected clinical signs?
Some dietary intervention or substance administrations we use to study hunger will induce physiological weight loss which is  necessary to decipher hunger pathways .  Conversely some may produce obesity and diabetes, necessary to identify pathways activated in these conditions of metabolic dysfunction.
Using of single housing is necessary to obtain individual feeding data (more accurate) . Single housing is also required during food restriction to avoid unequal access to food between dominant and dominated cage-mates. It is also required when measuring food intake or assessing feeding behaviour, as the only way to collect individual data. Likewise, single housing is necessary after surgical procedures where cage mates may damage wounds or implanted catheters
Grid flooring may be required to perform complete stomach emptying, important when studying gut-brain sensing pathways sensitive to bedding or faeces ingestion. In the majority of cases, grid-flooring will not exceed sessions of 24h. In some cases (during the study of feeding behaviour).
___________________________________________________________________
Why scientifically do the animals need to suffer to this degree?
Scientifically it is important to identify nutrient sensing pathways that respond in particular to significant weight loss via food deprivation or weight gain via pro-obesity diets. Targeting these pathway my represent novel strategies for anti-obesity drugs.
The suffering associated with single housing and grid flooring is necessary for accuracy and to decrease data variability.
Repeated ip or sc substance administration for is needed to test the anti-obesity efficacy of novel compounds in obese animals. Typically these drugs will be given up to twice a day for 14 to 28 weeks, time necessary to assess weight loss and maintenance. This is important to translate our research to the clinic.
___________________________________________________________________
Why can't you achieve your scientific outputs with an earlier humane endpoint, or without animals showing any clinical signs?
Most relevant pathways are not modulated under mild conditions. Even under more extreme conditions (i.e. 24h fast vs. overnight fast, or during caloric restriction) transcriptomic profiling or other screening tools give a lot of variability and it is difficult to select top candidates pathways that may lead to efficient strategies. Thus, to obtain robust data and the targeted scientific output, we can not use earlier humane endpoint.
For adverse events related to tamoxifen administration in some strains, we have shown that lower doses or shorted administration regimen do not produce the same level of gene induction. To obtain a robust model, doses and durations sometimes producing >15% weight loss may be necessary.
In some cases we will need to repeatedly dose mice via the ip or sc routes, and total numbers of injections may need to be above standard numbers. This will be necessary in experiments where we will test the effect of substances activating neuronal pathways or metabolic pathways pharmacologically, typically to decrease/increase appetite and weight gain. Significant effects on appetite and weight may take up to 2 months to become statistically significant. These approaches are often translationally relevant and used to model the effect of therapeutic strategies.
___________________________________________________________________
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.
We will study the literature to identify appropriate doses, route and administration paradigms, and perform pilot studies to confirm optimal efficiency with minimal adverse events.
How will you determine an appropriate dosing regimen?
Include routes, dosage volumes, frequencies, and durations.
We will measure the expected outcome in a pilot study to determine if the dosing regimen is efficient, produces robust changes and monitor for adverse effects . 
The maximum number of injections that may be given by each route is detailed below:
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Protocol 8
Title
Characterise the metabolic consequence of novel nutrient sensing pathways with mild severity
___________________________________________________________________
Protocol 8: Protocol details
Briefly describe the purposes of this protocol
Ensure that you state any relevant regulatory guidelines.
The purpose is to characterise the metabolic and neuroendocrine consequences of novel nutrient sensing pathways and assess their potentials as targets for anti-obesity drugs.
___________________________________________________________________
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?
100% of the animals will experience mild severity.
___________________________________________________________________
Why are you proposing this severity category?
The majority of the animals will go through a series of mild procedure producing a final mild 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.
· To characterise 3 novel brain nutrient sensing pathways involved in the control of energy balance and health.
· To assess the potential of  3 novel brain nutrient sensing pathways as targets for anti-obesity treatments.
___________________________________________________________________
Protocol 8: 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.
Animals may start their use on Protocol 1 (animals bred and maintained under this license will be used in this protocol).
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 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?
We will be using :
- fluorescently-labelled reporter mice to label or follow the fate or activity of specific cell types
- Cre-reporter mice to produce cell-specific genetic manipulations, 
- floxed mice to knock-out specific genes in a cell type specific manner, other knock-out mice to test the role of specific pathways on energy balance
- knock-out mice  to test the role of specific genes in energy balance
- mice expressing optogenetic reporters or DREADDS to reversibly manipulate neuronal activity
Do you expect any of these GAAs to show a harmful phenotype with welfare consequences?
No
Protocol 8: Steps
Step 1 (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.
Transgene inducing or deleting agents or control substances may be administered continuously or intermittently by one of the following routes: 
a. In diet or drinking water (AA)
b. Subcutaneous at up to 20ml/kg, up to 2 times per day and up to a total of 20 occasions(AA)
c. Intraperitoneal , up to 20ml/kg, up to 2 times a day, up to 20 times in total (AA); 
d. oral gavage once per day, 10ml/kg for up to 5 days (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.
Tamoxifen when administered with a high Fat diet may produce aversion against the high fat diet.
Scrotal swelling, painless accumulation of fluid,  may occur in tamoxifen-treated mice (5%).
All gene-inducing/repressing substances may produce some level of weight loss, in a route- and mouse strain- dependant manner. In the majority of the cases, weight loss will be transient and mild (i.e. <10% from pre-tamoxifen baseline body weight ) with recovery within 1 week after the end of the treatment. In some cases (strain and route dependant), mice may lose up to 15% body weight from pre-tamoxifen baseline body weight  without showing clinical signs and normally recover weight within 1 week after the interruption of tamoxifen administration.
During tamoxifen administration, fur appearance might transiently change and look greasy, because of the formulation of the vehicle used for this compound. This is not a sign of ill health. This changes coat appearance and sometimes gives an impression of slight piloerection. Therefore, during tamoxifen administration, coat appearance cannot be used to assess welfare.
Some specific mouse strains have a slightly different posture before interventions and might look slightly hunched. In these strains, posture before intervention will be recorded and used as a reference.
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?
Pilot studies will be performed to determine the minimal effective dose and the potential adverse events in each mouse strain. Animals will be on daily observations during and after the treatments (1 week after the last dose) to detect any sign of compromised welfare.
Whenever possible, we will perform dietary changes either 1 week before or 3 weeks after tamoxifen administration to avoid the production of dietary aversion. Food intake will be monitored to make sure the diet does not produce an aversive response.
Whenever possible, tamoxifen will be administered through the oral route (in food pellets or by gavage) to avoid side effects associated with oil injection
Animals will be weighed daily during the administration of the drugs as well as during recovery (return to baseline or stable body weight). Animals will be fed energy-dense supplements, mash and hydrogel   2 to 3 days before the treatments (to avoid aversion) and until weight regain stabilises. Animals loosing weight  will be provided with a heating pad until weight regain stabilises. These strategies have been used previously and are efficient in reducing weight loss.
In experiments combining steps where substances need to be administered, the total number of injections across all steps  will not exceed the following maximal numbers per route  defined in protocol justification.
What are the humane endpoints for this step?
This would be the point at which you would kill the animal to prevent further suffering.
Mice with moderate or severe scrotal swelling with any signs of pain on palpation or interference with locomotion, any changes/ulceration to surface of skin of scrotum will be killed.
If mice show mild and transient signs of pain or ill-health that cannot be relieved with minor interventions over 8h, they will be killed with a Sch1 method.  Mice losing more than 10% body weight from baseline during the week following the end of the treatment will be assessed using body condition scoring to confirm animal welfare. Mice scoring BCS2 will be killed by a schedule 1 method. All animals reaching 15% body weight loss will be immediately Sch1.
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.
Dietary Intervention (AA). Animals will undergo one or all of the following dietary treatment administered alone or in combination.
a. Animals will be fed either standard or modified diets, the composition of which may be changed on up to 3 7  occasions. 
b. Animals may be food deprived typically for 16h (on up to 15 occasions separated by a minimum of 60h), and for up to 24h (maximum of 2 occasions separated by a minimum of 72h). During that period, animals may be housed on grid flooring.
___________________________________________________________________
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.
Diets with altered macronutrient composition might produce weight gain, obesity and increase the likelihood of diabetes (in very rare cases in our models, 1%). 
Diets with altered macronutrient composition might also produce weight loss or reduced rate of weight gain.  
In obese animals, weight loss is not an adverse effect. 
Weight loss will be calculated against  age-matched ad libitum fed controls if the treatment is initiated in growing mice (<P60),  pre-intervention weight if the treatment is initiated in lean adults (>P60), or lean age-matched controls if the treated animals are obese.
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?
Body weight gain will be monitored during dietary interventions and if mice become overweight or obese, we will remain attentive to their ability to move freely around the cage and access food, modifying cage environment as appropriate.
We will remain vigilant to the potential development of diabetes by monitoring water consumption and urine output, in particular being cognisant of an increased need to change bedding as being a potential sign of hyperglycaemia- driven polyuria. If polydipsia and/or polyuria develop, urine will be collected by scruffing and free catch. If urine testing show greater than 3+ glucose on more than 2 occasions, blood glucose will be measured. 
What are the humane endpoints for this step?
This would be the point at which you would kill the animal to prevent further suffering.
Weight loss is not always an appropriate indicator of welfare, in particular in obese mice or in interventions that target the mechanisms of body weight control (i.e., caloric restriction, high protein diets) to produce energy deficit. 
In these cases where weight loss threshold is extended, we will use body condition scoring to assess well-being and determine the humane endpoint in addition to measurements of body weight loss (see general humane endpoint).
In caloric restriction experiments, if mice reach 15% weight loss. we will increase their daily food ration to allow for weight maintenance of weight regain . If this fails to stabilise or increase weight over 48h, mice will be fed ad libitum and monitored until weight returns to baseline. Mice will be culled unless they stabilise their weight within 48h of ad libitum food access. 
In mice exposed to weight loss diets (i.e. high protein diets), if mice reach 15% weight loss, mice will be returned to a normal chow diet ad libitum and monitored until weight returns to baseline. Mice will be culled unless they stabilise their weight within 48h of ad libitum food access.
If blood glucose is greater than 25 mmol/l, the animal will be killed. Before these limits are reached, animals are not expected to lose weight and should behave normally.
Step 3 (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.
Administration of viral vectors or tracers. 
Animals may be treated with viral vectors or tracers including control/vehicle substances, administered alone or in combination, on up to 2 occasions, by intravenous injection (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.
Weight loss reaching up to 10% in the majority of the cases.
In some cases where the vectors target pathways regulating energy balance, weight loss may reach 15% .
Weight loss will be calculated against  age-matched ad libitum fed controls if the treatment is initiated in growing mice (<P60),  pre-intervention weight if the treatment is initiated in adults (>P60), or lean age-matched controls if the treated animals are obese. 
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?
Weight will be measured daily after the injection for 1 week and twice weekly after that for the entire duration of the experiment.
Pilot studies will be systematically used to determine safe and efficient doses for new viral lots and new targeted brain regions.
Weight loss>10% will be addressed with hydrogel and mash supplementation. 
What are the humane endpoints for this step?
This would be the point at which you would kill the animal to prevent further suffering.
Weight loss is not always an appropriate indicate of welfare, in particular in obese mice or in interventions that target the mechanisms of body weight control ( treatment with substances targeting metabolic pathways) to produce energy deficit.
 In these cases where weight loss threshold is extended , we will use body condition scoring to assess well-being and determine the humane endpoint in addition to measurements of body weight loss. If mice show mild and transient signs of pain or ill-health that cannot be relieved with minor interventions over 8h, they will be killed with a Sch1 method. Mice scoring BCS2 will be killed by a schedule 1 method.
Mice reaching 15% weight loss  and failing to stabilise weight or restore weight gain after 48h of receiving interventions,  will be killed.
Step 4 (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.
 Administration of substances modulating metabolic pathways, including control/vehicle substances, administered alone or in combination, via a bolus or continuously, through up to 2 of the following routes
a. oral gavage on multiple occasions, up to 20ml/kg, up to 2 times a day, up to 30 times in total (AA)
b. mixed in diet or diluted in drinking water, continuously or intermittently (AA);
c. intraperitoneal (ip) injection on multiple occasion, up to 20ml/kg, up to 2 times a day, up to 30 times in total (AA) 
d. intravenous (iv) on multiple occasion, up to 10ml.kg, up to 2 times a day, up to 14 times in total (AA); 
e. subcutaneous bolus at up to 20ml/kg, up to 2 times a day, on up to 24 occasions (AA)
f. intranasal bolus on multiple occasions (max 50ul per injection), up to 2 times a day, up to 60 times on total (AA)
Acute treatments may be preceded by a fasting period of 6 to 24h during which animals may be housed on grid flooring. 
___________________________________________________________________
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.
Substances used in this step may cause side effects including weight loss, and inappetence and transient discomfort, for example reducing general activity levels.
In obese animals, weight loss is not an adverse effect. 
Weight loss will be calculated against  age-matched ad libitum fed controls if the treatment is initiated in growing mice (<P60),  pre-intervention weight if the treatment is initiated in lean adults (>P60), or lean age-matched controls if the treated animals are obese. 
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?
Exact duration and doses will depend on the substance used. These  will be determined based on the study of the published literature to select dosing regimen not causing more than transient adverse effects. They will be tested in pilot cohorts.
In experiments combining steps where substances need to be administered, the total number of injections across all steps  will not exceed the  maximal numbers per route defined in protocol justification.
Animals will be monitored and weight measured throughout the intervention. As soon as 10% weight loss is reached, body composition scoring will be used to assess welfare.
What are the humane endpoints for this step?
This would be the point at which you would kill the animal to prevent further suffering.
Weight loss is not always an appropriate indicate of welfare, in particular in obese mice or in interventions that target the mechanisms of body weight control ( treatment with substances targeting metabolic pathways) to produce energy deficit. In these cases where weight loss threshold is extended , we will use body condition scoring to assess well-being and determine the humane endpoint in addition to measurements of body weight loss. If mice show mild and transient signs of pain or ill-health that cannot be relieved with minor interventions over 8h, they will be killed with a Sch1 method. Mice scoring BCS2 will be  killed by a schedule 1 method .
Mice reaching 15% weight loss during the course of chronic substance administration will be removed from the protocol and no longer receive the substances. In the absence of other signs of pain or ill-health, if condition does not improve or weight does not stabilise or increase within 48h after interruption of substance administration, mice will be killed by Schedule 1 method.
Step 5 (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.
Manipulation of neuronal activity, including control/vehicle substances/interventions, administered alone or in combination, via a bolus or continuously, through up to 2 of the following routes
a. subcutaneous bolus at up to 20ml/kg, up to 2 times a day, on up to 24 occasions (AA) 
b. intraperitoneal (ip) on multiple occasion, up to 20ml/kg, up to 2 times a day, up to 30 times in total (AA).
c. intranasal bolus on multiple occasions (max 50ul per injection), up to 2 times a day, up to 60 times in total (AA)
d. Chemogenetic stimulation up to twice a day, up to 28 times in total (AA)
Acute treatments may be preceded by a fasting period of 6 to 24h during which animals may be housed on grid flooring. 
___________________________________________________________________
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.
Substances used in this step may cause side effects including weight loss, inappetence and transient discomfort, for example reducing general activity levels.
In obese animals, weight loss is not an adverse effect. 
Weight loss will be calculated against  age-matched ad libitum fed controls if the treatment is initiated in growing mice (<P60),  pre-intervention weight if the treatment is initiated in lean adults (>P60), or lean age-matched controls if the treated animals are obese.
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?
Exact duration and doses will depend on the substance used. These  will be determined based on the study of the published literature to select dosing regimen not causing more than transient adverse effects. They will be tested in pilot cohorts.
In experiments combining steps where substances need to be administered, the total number of injections across all steps  will not exceed the  maximal numbers per route  defined in protocol justification.
Animals will be monitored and weight measured throughout the intervention. As soon as 10% weight loss is reached, body composition scoring will be used to assess welfare.
What are the humane endpoints for this step?
This would be the point at which you would kill the animal to prevent further suffering.
Weight loss is not always an appropriate indicate of welfare, in particular in obese mice or in interventions that target the mechanisms of body weight control  to produce energy deficit. In these cases where weight loss threshold is extended , we will use body condition scoring to assess well-being and determine the humane endpoint in addition to measurements of body weight loss. If mice show mild and transient signs of pain or ill-health that cannot be relieved with minor interventions over 8h, they will be killed with a Sch1 method.  Mice scoring BCS2 will be  killed by a schedule 1 method.
Mice reaching 15% weight loss during the course of chronic substance administration will be removed from the protocol and no longer receive the substances. In the absence of other signs of pain or ill-health, if condition does not improve or weight does not stabilise or increase within 48h after interruption of substance administration, mice will be killed by Schedule 1 method.
Step 6 (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.
Administration of substances modulating immune cells 
Animals may be treated with substances modulating immune cells, including control/vehicle substances, administered alone or in combination, via up to 2 of the following routes
a. oral gavage on multiple occasions, up to 20ml/kg, up to 3 times a day, up to 30 times in total (AA)
b. mixed in diet or diluted in drinking water, continuously or intermittently (AA);
c. intraperitoneal (ip) on multiple occasion, up to 20ml/kg, up to 2 times a day, up to 30 times in total (AA); 
d. intravenous (iv) on multiple occasion, up to 10ml.kg, up to 2 times a day, up to 14 times in total (AA); 
Acute administrations may be preceded by a fasting period of 6 to 24h during which animals may be housed on grid flooring. 
___________________________________________________________________
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.
Substances used in this step may cause side effects including weight loss, and inappetance and transient discomfort, for example reducing general activity levels.. In obese animals, weight loss is not an adverse effect. 
Weight loss will be calculated against  age-matched ad libitum fed controls if the treatment is initiated in growing mice (<P60),  pre-intervention weight if the treatment is initiated in lean adults (>P60), or lean age-matched controls if the treated animals are obese. 
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?
Exact duration and doses will depend on the substance used. These  will be determined based on the study of the published literature to select dosing regimen not causing more than transient adverse effects. 
In experiments combining steps where substances need to be administered, the total number of injections across all steps  will not exceed the  maximal numbers per route  defined in protocol justification.
LPS has  recognised variability in its potency both between suppliers and between same supplier batches. 
Prior to using a batch of LPS we will do pilot studies in small numbers of animals, starting with the lowest effective dose as judged by expert consensus and previous literature. In these pilot studies we will dose early in the day with continuous presence of investigators in the room for the duration of the experiment/first 8 hrs post dose to enable close monitoring of effect.
Once a dose is established, we will seek to use same batch from same supplier from thereon in; any change in supplier and/or batch will require new pilot studies. We will not exceed a dose of 0.5 mg/kg mouse, a dose successfully used by collaborators and which is recognised in the literature to be a very low dose; i.e. sufficient to stimulate signalling pathways but without major systemic upset.  
The majority (90%) of our studies with LPS will be based around a single dose, with mice killed within 24 hrs of the injection as a prescribed part of the study plan. 
Animals will be monitored and weight measured throughout the intervention. As soon as 10% weight loss is reached, body composition scoring will be used to assess welfare.
What are the humane endpoints for this step?
This would be the point at which you would kill the animal to prevent further suffering.
IIf mice show mild and transient signs of pain or ill-health that cannot be relieved with minor interventions over 8h, they will be killed with a Sch1 method.  Mice scoring BCS2 will be killed by a schedule 1 method .
Step 7 (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.
Measurement of food intake. 
We will measure food intake either on group-housed or on single-housed mice. 
For that purpose, mice may be single housed for up to 8 weeks or for their lifetime. 
Food intake may be measured in specialised behavioural chambers in which mice may be maintained for up to 8 weeks.
___________________________________________________________________
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.
Single housing  may produce transient weight loss during the first few days reaching up to 10% . 
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?
Mice will be single housed 5 to 7 days prior any measurement is taken to avoid the combination of adverse effects. We will monitor weight of  single housed animals at least twice in the first week and daily in mice housed in behavioural chambers; should weight drop more than expected (e.g. by 10% vs. pre-intervention) supplementary food (e.g. wet mash) will be offered as well as heating pads. 
Whenever possible, we will regroup the mice and monitor for signs of fighting (frequent in males under these conditions, i.e. wounds, weight loss). We will use bedding from initial cage to restore olfactory environment.
What are the humane endpoints for this step?
This would be the point at which you would kill the animal to prevent further suffering.
Should the weight trajectory not change with the intervention described above within 48h mice will be killed. 
Step 8 (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.
Tracing substance administration.
Animals may be treated with tracing substances, including control/vehicle substances, administered alone or in combination, via up to 2 of the following routes
a. oral gavage on multiple occasions, up to 20ml/kg, up to 2 times a day, up to 30 times in total (AA)
b. mixed in diet or diluted in drinking water, continuously or intermittently (AA);
c. intraperitoneal (ip) injection on multiple occasion, up to 20ml/kg, up to 2 times a day, up to 30 times in total (AA) 
e. subcutaneous bolus at up to 20ml/kg, up to 2 times a day, on up to 24 occasions (AA)
f. intravenous (iv) on multiple occasion, up to 10ml.kg, up to 2 times a day, up to 14 times in total (AA); 
Acute treatments may be preceded by a fasting period of 6 to 24h during which animals may be housed on grid flooring. 
___________________________________________________________________
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 (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.
Blood sampling. Withdrawal of a blood sample from a superficial blood vessel no more than 10% of total blood volume in 24hrs and 15% of total blood volume in any 28 days (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.
No
___________________________________________________________________
Step 10 (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.
Indirect calorimetry.
Animals may be single housed in a home cage based calorimetry system,  typically for 72hrs but never more than 5 days. An animal may undergo calorimetry on up to three separate occasions (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.
Mice may lose weight.
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?
We will monitor weight daily. Should weight drop more than expected (e.g. by 10% vs. pre-intervention), supplementary food (e.g. wet mash) will be offered – should the weight trajectory not change with the intervention within 48h and/or weight drop reach 15%, mice will be removed from the calorimetry chambers. If mice undergo food restriction and/or drug treatment during calorimetry assessments, the weight loss limits defined for these procedures apply.
Whenever possible we will regroup the mice and monitor for signs of fighting (frequent in males under these conditions). We will use bedding from initial cage to restore olfactory environment.
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 mice show signs of pain or ill-health that cannot be relieved with minor interventions over 24h, they will be killed with a Sch1 method.  Mice scoring BCS2 will be supplied with additional support (mash, hydrogel, heating pads) and killed by a schedule 1 method if condition does not improve in the next 6h. 
Step 11 (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.
Body composition evaluation.
This will be done using non-invasive imaging technology (AA/AB). This step may be repeated up to 3 times separated by at least 7 days. Imaging requiring anaesthesia will be performed 2 times or less, separated by at least 7 days, and the anaesthetic episode will last 5 min or less.
___________________________________________________________________
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 12 (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.
Evaluation of nutrient homeostasis: carbohydrate (glucose tolerance test, insulin sensitivity test or glucose/insulin clamp), lipid or protein.
a. Animals will be administered with carbohydrates (glucose, fructose, pyruvate), lipids or proteins and/or metabolic hormones (insulin, glucagon, somatostatin) administered alone or in combination, by
i. Intraperitoneal up to 20ml/kg, up to once a day, up to 4 times in total (AA), and/or
ii. Oral gavage up to 20ml/kg, up to once a day, up to 4 times in total (AA)
b. Animals may be food deprived for up to 6h (day-time) before these administrations (AA).
c. Blood may be sampled following these administrations through tail vein puncture (<0.3cm) (AA) or indwelling vascular catheter (AB).
 This step may be repeated up to 3 times separated by at least 7 days. 
___________________________________________________________________
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.
Insulin may cause hypoglycaemia as some mouse models may be more sensitive than others. 
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?
Physical signs of hypoglycaemia (in particular activity phenotypes such as reduced activity, reduce response to provocation, intermittent tremors) will be monitored. If such responses are detected, blood glucose will be measured, and if blood glucose <2.0 mmol/l, mice will be injected with 20% glucose (IP). 
What are the humane endpoints for this step?
This would be the point at which you would kill the animal to prevent further suffering.
Hypoglycaemic animals who do not recover within 30 min from glucose injection will be killed. 
Step 13 (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) Removal of organs or tissues following by killing by
a. Schedule 1, or
b. Perfusion (AC), or
c. Exsanguination (AC), or
d. Decapitation for animals up to 20 weeks of age (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
___________________________________________________________________
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.
· 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 may be required when sampling brainstem tissues for subsequent analysis in order to maintain the morphology and neuro-anatomy of the organ and ensure the validity of the collected brain samples. Decapitation promotes reduction (see 3R section). Decapitation will be performed without anaesthetics on animals of up to 20 weeks of age.
___________________________________________________________________
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.
Typically animals will undergo 3 model-related steps (steps 1 to 7) that are necessary for site-specific and inducible manipulation of the pathway of interest and to study the model in the appropriate environmental conditions (diet and temperature). In worst case scenario, up to 6 of these steps may be used.
Animals will undergo typically 2 of the generic phenotyping-related steps typically twice each (steps 8-10).
Then animals will be used for energy and nutrient homeostasis phenotyping using typically all 3 steps (steps 11-13) , typically on a total of 4 occasions. In worst case scenario, main phenotyping steps may occur on 6 occasion.
Generic animals experience:
[image: ]
Examples of typical animal experience:
[image: ]
___________________________________________________________________
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 mild signs of suffering that observed consistently over a 8h period and cannot be relieved with minor interventions over 8h will be killed by a Sch1 method.  In the case of individual animals of particular scientific interest, advice will be sought promptly from the local Home Office Inspector.
___________________________________________________________________
Protocol 8: Experimental design
What outputs are expected to arise from this protocol?
For example, test results, phenotypic information, or products.
We will measure body weight and food intake, blood parameters and perform analysis on tissues.
___________________________________________________________________
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 determine the safe most efficient dose and route of administration for each  new substances.
How will you choose different experimental groups?
For example, controls, dose levels, satellites etc.
Experimental groups will include WT littermates if genetically animals are used.
For experiments involving diet or substance administration, we will always include control groups administered with vehicle substances or control diets. 
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 randomised but age-, gender- and weight matched to treatment groups.
How will experiments and data analysis be randomised and blinded?
Dietary exposure and substance administrations will be randomised.
Staff collecting and analysis data will be blinded for treatment and genotype.
How will you minimise variables to ensure reproducibility?
To  reduce variability, we use inbred strains, littermates, body-weight-matched, gender-matched and age-matched groups. 
We acclimatise animals to experimental procedures to reduce stress-induced variability. For example, we perform mocking brain injections on 4 consecutive days before the actual substance administration, during which animals are connected to the brain injection swivel.
We will keep all environmental parameters constant, ie time of the day at which the experiment is performed, person performing the procedures etc..
We will use standard operating procedures .
We  develop and use non or less invasive techniques that reduce variability (remote continuous data collection in behaving animals).
How will you determine group sizes?
You should reference POWER calculations you have made, if relevant.
group size will be calculated using previous data for variability of a given outcome measure, a power of 80% and an effect of 50%.
How will you maximise the data output from the animals you use on this protocol?
Will we maximise the number of tissues collected from these animals and share tissues with collaborators. Whenever possible we will crossover experimental treatments within animals to maximise data output.
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?
Type of animal: 
The control of energy balance and metabolism occurs at the level of the “whole organism” and not simply at a cellular level. Therefore the scientific understanding of these processes requires the study of whole organisms. Mammalian metabolism is a physiologically integrated multi-organ process that requires an in vivo mammalian setting.
Experimental models and methods:
To identify nutrient sensing pathways, we need to challenge the animals with procedures that will activate these pathways to trigger changes in appetite or metabolism. These challenges include:
-dietary manipulations to produce models of obesity or leanness or models of mice lacking a specific nutrient. These manipulations will activate specific sensing pathways that we hope to identify. These include mice fed diets promoting weight gain (high fat, high sucrose), mice fed a low protein diet, fasted or mice maintained on a caloric restriction regimen to study pathways activated by weight loss. Food deprivation of 24h may be needed, because in that case the body upregulates certain metabolic sensing pathways that may be difficult to detect under milder conditions of food deprivation. 24h fasting will be used as a screening tool to identify which pathways are sensing internal energy deficit. 
-substances modulating metabolic pathways including nutrients, analogues, hormones, hormone receptor agonist/antagonist, metabolic drugs that can activate directly nutrient sensing pathways, and mimic metabolic situations, allowing the characterisation of downstream mechanisms. Fasting before the administration of these substances is appropriate to increase the signal to noise ratio of the outcome measures or minimize endogenous levels of the administered compound .
 -substances modulating neuronal activity to activate relevant mechanisms modulating energy balance and characterise downstream pathways. These strategies have been shown to be valuable in the discovery of pathways regulating metabolism. 
- substances modulating Immune cells: increasingly recognised for their role in metabolic and nutrient sensing functions in obesity and diabetes and models with administration of substances modulation immune cells will allow to characterise these pathways.
In some cases, genetic manipulations will be required to characterise nutrients sensing pathways downstream from specific genes. In these cases, it is best to produce site-specific inducible (with gene inducing substances) gene manipulation when possible, as whole body knock-out and germline knockout often do not inform accurately on adult physiology. Alternatively, viral vectors may be used to produce adult-onset gain-or los of function of a specific pathway in a site-specific manner.
Tracing vectors are the most appropriate strategy and label and characterise the neuroanatomy of neural circuits.
All our phenotyping steps are appropriate to measure the behavioural, neuroendocrine and metabolic contributors to energy balance and glucose homeostasis,
___________________________________________________________________
b) the most refined for the purpose?
We will use genetically altered (GA) mice expressing reporters in different cell types to investigate the distribution of cells/tissues expressing the candidate pathway, missing a specific gene of interest or allowing site-specific inducible expression of a transgene. Inducing transgene expression or gene knockout in adulthood with gene-expression inducing substances is important because if a pathway is missing during development, this can trigger the compensatory development of an alternative pathway that will mask the role of the pathway under investigation in normally developed animals. Therefore it is best to use models in which embryonic development occurs in the absence of genetic abnormalities. Likewise, injections with viral vectors allows to circumvent the non specific consequences of embryonic and systemic genetic manipulations.
All our phenotyping steps are the most refined technologies to assess energy and glucose homeostasis and will allow us to build a comprehensive picture of the effects of the pathway under investigation on various systems.
___________________________________________________________________
For each model and/or method, what is the scientific need for the expected clinical signs?
Some dietary intervention or substance administrations we use to study hunger will induce physiological weight loss which is necessary to decipher hunger pathways. Conversely some may produce obesity and diabetes, necessary to identify pathways activated in these conditions of metabolic dysfunction.
Using of single housing is necessary to obtain individual feeding/metabolic or behavioural data (more accurate). Single housing is also required during food restriction to avoid unequal access to food between dominant and dominated cage-mates. It is also required when measuring food intake or assessing feeding behaviour, as the only way to collect individual data. 
Grid flooring may be required to perform complete stomach emptying, important when studying gut-brain sensing pathways sensitive to bedding or faeces ingestion. In the majority of cases, grid-flooring will not exceed sessions of 24h. In some cases (during the study of feeding behaviour).
___________________________________________________________________
Why scientifically do the animals need to suffer to this degree?
Scientifically it is important to identify nutrient sensing pathways that respond in particular to significant weight loss via food deprivation or weight gain via pro-obesity diets. Targeting these pathways may represent novel strategies for anti-obesity drugs.
The suffering associated with single housing and grid flooring is necessary for accuracy and to decrease data variability.
___________________________________________________________________
Why can't you achieve your scientific outputs with an earlier humane endpoint, or without animals showing any clinical signs?
Most relevant pathways are not modulated under mild conditions. Even under more extreme conditions (i.e. 24h fast vs. overnight fast, or during caloric restriction) transcriptomic profiling or other screening tools give a lot of variability and it is difficult to select top candidates pathways that may lead to efficient strategies. Thus, to obtain robust data and the targeted scientific output, we cannot use earlier humane endpoint.
For adverse events related to tamoxifen administration in some strains, we have shown that lower doses or shorted administration regimen do not produce the same level of gene induction. To obtain a robust model, doses and durations sometimes producing >15% weight loss may be necessary.
In some cases, we will need to repeatedly dose mice via the ip or sc routes, and total numbers of injections may need to be above standard numbers. This will be necessary in experiments where we will test the effect of substances activating neuronal pathways or metabolic pathways pharmacologically, typically to decrease/increase appetite and weight gain. Significant effects on appetite and weight may take up to 2 months to become statistically significant. These approaches are often translationally relevant and used to model the effect of therapeutic strategies.
___________________________________________________________________
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.
We will study the literature to assess suitability and minimise harms.
Pilot studies will be performed to determine the minimal effective dose and the potential adverse events in each mouse strain. Animals will be on daily observations during and after the treatments (1 week after the last dose) to detect any sign of compromised welfare.
How will you determine an appropriate dosing regimen?
Include routes, dosage volumes, frequencies, and durations.
Pilot studies will be performed to determine the minimal effective dose and the potential adverse events in each mouse strain. Animals will be on daily observations during and after the treatments (1 week after the last dose) to detect any sign of compromised welfare.
The maximum number of injections  that may be given by each route across all steps is detailed below:
[image: ]
Protocol 9
Title
Characterise the behavioural consequences of novel nutrient sensing pathways with mild severity 
___________________________________________________________________
Protocol 9: Protocol details
Briefly describe the purposes of this protocol
Ensure that you state any relevant regulatory guidelines.
The purpose is to characterise the behavioural and neuroendocrine consequences of novel nutrient sensing pathways and assess their potentials as targets for anti-obesity drugs.
___________________________________________________________________
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?
100% of the animals will experience mild severity.
___________________________________________________________________
Why are you proposing this severity category?
The majority of the animals will go through a series of mild procedure producing a final mild 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.
· To characterise 3 novel brain nutrient sensing pathways involved in the control of energy balance and health.
· To assess the potential of  3 novel brain nutrient sensing pathways as targets for anti-obesity treatments.
___________________________________________________________________
Protocol 9: 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.
Animals may start their use on Protocol 1 (animals bred and maintained under this license will be used in this protocol).
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
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 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?
We will be using :
- fluorescently-labelled reporter mice to label or follow the fate or activity of specific cell types
- Cre-reporter mice to produce cell-specific genetic manipulations, 
- floxed mice to knock-out specific genes in a cell type specific manner, other knock-out mice to test the role of specific pathways on energy balance
- knock-out mice  to test the role of specific genes in energy balance
- mice expressing optogenetic reporters or DREADDS to reversibly manipulate neuronal activity
Do you expect any of these GAAs to show a harmful phenotype with welfare consequences?
No
Protocol 9: Steps
Step 1 (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.
Transgene inducing or deleting agents or control substances may be administered continuously or intermittently by one of the following routes: 
a. In diet or drinking water (AA)
b. Subcutaneous at up to 20ml/kg, up to 2 times per day and up to a total of 20 days (AA)
c. Intraperitoneal up to 20ml/kg, up to 2 times a day, up to 20 times in total (AA); 
d. oral gavage up to once per day, 10ml/kg for up to 5 days (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.
Tamoxifen when administered with a high Fat diet may produce aversion against the high fat diet.
Scrotal swelling, painless accumulation of fluid, may occur in tamoxifen-treated mice (5%).
All gene-inducing/repressing substances may produce some level of weight loss, in a route- and mouse strain- dependant manner. In the majority of the cases, weight loss will be transient and mild (i.e. <10% from pre-tamoxifen baseline body weight ) with recovery within 1 week after the end of the treatment. In some cases (strain and route dependant), mice may lose up to 15% body weight from pre-tamoxifen baseline body weight  without showing clinical signs and normally recover weight within 1 week after the interruption of tamoxifen administration.
During tamoxifen administration, fur appearance might transiently change and look greasy, because of the formulation of the vehicle used for this compound. This is not a sign of ill health. This changes coat appearance and sometimes gives an impression of slight piloerection. Therefore, during tamoxifen administration, coat appearance cannot be used to assess welfare.
Some specific mouse strains have a slightly different posture before interventions and might look slightly hunched. In these strains, posture before intervention will be recorded and used as a reference.
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?
Pilot studies will be performed to determine the minimal effective dose and the potential adverse events in each mouse strain. Animals will be on daily observations during and after the treatments (1 week after the last dose) to detect any sign of compromised welfare.
Whenever possible, we will perform dietary changes either 1 week before or 3 weeks after tamoxifen administration to avoid the production of dietary aversion. Food intake will be monitored to make sure the diet does not produce an aversive response.
Whenever possible, tamoxifen will be administered through the oral route (in food pellets or by gavage) to avoid side effects associated with oil injection
Animals will be weighed daily during the administration of the drugs as well as during recovery (return to baseline or stable body weight). Animals will be fed energy-dense supplements, mash and hydrogel   2 to 3 days before the treatments (to avoid aversion) and until weight regain stabilises. Animals losing weight will be provided with a heating pad until weight regain stabilises. These strategies have been used previously and are efficient in reducing weight loss.
In experiments combining steps where substances need to be administered, the total number of injections across all steps  will not exceed the  maximal numbers per route  defined in protocol justification.
What are the humane endpoints for this step?
This would be the point at which you would kill the animal to prevent further suffering.
Mice with moderate or severe scrotal swelling with any signs of pain on palpation or interference with locomotion, any changes/ulceration to surface of skin of scrotum will be killed.
If mice show signs of pain or ill-health that cannot be relieved with minor interventions over 8h, they will be killed with a Sch1 method.  Mice losing more than 10% body weight from baseline during the week following the end of the treatment will be assessed using body condition scoring to confirm animal welfare. Mice scoring BCS2 will be  killed by a schedule 1 method. All animals reaching 15% body weight loss will be immediately Sch1.
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.
Dietary Intervention (AA). Animals will undergo one or all of the following dietary treatment administered alone or in combination.
a. Animals will be fed either standard or modified diets, the composition of which may be changed on up to 3 7  occasions. 
b. Animals may be food deprived typically for 16h (on up to 15 occasions separated by a minimum of 60h), and for up to 24h (maximum of 2 occasions separated by a minimum of 72h). During that period, animals may be housed on grid flooring.
___________________________________________________________________
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.
Diets with altered macronutrient composition might produce weight gain, obesity and increase the likelihood of diabetes (in very rare cases in our models, 1%). 
Diets with altered macronutrient composition might also produce weight loss or reduced rate of 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?
Body weight gain will be monitored and if mice become overweight or obese, we will remain attentive to their ability to move freely around the cage and access food, modifying cage environment as appropriate.
We will remain vigilant to its development by monitoring water consumption and urine output, in particular being cognisant of an increased need to change bedding as being a potential sign of hyperglycaemia- driven polyuria. If polydipsia and/or polyuria develop, urine will be collected by scruffing and free catch. If urine testing show greater than 3+ glucose on more than 2 occasions, blood glucose will be measured. 
What are the humane endpoints for this step?
This would be the point at which you would kill the animal to prevent further suffering.
reaching a score of BC2 on the body condition scoring scale will be Sch1. 
If blood glucose is greater than 25 mmol/l, the animal will be killed. Before these limits are reached, animals are not expected to lose weight and should behave normally.
Weight loss is not always an appropriate indicator of welfare, in particular in obese mice or in interventions that target the mechanisms of body weight control (i.e., caloric restriction, high protein diets) to produce energy deficit. 
In these cases where weight loss threshold is extended, we will use body condition scoring to assess well-being and determine the humane endpoint in addition to measurements of body weight loss (see general humane endpoint).
In caloric restriction experiments, if mice reach 15% weight loss. we will increase their daily food ration to allow for weight maintenance of weight regain . If this fails to stabilise or increase weight over 48h, mice will be fed ad libitum and monitored until weight returns to baseline. Mice will be culled unless they stabilise their weight within 48h of ad libitum food access. 
In mice exposed to weight loss diets (i.e. high protein diets), if mice reach 15% weight loss, mice will be returned to a normal chow diet ad libitum and monitored until weight returns to baseline. Mice will be culled unless they stabilise their weight within 48h of ad libitum food access.
Step 3 (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.
Administration of viral vectors or tracers. 
Animals may be treated with viral vectors or tracers including control/vehicle substances, administered alone or in combination, on up to 2 occasions, by intravenous injection (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.
Weight loss reaching up to 10% in the majority of the cases.
In some cases where the vectors target pathways regulating energy balance, weight loss may reach 15% .
Weight loss will be calculated against  age-matched ad libitum fed controls if the treatment is initiated in growing mice (<P60),  pre-intervention weight if the treatment is initiated in adults (>P60), or lean age-matched controls if the treated animals are obese.
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?
Weight will be measured daily after the injection for 1 week and twice weekly after that for the entire duration of the experiment.
Pilot studies will be systematically used to determine safe and efficient doses for new viral lots and new targeted brain regions.
Weight loss>10% will be addressed with hydrogel and mash supplementation. 
What are the humane endpoints for this step?
This would be the point at which you would kill the animal to prevent further suffering.
Weight loss is not always an appropriate indicate of welfare, in particular in obese mice or in interventions that target the mechanisms of body weight control  to produce energy deficit. In these cases where weight loss threshold is extended , we will use body condition scoring to assess well-being and determine the humane endpoint in addition to measurements of body weight loss. 
If mice show signs of pain or ill-health that cannot be relieved with minor interventions over 8h, they will be killed with a Sch1 method.  Mice scoring BCS2 will be killed by a schedule 1 method .
Mice reaching 15% and failing to stabilise weight or restore weight gain after 48h of receiving interventions,  will be killed.
Step 4 (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.
 Administration of substances modulating metabolic pathways, including control/vehicle substances, administered alone or in combination, via a bolus or continuously, through up to 2 of the following routes
a. oral gavage on multiple occasions, up to 20ml/kg, up to 2 times a day, up to 30 times in total (AA)
b. mixed in diet or diluted in drinking water, continuously or intermittently (AA);
c. intraperitoneal (ip) injection on multiple occasion, up to 20ml/kg, up to 2 times a day, up to 30 times in total (AA) 
d. intravenous (iv) on multiple occasion, up to 10ml.kg, up to 2 times a day, up to 14 times in total (AA); 
e. subcutaneous bolus at up to 20ml/kg, up to 2 times a day, on up to 24 occasions (AA)
f. intranasal bolus on multiple occasions (max 50ul per injection), up to 2 times a day, up to 60 times on total (AA)
Acute treatments may be preceded by a fasting period of 6 to 24h during which animals may be housed on grid flooring. 
___________________________________________________________________
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.
Substances used in this step may cause side effects including weight loss, inappetence and transient discomfort, for example reducing general activity levels.
In obese animals, weight loss is not an adverse effect. 
Weight loss will be calculated against  age-matched ad libitum fed controls if the treatment is initiated in growing mice (<P60),  pre-intervention weight if the treatment is initiated in lean adults (>P60), or lean age-matched controls if the treated animals are obese.
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?
Exact duration and doses will depend on the substance used. These  will be determined based on the study of the published literature to select dosing regimen not causing more than transient adverse effects. They will be tested in pilot cohorts.
In experiments combining steps where substances need to be administered, the total number of injections across all steps  will not exceed the  maximal numbers per route  defined in protocol justification.
Animals will be monitored and weight measured throughout the intervention. As soon as 10% weight loss is reached, body composition scoring will be used to assess welfare.
What are the humane endpoints for this step?
This would be the point at which you would kill the animal to prevent further suffering.
Weight loss is not always an appropriate indicate of welfare, in particular in obese mice or in interventions that target the mechanisms of body weight control ( treatment with substances targeting metabolic pathways) to produce energy deficit. In these cases where weight loss threshold is extended , we will use body condition scoring to assess well-being and determine the humane endpoint in addition to measurements of body weight loss. 
If mice show signs of pain or ill-health that cannot be relieved with minor interventions over 8h, they will be killed with a Sch1 method.  Mice scoring BCS2 will be killed by a schedule 1 method .
Mice reaching 15% weight loss during the course of chronic substance administration will be removed from the protocol and no longer receive the substances. In the absence of other signs of pain or ill-health, if condition does not improve or weight does not stabilise or increase within 48h after interruption of substance administration, mice will be killed by Schedule 1 method.
Step 5 (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.
Manipulation of neuronal activity including control/vehicle substances/interventions, administered alone or in combination, via a bolus or continuously, through up to 2 of the following routes
a. subcutaneous bolus at up to 20ml/kg, up to 2 times a day, on up to 24 occasions (AA)
b. intraperitoneal (ip) on multiple occasion, up to 20ml/kg, up to 2 times a day, up to 30 times in total (AA).
c. intranasal bolus on multiple occasions (max 50ul per injection), up to 2 times a day, up to 60 times in total (AA)
d. Chemogenetic stimulation up to twice a day up to 28 times in total (AA)
Acute treatments may be preceded by a fasting period of 6 to 24h during which animals may be housed on grid flooring. 
___________________________________________________________________
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.
Substances used in this step may cause side effects including weight loss, inappetence and transient discomfort, for example reducing general activity levels.
In obese animals, weight loss is not an adverse effect. 
Weight loss will be calculated against  age-matched ad libitum fed controls if the treatment is initiated in growing mice (<P60),  pre-intervention weight if the treatment is initiated in lean adults (>P60), or lean age-matched controls if the treated animals are obese.
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?
Exact duration and doses will depend on the substance used. These  will be determined based on the study of the published literature to select dosing regimen not causing more than transient adverse effects. They will be tested in pilot cohorts.
In experiments combining steps where substances need to be administered, the total number of injections across all steps  will not exceed the  maximal numbers per route  defined in protocol justification.
Animals will be monitored and weight measured throughout the intervention. As soon as 10% weight loss is reached, body composition scoring will be used to assess welfare.
What are the humane endpoints for this step?
This would be the point at which you would kill the animal to prevent further suffering.
Weight loss is not always an appropriate indicate of welfare, in particular in obese mice or in interventions that target the mechanisms of body weight control  to produce energy deficit. In these cases where weight loss threshold is extended , we will use body condition scoring to assess well-being and determine the humane endpoint in addition to measurements of body weight loss. If mice show signs of pain or ill-health that cannot be relieved with minor interventions over 8h, they will be killed with a Sch1 method.  Mice scoring BCS2 will be  killed by a schedule 1 method if condition does not improve in the next 6h.
Mice reaching 15% weight loss during the course of chronic substance administration will be removed from the protocol and no longer receive the substances. In the absence of other signs of pain or ill-health, if condition does not improve or weight does not stabilise or increase within 48h after interruption of substance administration, mice will be killed by Schedule 1 method.
Step 6 (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.
Measurement of food intake. 
We will measure food intake either on group-housed or on single-housed mice. 
For that purpose, mice may be single housed for up to 8 weeks or for their lifetime. 
Food intake may be measured in specialised behavioural chambers in which mice may be maintained for up to 8 weeks.
___________________________________________________________________
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.
Single housing may produce  transient weight loss during the first few days reaching up to 10% . 
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?
Mice will be single housed 5 to 7 days prior any measurement is taken to avoid the combination of adverse effects. We will monitor weight of single housed animals at least twice in the first week and daily in mice housed in behavioural chambers; should weight drop more than expected (e.g. by 10% vs. pre-intervention) supplementary food (e.g. wet mash) will be offered as well as heating pads. 
Whenever possible, we will regroup the mice and monitor for signs of fighting (frequent in males under these conditions, i.e. wounds, weight loss). We will use bedding from initial cage to restore olfactory environment.
What are the humane endpoints for this step?
This would be the point at which you would kill the animal to prevent further suffering.
Should the weight trajectory not change with the intervention described above within 48h mice will be killed. 
Step 7 (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.
Tracing substance administration.
Animals may be treated with tracing substances, including control/vehicle substances, administered alone or in combination, via up to 2 of the following routes
a. oral gavage on multiple occasions, up to 20ml/kg, up to 2 times a day, up to 30 times in total (AA)
b. mixed in diet or diluted in drinking water, continuously or intermittently (AA);
c. intraperitoneal (ip) injection on multiple occasion, up to 20ml/kg, up to 2 times a day, up to 30 times in total (AA) 
d. subcutaneous bolus at up to 20ml/kg, up to 2 times a day, on up to 24 occasions (AA)
e. intravenous (iv) on multiple occasion, up to 10ml.kg, up to 2 times a day, up to 14 times in total (AA); 
Acute treatments may be preceded by a fasting period of 6 to 24h during which animals may be housed on grid flooring. 
___________________________________________________________________
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 (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.
Blood sampling. Withdrawal of a blood sample from a superficial blood vessel no more than 10% of total blood volume in 24hrs and 15% of total blood volume in any 28 days (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.
No
___________________________________________________________________
Step 9 (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.
Body composition evaluation.
This will be done using non-invasive imaging technology  (AA/AB). This step may be repeated up to 3 times separated by at least 7 days. Imaging requiring anaesthesia will be performed 2 times or less, separated by at least 7 days, and the anaesthetic episode will last 5 min or less.
___________________________________________________________________
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 (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.
Conditioned taste aversion measurement. 
Animals may be water deprived for up to 24h and presented with flavoured or sweetened water for 2h with or without a drug, peptide or nutrient administration (oral, subcutaneous, intraperitoneal, intracerebral) including control/vehicle substances administered alone or in combination. Lithium Chloride administration (ip) will be used on one occasion to induce a negative taste aversion. This step (excluding the lithium chloride test) may be repeated up to 6 times.
___________________________________________________________________
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 11 (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.
PICA behaviour. 
 Animals will be housed with kaolin pellets to measure baseline kaolin consumption. Animals may be food deprived for up to 6h (day-time) and presented with kaolin pellets with or without a drug, peptide or nutrient administration (oral, subcutaneous, intraperitoneal, intracerebral) including control/vehicle substances administered alone or in combination. This step may be repeated up to 6 times.
___________________________________________________________________
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 12 (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.
Behavioural preference/avoidance or motivation after acclimatisation and training . 
a. Animals will be pre-exposed to a testing diet or solution containing specific nutrients in the home cage for up to 1h a day typically for  3 days.
b. Animals will be acclimatised to behavioural chambers and trained to perform a task of drinking or eating a predefined amount of testing diet or solution. This may be in a conditioning paradigm where the animals need to perform a task before accessing the diet or solution. Typically, animals will be tested up to 2 times a day for 8 weeks (and up to 16 weeks) and each session will last for 2h (up to 4h). In some cases, sessions in the chambers may last for up to 12h with a schedule of maximum 2 sessions a week for up to 12 weeks. These durations include acclimatisation days. Mice might be chronically food restricted (80% of ad libitum intake) for these tests for up to 8 weeks (AA).
c. Animals may receive substance modulating neuronal activity, immune cells, or metabolic pathways (as per steps 7, 8 and 9 respectively) while performing behavioural tasks.
___________________________________________________________________
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 13 (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) Removal of organs or tissues following by killing by
a. Schedule 1, or
b. Perfusion (AC), or
c. Exsanguination (AC), or
d. Decapitation for animals up to 20 weeks of age (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
___________________________________________________________________
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 may be required when sampling brainstem tissues for subsequent analysis in order to maintain the morphology and neuro-anatomy of the organ and ensure the validity of the collected brain samples. Decapitation promotes reduction  (see 3R section). Decapitation will be performed without anaesthetics on animals of up to 20 weeks of age.
___________________________________________________________________
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.
Typically animals will undergo 3 model-related steps (steps 1 to 5) that are necessary for site-specific and inducible manipulation of the pathway of interest and to study the model in the appropriate environmental conditions (diet and temperature). In worst case scenario, up to 6 of these steps may be used.
Animals will undergo typically 2 of the generic phenotyping-related steps typically twice each (steps 6-9).
Then mice will typically undergo 2 of the main phenotyping steps once, and in worst case scenario may undergo step 12 twice.
All mice will undergo a terminal procedure.
Generic animals experience:
[image: ]
Examples of typical animal experience:
[image: ]
___________________________________________________________________
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 signs of mild suffering that are observed consistently over a 8h period and cannot be relieved with minor interventions over 8h will be killed by a Sch1 method. In the case of individual animals of particular scientific interest, advice will be sought promptly from the local Home Office Inspector.
___________________________________________________________________
Protocol 9: Experimental design
What outputs are expected to arise from this protocol?
For example, test results, phenotypic information, or products.
We will measure body weight and food intake, blood parameters and perform analysis on tissues.
___________________________________________________________________
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 determine the safe most efficient dose and route of administration for each  new substances.
How will you choose different experimental groups?
For example, controls, dose levels, satellites etc.
Experimental groups will include WT littermates if genetically animals are used.
For experiments involving diet or substance administration, we will always include control groups administered with vehicle substances or control diets. 
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 randomised but age-, gender- and weight matched to treatment groups.
How will experiments and data analysis be randomised and blinded?
Dietary exposure and substance administrations will be randomised.
Staff collecting and analysis data will be blinded for treatment and genotype.
How will you minimise variables to ensure reproducibility?
To  reduce variability, we use inbred strains, littermates, body-weight-matched, gender-matched and age-matched groups. 
We acclimatise animals to experimental procedures to reduce stress-induced variability. For example, we perform mocking brain injections on 4 consecutive days before the actual substance administration, during which animals are connected to the brain injection swivel.
We will keep all environmental parameters constant, ie time of the day at which the experiment is performed, person performing the procedures etc..
We will use standard operating procedures .
We  develop and use non or less invasive techniques that reduce variability (remote continuous data collection in behaving animals).
How will you determine group sizes?
You should reference POWER calculations you have made, if relevant.
group size will be calculated using previous data for variability of a given outcome measure, a power of 80% and an effect of 50%.
How will you maximise the data output from the animals you use on this protocol?
Will we maximise the number of tissues collected from these animals and share tissues with collaborators. Whenever possible we will crossover experimental treatments within animals to maximise data output.
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?
Type of animal: 
The control of energy balance and metabolism occurs at the level of the “whole organism” and not simply at a cellular level. Therefore the scientific understanding of these processes requires the study of whole organisms. Mammalian metabolism is a physiologically integrated multi-organ process that requires an in vivo mammalian setting.
Experimental models and methods:
To identify nutrient sensing pathways, we need to challenge the animals with procedures that will activate these pathways to trigger changes in appetite or metabolism. These challenges include:
-dietary manipulations to produce models of obesity or leanness or models of mice lacking a specific nutrient. These manipulations will activate specific sensing pathways that we hope to identify. These include mice fed diets promoting weight gain (high fat, high sucrose), mice fed a low protein diet, fasted or mice maintained on a caloric restriction regimen to study pathways activated by weight loss. Food deprivation of 24h may be needed, because in that case the body upregulates certain metabolic sensing pathways that may be difficult to detect under milder conditions of food deprivation. 24h fasting will be used as a screening tool to identify which pathways are sensing internal energy deficit. 
-substances modulating metabolic pathways including nutrients, analogues, hormones, hormone receptor agonist/antagonist, metabolic drugs that can activate directly nutrient sensing pathways, and mimic metabolic situations, allowing the characterisation of downstream mechanisms. Fasting before the administration of these substances is appropriate to increase the signal to noise ratio of the outcome measures or minimise endogenous levels of the administered compound .
 -substances modulating  neuronal activity to activate relevant mechanisms modulating energy balance and characterise downstream pathways. These strategies have been shown to be valuable in the discovery of pathways regulating metabolism. 
- substances modulating Immune cells : increasingly recognised for their role in metabolic and nutrient sensing functions in obesity and diabetes and models with administration of substances modulation immune cells will allow to characterise these pathways.
 Feeding behaviour including the measurement of food, nutrient or taste preference/avoidance and the motivation to work for food is measured to characterise the response to specific diets and nutrients and characterise whether the response to a specific diet or central manipulations occurs via such behavioural mechanisms. The use of these chambers requires acclimatisation and behavioural training so that the animals perform the expected task efficiently. 
In some cases, genetic manipulations will be required to characterise  nutrients sensing pathways downstream from specific genes. In these cases, it is best to produce site-specific inducible (with gene inducing substances) gene manipulation when possible, as whole body knock-out and germline knockout often do not inform accurately on adult physiology. Alternatively, viral vectors may be used to produce adult-onset gain-or los of function of a specific pathway in a site-specific manner.
Tracing vectors are the most appropriate strategy and label and characterise the neuroanatomy of neural circuits.
All our phenotyping steps are appropriate to measure the behavioural, neuroendocrine and metabolic contributors to energy balance and glucose homeostasis,
___________________________________________________________________
b) the most refined for the purpose?
We will use genetically altered (GA) mice expressing reporters in different cell types to investigate the distribution of cells/tissues expressing the candidate pathway, missing a specific gene of interest or allowing site-specific inducible expression of a transgene . Inducing transgene expression or gene knockout in adulthood with gene-expression inducing substances is important because if a pathway is missing during development, this can trigger the compensatory development of an alternative pathway that will mask the role of the pathway under investigation in normally developed animals. Therefore it is best to use  models in which embryonic development occurs in the absence of genetic abnormalities. Likewise, injections with viral vectors allows to circumvent the non specific consequences of embryonic and systemic genetic manipulations.
All our phenotyping steps are the most refined technologies to assess energy and glucose homeostasis and will allow us to build a comprehensive picture of the effects of the pathway under investigation on various systems.
___________________________________________________________________
For each model and/or method, what is the scientific need for the expected clinical signs?
Some dietary intervention or substance administrations we use to study hunger will induce physiological weight loss which is necessary to decipher hunger pathways.  Conversely some may produce obesity and diabetes, necessary to identify pathways activated in these conditions of metabolic dysfunction.
Using of single housing is necessary to obtain individual feeding/metabolic or behavioural data (more accurate) . Single housing is also required during food restriction to avoid unequal access to food between dominant and dominated cage-mates. It is also required when measuring food intake or assessing feeding behaviour, as the only way to collect individual data. 
Grid flooring may be required to perform complete stomach emptying, important when studying gut-brain sensing pathways sensitive to bedding or faeces ingestion. In the majority of cases, grid-flooring will not exceed sessions of 24h. In some cases (during the study of feeding behaviour).
___________________________________________________________________
Why scientifically do the animals need to suffer to this degree?
Scientifically it is important to identify nutrient sensing pathways that respond in particular to significant weight loss via food deprivation or weight gain via pro-obesity diets. Targeting these pathways may represent novel strategies for anti-obesity drugs.
The suffering associated with single housing and grid flooring is necessary for accuracy and to decrease data variability.
___________________________________________________________________
Why can't you achieve your scientific outputs with an earlier humane endpoint, or without animals showing any clinical signs?
Most relevant pathways are not modulated under mild conditions. Even under more extreme conditions (i.e. 24h fast vs. overnight fast, or during caloric restriction) transcriptomic profiling or other screening tools give a lot of variability and it is difficult to select top candidates pathways that may lead to efficient strategies. Thus, to obtain robust data and the targeted scientific output, we cannot use earlier humane endpoint.
For adverse events related to tamoxifen administration in some strains, we have shown that lower doses or shorted administration regimen do not produce the same level of gene induction. To obtain a robust model, doses and durations sometimes producing >15% weight loss may be necessary.
In some cases, we will need to repeatedly dose mice via the ip or sc routes, and total numbers of injections may need to be above standard numbers. This will be necessary in experiments where we will test the effect of substances activating neuronal pathways or metabolic pathways pharmacologically, typically to decrease/increase appetite and weight gain. Significant effects on appetite and weight may take up to 2 months to become statistically significant. These approaches are often translationally relevant and used to model the effect of therapeutic strategies.
___________________________________________________________________
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.
We will study the literature to assess suitability and minimise harms.
Pilot studies will be performed to determine the minimal effective dose and the potential adverse events in each mouse strain. Animals will be on daily observations during and after the treatments (1 week after the last dose) to detect any sign of compromised welfare.
How will you determine an appropriate dosing regimen?
Include routes, dosage volumes, frequencies, and durations.
Pilot studies will be performed to determine the minimal effective dose and the potential adverse events in each mouse strain. Animals will be on daily observations during and after the treatments (1 week after the last dose) to detect any sign of compromised welfare.
The maximum number of injections that may be given by each route is detailed below:
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Protocol 10
Title
Characterise novel nutrient sensing pathways with severe severity
___________________________________________________________________
Protocol 10: Protocol details
Briefly describe the purposes of this protocol
Ensure that you state any relevant regulatory guidelines.
The purpose is to characterise the behavioural, metabolic and neuroendocrine consequences of novel nutrient sensing pathways and assess their potentials as targets for anti-obesity drugs.
___________________________________________________________________
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?
We expect that 10% of the animals will experience severe severity and 90% moderate severity.
___________________________________________________________________
Why are you proposing this severity category?
All animals undergoing this protocol will either undergo a clamping procedure or genetic/pharmacological manipulations leading to diabetes.
Diabetes and the clamp procedure  can lead potentially to uncontrolled hyperglycaemia or severe hypoglycaemia in ± 10% of the cases. 
There are no fundamental differences initially in the animals that will or will not experience hypo- hyperglycaemia, therefore whether animals undergoing these procedures will reach moderate or severe severity limit can not be predicted in advance.
___________________________________________________________________
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.
· To characterise 3 novel brain nutrient sensing pathways involved in the control of energy balance and health.
· To assess the potential of  3 novel brain nutrient sensing pathways as targets for anti-obesity treatments.
___________________________________________________________________
Protocol 10: 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.
Animals may start their use on Protocol 4 or 5 (animals bred and maintained under this license will be used in this protocol).
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
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
___________________________________________________________________
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?
We will be using :
- fluorescently-labelled reporter mice to label or follow the fate or activity of specific cell types
- Cre-reporter mice to produce cell-specific genetic manipulations, 
- floxed mice to knock-out specific genes in a cell type specific manner, other knock-out mice to test the role of specific pathways on energy balance
- knock-out mice  to test the role of specific genes in energy balance, including ob/ob mice
- mice expressing optogenetic reporters or DREADDS to reversibly manipulate neuronal activity
Do you expect any of these GAAs to show a harmful phenotype with welfare consequences?
Yes
Why are each of these harmful phenotypes necessary?
We will use genetically obese and diabetic mice to study the effect of nutrient sensing pathways on their health.
In addition to having some distinct traits such as lower activity and greasy fur (normal for this strain and not considered as clinical signs of suffering), ob/ob mice develop obesity and associated metabolic complications. The ob/ob strain will show progressive obesity and insulin resistance and may develop diabetes. 
How will you minimise the harms associated with these phenotypes?
Ensure that you include any humane endpoints that you will use.
We will use heterozygous ob/wt  mice when possible to obtain a moderate phenotype and will study young mice as disease progression gets worse with age.
Mice will be monitored more frequently to check if they have sufficient water or show signs of polyuria. If necessary, cages will be changed more frequently.  Data suggests diabetic mice become more prone to infections and have an increased mortality rate 12 weeks post the onset of diabetes. As such we limit the length of time mice with diabetes can be kept alive to 8 weeks post the onset of sustained hyperglycaemia (see adverse events for details).
Protocol 10: Steps
Step 1 (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.
Transgene inducing or deleting agents or control substances may be administered continuously or intermittently by one of the following routes: 
a. In diet or drinking water (AA)
b. Subcutaneous at up to 20ml/kg, up to 2 times per day and up to a total of 20 occasions(AA)
c. Intraperitoneal up to 20ml/kg, up to 2 times a day, up to 20 times in total (AA); 
d. oral gavage up to 1 time a day, 10ml/kg for up to 5 days (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.
Tamoxifen when administered with a high Fat diet may produce aversion against the high fat diet.
 Scrotal swelling, painless accumulation of fluid,  may occur in tamoxifen-treated mice (5%).
All gene-inducing/repressing substances may produce some level of weight loss, in a route- and mouse strain- dependant manner. In the majority of the cases, weight loss will be transient and mild (i.e. <10% from pre-tamoxifen baseline body weight ) with recovery within 1 week after the end of the treatment. In some cases (strain and route dependant), mice may lose up to 15% body weight from pre-tamoxifen baseline body weight  without showing clinical signs and normally recover weight within 1 week after the interruption of tamoxifen administration.
During tamoxifen administration, fur appearance might transiently change and look greasy, because of the formulation of the vehicle used for this compound. This is not a sign of ill health. This changes coat appearance and sometimes gives an impression of slight piloerection. Therefore, during tamoxifen administration, coat appearance cannot be used to assess welfare.
Some specific mouse strains have a slightly different posture before interventions and might look slightly hunched. In these strains, posture before intervention will be recorded and used as a reference.
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?
Pilot studies will be performed to determine the minimal effective dose and the potential adverse events in each mouse strain. Animals will be on daily observations during and after the treatments (1 week after the last dose) to detect any sign of compromised welfare.
Whenever possible, we will perform dietary changes either 1 week before or 3 weeks after tamoxifen administration to avoid the production of dietary aversion. Food intake will be monitored to make sure the diet does not produce an aversive response.
Whenever possible, tamoxifen will be administered through the oral route (in food pellets or by gavage) to avoid side effects associated with oil injection
Animals will be weighed daily during the administration of the drugs as well as during recovery (return to baseline or stable body weight). Animals will be fed energy-dense supplements, mash and hydrogel   2 to 3 days before the treatments (to avoid aversion) and until weight regain stabilises. Animals losing weight  will be provided with a heating pad until weight regain stabilises.These strategies have been used previously and are efficient in reducing weight loss.
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 events of prolonged anorexia resulting in 5% weight loss or more after 3 days, mice will be returned to their baseline diet (which should restore their appetite and weight) and kept in the experiment if possible, or removed from the experiment and killed by a schedule 1 method.
Mice with moderate or severe scrotal swelling with any signs of pain on palpation or interference with locomotion, any changes/ulceration to surface of skin of scrotum will be killed.
If mice show signs of pain or ill-health that cannot be relieved with minor interventions over 24h, they will be killed with a Sch1 method.  Mice losing more than 10% body weight from baseline during the week following the end of the treatment will be assessed using body condition scoring to confirm animal welfare. Mice scoring BCS2 will be supplied with additional support (mash, hydrogel, heating pads) and killed by a schedule 1 method if condition does not improve in the next 6h All animals reaching 1520% body weight loss will be immediately Sch1.
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.
Dietary Intervention (AA). Animals will undergo one or all of the following dietary treatment administered alone or in combination.
a. Animals will be fed either standard or modified diets, the composition of which may be changed on up to 3 occasions. 
b. Animals may be food deprived typically for 6h (on up to 4 occasions separated by a minimum of 60h), and for up to 24h (maximum of 2 occasions separated by a minimum of 72h). 
___________________________________________________________________
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.
Diets with altered macronutrient composition might produce weight gain, obesity and increase the likelihood of diabetes. 
Diets with altered macronutrient composition might also produce weight loss or reduced rate of weight gain.  
In obese animals, weight loss is not an adverse effect. 
Weight loss will be calculated against  age-matched ad libitum fed controls if the treatment is initiated in growing mice (<P60),  pre-intervention weight if the treatment is initiated in lean adults (>P60), or lean age-matched controls if the treated animals are obese.
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?
Body weight gain will be monitored and if mice become overweight or obese, we will remain attentive to their ability to move freely around the cage and access food, modifying cage environment as appropriate.
A diabetes phenotype will be detected by polyuria (excess urine production causing wet areas of the cage) and polydipsia (excess water consumption which can be observed by faster emptying of water bottles, if facilities use them). Alternatively, excess urination will be used as a sign of polyuria. 
If polyuria or polydipsia are observed animals will be monitored weekly for diabetes by measuring blood glucose.
What are the humane endpoints for this step?
This would be the point at which you would kill the animal to prevent further suffering.
Weight loss is not always an appropriate indicator of welfare, in particular in obese mice or in interventions that target the mechanisms of body weight control (i.e., caloric restriction, high protein diets) to produce energy deficit. 
In these cases where weight loss threshold is extended, we will use body condition scoring to assess well-being and determine the humane endpoint in addition to measurements of body weight loss (see general humane endpoint).
In caloric restriction experiments, if mice reach 15% weight loss. we will increase their daily food ration to allow for weight maintenance of weight regain . If this fails to stabilise or increase weight over 48h, mice will be fed ad libitum and monitored until weight returns to baseline. Mice will be culled unless they stabilise their weight within 48h of ad libitum food access. 
In mice exposed to weight loss diets (i.e. high protein diets), if mice reach 15% weight loss, mice will be returned to a normal chow diet ad libitum and monitored until weight returns to baseline. Mice will be culled unless they stabilise their weight within 48h of ad libitum food access.
Hyperglycaemia (>30 mMol/l) for more than 8 consecutive* weeks will be considered clinically limiting and the animal will be Sch1 killed.
*Consecutive is to allow for transient hyperglycaemia. This can occur in ob/ob mice as per the published literature.. 
The blood glucose of the mice will then normalise as their beta cell mass expands to meet demand. The mice will then remain euglycaemic for several months before the beta-cells start to fail and diabetes sets in. Equally switching a mouse to a high-fat diet may cause transient hyperglycaemia. The mouse will then compensate for the increased insulin resistance. 
Step 3 (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 undergo the following surgical procedures under up to 2 anaesthesia (AB):
a. stereotactic surgery to position cannulae into the CNS. Cannulae may be temporary or permanently secured. While anaesthetised, animals may receive a substance via the preimplanted cannulae. The cannulae will be subsequently used for substance delivery, optogenetic stimulation or in vivo imaging.
b. Implantation of subcutaneous and/or intraperitoneal and/or intravascular telemetric probes
c. Implantation of an indwelling vascular catheter into the jugular vein and/or carotid artery .
Post-operatively animals may be singly housed for the duration of the subsequent study.
___________________________________________________________________
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.
Animals may fail to recover from the surgery (less than 1 %) 
1% of the animals may die during the surgical procedure or the post-operative period.
1% may develop a head tilt .
Chronically cannulated animals may loose that head cap 
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?
Surgical procedures will be carried out aseptically. Peri- and post-operative analgesia will be provided; agents will be administered as agreed in advance with NVS. Animals will be monitored daily for 1 week after surgery , provided with hydrogel and mash, as well as a heating pad if necessary.
In the case of wound dehiscence, uninfected wounds may be re-closed on one occasion within 48 hours of the initial surgery.
If a mouse loses its head cap, it will be killed immediately.
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 that fail to recover, develop a head tilt, or exhibit signs of pain, distress or of significant ill health will be killed by a Schedule 1 . 
Any animal not fully recovered from the surgical procedure within 24 hrs (eating, drinking and return to normal behaviour) will be killed.
Step 4 (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.
Insertion of a subcutaneous or intraperitoneal minipump delivering substance  (AB). Should the animals need to be studied and kept alive for a period longer than the pump delivery period, pumps will be surgically removed at the end of the delivery period as recommended by the manufacturers.
___________________________________________________________________
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.
Animal may in rare cases not recover from the procedure (less than 1%)
Wound may reopen.
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?
Surgical procedures will be carried out aseptically. Peri- and post-operative analgesia will be provided; agents will be administered as agreed in advance with NVS. Animals will be monitored daily for 1 week after surgery , provided with hydrogel and mash, as well as a heating pad if necessary.
In the case of wound dehiscence, uninfected wounds may be re-closed on one occasion within 48 hours of the initial 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.
Any animals that exhibit signs of pain, distress or of significant ill health will be 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) will be killed
Step 5 (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.
Administration of viral vectors or tracers. 
Animals may be treated with viral vectors or tracers including control/vehicle substances, administered alone or in combination, on up to 2 occasions, by an intravenous injection (AA), a site specific administration via a craniotomy (administration into brain parenchyma), superficial tissue exposure (muscle, inguinal adipose tissue, interscapular adipose tissue) or a laparotomy (gonadal adipose tissue, liver, gastro-intestinal tract, pancreas) (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.
Weight loss reaching up to 15% in the majority of the cases.
In some cases where the vectors target pathways regulating energy balance, weight loss may reach 20% .
Weight loss will be calculated against  age-matched ad libitum fed controls if the treatment is initiated in growing mice (<P60),  pre-intervention weight if the treatment is initiated in adults (>P60), or lean age-matched controls if the treated animals are obese.
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?
Weight will be measured daily after the injection for 1 week and twice weekly after that for the entire duration of the experiment.
Pilot studies will be systematically used to determine safe and efficient doses for new viral lots and new targeted brain regions.
Weight loss>15% will be addressed with hydrogel and mash supplementation. 
What are the humane endpoints for this step?
This would be the point at which you would kill the animal to prevent further suffering.
Weight loss is not always an appropriate indicate of welfare, in particular in obese mice or in interventions that target the mechanisms of body weight control ( treatment with substances targeting metabolic pathways) to produce energy deficit. 
In these cases where weight loss threshold is extended , we will use body condition scoring to assess well-being and determine the humane endpoint in addition to measurements of body weight loss.
If mice show signs of pain or ill-health that cannot be relieved with minor interventions over 24h, they will be killed with a Sch1 method.  Mice scoring BCS2 will be supplied with additional support (mash, hydrogel, heating pads) and killed by a schedule 1 method if condition does not improve in the next 6h.
Mice exceeding 15% weight loss and failing to stabilise weight or restore weight gain after 48h of receiving interventions will be killed.
Step 6 (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.
Administration of diabetes inducing substance (e.g. streptozotocin or vehicle) by one of the following route
a) intravenous [max volume 10 ml/kg bolus or 0.8 ml over 2 min] (AA)
b) intraperitoneal [max volume 20 ml/kg] (AA)
c) subcutaneous [max volume 20 ml/kg] (AA)
Step 1 will typically be performed once but may be performed on up to 3 occasions on subsequent days.
___________________________________________________________________
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.
uncontrolled hyperglycaemia
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?
We will typically use published and characterised protocol of high-fat feeding combined with two low doses of streptozotocin (50 mg/kg) to induce diabetes without overtly ablate the beta-cell population.
Animals will typically be kept for 4 weeks after the treatment to avoid the development of long-term complications of diabetes.
This may be apparent by excessive urination (wet bedding) and weight loss. This is not painful and any discomfort that might arise from wet bedding will be avoided by ensuring bedding is changed regularly.
We will monitor weight (usually daily at same time) and blood glucose regularly  to screen for this , and initiate insulin treatment (where blood glucose >25mM) .
What are the humane endpoints for this step?
This would be the point at which you would kill the animal to prevent further suffering.
Because blood glucose levels will vary, we will use weight loss as an indicator of poor blood glucose control rather than set a hyperglycaemic blood glucose cut-off. Hyperglycaemic mice showing a weight loss of 20% will be killed by a schedule 1 method. 
Step 7 (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.
 Administration of substances modulating metabolic pathways, including control/vehicle substances, administered alone or in combination, via a bolus or continuously, through up to 2 of the following routes
a. oral gavage on multiple occasions, up to 20ml/kg, up to 3 times a day, up to 30 times in total (AA)
b. mixed in diet or diluted in drinking water, continuously or intermittently (AA);
c. intraperitoneal (ip) injection on multiple occasion, up to 20ml/kg, up to 2 times a day, up to 30 times in total (AA) 
d. intraperitoneal (ip)  minipump (previously implanted under step 4) up to 0.08 ml/kg/min on up to 2 occasions  (substances may be combined in the same infusion mix) (AA)
e. intravenous (iv) on multiple occasion, up to 10ml.kg, up to 2 times a day, up to 14 times in total (AA); 
f.  intravenous (iv) infusion  up to 0.04 ml/kg/min on up to 2 occasions (substances may be combined in the same infusion mix) (AA)
g. intra brain parenchymal administration via a pre-implanted cannula on up to 6 occasions separated by at least 96h, up to 2 ul per injection, up to 10 times in total (AA)
h. intra brain  infusion with a minipump via a pre-implanted cannula up to 0.02 ml/kg/min on up to 2 occasions (substances may be combined in the same infusion mix) (AA)
i. subcutaneous bolus at up to 20ml/kg, up to 2 times a day on up to 28 days (AA)
j. subcutaneous infusion with a minipump  (previously implanted under step 4) at up to 0.08 ml/kg/min on up to 2 occasions (AA)
k. intranasal bolus on multiple occasions, 50ul per injection, up to 3 times a day, up to 60 times on total (AA)
Treatments may be preceded by a fast as describe in step 2b.
___________________________________________________________________
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.
Substances used in this step may cause side effects including weight loss, inappetence and transient discomfort, for example reducing general activity levels.
In obese animals, weight loss is not an adverse effect. 
Weight loss will be calculated against  age-matched ad libitum fed controls if the treatment is initiated in growing mice (<P60),  pre-intervention weight if the treatment is initiated in lean adults (>P60), or lean age-matched controls if the treated animals are obese.
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?
Throughout the administration , animals will be monitored and weight . As soon as 10% weight loss is reached, body composition scoring will be used to assess welfare.
Mice dosed via the ip route for more than 30 times or the sc route for more than 24 times will be checked by the Nacwo weekly and the NVS if necessary .
What are the humane endpoints for this step?
This would be the point at which you would kill the animal to prevent further suffering.
Weight loss is not always an appropriate indicate of welfare, in particular in obese mice or in interventions that target the mechanisms of body weight control ( treatment with substances targeting metabolic pathways) to produce energy deficit. In these cases where weight loss threshold is extended , we will use body condition scoring to assess well-being and determine the humane endpoint in addition to measurements of body weight loss. If mice show signs of pain or ill-health that cannot be relieved with minor interventions over 24h, they will be killed with a Sch1 method.  Mice scoring BCS2 will be supplied with additional support (mash, hydrogel, heating pads) and killed by a schedule 1 method if condition does not improve in the next 6h .
Mice reaching 20% weight loss during the course of chronic substance administration will be removed from the protocol and no longer receive the substances. In the absence of other signs of pain or ill-health, if condition does not improve or weight does not stabilise or increase within 48h after interruption of substance administration, mice will be killed by Schedule 1 method.
Step 8 (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.
Manipulation of neuronal activity by
a. brain parenchymal through a pre-implanted cannula on up to 6 occasions separated by at least 96h, up to 2 ul per injection, up to 10 times in total (AA)(AA/AB/AC) and/or;
b. subcutaneous (sc) at up to 20ml/kg, up to 3 times a day and up to 28 times in total  (AA) or;
c. intraperitoneal (ip) on multiple occasion, up to 20ml/kg, up to 2 times a day, up to 60 times in total (AA).
d. Optogenetic stimulation (AC)
Acute treatments may be preceded by a fasting period of 6 to 24h.
___________________________________________________________________
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.
Substances used in this step may cause side effects including weight loss, inappetence and transient discomfort, for example reducing general activity levels.
In obese animals, weight loss is not an adverse effect. 
Weight loss will be calculated against  age-matched ad libitum fed controls if the treatment is initiated in growing mice (<P60),  pre-intervention weight if the treatment is initiated in lean adults (>P60), or lean age-matched controls if the treated animals are obese.
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?
Throughout the administration , animals will be monitored and weight . As soon as 10% weight loss is reached, body composition scoring will be used to assess welfare.
Mice dosed via the ip route for more than 30 times or the sc route for more than 24 times will be checked by the Nacwo weekly and the NVS if necessary .
What are the humane endpoints for this step?
This would be the point at which you would kill the animal to prevent further suffering.
Weight loss is not always an appropriate indicate of welfare, in particular in obese mice or in interventions that target the mechanisms of body weight control   to produce energy deficit. In these cases where weight loss threshold is extended , we will use body condition scoring to assess well-being and determine the humane endpoint in addition to measurements of body weight loss. If mice show signs of pain or ill-health that cannot be relieved with minor interventions over 24h, they will be killed with a Sch1 method.  Mice scoring BCS2 will be supplied with additional support (mash, hydrogel, heating pads) and killed by a schedule 1 method if condition does not improve in the next 6h. 
Mice reaching 20% weight loss during the course of chronic substance administration will be removed from the protocol and no longer receive the substances. In the absence of other signs of pain or ill-health, if condition does not improve or weight does not stabilise or increase within 48h after interruption of substance administration, mice will be killed by Schedule 1 method.
Step 9 (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.
Administration of substances modulating immune cells 
Animals may be treated with substances modulating immune cells, including control/vehicle substances, administered alone or in combination, via up to 2 of the following routes
a. oral gavage on multiple occasions, up to 20ml/kg, up to 3 times a day, up to 30 times in total (AA)
b. mixed in diet or diluted in drinking water, continuously or intermittently (AA);
c. intraperitoneal (ip) on multiple occasion, up to 20ml/kg, up to 2 times a day, up to 30 times in total (AA); 
d. intravenous (iv) on multiple occasion, up to 10ml.kg, up to 2 times a day, up to 14 times in total (AA); 
Acute administrations may be preceded by a fasting period of 6 to 24h during which animals may be housed on grid flooring. 
___________________________________________________________________
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.
Substances used in this step may cause side effects including weight loss, and inappetance and transient discomfort, for example reducing general activity levels.
In obese animals, weight loss is not an adverse effect. 
Weight loss will be calculated against  age-matched ad libitum fed controls if the treatment is initiated in growing mice (<P60),  pre-intervention weight if the treatment is initiated in lean adults (>P60), or lean age-matched controls if the treated animals are obese.
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?
Exact duration and doses will depend on the substance used, and these will be determined based on the study of the published literature to select dosing regimen not causing more than transient adverse effects.
LPS has  recognised variability in its potency both between suppliers and between same supplier batches. 
Prior to using a batch of LPS we will do pilot studies in small numbers of animals, starting with the lowest effective dose as judged by expert consensus and previous literature. In these pilot studies we will dose early in the day with continuous presence of investigators in the room for the duration of the experiment/first 8 hrs post dose to enable close monitoring of effect.
Once a dose is established, we will seek to use same batch from same supplier from thereon in; any change in supplier and/or batch will require new pilot studies. We will not exceed a dose of 0.5 mg/kg mouse, a dose successfully used by collaborators and which is recognised in the literature to be a very low dose; i.e. sufficient to stimulate signalling pathways but without major systemic upset.  
The majority (90%) of our studies with LPS will be based around a single dose, with mice killed within 24 hrs of the injection as a prescribed part of the study plan. 
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 mice show signs of pain or ill-health that cannot be relieved with minor interventions over 24h, they will be killed with a Sch1 method.  Mice scoring BCS2 will be supplied with additional support (mash, hydrogel, heating pads) and killed by a schedule 1 method if condition does not improve in the next 6h  
Step 10 (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.
Body composition analysis.
This will be done using non-invasive imaging technology  (AA/AB). This step may be repeated up to 3 times separated by at least 7 days. Imaging requiring anaesthesia will be performed 2 times or less, separated by at least 7 days, and the anaesthetic episode will last 5 min or less.
___________________________________________________________________
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 11 (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.
Measurement of food intake. We will measure food intake either on group-housed or on single-housed mice. For that purpose, mice may be single housed for up to 8 weeks or for their lifetime. Food intake may be measured in specialised behavioural chambers in which mice may be maintained for up to 8 weeks.
___________________________________________________________________
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.
Single housing may produce  transient weight loss during the first few days reaching up to 10% . 
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?
Mice will be single housed 5 to 7 days prior any measurement is taken to avoid the combination of adverse effects. We will monitor weight of  single housed animals at least twice in the first week; should weight drop more than expected (e.g. by 10% vs. pre-intervention), supplementary food (e.g. wet mash) will be offered as well as heating pads.– should the weight trajectory not change with the intervention within 48h and/or weight drop exceed 10%, mice will be killed. If single housed mice undergo food restriction and/or drug treatment the other procedures weight loss limits defined for these procedures apply.
Whenever possible, we will regroup the mice and monitor for signs of fighting (frequent in males under these conditions, i.e. wounds, weight loss). We will use bedding from initial cage to restore olfactory environment.
What are the humane endpoints for this step?
This would be the point at which you would kill the animal to prevent further suffering.
Should the weight trajectory not change with the intervention described above within 48h mice will be killed. 
Step 12 (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.
Tracing substance administration.
Animals may be treated with tracing substances, including control/vehicle substances, administered alone or in combination, via up to 2 of the following routes
a. oral gavage on multiple occasions, up to 20ml/kg, up to 3 times a day, up to 30 times in total (AA)
b. mixed in diet or diluted in drinking water, continuously or intermittently (AA);
c. intraperitoneal (ip) injection on multiple occasion, up to 20ml/kg, up to 2 times a day, up to 30 times in total (AA) 
d. intraperitoneal (ip)  minipump (previously implanted under step 4)  up to 0.08 ml/kg/min on up to 2 occasions  (substances may be combined in the same infusion mix) (AA)
e. intravenous (iv) on multiple occasion, up to 10ml.kg, up to 2 times a day, up to 14 times in total (AA); 
f.  intravenous (iv) infusion  up to 0.04 ml/kg/min on up to 2 occasions (substances may be combined in the same infusion mix) (AA)
g. intra brain parenchymal administration via a pre-implanted cannula on up to 6 occasions separated by at least 96h, up to 2 ul per injection, up to 10 times in total (AA)
h. intra brain  infusion with a minipump via a pre-implanted cannula up to 0.02 ml/kg/min on up to 2 occasions (substances may be combined in the same infusion mix) (AA)
i. subcutaneous bolus at up to 20ml/kg, up to 3 times a day for up to 24 occasions (AA)
j. subcutaneous infusion with a minipump  (previously implanted under step 4) at up to 0.08 ml/kg/min on up to 2 occasions (AA)
Acute treatments may be preceded by a fasting period of 6 to 24h during which animals may be housed on grid flooring. 
___________________________________________________________________
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 13 (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.
Blood sampling. Withdrawal of a blood sample from a superficial blood vessel no more than 10% of total blood volume in 24hrs and 15% of total blood volume in any 28 days (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.
No
___________________________________________________________________
Step 14 (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.
Evaluation of nutrient handling: carbohydrate (glucose tolerance test, insulin sensitivity test), lipid or protein .
a. Animals will be administered with carbohydrates (glucose, fructose, pyruvate), lipids or proteins and/or metabolic hormones (insulin, glucagon, somatostatin) administered alone or in combination, by
i. Intravascular at maximum 10ml/kg up to 2 times a day up to 14 times in total (AA,AB), and/or
ii. Intraperitoneal up to 20ml/kg, up to 2 times a day, up to 60 times in total (AA), and/or
iii. Oral gavage up to 20ml/kg, up to 3 times a day, up to 30 times in total (AA)
b. Animals may be food deprived for up to 6h (day-time) before these administrations (AA).
c. Blood may be sampled following these administrations through tail vein puncture (<0.3cm) (AA) or indwelling vascular catheter (AB).
 This step may be repeated up to 3 times separated by at least 7 days. 
___________________________________________________________________
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.
Insulin may cause hypoglycaemia as some mouse models may be more sensitive than others. 
Mice may not recover from insulin/glucose clamp studies but will be killed immediately after the clamp in all cases.
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?
Physical signs of hypoglycaemia (in particular activity phenotypes such as reduced activity, reduce response to provocation, intermittent tremors) will be monitored. If such responses are detected, blood glucose will be measured, and if blood glucose <2.0 mmol/l, mice will be injected with 20% glucose (IP). 
What are the humane endpoints for this step?
This would be the point at which you would kill the animal to prevent further suffering.
Hypoglycaemic animals who not recover within 30 min from glucose injection will be killed. 
Step 15 (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.
Clamp studies using both
a) Insulin and/or dextrose and/or glucose analogues and/or other nutrients and/or donor blood will be infused via an
implanted vascular catheter [max volume 100 ml/kg over at least 90 minutes] (AA) , and
b) Withdrawal of blood samples from a superficial vessel or indwelling catheter (AA or AC). Maximum volumes are: 
 i) without donor blood: up to 10% total blood volume in 24h and 15% total blood volume in any 28 day period 
ii) With donor blood : as in i) but with additional volume equivalent to the donor volume infused
ii) Up to 0.5 ml additional to volumes described in above drawn via vascular catheter at end of terminal studies immediately before or as part of the terminal procedure
Although usually only performed once, this step may be performed on up to 4 occasions likely at least 24h apart..
___________________________________________________________________
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.
Excessive, bleeding, embolism, death associated with the use of arterial catheter (1%)
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?
We will implant careful attention to cather handling and use anticoagulant solutions.
What are the humane endpoints for this step?
This would be the point at which you would kill the animal to prevent further suffering.
Animal will be killed if they experience any of these clinical signs.
Step 16 (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.
Removal of organs or tissues followed by perfusion, exsanguination or a Schedule 1 method (AC)
8. (At any stage). Killing. Animals will be killed by
a. Schedule 1, or
b. Perfusion (AC), or
c. Exsanguination (AC), or
d. Decapitation for animals up to 20 weeks of age (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
___________________________________________________________________
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 may be required when sampling brainstem tissues for subsequent analysis in order to maintain the morphology and neuro-anatomy of the organ and ensure the validity of the collected brain samples. Decapitation promotes reduction (see 3R section). Decapitation will be performed without anaesthetics on animals of up to 20 weeks of age.
___________________________________________________________________
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.
Animals will undergo typically 5 procedures required to obtain a relevant experimental model (steps 1 to 9), necessary for site-specific and inducible manipulation of the pathway of interest and to study the model in the appropriate  conditions.
Most of the animals will undergo generic phenotyping steps necessary to measure covariables of the main outcome measures (steps 10,11), typically once.
Then, animals will either undergo phenotyping steps to measure nutrient handling (steps 12-14) or the clamping procedure (steps 12 and 15). 
Typically, diabetes animals will  be kept for 4 weeks on the protocol, until they reach typically 13 weeks of age, at which point the protocol should be finished. 
Generic animal experience:
[image: ]
Examples
[image: ]
Animals exhibiting any unexpected harmful phenotypes will be killed (Schedule 1), or in the case of individual animals of particular scientific interest, advice will be sought promptly from the local Home Office inspector.
___________________________________________________________________
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 signs of suffering that are greater than minor and transient (observed consistently over a 24h period) and cannot be relieved with minor interventions over 24h will be killed by a Sch1 method. Mice scoring BCS2 will be supplied with additional support (mash, hydrogel, heating pads) and killed by a schedule 1 method if condition does not improve in the next 6h In the case of individual animals of particular scientific interest, advice will be sought promptly from the local Home Office Inspector.
___________________________________________________________________
Protocol 10: Experimental design
What outputs are expected to arise from this protocol?
For example, test results, phenotypic information, or products.
We will measure body weight and food intake, blood parameters and perform analysis on tissues.
___________________________________________________________________
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 determine the safe most efficient dose and route of administration for each  new substances.
How will you choose different experimental groups?
For example, controls, dose levels, satellites etc.
Experimental groups will include WT littermates if genetically animals are used.
For experiments involving diet or substance administration, we will always include control groups administered with vehicle substances or control diets. 
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 randomised but age-, gender- and weight matched to treatment groups.
How will experiments and data analysis be randomised and blinded?
Dietary exposure and substance administrations will be randomised.
Staff collecting and analysis data will be blinded for treatment and genotype.
How will you minimise variables to ensure reproducibility?
To  reduce variability, we use inbred strains, littermates, body-weight-matched, gender-matched and age-matched groups. 
We acclimatise animals to experimental procedures to reduce stress-induced variability. For example, we perform mocking brain injections on 4 consecutive days before the actual substance administration, during which animals are connected to the brain injection swivel.
We will keep all environmental parameters constant, ie time of the day at which the experiment is performed, person performing the procedures etc..
We will use standard operating procedures .
We  develop and use non or less invasive techniques that reduce variability (remote continuous data collection in behaving animals).
How will you determine group sizes?
You should reference POWER calculations you have made, if relevant.
group size will be calculated using previous data for variability of a given outcome measure, a power of 80% and an effect of 50%.
How will you maximise the data output from the animals you use on this protocol?
Will we maximise the number of tissues collected from these animals and share tissues with collaborators. Whenever possible we will crossover experimental treatments within animals to maximise data output.
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?
Type of animal: 
The control of energy balance and metabolism occurs at the level of the “whole organism” and not simply at a cellular level. Therefore the scientific understanding of these processes requires the study of whole organisms. Mammalian metabolism is a physiologically integrated multi-organ process that requires an in vivo mammalian setting.
Experimental models and methods:
In this protocol will want to characterise nutrient sensing pathways involved or impaired in diabetes and will use drugs to induce diabetes or genetically diabetic mice. These are the only options to produce diabetic mice and study the mechanisms of this disease. One side effect of these models is the risk for uncontrolled hypo- or hyperglycaemia, which occurs in ±10% of the mice in an unpredictable manner (inter-individual variability), and which justifies the severity of this protocol.
Clamping will be used as the gold standard technique to assess glucose homeostasis in details. It allows to characterise the contribution of different organs to glucose update and production. 
To characterise the role of nutrient sensing pathways in the mechanisms of diabetes, we need to challenge the animals with procedures that will activate these pathways to trigger changes in appetite or metabolism. These challenges include:
-dietary manipulations to produce models of obesity or leanness or models of mice lacking a specific nutrient. These manipulations will activate specific sensing pathways that we hope to identify. These include mice fed diets promoting weight gain (high fat, high sucrose), mice fed a low protein diet, fasted or mice maintained on a caloric restriction regimen to study pathways activated by weight loss. Food deprivation of 24h may be needed, because in that case the body up-regulates certain metabolic sensing pathways that may be difficult to detect under milder conditions of food deprivation. 24h fasting will be used as a screening tool to identify which pathways are sensing internal energy deficit. 
-substances modulating metabolic pathways including nutrients, analogues, hormones, hormone receptor agonist/antagonist, metabolic drugs that can activate directly nutrient sensing pathways, and mimic metabolic situations, allowing the characterisation of downstream mechanisms. Fasting before the administration of these substances is appropriate to increase the signal to noise ratio of the outcome measures or minimise endogenous levels of the administered compound .
 -substances modulating  neuronal activity to activate relevant mechanisms modulating energy balance and characterise downstream pathways. These strategies have been shown to be valuable in the discovery of pathways regulating metabolism. 
- substances modulating Immune cells : increasingly recognised for their role in metabolic and nutrient sensing functions in obesity and diabetes and models with administration of substances modulation immune cells will allow to characterise these pathways.
Surgical manipulations will allow either the chronic delivery of substances to assess their long-term effect, the specific delivery into the brain to avoid non-desirable effects associated with systemic delivery, and are required to perform clamping.
In some cases, genetic manipulations will be required to characterise  nutrients sensing pathways downstream from specific genes. In these cases, it is best to produce site-specific inducible (with gene inducing substances) gene manipulation when possible, as whole body knock-out and germline knockout often do not inform accurately on adult physiology. Alternatively, viral vectors may be used to produce adult-onset gain-or los of function of a specific pathway in a site-specific manner.
Tracing vectors are the most appropriate strategy and label and characterise the neuroanatomy of neural circuits.
All our phenotyping steps are appropriate to measure the behavioural, neuroendocrine and metabolic contributors to energy balance and glucose homeostasis.
___________________________________________________________________
b) the most refined for the purpose?
We will use genetically altered (GA) mice expressing reporters in different cell types to investigate the distribution of cells/tissues expressing the candidate pathway, missing a specific gene of interest or allowing site-specific inducible expression of a transgene . Inducing transgene expression or gene knockout in adulthood with gene-expression inducing substances is important because if a pathway is missing during development, this can trigger the compensatory development of an alternative pathway that will mask the role of the pathway under investigation in normally developed animals. Therefore it is best to use  models in which embryonic development occurs in the absence of genetic abnormalities. Likewise, injections with viral vectors allows to circumvent the non specific consequences of embryonic and systemic genetic manipulations.
Surgical manipulations will allow site-specific substance delivery, a model more refined than when substances are delivered systemically. Surgical strategies allowing chronic substance infusions rather than multiple injections (Minipumps, intravascular catheter) also increase refinement , allowing continuous dosing without the need to scruff animals repeatedly. 
All our phenotyping steps are the most refined technologies to assess energy and glucose homeostasis and will allow us to build a comprehensive picture of the effects of the pathway under investigation on various systems.
___________________________________________________________________
For each model and/or method, what is the scientific need for the expected clinical signs?
There is no scientific need for the expected clinical of hypoglycaemia in response to genetic of pharmacological models of diabetes or during the clamp procedure in 10% of the mice. However there is the need to produce hyperglycaemia to model diabetes and characterise associated mechanisms . 
Some dietary intervention or substance administrations we use to study hunger will induce physiological weight loss which is  necessary to decipher hunger pathways .  Conversely some may produce obesity and diabetes, necessary to identify pathways activated in these conditions of metabolic dysfunction.
Using of single housing is necessary to obtain individual feeding/metabolic or behavioural data (more accurate) . Single housing is also required during food restriction to avoid unequal access to food between dominant and dominated cage-mates. It is also required when measuring food intake or assessing feeding behaviour, as the only way to collect individual data. 
The production of diabetic animals in necessary to study the pathways involved in the development of diabetes or impaired in this disease.
___________________________________________________________________
Why scientifically do the animals need to suffer to this degree?
Scientifically it is important to characterise nutrient sensing pathways involved in diabetic animals. The gold standard to measure glucose homeostasis is the use of clamping studies.  These require catheterisation of the jugular vein and/or carotid artery which is a risky procedure during which animals may die. During the clamp protocol, insulin may need to be infused at levels that may produce severe hypoglycaemia in some cases. The use of streptozotocin may also produce severe consequences on circulating levels of blood glucose and insulin.
___________________________________________________________________
Why can't you achieve your scientific outputs with an earlier humane endpoint, or without animals showing any clinical signs?
The severe clinical signs produced by steptozotocin or during insulin clamping may occur because of the inter-animal variability in response to these procedures. We will use doses that normally do not produce severe clinical signs. 
Most relevant pathways are not modulated under mild conditions. Even under more extreme conditions (i.e. 24h fast vs. overnight fast, or during caloric restriction) transcriptomic profiling or other screening tools give a lot of variability and it is difficult to select top candidates pathways that may lead to efficient strategies. Thus, to obtain robust data and the targeted scientific output, we can not use earlier humane endpoint.
For adverse events related to tamoxifen administration in some strains, we have shown that lower doses or shorted administration regimen do not produce the same level of gene induction. To obtain a robust model, doses and durations sometimes producing >15% weight loss may be necessary.
In some cases we will need to repeatedly dose mice via the ip or sc routes, and total numbers of injections may need to be above standard numbers. This will be necessary in experiments where we will test the effect of substances activating neuronal pathways or metabolic pathways pharmacologically, typically to decrease/increase appetite and weight gain. Significant effects on appetite and weight may take up to 2 months to become statistically significant. These approaches are often translationally relevant and used to model the effect of therapeutic strategies.
___________________________________________________________________
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.
We will study the litterature to assess suitability and minimise harms.
Pilot studies will be performed to determine the minimal effective dose and the potential adverse events in each mouse strain. Animals will be on daily observations during and after the treatments (1 week after the last dose) to detect any sign of compromised welfare.
How will you determine an appropriate dosing regimen?
Include routes, dosage volumes, frequencies, and durations.
Pilot studies will be performed to determine the minimal effective dose and the potential adverse events in each mouse strain. Animals will be on daily observations during and after the treatments (1 week after the last dose) to detect any sign of compromised welfare.
The maximum number of injections that may be given by each route is detailed below:
[image: ]
Protocol 11
Title
Characterise metabolic consequences of novel nutrient sensing pathways with moderate severity 
___________________________________________________________________
Protocol 11: Protocol details
Briefly describe the purposes of this protocol
Ensure that you state any relevant regulatory guidelines.
The purpose is to characterise the  metabolic and neuroendocrine consequences of novel nutrient sensing pathways and assess their potentials as targets for anti-obesity drugs.
___________________________________________________________________
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 are expected to experience moderate severity
___________________________________________________________________
Why are you proposing this severity category?
The majority of the animals will undergo surgical procedures  and will experience short-lived post-operative pain and discomfort. With some specific mouse strains, oral administration of tamoxifen may produce moderate weight loss (up to 20%) with recovery within the week following the end of the treatment. 
___________________________________________________________________
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.
· To characterise 3 novel brain nutrient sensing pathways involved in the control of energy balance and health.
· To assess the potential of  3 novel brain nutrient sensing pathways as targets for anti-obesity treatments.
___________________________________________________________________
Protocol 11: 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.
Animals may start their use on Protocol 1 (animals bred and maintained under this license will be used in this protocol).
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
2000
___________________________________________________________________
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?
We will be using :
- fluorescently-labelled reporter mice to label or follow the fate or activity of specific cell types
- Cre-reporter mice to produce cell-specific genetic manipulations, 
- floxed mice to knock-out specific genes in a cell type specific manner, other knock-out mice to test the role of specific pathways on energy balance
- knock-out mice  to test the role of specific genes in energy balance
- mice expressing optogenetic reporters or DREADDS to reversibly manipulate neuronal activity
Do you expect any of these GAAs to show a harmful phenotype with welfare consequences?
No
Protocol 11: Steps
Step 1 (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.
Transgene inducing or deleting agents or control substances may be administered continuously or intermittently by one of the following routes: 
a. In diet or drinking water (AA)
b. Subcutaneous at up to 20ml/kg, up to 2 times per day and up to a total of 20 occasions (AA)
c. Intraperitoneal up to 20ml/kg, up to 2 times a day, up to 20 times in total (AA); 
d. oral gavage up to once a day, 10ml/kg for up to 5 days (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.
Tamoxifen when administered with a high Fat diet may produce aversion against the high fat diet.
Scrotal swelling, painless accumulation of fluid,  may occur in tamoxifen-treated mice (5%).
All gene-inducing/repressing substances may produce some level of weight loss, in a route- and mouse strain- dependant manner. In the majority of the cases, weight loss will be transient and mild (i.e. <10% from pre-tamoxifen baseline body weight ) with recovery within 1 week after the end of the treatment. In some cases (strain and route dependant), mice may lose up to 1520% body weight from pre-tamoxifen baseline body weight  without showing clinical signs and normally recover weight within 1 week after the interruption of tamoxifen administration.
During tamoxifen administration, fur appearance might transiently change and look greasy, because of the formulation of the vehicle used for this compound. This is not a sign of ill health. This changes coat appearance and sometimes gives an impression of slight piloerection. Therefore, during tamoxifen administration, coat appearance cannot be used to assess welfare.
Some specific mouse strains have a slightly different posture before interventions and might look slightly hunched. In these strains, posture before intervention will be recorded and used as a reference.
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?
Pilot studies will be performed to determine the minimal effective dose and the potential adverse events in each mouse strain. Animals will be on daily observations during and after the treatments (1 week after the last dose) to detect any sign of compromised welfare. Increased monitoring will be performed once the mice reach 10% weight loss.
Whenever possible, we will perform dietary changes either 1 week before or 3 weeks after tamoxifen administration to avoid the production of dietary aversion. Food intake will be monitored to make sure the diet does not produce an aversive response.
Whenever possible, tamoxifen will be administered through the oral route (in food pellets or by gavage) to avoid side effects associated with oil injection
Animals will be weighed daily during the administration of the drugs as well as during recovery (return to baseline or stable body weight). Animals will be fed energy-dense supplements, mash and hydrogel   2 to 3 days before the treatments (to avoid aversion) and until weight regain stabilises. Animals losing weight will be provided with a heating pad until weight regain stabilises. These strategies have been used previously and are efficient in reducing weight loss.
What are the humane endpoints for this step?
This would be the point at which you would kill the animal to prevent further suffering.
Mice with moderate or severe scrotal swelling with any signs of pain on palpation or interference with locomotion, any changes/ulceration to surface of skin of scrotum will be killed.
If mice show signs of pain or ill-health that cannot be relieved with minor interventions over 24h, they will be killed with a Sch1 method.  Mice losing more than 10% body weight from baseline during the week following the end of the treatment will be assessed using body condition scoring to confirm animal welfare. Mice scoring BCS2 will be supplied with additional support (mash, hydrogel, heating pads) and killed by a schedule 1 method if condition does not improve in the next 6h. All animals reaching 1520% body weight loss will be immediately Sch1.
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.
Dietary Intervention (AA). Animals will undergo one or all of the following dietary treatment administered alone or in combination.
a. Animals will be fed either standard or modified diets, in the solid, semi-liquid (mash) or liquid form. Liquid or semi-liquid diet will be changed daily. The composition of the diet may be changed on up to 3 7  occasions. 
b. Animals may be food deprived typically for 16h (on up to 15 occasions separated by a minimum of 60h), and for up to 24h (maximum of 2 occasions separated by a minimum of 72h). During that period, animals may be housed on grid flooring.
c. One 1 occasion, food may be restricted to reach up to 20% body weight loss for periods typically not exceeding 8 weeks and on occasions for up to 12 weeks. During that time, animals may be single housed and returned group housing whenever possible after the end of the treatment.
d. Liquid food may be delivered via a previously implanted intra gastro-intestinal catheter for up to 48h on up to 8 occasions.
___________________________________________________________________
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.
Diets with altered macronutrient composition might produce weight gain, obesity and increase the likelihood of diabetes (in very rare cases in our models, 1%). 
Diets with altered macronutrient composition might also produce weight loss or reduced rate of weight gain.  
In obese animals, weight loss is not an adverse effect. 
Weight loss will be calculated against  age-matched ad libitum fed controls if the treatment is initiated in growing mice (<P60),  pre-intervention weight if the treatment is initiated in lean adults (>P60), or lean age-matched controls if the treated animals are obese.
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?
Body weight gain will be monitored and if mice become overweight or obese, we will remain attentive to their ability to move freely around the cage and access food, modifying cage environment as appropriate.
We will remain vigilant to its development by monitoring water consumption and urine output, in particular being cognisant of an increased need to change bedding as being a potential sign of hyperglycaemia- driven polyuria. If polydipsia and/or polyuria develop, urine will be collected by scruffing and free catch. If urine testing show greater than 3+ glucose on more than 2 occasions, blood glucose will be measured. 
During caloric restriction, as soon as 10% weight loss is reached, body composition scoring will be used to assess welfare. Age-matched lean controls are expected to be at BCS3 on the body condition scoring scale.
What are the humane endpoints for this step?
This would be the point at which you would kill the animal to prevent further suffering.
Weight loss is not always an appropriate indicator of welfare, in particular in obese mice or in interventions that target the mechanisms of body weight control (i.e., caloric restriction, high protein diets) to produce energy deficit. 
In these cases where weight loss threshold is extended, we will use body condition scoring to assess well-being and determine the humane endpoint in addition to measurements of body weight loss (see general humane endpoint).
In caloric restriction experiments, if mice reach 15% weight loss. we will increase their daily food ration to allow for weight maintenance of weight regain . If this fails to stabilise or increase weight over 48h, mice will be fed ad libitum and monitored until weight returns to baseline. Mice will be culled unless they stabilise their weight within 48h of ad libitum food access. 
In mice exposed to weight loss diets (i.e. high protein diets), if mice reach 15% weight loss, mice will be returned to a normal chow diet ad libitum and monitored until weight returns to baseline. Mice will be culled unless they stabilise their weight within 48h of ad libitum food access.
If blood glucose is greater than 25 mmol/l, the animal will be killed. Before these limits are reached, animals are not expected to lose weight and should behave normally.
Step 3 (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.
Surgery (AB). Animals may undergo up to two of the following surgical procedures, under up to 2 anaesthesia: 
a. stereotactic surgery to position cannulae into the CNS. Cannulae may be temporary or permanently secured. While anaesthetised, animals may receive a substance via the preimplanted cannulae. The cannulae will be subsequently used for substance delivery, optogenetic stimulation or in vivo imaging.
b. Implantation of subcutaneous and/or intraperitoneal and/or intravascular telemetric probes
c. Implantation of an indwelling vascular catheter into the jugular vein and/or carotid artery .
d. Gastro-intestinal surgery to permanently implant a catheter positioned in the gastrointestinal tract. The catheter will be permanently secured with dental cement or a magnetic access button on the head or back. While anaesthetised, animals may receive a substance via the catheter. After this procedure, animals will be kept on soft bedding. Catheters will be kept potent by daily sterile saline injections, typically for 6 weeks and for up to 12 weeks.
Post-operatively animals may be singly housed for the duration of the subsequent study and fed semi-liquid diet or liquid diet.
___________________________________________________________________
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.
Animals may fail to recover from the surgery (less than 1 %) 
Less than 1% animals may die during the surgical procedure or the post-operative period.
1% of the animals may develop a head tilt after brain surgery,
Animals with chronic cannula or catheter implantation may need to be Sch1 if the cap attaching the cannula to the skull detaches, which happens in less than 5% of the case according to our experience. To avoid cap detachment, the cap is secured with both tissue glue and biocompatible dental cement, animals are single housed post-surgery, and hard nesting material is replaced by soft nesting chips.
Animals with a gastrointestinal catheter may need to be Sch1 if the catheter becomes clogged and can no longer be used for substance delivery. 
In 1% of the cases, peritonitis may occur after the insertion of a gastro-intestinal catheter. Weight and wound appearance will be monitored daily during the first week following surgery to detect potential infection.
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?
Surgical procedures will be carried out aseptically. Peri- and post-operative analgesia will be provided; agents will be administered as agreed in advance with NVS. Animals will be monitored daily for 1 week after surgery , provided with hydrogel and mash, as well as a heating pad if necessary.
In the case of wound dehiscence, uninfected wounds may be re-closed on one occasion within 48 hours of the initial surgery.
Catheters will be flushed regularly with sterile saline.
If a mouse loses its head cap, it will be killed immediately.
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 that fail to recover, develop a head tilt, or exhibit signs of pain, distress or of significant ill health will be killed by a Schedule 1 . 
Any animal not fully recovered from the surgical procedure within 24 hrs (eating, drinking and return to normal behaviour) will be killed.
Step 4 (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.
Insertion of a subcutaneous or intraperitoneal minipump delivering substance  (AB). Should the animals need to be studied and kept alive for a period longer than the pump delivery period, pumps will be surgically removed at the end of the delivery period as recommended by the manufacturers.
___________________________________________________________________
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.
Animal may in rare cases not recover from the procedure (less than 1%)
Wound may reopen.
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?
Surgical procedures will be carried out aseptically. Peri- and post-operative analgesia will be provided; agents will be administered as agreed in advance with NVS. Animals will be monitored daily for 1 week after surgery , provided with hydrogel and mash, as well as a heating pad if necessary.
In the case of wound dehiscence, uninfected wounds may be re-closed on one occasion within 48 hours of the initial 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.
Any animals that exhibit signs of pain, distress or of significant ill health will be 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) will be killed
Step 5 (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.
Administration of viral vectors or tracers. 
Animals may be treated with viral vectors or tracers including control/vehicle substances, administered alone or in combination, on up to 2 occasions, by an intravenous injection (AA), a site specific administration via a craniotomy (administration into brain parenchyma), superficial tissue exposure (muscle, inguinal adipose tissue, interscapular adipose tissue) or a laparotomy (gonadal adipose tissue, liver, gastro-intestinal tract, pancreas) (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.
Vectors targeting  pathways regulating energy balance may produce weight loss of up to 20% compared to controls. Weight loss will be calculated against  age-matched ad libitum fed controls if the treatment is initiated in growing mice (<P60),  pre-intervention weight if the treatment is initiated in adults (>P60), or lean age-matched controls if the treated animals are obese.
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?
Weight will be measured daily after the injection for 1 week and twice weekly after that for the entire duration of the experiment.
Pilot studies will be systematically used to determine safe and efficient doses for new viral lots and new targeted brain regions.
Weight loss>15% will be addressed with hydrogel and mash supplementation. 
What are the humane endpoints for this step?
This would be the point at which you would kill the animal to prevent further suffering.
Weight loss is not always an appropriate indicate of welfare, in particular in obese mice or in interventions that target the mechanisms of body weight control  to produce energy deficit. In these cases where weight loss threshold is extended , we will use body condition scoring to assess well-being and determine the humane endpoint in addition to measurements of body weight loss. If mice show signs of pain or ill-health that cannot be relieved with minor interventions over 24h, they will be killed with a Sch1 method.  Mice scoring BCS2 will be supplied with additional support (mash, hydrogel, heating pads) and killed by a schedule 1 method if condition does not improve in the next 6h.
In mice reaching 20% body weight loss,  if weight does not stabilise or goes up after 48h of receiving interventions, mice will be killed.
Step 6 (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.
Thermogenic adaptation
Animals will be subjected to acute (on up to 4 occasions typically for 72h) and/or chronic (typically for 4 weeks and for up to 8 weeks) housing temperature exposure ranging from 4-34C.
During this step, animals may undergo steps 2, 4, 5, 7, 8 and/or 9.
___________________________________________________________________
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 very rare cases, some mice can exhibit hyperthermia or hypothermia during the first hours of thermal acclimatisation.
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?
Changes in housing temperatures will be introduced at the beginning of the day to allow for close monitoring of the animals during the first hours of acclimatisation.
Hyperthermia can be detected  by seeing a mouse spread saliva on its fur and/or prostrates itself to help cool itself. If a mouse shows these behaviours it will be moved to lower environmental temperature. 
Hypothermia will lead to weigh loss. Mice will be removed from the cold before exceeding 10% weight loss except where cold exposure is being used in an attempt to reverse an obesity phenotype. In such cases where cold is used to reverse obesity phenotypes, weight loss will only be considered clinically limiting if it reaches 90% of the weight of a lean control animal housed at room temperature. 
Hypothermia might will lead to weight loss. Mice will be removed from the cold before exceeding 10% weight loss except where cold exposure is being used in an attempt to reverse an obesity phenotype. In such cases where cold is used to reverse obesity phenotypes weight loss will only be considered clinically limiting if it reaches 10% of a room-temperature control lean animal. In such cases mice will be removed from the cold prior to exceeding 10% weight loss. 
What are the humane endpoints for this step?
This would be the point at which you would kill the animal to prevent further suffering.
A hyperthermic mouse that does not return to normal behaviour (posture, activity) after being placed at ambient temperature for 3h will be killed.
If mice do not begin to regain weight within 3 days of being removed from the cold cabinet then the mice will be Sch1 killed.
Step 7 (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.
 Administration of substances modulating metabolic pathways, including control/vehicle substances, administered alone or in combination, via a bolus or continuously, through up to 2 of the following routes
a. oral gavage on multiple occasions, up to 20ml/kg, up to 2 times a day, up to 30 times in total (AA)
b. mixed in diet or diluted in drinking water, continuously or intermittently (AA);
c. intraperitoneal (ip) injection on multiple occasion, up to 20ml/kg, up to 2 times a day, up to 60 times in total (AA) 
d. intraperitoneal (ip)  minipump  (previously implanted under step 4) up to 0.08 ml/kg/min on up to 2 occasions  (substances may be combined in the same infusion mix) (AA)
e. intravenous (iv) on multiple occasion, up to 10ml.kg, up to 2 times a day, up to 14 times in total (AA); 
f.  intravenous (iv) infusion  up to 0.04 ml/kg/min on up to 2 occasions (substances may be combined in the same infusion mix) (AA)
g. intra brain parenchymal administration via a pre-implanted cannula on up to 10 occasions separated by at least 96h, up to 2 ul per injection, up to 10 times in total (AA)
h. intra brain  infusion with a minipump via a pre-implanted cannula up to 0.02 ml/kg/min on up to 2 occasions (substances may be combined in the same infusion mix) (AA)
i. subcutaneous bolus at up to 20ml/kg, up to 2 times a day for up to 56 occasions (AA)
j. subcutaneous infusion with a minipump  (previously implanted under step 4) at up to 0.08 ml/kg/min on up to 2 occasions (AA)
k. intranasal bolus on multiple occasions, 50ul per injection, up to 2 times a day, up to 60 times on total (AA)
l. intra-intestinal infusion via a preimplanted catheter up to 20ml/kg/h, up to once a day, up to 8 times in total (AA)
Acute treatments may be preceded by a fasting period of 6 to 24h during which animals may be housed on grid flooring. 
___________________________________________________________________
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.
Substances used in this step may cause side effects including weight loss, and inappetence and transient discomfort, for example reducing general activity levels.
In obese animals, weight loss is not an adverse effect. 
Weight loss will be calculated against  age-matched ad libitum fed controls if the treatment is initiated in growing mice (<P60),  pre-intervention weight if the treatment is initiated in lean adults (>P60), or lean age-matched controls if the treated animals are obese.
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?
Exact duration and doses will depend on the substance used. These  will be determined based on the study of the published literature to select dosing regimen not causing more than transient adverse effects. They will be tested in pilot cohorts.
Animals will be monitored and weight measured throughout the intervention. As soon as 10% weight loss is reached, body composition scoring will be used to assess welfare.
Mice dosed via the ip route for more than 30 times or the sc route for more than 24 times will be checked by the Nacwo weekly and the NVS if necessary .
What are the humane endpoints for this step?
This would be the point at which you would kill the animal to prevent further suffering.
Weight loss is not always an appropriate indicate of welfare, in particular in obese mice or in interventions that target the mechanisms of body weight control ( treatment with substances targeting metabolic pathways) to produce energy deficit. In these cases where weight loss threshold is extended , we will use body condition scoring to assess well-being and determine the humane endpoint in addition to measurements of body weight loss. If mice show signs of pain or ill-health that cannot be relieved with minor interventions over 24h, they will be killed with a Sch1 method.  Mice scoring BCS2 will be supplied with additional support (mash, hydrogel, heating pads) and killed by a schedule 1 method if condition does not improve in the next 6h.
Mice  reaching 20% weight loss during the course of chronic substance administration will be removed from the protocol and no longer receive the substances. In the absence of other signs of pain or ill-health, if condition does not improve or weight does not stabilise or increase within 48h after interruption of substance administration, mice will be killed by Schedule 1 method.
Step 8 (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.
Administration of substances modulating immune cells 
Animals may be treated with substances modulating immune cells, including control/vehicle substances, administered alone or in combination, via up to 2 of the following routes
a. oral gavage on multiple occasions, up to 20ml/kg, up to 2 times a day, up to 30 times in total (AA)
b. mixed in diet or diluted in drinking water, continuously or intermittently (AA);
c. intraperitoneal (ip) on multiple occasion, up to 20ml/kg, up to 2 times a day, up to 30 times in total (AA); 
d. intravenous (iv) on multiple occasion, up to 10ml.kg, up to 2 times a day, up to 14 times in total (AA); 
Acute administrations may be preceded by a fasting period of 6 to 24h during which animals may be housed on grid flooring. 
___________________________________________________________________
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.
Substances used in this step may cause side effects including weight loss, and inappetence and transient discomfort, for example reducing general activity levels.
In obese animals, weight loss is not an adverse effect. 
Weight loss will be calculated against  age-matched ad libitum fed controls if the treatment is initiated in growing mice (<P60),  pre-intervention weight if the treatment is initiated in lean adults (>P60), or lean age-matched controls if the treated animals are obese.
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?
Exact duration and doses will depend on the substance used, and these will be determined based on the study of the published literature to select dosing regimen not causing more than transient adverse effects.
LPS has  recognised variability in its potency both between suppliers and between same supplier batches. 
Prior to using a batch of LPS we will do pilot studies in small numbers of animals, starting with the lowest effective dose as judged by expert consensus and previous literature. In these pilot studies we will dose early in the day with continuous presence of investigators in the room for the duration of the experiment/first 8 hrs post dose to enable close monitoring of effect.
Once a dose is established, we will seek to use same batch from same supplier from thereon in; any change in supplier and/or batch will require new pilot studies. We will not exceed a dose of 0.5 mg/kg mouse, a dose successfully used by collaborators and which is recognised in the literature to be a very low dose; i.e. sufficient to stimulate signalling pathways but without major systemic upset.  
The majority (90%) of our studies with LPS will be based around a single dose, with mice killed within 24 hrs of the injection as a prescribed part of the study plan. 
Animals will be monitored and weight measured throughout the intervention. As soon as 10% weight loss is reached, body composition scoring will be used to assess welfare.
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 mice show signs of pain or ill-health that cannot be relieved with minor interventions over 24h, they will be killed with a Sch1 method.  Mice scoring BCS2 will be supplied with additional support (mash, hydrogel, heating pads) and killed by a schedule 1 method if condition does not improve in the next 6h
Step 9 (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.
Manipulation of neuronal activity including control/vehicle substances/interventions, administered alone or in combination, via a bolus , through up to 2 of the following routes
a. brain parenchymal through a pre-implanted cannula on up to 10 occasions separated by at least 96h, up to 2 ul per injection, up to 10 times in total (AA)(AA/AB/AC) and/or;
b. subcutaneous (sc) at up to 20ml/kg, up to 2 times a day and up to 56 occasions  (AA) or;
c. intraperitoneal (ip) on multiple occasion, up to 20ml/kg, up to 2 times a day, up to 60 times in total (AA).
d. intranasal bolus on multiple occasions (max 50ul per injection), up to 2 times a day, up to 60 times in total (AA)
e. Chemogenetic or optogenetic stimulation up to twice a day, up to 28 times in total (AA)
Acute treatments may be preceded by a fasting period of 6 to 24h during which animals may be housed on grid flooring. 
___________________________________________________________________
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.
Substances used in this step may cause side effects including weight loss, and inappetence and transient discomfort, for example reducing general activity levels.
In obese animals, weight loss is not an adverse effect. 
Weight loss will be calculated against  age-matched ad libitum fed controls if the treatment is initiated in growing mice (<P60),  pre-intervention weight if the treatment is initiated in lean adults (>P60), or lean age-matched controls if the treated animals are obese.
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?
Exact duration and doses will depend on the substance used. These  will be determined based on the study of the published literature to select dosing regimen not causing more than transient adverse effects. They will be tested in pilot cohorts.
Animals will be monitored and weight measured throughout the intervention. As soon as 10% weight loss is reached, body composition scoring will be used to assess welfare.
Mice dosed via the ip route for more than 30 times or the sc route for more than 24 times will be checked by the NACWO weekly and the NVS if necessary .
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 mice show signs of pain or ill-health that cannot be relieved with minor interventions over 24h, they will be killed with a Sch1 method.  Mice scoring BCS2 will be supplied with additional support (mash, hydrogel, heating pads) and killed by a schedule 1 method if condition does not improve in the next 6h.
Mice reaching 20% weight loss during the course of chronic substance administration will be removed from the protocol and no longer receive the substances. In the absence of other signs of pain or ill-health, if condition does not improve or weight does not stabilise or increase within 48h after interruption of substance administration, mice will be killed by Schedule 1 method.
Step 10 (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.
Measurement of food intake. We will measure food intake either on group-housed or on single-housed mice. For that purpose, mice may be single housed for up to 8 weeks or for their lifetime. Food intake may be measured in specialised behavioural chambers in which mice may be maintained for up to 8 weeks.
___________________________________________________________________
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.
Single housing may produce  transient weight loss during the first few days reaching up to 10% . 
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?
Mice will be single housed 5 to 7 days prior any measurement is taken to avoid the combination of adverse effects. We will monitor weight of  single housed animals at least twice in the first week; should weight drop more than expected (e.g. by 10% vs. pre-intervention), supplementary food (e.g. wet mash) will be offered as well as heating pads.
Whenever possible, we will regroup the mice and monitor for signs of fighting (frequent in males under these conditions, i.e. wounds, weight loss). We will use bedding from initial cage to restore olfactory environment.
What are the humane endpoints for this step?
This would be the point at which you would kill the animal to prevent further suffering.
Should the weight trajectory not change with the intervention described above within 48h mice will be killed. 
Step 11 (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.
Tracing substance administration.
Animals may be treated with tracing substances, including control/vehicle substances, administered alone or in combination, via up to 2 of the following routes
a. oral gavage on multiple occasions, up to 20ml/kg, up to 2 times a day, up to 30 times in total (AA)
b. mixed in diet or diluted in drinking water, continuously or intermittently (AA);
c. intraperitoneal (ip) injection on multiple occasion, up to 20ml/kg, up to 2 times a day, up to 30 times in total (AA) 
d. intravenous (iv) on multiple occasion, up to 10ml.kg, up to 2 times a day, up to 14 times in total (AA); 
e. subcutaneous bolus at up to 20ml/kg, up to 2 times a day for up to 28 occasions (AA)
Acute treatments may be preceded by a fasting period of 6 to 24h during which animals may be housed on grid flooring. 
___________________________________________________________________
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 12 (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.
Blood sampling. Withdrawal of a blood sample from a superficial blood vessel no more than 10% of total blood volume in 24hrs and 15% of total blood volume in any 28 days (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.
No
___________________________________________________________________
Step 13 (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 vivo Imaging  (AA/AB/AC) for which administration of contrasting substances or tracers may be required by one of the following routes:
a) by oral  gavage up to 20ml/kg (AA) 
b) Intravenous up to 10ml.kg, up to 2 times a day (AA/AB/AC)
c) Intraperitoneal up to 20ml/kg, up to 2 times (AA/AB/AC)
d) Subcutaneous  at up to 20ml/kg, up to 3 times  (AA)
Brain imaging may require the insertion of an imaging device via a pre-implanted cannula.
Imaging procedures undertaken under anaesthesia will be maximally performed up to five times in a mouse lifetime spaced at least by 72 hrs. 
Non-anaesthetic imaging procedures will be performed up to sixteen times spaced at least by 24 hrs.
___________________________________________________________________
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 (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.
Indirect calorimetry.
Animals may be single housed in a home cage based calorimetry system,  typically for 72hrs but never more than 5 days. An animal may undergo calorimetry on up to three separate occasions (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.
Weight loss of up to 15%.
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?
We will monitor weight daily. Should weight drop more than expected (e.g. by 10% vs. pre-intervention) supplementary food (e.g. wet mash) will be offered – should the weight trajectory not change with the intervention within 48h and/or weight drop exceed 15%, mice will be removed from the calorimetry chambers. If mice undergo food restriction and/or drug treatment during calorimetry assessments, the weight loss limits defined for these procedures apply.
Whenever possible we will regroup the mice and monitor for signs of fighting (frequent in males under these conditions). We will use bedding from initial cage to restore olfactory environment.
What are the humane endpoints for this step?
This would be the point at which you would kill the animal to prevent further suffering.
Mice scoring BCS2 will be supplied with additional support (mash, hydrogel, heating pads) and killed by a schedule 1 method if condition does not improve in the next 6h
Step 15 (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.
Body composition evaluation.
This will be done using non-invasive imaging technology (AA/AB). This step may be repeated up to 3 times separated by at least 7 days. Imaging requiring anaesthesia will be performed 2 times or less, separated by at least 7 days, and the anaesthetic episode will last 5 min or less.
___________________________________________________________________
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 16 (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.
Evaluation of nutrient handling: carbohydrate (glucose tolerance test, insulin sensitivity test or glucose/insulin clamp), lipid or protein .
a. Animals will be administered with carbohydrates (glucose, fructose, pyruvate), lipids or proteins and/or metabolic hormones (insulin, glucagon, somatostatin) administered alone or in combination,  by
i. Intraperitoneal up to 20ml/kg, up to once a day, up to 4 times in total (AA), and/or
ii. Oral gavage up to 20ml/kg, up to once a day, up to 4 times in total (AA)
b. Animals may be food deprived for up to 6h (day-time) before these administrations (AA).
c. Blood may be sampled following these administrations through tail vein puncture (<0.3cm) (AA) or indwelling vascular catheter (AB).
 This step may be repeated up to 3 times separated by at least 7 days. 
___________________________________________________________________
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.
Insulin may cause hypoglycaemia as some mouse models may be more sensitive than others. 
Mice may not recover from insulin/glucose clamp studies but will be killed immediately after the clamp in all cases.
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?
Physical signs of hypoglycaemia (in particular activity phenotypes such as reduced activity, reduce response to provocation, intermittent tremors) will be monitored. If such responses are detected, blood glucose will be measured, and if blood glucose <2.0 mmol/l, mice will be injected with 20% glucose (IP). 
What are the humane endpoints for this step?
This would be the point at which you would kill the animal to prevent further suffering.
Hypoglycaemic animals who do not recover within 30 min from glucose injection will be killed. 
Step 17 (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) Removal of organs or tissues following by killing by
a. Schedule 1, or
b. Perfusion (AC), or
c. Exsanguination (AC), or
d. Decapitation for animals up to 20 weeks of age (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
___________________________________________________________________
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 may be required when sampling brainstem tissues for subsequent analysis in order to maintain the morphology and neuro-anatomy of the organ and ensure the validity of the collected brain samples. Decapitation promotes reduction (see 3R section). Decapitation will be performed without anaesthetics on animals of up to 20 weeks of age.
___________________________________________________________________
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.
Typically animals will undergo  3 ( up to 5 in worst case scenario) model related steps (steps 1-10) that will allow to :
-activate/inhibit a metabolic sensing pathway of interest and ,
- access specific internal  sites for substance delivery  and 
- create environmental conditions relevant to investigate the role of the metabolic sensing pathway of interest.
Animals will undergo typically 2 ( up to 3 in worst case scenario) of the generic phenotyping-related steps (steps 11-13).
Then animals will undergo typically all 4  phenotyping steps, main research outputs, which each may be repeated typically twice, to characterise either  energy and nutrient homeostasis  (steps 14-17), ending with a terminal procedure (step 18).
Generic animal experience:
[image: ]
Examples:
[image: ]
___________________________________________________________________
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 signs of suffering that are greater than minor and transient (observed consistently over a 24h period) and cannot be relieved with minor interventions over 24h will be killed by a Sch1 method. Mice scoring BCS2 will be supplied with additional support (mash, hydrogel, heating pads) and killed by a schedule 1 method if condition does not improve in the next 6h. In the case of individual animals of particular scientific interest, advice will be sought promptly from the local Home Office Inspector.
___________________________________________________________________
Protocol 11: Experimental design
What outputs are expected to arise from this protocol?
For example, test results, phenotypic information, or products.
We will measure body weight and food intake, blood parameters and perform analysis on tissues.
___________________________________________________________________
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 determine the safe most efficient dose and route of administration for each  new substances.
How will you choose different experimental groups?
For example, controls, dose levels, satellites etc.
Experimental groups will include WT littermates if genetically animals are used.
For experiments involving diet or substance administration, we will always include control groups administered with vehicle substances or control diets. 
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 randomised but age-, gender- and weight matched to treatment groups.
How will experiments and data analysis be randomised and blinded?
Dietary exposure and substance administrations will be randomised.
Staff collecting and analysis data will be blinded for treatment and genotype.
How will you minimise variables to ensure reproducibility?
To  reduce variability, we use inbred strains, littermates, body-weight-matched, gender-matched and age-matched groups. 
We acclimatise animals to experimental procedures to reduce stress-induced variability. For example, we perform mocking brain injections on 4 consecutive days before the actual substance administration, during which animals are connected to the brain injection swivel.
We will keep all environmental parameters constant, ie time of the day at which the experiment is performed, person performing the procedures etc..
We will use standard operating procedures .
We  develop and use non or less invasive techniques that reduce variability (remote continuous data collection in behaving animals).
How will you determine group sizes?
You should reference POWER calculations you have made, if relevant.
group size will be calculated using previous data for variability of a given outcome measure, a power of 80% and an effect of 50%.
How will you maximise the data output from the animals you use on this protocol?
Will we maximise the number of tissues collected from these animals and share tissues with collaborators. Whenever possible we will crossover experimental treatments within animals to maximise data output.
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?
Type of animal: 
The control of energy balance and metabolism occurs at the level of the “whole organism” and not simply at a cellular level. Therefore the scientific understanding of these processes requires the study of whole organisms. Mammalian metabolism is a physiologically integrated multi-organ process that requires an in vivo mammalian setting.
Experimental models and methods:
To identify nutrient sensing pathways, we need to challenge the animals with procedures that will activate these pathways to trigger changes in appetite or metabolism. These challenges include:
-dietary manipulations to produce models of obesity or leanness or models of mice lacking a specific nutrient. These manipulations will activate specific sensing pathways that we hope to identify. These include mice fed diets promoting weight gain (high fat, high sucrose), mice fed a low protein diet, fasted or mice maintained on a caloric restriction regimen to study pathways activated by weight loss. Food deprivation of 24h may be needed, because in that case the body upregulates certain metabolic sensing pathways that may be difficult to detect under milder conditions of food deprivation. 24h fasting will be used as a screening tool to identify which pathways are sensing internal energy deficit. 
- thermal manipulations, necessary because the temperature of thermoneutrality in mice is between 28 and 30C. Therefore, mouse metabolism is challenged at 22C and this may mask the role of sensing pathways potentially important in a less challenging environment. In addition, thermoregulation and metabolism are intrinsically related: genes with a physiological role in energy expenditure are usually also regulated by temperature challenges, and therefore changes in ambient temperatures are a good tool to test the role of a pathway in energy metabolism. Animals may be housed chronically at ambient temperatures ranging from 4-34C to study the metabolic pathways engaged during adaptation to these conditions, or may be acutely challenged with changes in ambient temperatures to assess how 
-substances modulating metabolic pathways including nutrients, analogues, hormones, hormone receptor agonist/antagonist, metabolic drugs that can activate directly nutrient sensing pathways, and mimic metabolic situations, allowing the characterisation of downstream mechanisms. Fasting before the administration of these substances is appropriate to increase the signal to noise ratio of the outcome measures or minimize endogenous levels of the administered compound .
 -substances modulating  neuronal activity to activate relevant mechanisms modulating energy balance and characterise downstream pathways. These strategies have been shown to be valuable in the discovery of pathways regulating metabolism. 
- substances modulating Immune cells : increasingly recognised for their role in metabolic and nutrient sensing functions in obesity and diabetes and models with administration of substances modulation immune cells will allow to characterise these pathways.
Surgical manipulations will allow either the chronic delivery of substances to assess their long-term effect, or the specific delivery into the brain to avoid non-desirable effects associated with systemic delivery.
Liquid diet: in some cases, food may be delivered in the semi liquid (mash) or liquid form. Mash will be provided ad libitum and until the end of the lifetime of all animals implanted with a gastrointestinal catheter because a solid diet may obstruct the implanted catheter. Liquid food may be provided in acute experiments as test meals when specific dietary compositions can not be formulated as palatable pellets or powder (i.e. 100% protein ).   
Intra-gastro-intestinal food delivery: this procedure will allow to deliver food in unstressed freely moving animals acutely or over prolonged periods of time (typically for up to 48h on each occasion ) in order to measure the behavioural, neuroendocrine and metabolic responses to food detection in the gut. This procedure is the most refined to:
i) characterise the immediate and prolonged stress-sensitive physiological, endocrine and behavioural responses to local food sensing in specific segments of the gastro-intestinal tract. This procedure allows the delivery of food at rates mimicking normal food ingestion. Output measures are independent of orosensory food detection. 
ii) Assess macronutrient-specific appetite while controlling the body’s energy and nutritional status. For example, by delivering a protein-devoid but otherwise complete meal via a gastric catheter and allowing the animal to freely consume proteins and record the associated behavioural, neuroendocrine and metabolic responses.
iii) Dissociate chemical and mechanosensing modalities of food sensing in the gastro-intestinal tract by infusing isocaloric isovolumic meals. With solid diets, this is almost impossible to achieve when animals eat ad libitum.
In some cases, genetic manipulations will be required to characterise  nutrients sensing pathways downstream from specific genes. In these cases, it is best to produce site-specific inducible (with gene inducing substances) gene manipulation when possible, as whole body knock-out and germline knockout often do not inform accurately on adult physiology. Alternatively, viral vectors may be used to produce adult-onset gain-or los of function of a specific pathway in a site-specific manner.
Tracing vectors are the most appropriate strategy and label and characterise the neuroanatomy of neural circuits.
All our phenotyping steps are appropriate to measure the behavioural, neuroendocrin and metabolic contributors to energy balance and glucose homeostasis,
___________________________________________________________________
b) the most refined for the purpose?
We will use genetically altered (GA) mice expressing reporters in different cell types to investigate the distribution of cells/tissues expressing the candidate pathway, missing a specific gene of interest or allowing site-specific inducible expression of a transgene . Inducing transgene expression or gene knockout in adulthood with gene-expression inducing substances is important because if a pathway is missing during development, this can trigger the compensatory development of an alternative pathway that will mask the role of the pathway under investigation in normally developed animals. Therefore it is best to use  models in which embryonic development occurs in the absence of genetic abnormalities. Likewise, injections with viral vectors allows to circumvent the non specific consequences of embryonic and systemic genetic manipulations.
Surgical manipulations will allow site-specific substance delivery, a model more refined than when substances are delivered systemically. Surgical strategies allowing chronic substance infusions rather than multiple injections (Minipumps, intravascular catheter) also increase refinement , allowing continuous dosing without the need to scruff animals repeatedly. 
All our phenotyping steps are the most refined technologies to assess energy and glucose homeostasis and will allow us to build a comprehensive picture of the effects of the pathway under investigation on various systems.
___________________________________________________________________
For each model and/or method, what is the scientific need for the expected clinical signs?
Some dietary intervention or substance administrations we use to study hunger will induce physiological weight loss which is  necessary to decipher hunger pathways .  Conversely some may produce obesity and diabetes, necessary to identify pathways activated in these conditions of metabolic dysfunction.
Using of single housing is necessary to obtain individual feeding/metabolic or behavioural data (more accurate) . Single housing is also required during food restriction to avoid unequal access to food between dominant and dominated cage-mates. It is also required when measuring food intake or assessing feeding behaviour, as the only way to collect individual data. Likewise, single housing is necessary after surgical procedures where cage mates may damage wounds or implanted catheters.
Grid flooring may be required to perform complete stomach emptying, important when studying gut-brain sensing pathways sensitive to bedding or faeces ingestion. In the majority of cases, grid-flooring will not exceed sessions of 24h. In some cases (during the study of feeding behaviour).
High doses of tamoxifen are sometimes required to produce efficient gene recombination, and this can produce weight loss and mild and transient clinical signs. These models offer unique scientific perspective as they allow spatiotemporal control of gene expression.
___________________________________________________________________
Why scientifically do the animals need to suffer to this degree?
Scientifically it is important to identify nutrient sensing pathways that respond in particular to significant weight loss via food deprivation or weight gain via pro-obesity diets. Targeting these pathway may represent novel strategies for anti-obesity drugs.
The suffering associated with single housing and grid flooring is necessary for accuracy and to decrease data variability.
In some cases we will need to repeatedly dose mice via the ip or sc routes, and total numbers of injections may need to be above standard numbers. This will be necessary in experiments where we will test the effect of substances activating neuronal pathways or metabolic pathways pharmacologically, typically to decrease/increase appetite and weight gain, or test the anti-obesity efficacy of novel compounds in obese animals. Significant effects on appetite and weight may take up to 2 months to become statistically significant. These approaches are often translationally relevant and used to model the effect of therapeutic strategies.
During tamofixen administration, the severity of the adverse effects is fur to the high dose, required for efficient gene recombination.
___________________________________________________________________
Why can't you achieve your scientific outputs with an earlier humane endpoint, or without animals showing any clinical signs?
Most relevant pathways are not modulated under mild conditions. Even under more extreme conditions (i.e. 24h fast vs. overnight fast, or during caloric restriction) transcriptomic profiling or other screening tools give a lot of variability and it is difficult to select top candidates pathways that may lead to efficient strategies. Thus, to obtain robust data and the targeted scientific output, we can not use earlier humane endpoint.
For adverse events related to tamoxifen administration in some strains, we have shown that lower doses or shorted administration regimen do not produce the same level of gene induction. To obtain a robust model, doses and durations sometimes producing >15% weight loss may be necessary.
___________________________________________________________________
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.
We will study the litterature to assess suitability and minimise harms.
Pilot studies will be performed to determine the minimal effective dose and the potential adverse events in each mouse strain. Animals will be on daily observations during and after the treatments (1 week after the last dose) to detect any sign of compromised welfare.
How will you determine an appropriate dosing regimen?
Include routes, dosage volumes, frequencies, and durations.
Pilot studies will be performed to determine the minimal effective dose and the potential adverse events in each mouse strain. Animals will be on daily observations during and after the treatments (1 week after the last dose) to detect any sign of compromised welfare.
The maximum number of injections that may be given by each route is detailed below:
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Protocol 12
Title
Characterise behavioural consequences of novel nutrient sensing pathways with moderate severity 
___________________________________________________________________
Protocol 12: Protocol details
Briefly describe the purposes of this protocol
Ensure that you state any relevant regulatory guidelines.
The purpose is to characterise the behavioural and neuroendocrine consequences of novel nutrient sensing pathways and assess their potentials as targets for anti-obesity drugs.
___________________________________________________________________
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 are expected to experience moderate severity
___________________________________________________________________
Why are you proposing this severity category?
The majority of the animals will undergo surgical procedures  and will experience short-lived post-operative pain and discomfort. With some specific mouse strains, oral administration of tamoxifen may produce moderate weight loss (up to 20%) with recovery within the week following the end of the treatment. 
___________________________________________________________________
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.
· To characterise 3 novel brain nutrient sensing pathways involved in the control of energy balance and health.
· To assess the potential of  3 novel brain nutrient sensing pathways as targets for anti-obesity treatments.
___________________________________________________________________
Protocol 12: 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.
Animals may start their use on Protocol 1 (animals bred and maintained under this license will be used in this protocol).
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 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?
We will be using :
- fluorescently-labelled reporter mice to label or follow the fate or activity of specific cell types
- Cre-reporter mice to produce cell-specific genetic manipulations, 
- floxed mice to knock-out specific genes in a cell type specific manner, other knock-out mice to test the role of specific pathways on energy balance
- knock-out mice  to test the role of specific genes in energy balance
- mice expressing optogenetic reporters or DREADDS to reversibly manipulate neuronal activity
Do you expect any of these GAAs to show a harmful phenotype with welfare consequences?
No
Protocol 12: Steps
Step 1 (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.
Transgene inducing or deleting agents or control substances may be administered continuously or intermittently by one of the following routes: 
a. In diet or drinking water (AA)
b. Subcutaneous at up to 20ml/kg, up to 2 times per day and up to a total of 20 occasions (AA)
c. Intraperitoneal up to 20ml/kg, up to 2 times a day, up to 20 times in total (AA); 
d. oral gavage up to once a day, 10ml/kg for up to 5 days (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.
Tamoxifen when administered with a high Fat diet may produce aversion against the high fat diet.
Scrotal swelling, painless accumulation of fluid,  may occur in tamoxifen-treated mice (5%).
All gene-inducing/repressing substances may produce some level of weight loss, in a route- and mouse strain- dependant manner. In the majority of the cases, weight loss will be transient and mild (i.e. <10% from pre-tamoxifen baseline body weight ) with recovery within 1 week after the end of the treatment. In some cases (strain and route dependant), mice may lose up to 15% body weight from pre-tamoxifen baseline body weight  without showing clinical signs and normally recover weight within 1 week after the interruption of tamoxifen administration.
During tamoxifen administration, fur appearance might transiently change and look greasy, because of the formulation of the vehicle used for this compound. This is not a sign of ill health. This changes coat appearance and sometimes gives an impression of slight piloerection. Therefore, during tamoxifen administration, coat appearance cannot be used to assess welfare.
Some specific mouse strains have a slightly different posture before interventions and might look slightly hunched. In these strains, posture before intervention will be recorded and used as a reference.
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?
Pilot studies will be performed to determine the minimal effective dose and the potential adverse events in each mouse strain. Animals will be on daily observations during and after the treatments (1 week after the last dose) to detect any sign of compromised welfare.
Whenever possible, we will perform dietary changes either 1 week before or 3 weeks after tamoxifen administration to avoid the production of dietary aversion. Food intake will be monitored to make sure the diet does not produce an aversive response.
Whenever possible, tamoxifen will be administered through the oral route (in food pellets or by gavage) to avoid side effects associated with oil injection
Animals will be weighed daily during the administration of the drugs as well as during recovery (return to baseline or stable body weight). Animals will be fed energy-dense supplements, mash and hydrogel   2 to 3 days before the treatments (to avoid aversion) and until weight regain stabilises. Animals losing weight  will be provided with a heating pad until weight regain stabilises. These strategies have been used previously and are efficient in reducing weight loss.
What are the humane endpoints for this step?
This would be the point at which you would kill the animal to prevent further suffering.
Mice with moderate or severe scrotal swelling with any signs of pain on palpation or interference with locomotion, any changes/ulceration to surface of skin of scrotum will be killed.
If mice show signs of pain or ill-health that cannot be relieved with minor interventions over 24h, they will be killed with a Sch1 method.  Mice losing more than 10% body weight from baseline during the week following the end of the treatment will be assessed using body condition scoring to confirm animal welfare. Mice scoring BCS2 will be supplied with additional support (mash, hydrogel, heating pads) and killed by a schedule 1 method if condition does not improve in the next 6h. All animals reaching 1520% body weight loss will be immediately Sch1.
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.
Dietary Intervention (AA). Animals will undergo one or all of the following dietary treatment administered alone or in combination.
a. Animals will be fed either standard or modified diets, in the solid, semi-liquid (mash) or liquid form. Liquid or semi-liquid diet will be changed daily. The composition of the diet  may be changed on up to 3 7  occasions. 
b. Animals may be food deprived typically for 16h (on up to 15 occasions separated by a minimum of 60h), and for up to 24h (maximum of 2 occasions separated by a minimum of 72h). During that period, animals may be housed on grid flooring.
c. One 1 occasion, food  may be restricted to reach up to 20% body weight loss for periods typically not exceeding 8 weeks and on occasions for up to 12 weeks. During that time, animals may be single housed and returned group housing whenever possible after the end of the treatment.
d. Liquid food may be delivered via a previously implanted intra gastro-intestinal catheter for up to 48h on up to 8 occasions.
___________________________________________________________________
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.
Diets with altered macronutrient composition might produce weight gain, obesity and increase the likelihood of diabetes (in very rare cases in our models, 1%). 
Diets with altered macronutrient composition might also produce weight loss or reduced rate of weight gain.  
In obese animals, weight loss is not an adverse effect. 
Weight loss will be calculated against  age-matched ad libitum fed controls if the treatment is initiated in growing mice (<P60),  pre-intervention weight if the treatment is initiated in lean adults (>P60), or lean age-matched controls if the treated animals are obese.
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?
Body weight gain will be monitored and if mice become overweight or obese, we will remain attentive to their ability to move freely around the cage and access food, modifying cage environment as appropriate.
We will remain vigilant to its development by monitoring water consumption and urine output, in particular being cognisant of an increased need to change bedding as being a potential sign of hyperglycaemia- driven polyuria. If polydipsia and/or polyuria develop, urine will be collected by scruffing and free catch. If urine testing shows greater than 3+ glucose on more than 2 occasions, blood glucose will be measured. 
During caloric restriction, as soon as 10% weight loss is reached, body composition scoring will be used to assess welfare. Age-matched lean controls are expected to be at BCS3 on the body condition scoring scale.
What are the humane endpoints for this step?
This would be the point at which you would kill the animal to prevent further suffering.
Weight loss is not always an appropriate indicator of welfare, in particular in obese mice or in interventions that target the mechanisms of body weight control (i.e., caloric restriction, high protein diets) to produce energy deficit. 
In these cases where weight loss threshold is extended, we will use body condition scoring to assess well-being and determine the humane endpoint in addition to measurements of body weight loss (see general humane endpoint).
In caloric restriction experiments, if mice reach 15% weight loss. we will increase their daily food ration to allow for weight maintenance of weight regain . If this fails to stabilise or increase weight over 48h, mice will be fed ad libitum and monitored until weight returns to baseline. Mice will be culled unless they stabilise their weight within 48h of ad libitum food access. 
In mice exposed to weight loss diets (i.e. high protein diets), if mice reach 15% weight loss, mice will be returned to a normal chow diet ad libitum and monitored until weight returns to baseline. Mice will be culled unless they stabilise their weight within 48h of ad libitum food access.
Step 3 (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.
Surgery (AB). Animals may undergo up to two of the following surgical procedures, under up to 2 anaesthesia: 
a. stereotactic surgery to position cannulae into the CNS. Cannulae may be temporary or permanently secured. While anaesthetised, animals may receive a substance via the preimplanted cannulae. The cannulae will be subsequently used for substance delivery, optogenetic stimulation or in vivo imaging.
b. Implantation of subcutaneous and/or intraperitoneal and/or intravascular telemetric probes
c. Implantation of an indwelling vascular catheter into the jugular vein and/or carotid artery .
d. Gastro-intestinal surgery to permanently implant a catheter positioned in the gastrointestinal tract. The catheter will be permanently secured with dental cement or a magnetic access button on the head or back. While anaesthetised, animals may receive a substance via the catheter. After this procedure, animals will be kept on soft bedding. Catheters will be kept potent by daily sterile saline injections, typically for 6 weeks and for up to 12 weeks.
Post-operatively animals may be singly housed for the duration of the subsequent study and fed semi-liquid diet or liquid diet.
___________________________________________________________________
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.
Animals may fail to recover from the surgery (less than 1 %) 
Less than 1% animals may die during the surgical procedure or the post-operative period.
1% of the animals may develop a head tilt.
Animals with chronic cannula or catheter implantation may need to be Sch1 if the cap attaching the cannula to the skull detaches, which happens in less than 5% of the case according to our experience. To avoid cap detachment, the cap is secured with both tissue glue and biocompatible dental cement, animals are single housed post-surgery, and hard nesting material is replaced by soft nesting chips.
Animals with a gastrointestinal catheter may need to be Sch1 if the catheter becomes clogged and can no longer be used for substance delivery. 
In 1% of the cases, peritonitis may occur after the insertion of a gastro-intestinal catheter. Weight and wound appearance will be monitored daily during the first week following surgery to detect potential infection.
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?
Surgical procedures will be carried out aseptically. Peri- and post-operative analgesia will be provided; agents will be administered as agreed in advance with NVS. Animals will be monitored daily for 1 week after surgery , provided with hydrogel and mash, as well as a heating pad if necessary.
In the case of wound dehiscence, uninfected wounds may be re-closed on one occasion within 48 hours of the initial surgery.
Catheters will be flushed regularly with sterile saline.
If a mouse loses its head cap, it will be killed immediately.
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 that fail to recover, develop a head tilt,  or exhibit signs of pain, distress or of significant ill health will be killed by a Schedule 1 . 
Any animal not fully recovered from the surgical procedure within 24 hrs (eating, drinking and return to normal behaviour) will be killed.
Step 4 (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.
Insertion of a subcutaneous or intraperitoneal minipump delivering substance  (AB). Should the animals need to be studied and kept alive for a period longer than the pump delivery period, pumps will be surgically removed at the end of the delivery period as recommended by the manufacturers.
___________________________________________________________________
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.
Animal may in rare cases not recover from the procedure (less than 1%)
Wound may reopen.
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?
Surgical procedures will be carried out aseptically. Peri- and post-operative analgesia will be provided; agents will be administered as agreed in advance with NVS. Animals will be monitored daily for 1 week after surgery , provided with hydrogel and mash, as well as a heating pad if necessary.
In the case of wound dehiscence, uninfected wounds may be re-closed on one occasion within 48 hours of the initial 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.
Any animals that exhibit signs of pain, distress or of significant ill health will be 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) will be killed
Step 5 (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.
Administration of viral vectors or tracers. 
Animals may be treated with viral vectors or tracers including control/vehicle substances, administered alone or in combination, on up to 2 occasions, by an intravenous injection (AA), a site specific administration via a craniotomy (administration into brain parenchyma), superficial tissue exposure (muscle, inguinal adipose tissue, interscapular adipose tissue) or a laparotomy (gonadal adipose tissue, liver, gastro-intestinal tract, pancreas) (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.
Vectors targeting  pathways regulating energy balance may produce weight loss of up to 20% compared to controls. Weight loss will be calculated against  age-matched ad libitum fed controls if the treatment is initiated in growing mice (<P60),  pre-intervention weight if the treatment is initiated in adults (>P60), or lean age-matched controls if the treated animals are obese.
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?
Weight will be measured daily after the injection for 1 week and twice weekly after that for the entire duration of the experiment.
Pilot studies will be systematically used to determine safe and efficient doses for new viral lots and new targeted brain regions.
Weight loss>15% will be addressed with hydrogel and mash supplementation. 
What are the humane endpoints for this step?
This would be the point at which you would kill the animal to prevent further suffering.
Weight loss is not always an appropriate indicate of welfare, in particular in obese mice or in interventions that target the mechanisms of body weight control  to produce energy deficit. In these cases where weight loss threshold is extended , we will use body condition scoring to assess well-being and determine the humane endpoint in addition to measurements of body weight loss. If mice show signs of pain or ill-health that cannot be relieved with minor interventions over 24h, they will be killed with a Sch1 method.  Mice scoring BCS2 will be supplied with additional support (mash, hydrogel, heating pads) and killed by a schedule 1 method if condition does not improve in the next 6h. 
Mice reaching 20% weight loss  and failing to stabilise weight or restore weight gain after 48h of receiving interventions,  will be killed.
Step 6 (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.
 Administration of substances modulating metabolic pathways, including control/vehicle substances, administered alone or in combination, via a bolus or continuously, through up to 2 of the following routes
a. oral gavage on multiple occasions, up to 20ml/kg, up to 2 times a day, up to 30 times in total (AA)
b. mixed in diet or diluted in drinking water, continuously or intermittently (AA);
c. intraperitoneal (ip) injection on multiple occasion, up to 20ml/kg, up to 2 times a day, up to 60 times in total (AA) 
d. intraperitoneal (ip)  minipump  (previously implanted under step 4) up to 0.08 ml/kg/min on up to 2 occasions  (substances may be combined in the same infusion mix) (AA)
e. intravenous (iv) on multiple occasion, up to 10ml.kg, up to 2 times a day, up to 14 times in total (AA); 
f.  intravenous (iv) infusion  up to 0.04 ml/kg/min on up to 2 occasions (substances may be combined in the same infusion mix) (AA)
g. intra brain parenchymal administration via a pre-implanted cannula on up to 10 occasions separated by at least 96h, up to 2 ul per injection, up to 10 times in total (AA)
h. intra brain  infusion with a minipump via a pre-implanted cannula up to 0.02 ml/kg/min on up to 2 occasions (substances may be combined in the same infusion mix) (AA)
i. subcutaneous bolus at up to 20ml/kg, up to 3 times a day for up to 56 occasions (AA)
j. subcutaneous infusion with a minipump  (previously implanted under step 4) at up to 0.08 ml/kg/min on up to 2 occasions (AA)
k. intranasal bolus on multiple occasions, 50ul per injection, up to 3 times a day, up to 60 times on total (AA)
l. intra-intestinal infusion via a preimplanted catheter up to 20ml/kg/h, up to once a day, up to 8 times in total (AA)
Acute treatments may be preceded by a fasting period of 6 to 24h during which animals may be housed on grid flooring. 
___________________________________________________________________
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.
Substances used in this step may cause side effects including weight loss, and inappetence and transient discomfort, for example reducing general activity levels.
In obese animals, weight loss is not an adverse effect. 
Weight loss will be calculated against  age-matched ad libitum fed controls if the treatment is initiated in growing mice (<P60),  pre-intervention weight if the treatment is initiated in lean adults (>P60), or lean age-matched controls if the treated animals are obese.
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?
Exact duration and doses will depend on the substance used. These  will be determined based on the study of the published literature to select dosing regimen not causing more than transient adverse effects. They will be tested in pilot cohorts.
Animals will be monitored and weight measured throughout the intervention. As soon as 10% weight loss is reached, body composition scoring will be used to assess welfare.
Mice dosed via the ip route for more than 30 times or the sc route for more than 24 times will be checked by the NACWO weekly and the NVS if necessary .
What are the humane endpoints for this step?
This would be the point at which you would kill the animal to prevent further suffering.
Weight loss is not always an appropriate indicate of welfare, in particular in obese mice or in interventions that target the mechanisms of body weight control ( treatment with substances targeting metabolic pathways) to produce energy deficit. In these cases where weight loss threshold is extended , we will use body condition scoring to assess well-being and determine the humane endpoint in addition to measurements of body weight loss. If mice show signs of pain or ill-health that cannot be relieved with minor interventions over 24h, they will be killed with a Sch1 method.  Mice scoring BCS2 will be supplied with additional support (mash, hydrogel, heating pads) and killed by a schedule 1 method if condition does not improve in the next 6h. 
Mice reaching 20% weight loss during the course of chronic substance administration will be removed from the protocol and no longer receive the substances. In the absence of other signs of pain or ill-health, if condition does not improve or weight does not stabilise or increase within 48h after interruption of substance administration, mice will be killed by Schedule 1 method.
Step 7 (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.
Manipulation of neuronal activity , including control/vehicle substances/interventions, administered alone or in combination, via a bolus , through up to 2 of the following routes
a. brain parenchymal through a pre-implanted cannula on up to 10 occasions separated by at least 96h, up to 2 ul per injection, up to 10 times in total (AA)(AA/AB/AC) and/or;
b. subcutaneous (sc) at up to 20ml/kg, up to 2 times a day and up to 56 occasions in total  (AA)
c. intraperitoneal (ip) on multiple occasion, up to 20ml/kg, up to 2 times a day, up to 60 times in total (AA).
d. intranasal bolus on multiple occasions (max 50ul per injection), up to 2 times a day, up to 60 times in total (AA)
e. Chemogenetic or optogenetic stimulation up to twice a day, up to 28 times in total (AA)
Acute treatments may be preceded by a fasting period of 6 to 24h during which animals may be housed on grid flooring. 
___________________________________________________________________
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.
Substances used in this step may cause side effects including weight loss, and inappetence and transient discomfort, for example reducing general activity levels.
In obese animals, weight loss is not an adverse effect. 
Weight loss will be calculated against  age-matched ad libitum fed controls if the treatment is initiated in growing mice (<P60),  pre-intervention weight if the treatment is initiated in lean adults (>P60), or lean age-matched controls if the treated animals are obese.
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?
Exact duration and doses will depend on the substance used. These  will be determined based on the study of the published literature to select dosing regimen not causing more than transient adverse effects. They will be tested in pilot cohorts.
Animals will be monitored and weight measured throughout the intervention. As soon as 10% weight loss is reached, body composition scoring will be used to assess welfare.
Mice dosed via the ip route for more than 30 times or the sc route for more than 24 times will be checked by the NACWO weekly and the NVS if necessary .
What are the humane endpoints for this step?
This would be the point at which you would kill the animal to prevent further suffering.
Weight loss is not always an appropriate indicate of welfare, in particular in obese mice or in interventions that target the mechanisms of body weight control   to produce energy deficit. In these cases where weight loss threshold is extended , we will use body condition scoring to assess well-being and determine the humane endpoint in addition to measurements of body weight loss. If mice show signs of pain or ill-health that cannot be relieved with minor interventions over 24h, they will be killed with a Sch1 method.  Mice scoring BCS2 will be supplied with additional support (mash, hydrogel, heating pads) and killed by a schedule 1 method if condition does not improve in the next 6h.
Mice reaching 20% weight loss during the course of chronic substance administration will be removed from the protocol and no longer receive the substances. In the absence of other signs of pain or ill-health, if condition does not improve or weight does not stabilise or increase within 48h after interruption of substance administration, mice will be killed by Schedule 1 method.
Step 8 (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.
Measurement of food intake. We will measure food intake either on group-housed or on single-housed mice. For that purpose, mice may be single housed for up to 8 weeks or for their lifetime. Food intake may be measured in specialised behavioural chambers in which mice may be maintained for up to 8 weeks.
___________________________________________________________________
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.
Single housing may produce  transient weight loss during the first few days reaching up to 10% . 
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?
We will monitor weight of  single housed animals at least twice in the first week and daily in mice housed in behavioural chambers; should weight drop more than expected (e.g. by 10% vs. pre-intervention) supplementary food (e.g. wet mash) will be offered as well as heating pads. 
Whenever possible, we will regroup the mice and monitor for signs of fighting (frequent in males under these conditions, i.e. wounds, weight loss). We will use bedding from initial cage to restore olfactory environment.
What are the humane endpoints for this step?
This would be the point at which you would kill the animal to prevent further suffering.
Should the weight trajectory not change with the intervention described above within 48h mice will be killed. 
Step 9 (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.
Tracing substance administration.
Animals may be treated with tracing substances, including control/vehicle substances, administered alone or in combination, via up to 2 of the following routes
a. oral gavage on multiple occasions, up to 20ml/kg, up to 2 times a day, up to 30 times in total (AA)
b. mixed in diet or diluted in drinking water, continuously or intermittently (AA);
c. intraperitoneal (ip) injection on multiple occasion, up to 20ml/kg, up to 2 times a day, up to 30 times in total (AA) 
d. intravenous (iv) on multiple occasion, up to 10ml.kg, up to 2 times a day, up to 14 times in total (AA); 
e. subcutaneous bolus at up to 20ml/kg, up to 2 times a day for up to 28 days  (AA)
Acute treatments may be preceded by a fasting period of 6 to 24h during which animals may be housed on grid flooring. 
___________________________________________________________________
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 (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.
Blood sampling. Withdrawal of a blood sample from a superficial blood vessel no more than 10% of total blood volume in 24hrs and 15% of total blood volume in any 28 days (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.
No
___________________________________________________________________
Step 11 (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.
Body composition evaluation.
This will be done using non-invasive imaging technology (AA/AB). This step may be repeated up to 3 times separated by at least 7 days. Imaging requiring anaesthesia will be performed 2 times or less, separated by at least 7 days, and the anaesthetic episode will last 5 min or less.
___________________________________________________________________
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 12 (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.
Conditioned taste aversion measurement. 
Animals may be water deprived for up to 24h and presented with flavoured or sweetened water for 2h with or without a drug, peptide or nutrient administration (oral, subcutaneous, intraperitoneal, intracerebral) including control/vehicle substances administered alone or in combination. Lithium Chloride administration (ip) will be used on one occasion to induce a negative taste aversion. This step (excluding the lithium chloride test) may be repeated up to 6 times.
___________________________________________________________________
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 13 (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.
PICA behaviour. 
 Animals will be housed with kaolin pellets to measure baseline kaolin consumption. Animals may be food deprived for up to 6h (day-time) and presented with kaolin pellets with or without a drug, peptide or nutrient administration (oral, subcutaneous, intraperitoneal, intracerebral) including control/vehicle substances administered alone or in combination. This step may be repeated up to 6 times.
___________________________________________________________________
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 (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.
Behavioural preference/avoidance or motivation after acclimatisation and training . 
a. Animals will be pre-exposed to a testing diet or solution containing specific nutrients in the home cage for up to 1h a day for up to 3 days.
b. Animals will be acclimatised to behavioural chambers and trained to perform a task of drinking or eating a predefined amount of testing diet or solution. This may be in a conditioning paradigm where the animals need to perform a task before accessing the diet or solution. Typically, animals will be tested up to 2 times a day for 8 weeks (and up to 16 weeks) and each session will last for 2h (up to 4h). In some cases, sessions in the chambers may last for up to 12h with a schedule of maximum 2 sessions a week for up to 12 weeks. These durations include acclimatisation days. Mice might be chronically food restricted (80% of ad libitum intake) for these tests for up to 8 weeks (AA).
c. Animals will receive substance modulating neuronal activity, immune cells, or metabolic pathways (as per steps 8,9,10 respectively) or diet (as per step 2d) while performing behavioural tasks.
___________________________________________________________________
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 15 (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 vivo Imaging  (AA/AB/AC) for which administration of contrasting substances or tracers may be required by one of the following routes:
a) by oral  gavage up to 20ml/kg (AA) 
b) Intravenous up to 10ml.kg, up to 2 times a day (AA/AB/AC)
c) Intraperitoneal up to 20ml/kg, up to 2 times (AA/AB/AC)
d) Subcutaneous  at up to 20ml/kg, up to 3 times  (AA)
Brain imaging may require the insertion of an imaging device via a pre-implanted cannula.
Imaging procedures undertaken under anaesthesia will be maximally performed up to five times in a mouse lifetime spaced at least by 72 hrs. 
Non-anaesthetic imaging procedures will be performed up to sixteen times spaced at least by 24 hrs.
___________________________________________________________________
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 16 (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) Removal of organs or tissues following by killing by
a. Schedule 1, or
b. Perfusion (AC), or
c. Exsanguination (AC), or
d. Decapitation for animals up to 20 weeks of age (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
___________________________________________________________________
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 may be required when sampling brainstem tissues for subsequent analysis in order to maintain the morphology and neuro-anatomy of the organ and ensure the validity of the collected brain samples. Decapitation promotes reduction (see 3R section). Decapitation will be performed without anaesthetics on animals of up to 20 weeks of age.
___________________________________________________________________
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.
Typically animals will undergo four model related steps (steps 1-8), and up to 6 in worst case scenario. These  will allow to :
-activate/inhibit a metabolic sensing pathway of interest  and ,
- access specific internal sites for substance delivery   and 
- create dietary conditions relevant to investigate the role of the metabolic sensing pathway of interest  
Animals will undergo typically 2 of the phenotyping steps aiming at measuring important covariables for our main experiment outcome measures (steps 9-12).
Then animals will undergo typically 6 phenotyping steps, main research outputs, to characterise  feeding behaviour (steps 13-16), ending with a terminal procedure (step 17). In worst case scenario, main phenotyping steps may be repeated 10 times.
Generic Animal experience:
[image: ]
Examples
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___________________________________________________________________
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 signs of suffering that are greater than minor and transient (observed consistently over a 24h period) and cannot be relieved with minor interventions over 24h will be killed by a Sch1 method. Mice scoring BCS2 will be supplied with additional support (mash, hydrogel, heating pads) and killed by a schedule 1 method if condition does not improve in the next 6h. In the case of individual animals of particular scientific interest, advice will be sought promptly from the local Home Office Inspector.
___________________________________________________________________
Protocol 12: Experimental design
What outputs are expected to arise from this protocol?
For example, test results, phenotypic information, or products.
We will measure body weight and food intake, blood parameters and perform analysis on tissues.
___________________________________________________________________
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 determine the safe most efficient dose and route of administration for each  new substances.
How will you choose different experimental groups?
For example, controls, dose levels, satellites etc.
Experimental groups will include WT littermates if genetically animals are used.
For experiments involving diet or substance administration, we will always include control groups administered with vehicle substances or control diets. 
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 randomised but age-, gender- and weight matched to treatment groups.
How will experiments and data analysis be randomised and blinded?
Dietary exposure and substance administrations will be randomised.
Staff collecting and analysis data will be blinded for treatment and genotype.
How will you minimise variables to ensure reproducibility?
To  reduce variability, we use inbred strains, littermates, body-weight-matched, gender-matched and age-matched groups. 
We acclimatise animals to experimental procedures to reduce stress-induced variability. For example, we perform mocking brain injections on 4 consecutive days before the actual substance administration, during which animals are connected to the brain injection swivel.
We will keep all environmental parameters constant, ie time of the day at which the experiment is performed, person performing the procedures etc..
We will use standard operating procedures .
We  develop and use non or less invasive techniques that reduce variability (remote continuous data collection in behaving animals).
How will you determine group sizes?
You should reference POWER calculations you have made, if relevant.
group size will be calculated using previous data for variability of a given outcome measure, a power of 80% and an effect of 50%.
How will you maximise the data output from the animals you use on this protocol?
Will we maximise the number of tissues collected from these animals and share tissues with collaborators. Whenever possible we will crossover experimental treatments within animals to maximise data output.
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?
Type of animal: 
The control of energy balance and metabolism occurs at the level of the “whole organism” and not simply at a cellular level. Therefore the scientific understanding of these processes requires the study of whole organisms. Mammalian metabolism is a physiologically integrated multi-organ process that requires an in vivo mammalian setting.
Experimental models and methods:
To identify nutrient sensing pathways, we need to challenge the animals with procedures that will activate these pathways to trigger changes in appetite or metabolism. These challenges include:
-dietary manipulations to produce models of obesity or leanness or models of mice lacking a specific nutrient. These manipulations will activate specific sensing pathways that we hope to identify. These include mice fed diets promoting weight gain (high fat, high sucrose), mice fed a low protein diet, fasted or mice maintained on a caloric restriction regimen to study pathways activated by weight loss. Food deprivation of 24h may be needed, because in that case the body upregulates certain metabolic sensing pathways that may be difficult to detect under milder conditions of food deprivation. 24h fasting will be used as a screening tool to identify which pathways are sensing internal energy deficit. 
- thermal manipulations, necessary because the temperature of thermoneutrality in mice is between 28 and 30C. Therefore, mouse metabolism is challenged at 22C and this may mask the role of sensing pathways potentially important in a less challenging environment. In addition, thermoregulation and metabolism are intrinsically related: genes with a physiological role in energy expenditure are usually also regulated by temperature challenges, and therefore changes in ambient temperatures are a good tool to test the role of a pathway in energy metabolism. Animals may be housed chronically at ambient temperatures ranging from 4-34C to study the metabolic pathways engaged during adaptation to these conditions, or may be acutely challenged with changes in ambient temperatures.
-substances modulating metabolic pathways including nutrients, analogues, hormones, hormone receptor agonist/antagonist, metabolic drugs that can activate directly nutrient sensing pathways, and mimic metabolic situations, allowing the characterisation of downstream mechanisms. Fasting before the administration of these substances is appropriate to increase the signal to noise ratio of the outcome measures or minimize endogenous levels of the administered compound .
 -substances modulating  neuronal activity to activate relevant mechanisms modulating energy balance and characterise downstream pathways. These strategies have been shown to be valuable in the discovery of pathways regulating metabolism. 
- substances modulating Immune cells : increasingly recognised for their role in metabolic and nutrient sensing functions in obesity and diabetes and models with administration of substances modulation immune cells will allow to characterise these pathways.
Surgical manipulations will allow either the chronic delivery of substances to assess their long-term effect, or the specific delivery into the brain to avoid non-desirable effects associated with systemic delivery.
Liquid diet: in some cases, food may be delivered in the semi liquid (mash) or liquid form. Mash will be provided ad libitum and until the end of the lifetime of all animals implanted with a gastrointestinal catheter because a solid diet may obstruct the implanted catheter. Liquid food may be provided in acute experiments as test meals when specific dietary compositions cannot be formulated as palatable pellets or powder (i.e. 100% protein ).   
Intra-gastro-intestinal food delivery: this procedure will allow to deliver food in unstressed freely moving animals acutely or over prolonged periods of time (typically for up to 48h on each occasion ) in order to measure the behavioural, neuroendocrine and metabolic responses to food detection in the gut. This procedure is the most refined to:
i) characterise the immediate and prolonged stress-sensitive physiological, endocrine and behavioural responses to local food sensing in specific segments of the gastro-intestinal tract. This procedure allows the delivery of food at rates mimicking normal food ingestion. Output measures are independent of orosensory food detection. 
ii) Assess macronutrient-specific appetite while controlling the body’s energy and nutritional status. For example, by delivering a protein-devoid but otherwise complete meal via a gastric catheter and allowing the animal to freely consume proteins and record the associated behavioural, neuroendocrine and metabolic responses.
iii) Dissociate chemical and mechanosensing modalities of food sensing in the gastro-intestinal tract by infusing isocaloric isovolumic meals. With solid diets, this is almost impossible to achieve when animals eat ad libitum.
Feeding behaviour including the measurement of food, nutrient or taste preference/avoidance and the motivation to work for food is measured to characterise the response to specific diets and nutrients and characterise whether the response to a specific diet or central manipulations occurs via such behavioural mechanisms. The use of these chambers requires acclimatisation and behavioural training so that the animals perform the expected task efficiently. 
In some cases, genetic manipulations will be required to characterise  nutrients sensing pathways downstream from specific genes. In these cases, it is best to produce site-specific inducible (with gene inducing substances) gene manipulation when possible, as whole body knock-out and germline knockout often do not inform accurately on adult physiology. Alternatively, viral vectors may be used to produce adult-onset gain-or los of function of a specific pathway in a site-specific manner.
Tracing vectors are the most appropriate strategy and label and characterise the neuroanatomy of neural circuits.
All our phenotyping steps are appropriate to measure the behavioural, neuroendocrine and metabolic contributors to energy balance and glucose homeostasis,
___________________________________________________________________
b) the most refined for the purpose?
We will use genetically altered (GA) mice expressing reporters in different cell types to investigate the distribution of cells/tissues expressing the candidate pathway, missing a specific gene of interest or allowing site-specific inducible expression of a transgene . Inducing transgene expression or gene knockout in adulthood with gene-expression inducing substances is important because if a pathway is missing during development, this can trigger the compensatory development of an alternative pathway that will mask the role of the pathway under investigation in normally developed animals. Therefore it is best to use  models in which embryonic development occurs in the absence of genetic abnormalities. Likewise, injections with viral vectors allows to circumvent the non specific consequences of embryonic and systemic genetic manipulations.
Surgical manipulations will allow site-specific substance delivery, a model more refined than when substances are delivered systemically. Surgical strategies allowing chronic substance infusions rather than multiple injections (Minipumps, intravascular catheter) also increase refinement , allowing continuous dosing without the need to scruff animals repeatedly. 
All our phenotyping steps are the most refined technologies to assess energy and glucose homeostasis and will allow us to build a comprehensive picture of the effects of the pathway under investigation on various systems.
___________________________________________________________________
For each model and/or method, what is the scientific need for the expected clinical signs?
Some dietary intervention or substance administrations we use to study hunger will induce physiological weight loss which is  necessary to decipher hunger pathways .  Conversely some may produce obesity and diabetes, necessary to identify pathways activated in these conditions of metabolic dysfunction.
Using of single housing is necessary to obtain individual feeding/metabolic or behavioural data (more accurate) . Single housing is also required during food restriction to avoid unequal access to food between dominant and dominated cage-mates. It is also required when measuring food intake or assessing feeding behaviour, as the only way to collect individual data. Likewise, single housing is necessary after surgical procedures where cage mates may damage wounds or implanted catheters.
Grid flooring may be required to perform complete stomach emptying, important when studying gut-brain sensing pathways sensitive to bedding or faeces ingestion. In the majority of cases, grid-flooring will not exceed sessions of 24h. In some cases (during the study of feeding behaviour).
___________________________________________________________________
Why scientifically do the animals need to suffer to this degree?
Scientifically it is important to identify nutrient sensing pathways that respond in particular to significant weight loss via food deprivation or weight gain via pro-obesity diets. Targeting these pathway may represent novel strategies for anti-obesity drugs.
The suffering associated with single housing and grid flooring is necessary for accuracy and to decrease data variability.
In some cases we will need to repeatedly dose mice via the ip or sc routes, and total numbers of injections may need to be above standard numbers. This will be necessary in experiments where we will test the effect of substances activating neuronal pathways or metabolic pathways pharmacologically, typically to decrease/increase appetite and weight gain, or test the anti-obesity efficacy of novel compounds in obese animals. Significant effects on appetite and weight may take up to 2 months to become statistically significant. These approaches are often translationally relevant and used to model the effect of therapeutic strategies.
___________________________________________________________________
Why can't you achieve your scientific outputs with an earlier humane endpoint, or without animals showing any clinical signs?
Most relevant pathways are not modulated under mild conditions. Even under more extreme conditions (i.e. 24h fast vs. overnight fast, or during caloric restriction) transcriptomic profiling or other screening tools give a lot of variability and it is difficult to select top candidates pathways that may lead to efficient strategies. Thus, to obtain robust data and the targeted scientific output, we cannot use earlier humane endpoint.
For adverse events related to tamoxifen administration in some strains, we have shown that lower doses or shorted administration regimen do not produce the same level of gene induction. To obtain a robust model, doses and durations sometimes producing >15% weight loss may be necessary.
___________________________________________________________________
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.
We will study the litterature to assess suitability and minimise harms.
Pilot studies will be performed to determine the minimal effective dose and the potential adverse events in each mouse strain. Animals will be on daily observations during and after the treatments (1 week after the last dose) to detect any sign of compromised welfare.
How will you determine an appropriate dosing regimen?
Include routes, dosage volumes, frequencies, and durations.
Pilot studies will be performed to determine the minimal effective dose and the potential adverse events in each mouse strain. Animals will be on daily observations during and after the treatments (1 week after the last dose) to detect any sign of compromised welfare.
The maximum number of injections that may be given by each route is detailed below:
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Protocol 13
Title
Characterise metabolic consequences of novel nutrient sensing pathways during pregnancy and lactation with moderate severity 
___________________________________________________________________
Protocol 13: Protocol details
Briefly describe the purposes of this protocol
Ensure that you state any relevant regulatory guidelines.
The purpose is to characterise the metabolic and neuroendocrine consequences of novel nutrient sensing pathways during pregnancy and lactation.
___________________________________________________________________
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?
70% of the mice are expected to experience mild severity. Moderate weight loss following tamoxifen administration or moderate hypoglycaemia during insulin challenges might occur in 30% of the mice. 
___________________________________________________________________
Why are you proposing this severity category?
Animals are not expected to show harmful phenotypes that are more than minor or transient. However, on this protocol, mice will receive a gene-inducing substance prior to breeding, which will produce mild to moderate weight loss transiently. Mice might receive metabolic hormones which might produce moderate hypoglycaemia.
___________________________________________________________________
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.
· To characterise 3 novel brain nutrient sensing pathways involved in the control of energy balance and health.
___________________________________________________________________
Protocol 13: Animals used in this protocol
Mice
Which life stages will be used during this protocol?
Select all that apply
· Embryo and egg
· Neonate
· Juvenile
· Pregnant adult
· 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
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 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?
We will be using :
- fluorescently-labelled reporter mice to label or follow the fate or activity of specific cell types
- Cre-reporter mice to produce cell-specific genetic manipulations, 
- floxed mice to knock-out specific genes in a cell type specific manner, other knock-out mice to test the role of specific pathways on energy balance
- knock-out mice  to test the role of specific genes in energy balance
Do you expect any of these GAAs to show a harmful phenotype with welfare consequences?
No
Protocol 13: Steps
Step 1: Transgene induction (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.
Transgene inducing or deleting agents or control substances may be administered prior to mating in adult females, continuously or intermittently by one of the following routes: 
a. In diet or drinking water (AA)
b. Subcutaneous at up to 20ml/kg, up to 2 times per day and up to a total of 20 occasions (AA)
c. Intraperitoneal up to 20ml/kg, up to 2 times a day, up to 20 times in total (AA); 
d. oral gavage up to once a day, 10ml/kg for up to 5 days (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.
All gene-inducing/repressing substances may produce some level of weight loss, in a route- and mouse strain- dependant manner. In the majority of the cases, weight loss will be transient and mild (i.e. <10% from pre-tamoxifen baseline body weight ) with recovery within 1 week after the end of the treatment. In some cases (strain and route dependant), mice may lose up to 20% body weight from pre-tamoxifen baseline body weight  without showing clinical signs and normally recover weight within 1 week after the interruption of tamoxifen administration.
During tamoxifen administration, fur appearance might transiently change and look greasy, because of the formulation of the vehicle used for this compound. This is not a sign of ill health. This changes coat appearance and sometimes gives an impression of slight piloerection. Therefore, during tamoxifen administration, coat appearance cannot be used to assess welfare.
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?
Pilot studies will be performed to determine the minimal effective dose and the potential adverse events in each mouse strain. Animals will be on daily observations during and after the treatments (1 week after the last dose) to detect any sign of compromised welfare.
Whenever possible, tamoxifen will be administered through the oral route (in food pellets or by gavage) to avoid side effects associated with oil injection.
Animals will be weighed daily during the administration of the drugs as well as during recovery (return to baseline or stable body weight). Animals will be fed energy-dense supplements, mash and hydrogel   2 to 3 days before the treatments (to avoid aversion) and until weight regain stabilises. Animals losing weight will be provided with a heating pad until weight regain stabilises. These strategies have been used previously and are efficient in reducing weight loss.
Some specific mouse strains have a slightly different posture before interventions and might look slightly hunched. In these strains, posture before intervention will be recorded and used as a reference.
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 mice show signs of pain or ill-health (inactivity, hunched posture, piloerection) that cannot be relieved with minor interventions over 24h, they will be killed with a Sch1 method.  Mice losing more than 10% body weight from baseline during the week following the end of the treatment will be assessed using body condition scoring to confirm animal welfare. Mice scoring BCS2 will be supplied with additional support (mash, hydrogel, heating pads) and killed by a schedule 1 method if condition does not improve in the next 6h. All animals reaching 20% body weight loss will be immediately Sch1.
Step 2: 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
___________________________________________________________________
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 3: Tracer administration (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.
Tracing substance administration.
Adult females may be treated with tracing substances, including control/vehicle substances, administered alone or in combination, via up to 2 of the following routes
a. oral gavage on multiple occasions, up to 20ml/kg, up to 2 times a day, up to 28 times in total (AA)
b. mixed in diet or diluted in drinking water, continuously or intermittently (AA);
c. intraperitoneal (ip) injection on multiple occasion, up to 20ml/kg, up to 2 times a day, up to 30 times in total (AA) 
d. intravenous (iv) on multiple occasion, up to 10ml.kg, up to 2 times a day, up to 14 times in total (AA); 
e. subcutaneous bolus at up to 20ml/kg, up to 2 times a day for up to 28 days (AA)
Acute treatments may be preceded by a fasting period of 6 to 24h during which animals may be housed on grid flooring. 
___________________________________________________________________
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: Maintenance (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.
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 5: Food intake (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.
Measurement of food intake. We will measure food intake  on adult and pregnant mice, group housed in their home cage over 24h.
___________________________________________________________________
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: Body composition evaluation (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.
Body composition evaluation in adult mice and pregnant mice.
This will be done using non-invasive imaging technology (AA/AB). This step may be repeated up to 3 times separated by at least 7 days. Imaging requiring anaesthesia will be performed 2 times or less, separated by at least 7 days, and the anaesthetic episode will last 5 min or less.
___________________________________________________________________
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: Evaluation of nutrient handling (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.
Evaluation of nutrient handling: carbohydrate (glucose tolerance test, insulin sensitivity test ), lipid or protein in adult and pregnant mice.  
a. Animals will be administered with carbohydrates (glucose, fructose, pyruvate), lipids or proteins and/or metabolic hormones (insulin, glucagon, somatostatin) administered alone or in combination,  by
i. Intraperitoneal up to 20ml/kg, up to once a day, up to 4 times in total (AA), and/or
ii. Oral gavage up to 20ml/kg, up to once a day, up to 4 times in total (AA)
b. Animals may be food deprived for up to 6h (day-time) before these administrations (AA).
c. Blood may be sampled following these administrations through tail vein puncture (AA) 
 This step may be repeated up to 3 times separated by at least 7 days. 
___________________________________________________________________
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.
Insulin may cause hypoglycaemia as some mouse models may be more sensitive than others. 
Mice may not recover from insulin/glucose clamp studies but will be killed immediately after the clamp in all cases.
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?
Physical signs of hypoglycaemia (in particular activity phenotypes such as reduced activity, reduce response to provocation, intermittent tremors) will be monitored. If such responses are detected, blood glucose will be measured, and if blood glucose <2.0 mmol/l, mice will be injected with 20% glucose (IP). 
What are the humane endpoints for this step?
This would be the point at which you would kill the animal to prevent further suffering.
Hypoglycaemic animals who do not recover within 30 min from glucose injection will be killed. 
Step 8: Blood sampling (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.
Blood sampling. Withdrawal of a blood sample from a superficial blood vessel no more than 10% of total blood volume in 24hrs and 15% of total blood volume in any 28 days (AA/AB), in adult and pregnant mice.
___________________________________________________________________
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 procedure (edited) (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:
•	Exsanguination (AC) with killing by a Schedule 1 method*
•	Perfusion  (AC)
•	Schedule 1 killing
___________________________________________________________________
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?
No
___________________________________________________________________
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.
Mice will receive a gene-inducing substance at 8 weeks of age and allowed a 3 weeks recovery before any mating. They will receive a tracer before mating or during pregnancy. Blood will be taken before and during pregnancy. Typically all mice will undergo steps 5 to 8 twice, typically once before mating and once at 14 days of pregnancy or 14 days after  litter is born .
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 4 weeks age. This is because we want to study the lactating females as well, and therefore pups need to be kept.
___________________________________________________________________
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 will be immediately killed by Schedule 1 method if it shows signs of suffering that is greater than minor and transient or in any way compromises normal behaviour.
Animals exhibiting any unexpected harmful phenotypes (inactivity, piloerection, hunched posture) will be killed (Schedule 1), or in the case of individual animals of particular scientific interest, advice will be sought promptly from the  Home Office inspector.
___________________________________________________________________
Protocol 13: Experimental design
What outputs are expected to arise from this protocol?
For example, test results, phenotypic information, or products.
Genetically altered mice, tissues from genetically altered mice, phenotypic information, blood and tissues.
___________________________________________________________________
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 determine the safe most efficient dose and route of administration for each  new substances.
How will you choose different experimental groups?
For example, controls, dose levels, satellites etc.
Experimental groups will include WT littermates if genetically altered animals are used.
For experiments involving substance administration, we will always include control groups administered with vehicle substances or control diets. 
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 randomised but age-, gender- and weight matched to treatment groups.
How will experiments and data analysis be randomised and blinded?
Substance administrations will be randomised.
Staff collecting and analysis data will be blinded for treatment and genotype.
How will you minimise variables to ensure reproducibility?
To  reduce variability, we use inbred strains, littermates, body-weight-matched, gender-matched and age-matched groups. 
We acclimatise animals to experimental procedures to reduce stress-induced variability. 
We will keep all environmental parameters constant, ie time of the day at which the experiment is performed, person performing the procedures etc..
We will use standard operating procedures.
We develop and use non or less invasive techniques that reduce variability (remote continuous data collection in behaving animals).
When possible we will use cross-over experimental designs  to minimise variability
How will you determine group sizes?
You should reference POWER calculations you have made, if relevant.
group size will be calculated using previous data for variability of a given outcome measure, a power of 80% and an effect of 50%.
How will you maximise the data output from the animals you use on this protocol?
Whenever possible we will crossover treatments in the same animals  to reduce the number of animals used and increase the power of the experimental design. Will we maximise the number of tissues collected from these animals and share tissues with collaborators. 
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?
The control of energy balance and metabolism occurs at the level of the “whole organism” and not simply at a cellular level. Therefore the scientific understanding of these processes requires the study of whole organisms. Mammalian metabolism is a physiologically integrated multi-organ process that requires an in vivo mammalian setting.
For the elucidation of nutrient sensing pathways pertinent across diverse physiological and pathological states that are associated with changes in  energy and glucose homeostasis,  we need to use experimental procedures to model these  physiological and pathological states. Once candidate pathways are identified, we will use models of gain- and loss-of function of these pathways to determine if this triggers changes in appetite, metabolism and/or glycemic control. In this protocol, we will assess the consequences of pregnancy and lactation, physiological states which require adaptive changes in appetite,  metabolism and glycemic control
___________________________________________________________________
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 from this procedure.
We will use genetically altered (GA) mice expressing reporters in different cell types to investigate the distribution of cells/tissues expressing the candidate pathway, missing a specific gene of interest or allowing site-specific inducible expression of a transgene.
Inducing transgene expression or gene knockout in adulthood with gene-expression inducing substances, including tamoxifen, is important because if a pathway is missing during development, this can trigger the compensatory development of an alternative pathway that will mask the role of the pathway under investigation in normally developed animals. Therefore it is best to use  models in which embryonic development occurs in the absence of genetic abnormalities. For this purpose, the most widely gene-inducing substance in our field is tamoxifen. We have shown in our pilot experiments that it is well tolerated by females with the dosing regimen required in our models. Tamoxifen will be delivered before pregnancy. 
 Tracing substances such as Edu will allow the study of cell proliferation and lineage progression in  nutrient sensing nuclei of the brain acutely, which can not be performed using other methods.
Food intake will be measured in group housed females in their home cage to minimise stress and associated weight loss.
Body composition evaluation with TD-NMR or DEXA is an acute procedure with minimal stress which can be carried without the use of anaesthesia and is the most refined procedure to measure lean and fat mass.
Nutrient handling is measured by following blood physiological parameters (glucose, nutrients) following an acute bolus of nutrients or hormones at a dose mimicking physiological concentration. Blood samples are collected at low volumes. These tests are physiologically relevant and most refined to measure physiological functions.
When possible, we will avoid dosing pregnant mice throuhg the ip route. Alternatively, we will hold them in a position such that the dosed molecule does not reach the fetuses.
___________________________________________________________________
For each model and/or method, what is the scientific need for the expected clinical signs?
The use of tamoxifen at a high dose is justified to obtain a high level of gene expression, required for the scientific need. Tracers are not expected to produce clinical signs other than those associated with substance administration, which are minimal. Food intake measurement in group housed mice in their home cage is not expected to produce adverse effects. Body composition evaluation is not expected to produce any adverse effect. Assessment of nutrient handling using insulin injections might produce hypoglycaemia, which is needed to trigger the production of the counter-regulatory response, which we want to assess. Blood sampling is not expected to produce clinical signs .
___________________________________________________________________
Why scientifically do the animals need to suffer to this degree?
Scientifically it is important to identify nutrient sensing pathways that respond during physiological challenges, in particular pregnancy and lactation, to understand how health is maintained during these situations.
To quantify the activation of brain nutrient sensing pathways throughout pregnancy and lactation, it is necessary to introduce isotopic or molecular tracers prior to and during these phases, followed by strategic tissue collection at designated timepoints for analysis.
Furthermore, to elucidate the functions of putative nutrient sensing pathways in the regulatory adjustments of feeding behavior and metabolic processes during pregnancy and lactation, we must employ transgenic methodologies to selectively inhibit or stimulate these pathways in adult organisms. This involves the application of agents that induce transgene expression, enabling the assessment of the resultant impact on the energy homeostasis and metabolic rates throughout the gestational period. These assessments include measurements of food intake, body composition and nutrient handling.
___________________________________________________________________
Why can't you achieve your scientific outputs with an earlier humane endpoint, or without animals showing any clinical signs?
For adverse events related to tamoxifen administration in some strains, we have shown that lower doses or shorted administration regimen do not produce the same level of gene induction. To obtain a robust model, doses and durations sometimes producing >15% weight loss may be necessary.
Hypoglycaemia, which might occur in response to  insulin injections during nutrient handling assessments is necessary to trigger the production of the counter-regulatory response, which we want to measure in this test.
Other steps are not associated with adverse events.
___________________________________________________________________
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.
We will study the literature to identify appropriate doses, route and administration paradigms, and perform pilot studies to confirm optimal efficiency with minimal adverse events.
How will you determine an appropriate dosing regimen?
Include routes, dosage volumes, frequencies, and durations.
We will measure the expected outcome in a pilot study to determine if the dosing regimen is efficient, produces robust changes and monitor for adverse effects . 
The maximum number of injections that may be given by each route is detailed below:
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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.
no
___________________________________________________________________
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.
No answer provided
___________________________________________________________________
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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BC1

Mouse is emaciated.

- Skeletal structure extremely prominent;
little or no flesh cover.

- Vertebrae distinctly segmented.

BC2

Mouse is underconditioned.
< Segmentation of vertebral column evident.
< Dorsal pelvic bones are readily palpable,

BC3

Mouse is well-conditioned.
- Vertebrae and dorsal peivis not prominent;
paipable with slight pressure.

BC4

Mouse is overconditioned.
~Spine is a continuous column.
« Vertebrae paipable only with firm pressure.

BCS

Mouse is obese.

-Mouse is smooth and bulky.

<Bone structure disappears under flesh and
subcutaneous fat.

can be added to the body condition score

if additional increments are necessary (i.e...2+, 2, 2-..)
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