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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'.
Neurobehavioural Mechanisms Underlying Mood, Anxiety and Stress-Related Mental Health Disorders
___________________________________________________________________
Licence holder
Amy Louise Milton
___________________________________________________________________
Is this project for higher education and training purposes?
No
___________________________________________________________________
Which permissible purposes apply to this project?
· (a) Basic research
· (b) Translational or applied research with one of the following aims:

· (i) Avoidance, prevention, diagnosis or treatment of disease, ill-health  or abnormality, or their effects, in man, animals or plants
· (ii) Assessment, detection, regulation or modification of physiological conditions in man, animals or plants
___________________________________________________________________
Project licence duration
5 Years 0 Months
Which types of animals will be used in this project?
· Rats
___________________________________________________________________
Non-technical summary
Aims
What's the aim of this project?
Keep this to a short one or two sentence summary.
To determine the neurobiological, neurochemical and molecular bases of psychological processes that vary across the population and can go awry in mental health disorders, particularly those associated with uncontrollable or inescapable stress.
___________________________________________________________________
Why is it important to undertake this work?
Mental health disorders are a major health burden, both in the UK and worldwide. The World Health Organisation estimates that worldwide, 301 million people live with anxiety, 280 million people live with depression, and 326 million people experience post-traumatic stress disorder. The cost of mental health disorders to the UK in terms of social, economic and health factors is extremely high (estimated in March 2022 as £117.9 billion per year). 
Although treatments for mental health disorders exist, currently available treatments need substantial improvement, as they do not work for all patients. Treatment development for mental health disorders is a long-term goal for my laboratory and that of our collaborators, and we believe that treatment development will be facilitated by a better understanding of the psychological, neural and neurochemical mechanisms that underlie psychological processes that can become maladaptive or dysfunctional in mental health disorders. By understanding individual biological and environmental risk factors, including biological markers such as immune cell or mitochondrial function that can be assessed in animals post-mortem, but ultimately could be tested in human in blood screening, it might be possible to identify those at greatest risk of developing mental health disorders, to give them access to preventative treatments (or at least access to treatments sooner). By characterising the individual psychological profiles associated with mental health disorders, it might also be possible to identify patient 'subtypes' would benefit more from specific treatments, allowing better treatment targeting to the individual. 
___________________________________________________________________
Key words that describe this project
Choose up to 5. For example: cancer, stem cells, therapy.
· Behavioural neuroscience
· Mental health disorders
· Memory
· Brain
· Individual differences
___________________________________________________________________
Benefits
What outputs do you think you will see at the end of this project?
Outputs can include new information, publications, or products.
The primary output from this project will be the generation of new information about how psychological, neurobiological and neurochemical processes that are relevant to mental health disorders go awry. These will be communicated mostly through publication in scientific journals and presentation at scientific conferences, but we are also committed to communicating our findings more widely with the general public. Ultimately, the intention is that this research will lead to new treatments being developed for mood, anxiety and stress-related mental health disorders.
___________________________________________________________________
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.
We expect our research to benefit the scientific community in the short to medium term, and in the longer term to benefit people living with mental health disorders through the development of new treatments.
In the short term, we expect to gain insight into potential drug treatments for the mental health disorders of interest (mood, anxiety and stress-related disorders) with a particular focus on depression, anxiety and post-traumatic stress disorder. This information can be used by other researchers to test these drug treatments in small-scale and, in the longer term, large-scale studies in humans. We are also involved in the institution’s animal tissue sharing initiative, so when animals are killed at the end of the experiments, we share this information with other researchers within our institution so that they can use tissues that we do not need to analyse for our research. This helps to reduce the institution’s overall animal use.
We also expect, in the medium term, that our research will lead to the development of new behavioural treatments. The animal research allows these to be developed with an understanding of how these behavioural therapies can lead to changes in the brain, so that when they are translated to humans, we have a better understanding of how they work. We actively collaborate with researchers studying human participants and patient groups to ensure that our behavioural tasks work well and measure the same processes in humans and non-human animals. 
In the longer term, understanding the risk factors that predict whether individuals are more vulnerable to developing mental health disorders may allow early interventions to be made for these people and for more specific tailoring of treatments based upon individual differences in clinical presentation and other biomarkers, such as immune cell or mitochondrial functioning (‘precision psychiatry’). Furthermore, it may allow for the development of personalised treatments based upon the underlying differences in psychological and neurobiological functioning.
___________________________________________________________________
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 are involved in collaborations with pharmaceutical companies, which will support the impact of our research, particularly with respect to treatment development.
I have a strong track record of publication and of speaking at scientific meetings, which will publicise the work. We are also fully committed to open science, and since 2017 we have made all supporting data for our publications freely available on the university repository, for other researchers to use as citable datasets. We also publish reliable null results, so that we contribute to a balanced interpretation of the scientific literature.
___________________________________________________________________
Project harms
Explain why you are using these types of animals and your choice of life stages.
We will mostly be using adult rats. For some experiments, in which we are studying the impact of early life stress on behaviour in adulthood, we will use pregnant rats and their offspring so that we can control early life experience. As we are interested in adult behaviour, the majority of our behavioural tests will be conducted in adult animals. However, as one of our objectives is to predict which individuals are at risk of developing mental health disorders, for some experiments we will take measurements (e.g. MRI images of the brain) in juvenile animals so that we can relate any differences in their adult behaviour to their previous brain development.
___________________________________________________________________
Typically, what will be done to an animal used in your project?
For example, injections and surgical procedures. Include any relevant information about the duration of experiments and the number of procedures.
A maximum of 1845 2145 rats will be used for this project. As the mental health disorders of interest (depression, anxiety, post-traumatic stress disorder) involve individuals being exposed to uncontrollable stressors, the majority of the animals used in our experiments (with the exception of a small number of controls, required to be naive for comparison) will undergo exposure to inescapable electric footshocks. Although trauma-inducing experiences in humans (e.g. road traffic accidents, sexual assault) are clearly different to the use of footshock in rats, these events share the fact that they are uncontrollable stressors, and the use of footshock in rats allows us to control the extent of the stress to a greater degree than using more naturalistic stressors (e.g. exposure to an aggressive male). 
The typical response of rats to an electric footshock is to jump, to freeze (stay completely still other than the movements needed for breathing) for a few seconds, and then to resume normal behaviour. The number and magnitude of shocks that we use produces no physical lasting harm to the animal, but is sufficient for an aversive memory to form that subsequently affects behaviour on other sensitive behavioural tasks. We use the minimum number of shocks to achieve our scientific objectives. We typically use up to three footshocks to model adverse experiences that are within the ‘normal range’ of stressors experienced in adult life. We anticipate that ~73% ~49% of rats will experience this level of shock (and the dams required for early life stress manipulations, ~3% ~2% of the total animals, will not experience any shocks). However, to model the traumatic events that lead to post-traumatic stress disorder (PTSD), more shocks are required to model the sensitisation of the stress system found in this disorder. We have previously worked to refine this procedure, reducing the number and strength of shocks required, and allowing animals to be housed in groups rather than experiencing social isolation stress. We have published these findings in animal welfare journals. However, ~24% ~49% of animals will need to experience more than three shocks, with the maximum number of footshocks that will be delivered in a single session being 15. The maximum number of shocks in an animal's lifetime would be 20, which would allow us to assess the effect of prior trauma on subsequent learning about adverse events. While these aversive procedures produce changes in behaviour that can be measured on sensitive tests of cognition and affect, they are not sufficient to lead to changes in home cage behaviour or normal social interaction with cage mates. 
Approximately 50% of rats will also undergo manipulations of early life stress, through the administration of drugs to the pregnant mother (e.g. to model stress during pregnancy) and/or periods of separation from the mother during early life (to model early life adversity). Where possible, and with the agreement of a vet, we will rehome the mothers after the pups have weaned. Early life stress is a prominent risk factor for developing mental health disorders in humans, and these experiments allow us to model this in rats. We perform these manipulations to test the impact of early life stress on the behaviour of the offspring as adults. Footshocks will only be delivered to adult animals; neonatal and juvenile animals are only used for early life manipulations in our experiments, with the same animals being tested as adults to model the interaction of early life stressors with uncontrollable stressful events experienced in adulthood.
Nearly half (~49%) of the animals will undergo experiments that only involve behavioural manipulations, or behavioural manipulations with injections (e.g. intraperitoneal or subcutaneous) or oral administration (e.g. in palatable food) of drugs to modulate the function of the nervous system so that we can assess the impact on behaviour. Often rats will receive different doses of drugs or different types of drugs, so that we can compare the effects of the drugs on the individual rats' behavioural performance. The drugs administered will depend on the specific experiment, but may include drugs proposed to act as novel antidepressants, drugs that alter motivational state or attention, or that affect learning.
Just over a quarter (~27%) of rats will undergo surgical procedures in addition to behavioural testing. These procedures are necessary to allow us to directly record the activity of the brain, to deliver drugs directly to specific brain regions, or to experimentally control the activity of specific types of brain cell (either increasing or decreasing activity). 
Approximately 22% of rats will undergo brain imaging in addition to behavioural testing. The rats experience brain imaging under anaesthesia, and may undergo more than one scan, including some scans as juveniles. These scans allow us to measure brain changes between rats showing different types of behaviour, and the repeated scans allow us to track this across development and to determine whether differences in brain volume reported in human patients with the disorder of interest are a cause or consequence of stressful life experiences.
___________________________________________________________________
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.
Most of the procedures will produce (at most) transient distress and no lasting harm. Extended or excessive distress would lead us to stop the experiment and either humanely kill the animal, or seek treatment under veterinary advice. 
Some of the drugs that we give to the rats may cause short-term side effects (e.g. hyperactivity) but most of the time the subtle effects of these drugs can only be seen on our sensitive behavioural measures.
Early life stress produces extended (i.e. throughout the lifespan) effects on behaviour, but these are typically only measurable on our sensitive behavioural tasks and do not involve long-term changes in home cage behaviour. Modelling of trauma through exposure to massed inescapable footshocks (up to 15 in a single session) similarly produces changes in behaviour on sensitive behavioural tasks, but does not lead to changes in home cage behaviour or social interaction with cage mates. 
___________________________________________________________________
What are the expected severities and the proportion of animals in each category (per animal type)?
Moderate: 76% 51%
Severe: 24% 49%
___________________________________________________________________
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
· Rehomed
___________________________________________________________________
Replacement
Why do you need to use animals to achieve the aim of your project?
We need to use animals to achieve our research aims and objectives because:
· We need to manipulate early life experiences and determine individual predispositions that make individuals more likely to develop mental health disorders
· We need to understand the fundamental biological differences in the brains between individuals with and without mental health disorders
· We aim to develop new treatments for individuals with mental health disorders. 
Our aims and objectives require long-term study of behaving individuals, where we have experimental control over their life experiences and can study both brain and behaviour.
___________________________________________________________________
Which non-animal alternatives did you consider for use in this project?
Humans, cell culture, and computational models.
___________________________________________________________________
Why were they not suitable?
Human behavioural studies are useful for some of our objectives, and we aim to design experiments where the behaviours can be directly compared between humans and animals (i.e. 'translational' and 'backtranslational' research). However, we cannot fully understand the biological differences between those with and without mental health disorders in humans, as human studies are limited to correlational approaches (e.g. brain imaging) when we need to understand causal mechanisms. Furthermore, it would not be ethical (or possible) to conduct studies in humans where individuals are deliberately put at risk of developing mental health disorders (e.g. early life stress studies).
Cell culture studies can be helpful for understanding fundamental biology, but they do not link readily to the behavioural measures in which we are most interested.
Computational models do not yet fully capture the behaviours that are relevant to our research questions, because the models are not sufficiently advanced. They do not capture individual variation or early life environmental differences. However, we are beginning to use computational models to give us better insight into the behaviour of each animal, and to increase the amount of data we produce per animal in each experiment.
___________________________________________________________________
Reduction
Enter the estimated number of animals of each type used in this project.
Rats: 1845 2145
___________________________________________________________________
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.
The numbers of animals have been estimated by referring to the numbers used on my previous Project Licence, the numbers required for our ongoing funded research, and projections based on future funding at similar levels. These experiments have been planned following power analyses, either using effect sizes from previously published literature or from pilot data in the lab. 
Amendment December 2024: due to additional funding, the numbers of animals were increased to 2145. ___________________________________________________________________
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.
I am well-trained in experimental design and statistics, and where additional expertise is necessary I have support from statisticians within my institution. Our statistical analyses are determined during the experimental design phase, and where possible we design experiments to allow us to measure within-subjects effects in addition to between-subject effects, to give us greater statistical power.
We refer to the PREPARE guidelines in designing experiments, with the design of each experiment checked by multiple researchers (including the Project Licence, PPL, Holder) and the Named Animal Care and Welfare Officer (NACWO), to confirm that the animal facility is capable of supporting the experiment. We report our experiments in accordance with the ARRIVE 2.0 guidelines, and make our data openly available to other researchers by publishing datasets on our institutional repository at the time of manuscript publication. 
___________________________________________________________________
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.
Where appropriate, we conduct pilot experiments to determine effect sizes, allowing us to perform power analyses where effect sizes are not available in the previous literature. We also design our experiments to collect the maximum number of behavioural measures from individual animals, including control measures to allow us to interpret our experimental effects in context. Most of our behavioural measures are collected automatically on computer, allowing us to interrogate rich behavioural datasets for the animals.
We often collect brains from the animals at the end of our experiments, to allow for further post mortem analyses that can be related to the individual behavioural data. We also participate in a tissue-sharing initiative run by our institution, to allow other researchers to access any unused tissues from our animals at the end of the experiments. 
___________________________________________________________________
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.
We use rats because they are the least sentient species that can model the behaviours, affect and cognitions relevant to the mental health disorders of interest. We do not attempt to model a mental health disorder 'in full' in the rats, but rather model specific psychological processes that have relevance to mental health disorders. This approach, called 'dimensional psychiatry', aims to understand the key processes that go awry in mental health disorders. These dysfunctional processes can be shared across different mental health disorders in humans, with different combinations of dysfunctional processes producing different mental health disorders. We take this approach to understanding mental health disorders, by studying these psychological processes in rats, often using behavioural tasks that can be used in both humans and rats (i.e. the tasks are both 'translational' and 'backtranslational').
As we are interested in mental health disorders where stressful environments impact the progression of the disorder, we have both scientific and ethical reasons to maintain high standards of animal welfare and to reduce extraneous sources of stress that would add noise to our experiments. We are also committed, in our task development, to refining existing behavioural procedures and have previously published this work. 
___________________________________________________________________
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.
Our research relies mostly on sophisticated behavioural testing to assess the impact of uncontrollable stress on psychological processes such as responsivity to reward, cognitive flexibility and inhibitory learning. The behavioural tasks that we use are readily acquired by rats, but would be extremely challenging for mice. The majority of our experiments test complex behaviour in adult animals, and we only use neonatal and juvenile rats where this is necessary (e.g. in early life stress procedures). We could not conduct our behavioural experiments at a more immature life stage, because neonatal animals would not be capable of performing these tasks, which often take weeks to train.
___________________________________________________________________
How will you stay informed about advances in the 3Rs, and implement these advances effectively, during the project?
I subscribe to the N3CRs newsletter and my institution's 3Rs mailing list. I also actively participate in 3Rs sessions at conferences.
Relevant guidelines (including a link to the Norecopa databases) are made available to all researchers working on this project through an online repository, and are uploaded by the PPL Holder as they become available. 
___________________________________________________________________
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.
The bulk of our experimental work relies upon sophisticated behavioural analysis, which typically involves daily contact (at least 5 days per week) with the animals. Any illness or pain would compromise the ongoing behaviour of the rats, giving us a sensitive measure of any welfare issues, often before any clinical observations could detect changes. We also seek to refine our behavioural procedures, and have published this previously in animal welfare journals (Lab Animal).
Where animals have undergone surgery, they are provided with pre-operative, peri-operative and post-operative pain relief. Post-operative pain relief is administered for several days (typically 3) following surgery, and if signs of pain are noted while rats are undergoing increased post-operative monitoring, this is continued for up to 5 days. In the very unlikely circumstance that a rat was still showing signs of pain after 5 days, the rat is humanely killed.
___________________________________________________________________
What published best practice guidance will you follow to ensure experiments are conducted in the most refined way?
There are no specific best practice guidelines for the specific behavioural procedures used on this project (many of which have been designed or refined for use in my laboratory). We refer to more general best practice guidelines provided by the NC3Rs, LASA, FELASA and other learned societies (e.g. the LASA/BAP/BNA/ESSWAP Guiding Principles for Behavioural Laboratory Animal Science), including for surgical procedures and other procedures such as blood sampling and administration of substances. 
___________________________________________________________________
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?
This Project Licence is a continuation of a subset of the research conducted on my current PPL (PA9FBFA9F). Our main achievements in the past five years that are relevant to the current application include:
· Development of a new rodent task (the aversive Observing Response Task, aORT), which allows the assessment of perceived and actual threat on compulsive-like checking relevant to obsessive-compulsive disorder (OCD; Vousden et al., 2020). 
· Discovery of a dissociation in subpopulations of animals that are likely to show compulsive-like checking on a rodent analogue task of OCD and those that are more sensitive to threatened and perceived threat cues (Vousden et al., 2020). This dissociation supports the recent reclassification of OCD from being an anxiety disorder to its own category of compulsive disorder in the Diagnostic and Statistical Manual of Mental Health Disorders (DSM-5, 2013).
· Demonstration that stress-enhanced fear learning, considered a rodent analogue of post-traumatic stress disorder, can be observed with lower shock magnitudes and reduced numbers of shock than previously published. Furthermore, we identified differences in the expression of specific glutamate receptors in the amygdala of rats that are susceptible and resilient to stress-enhanced fear learning following the same stressful experience (Van Assche et al., 2022). 
· Demonstration that early life stress produced by maternal separation, leads to changes in brain volume (Dutcher et al., 2023) and functional connectivity (Zühlsdorff et al., 2023) that differ between male and female offspring. Furthermore, while both males and females that had experienced early life stress showed cognitive deficits in adulthood, the mechanisms underlying the deficits differed between males and females (Zühlsdorff et al., 2023).
During the lifetime of my current Project Licence we have published >21 articles in peer-reviewed journals, and have numerous manuscripts still in preparation.
What relevant scientific knowledge or education do you have?
I have worked in the field of behavioural neuroscience (and, indeed, at the Combined Animal Facility at the University of Cambridge) since the start of my graduate studies in 2004. I received my PhD in Behavioural Neuroscience in 2007 and I have been publishing in peer-reviewed journals in this field since 2008.
___________________________________________________________________
What experience do you have of using the types of animals and experimental models stated in this licence application?
I have worked with laboratory animals for 20 years, and specifically with rats for 19 years at the time of application. 
___________________________________________________________________
What experimental design and data analysis training have you had?
If you do not have this expertise, how will you access it?
I am competent in experimental design and in analysing data using statistical techniques that are commonly applied in behavioural neuroscience research. Where more specialised statistical techniques are required, I have access to experts in these techniques within the Department of Psychology. Furthermore, I have recently employed a postdoctoral research associate with expertise in computational modelling, allowing us to gain further insights into the behavioural data that we generate using our animal models.
___________________________________________________________________
Why are you the most suitable person to manage this project?
Your role, seniority or expertise in managing projects of this nature may be relevant.
I am a Professor of Behavioural Neuroscience at the University of Cambridge, and the Principal Investigator (PI) of the Memories in Neuropsychiatric Disorders (MiND) lab. In addition to leading my own group, I have overlapping research interests and collaborate extensively with other PIs in the Department of Psychology, including Professor Jeff Dalley and Professor David Belin.
I have held a Personal Licence since 2004, and a Project Licence since 2012. I am competent to train on the majority of the techniques required on this Project Licence, and for techniques in which I am not personally proficient, I am able to delegate training to other senior researchers. 
___________________________________________________________________
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.
I have access to extensive expertise relevant to this project. In addition to myself, there are a number of experienced Personal Licensees who are available to provide support and training to graduate and new postdoctoral students. We also collaborate closely with Professor Jeff Dalley and with Professor David Belin (himself a Project Licence holder) readily allowing for transfer of expertise and best practice for techniques common across the two licences. 
My group and our collaborators occupy extensive experimental space within the Combined Animal Facility, which provides outstanding behavioural testing facilities alongside a small animal surgical suite and holding rooms. We also occupy space at the Innes Building and Mira Small Animal Imaging Facility in West Cambridge, where we have access to a high resolution 9.4T MRI scanner, behavioural testing facilities (including touchscreen-equipped chambers), sterile surgical suites and procedural and holding rooms. Both facilities provide excellent technical support from experienced animal technicians, a surgical technician, the NACWOs, the NVSs and Deputy Directors. 
___________________________________________________________________
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.
This work will be funded by currently active, peer-reviewed grants and further funding will be applied for during the lifetime of the Project Licence. As would be expected, we never begin experiments unless they are fully funded to completion. Currently active grants include:
· Boehringer Ingelheim Pharma GmbH & Co. Pharmacological investigations of mental health conditions. (£950,000, October 2019 – September 2024, likely to be renewed)
· Wellcome Trust Collaborative Award. Inhibitory brain dynamics for adaptive behaviour. (£3.9M; £750,000 for animal work, October 2022 – September 2027)
· Boehringer Ingelheim Pharma GmbH & Co. Graduate program of research. (£825,000, October 2016 – September 2025, likely to be renewed)
· Wellcome Trust Mental Health Award. Certain about uncertainty: bridging cells and the clinic to uncover causal mechanisms of anxiety interventions. (£4.2M; £850,000 for animal work, October 2023 – September 2029)
· School of Biological Sciences Seed Fund (£20,000, November 2024 – June 2025)
· Woolf Fisher PhD Scholarship (£140,000, October 2025 – October 2028)
· Q550 PhD Studentship (£27,000, October 2024 – September 2027)
Future applications will be made to UK Research and Innovation and other drug company collaborations during the lifetime of the Project Licence. 
___________________________________________________________________
Will this work support basic or translational research, or non-regulatory drug or device development?
Yes
___________________________________________________________________
Were any grant applications for this work peer reviewed? If so, by whom and what was the outcome?
Both Wellcome Trust grants were peer-reviewed by expert reviewers and the Wellcome Trust panel before the decision was made to award.
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.
We1, and others2, have asserted that understanding the neural and neurochemical mechanisms that underlie psychological processes relevant to mental health will be critically informed by the use of animal models with high translational (and backtranslational) validity. Over the past 5 years, we have made key advances in the development of these models, in using these models to understand the mechanisms by which treatments that target these psychological processes are effective, and identified potential new treatment strategies. These include:
· Development of a new rodent task (the aversive Observing Response Task, aORT), which allows the assessment of perceived and actual threat on compulsive-like checking relevant to obsessive-compulsive disorder (OCD)3. 
· Discovery of a dissociation in subpopulations of animals that are likely to show compulsive-like checking on a rodent analogue task of OCD and those that are more sensitive to threatened and perceived threat cues3. This dissociation supports the recent reclassification of OCD from being an anxiety disorder to its own category of compulsive disorder in the Diagnostic and Statistical Manual of Mental Health Disorders (DSM-5, 2013).
· Demonstration that stress-enhanced fear learning, considered a rodent analogue of post-traumatic stress disorder, can be observed with lower shock magnitudes and reduced numbers of shock than previously published. Furthermore, we identified differences in the expression of specific glutamate receptors in the amygdala of rats that are susceptible and resilient to stress-enhanced fear learning following the same stressful experience4. 
· Demonstration that early life stress produced by maternal separation, leads to changes in brain volume5 and functional connectivity6 that differ between male and female offspring. Furthermore, while both males and females that had experienced early life stress showed cognitive deficits in adulthood, the mechanisms underlying the deficits differed between males and females6.
We are seeking to continue our ongoing research on psychological processes relevant to mental health disorders, and their neural and neurochemical bases. As can be seen in the accompanying Action Plan, we refer closely to the human literature and collaborate with human researchers to identify findings of interest in patient populations to backtranslate to animal models. As the processes that we study, though relevant to mental health disorders, are on a continuum, we also characterise the individual variability of these processes throughout the population, so that we can determine the combination of risk factors and dysfunctional processes that give rise to specific traits and mental health disorders. 
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.
Using carefully designed behavioural tasks that test specific psychological processes, of particular relevance to depression, anxiety, post-traumatic stress disorder and associated comorbid disorders (but also, due to their transdiagnostic nature, relevant to other mental health disorders disorders) we intend to:
· Identify key factors that are predictive of subsequently developing mental health disorders, including individual differences (e.g. susceptibility or resilience to developing a PTSD-like phenotype), environmental factors (e.g. early life stress) and their interactions. We also intend to causally test hypothesised mechanisms by which these factors increase the risk of dysfunctional psychological processing relevant to mental health disorders, in addition to characterising differences in neurobiological and neurochemical function related to these dysfunctional processes.
· Characterise, at different levels of analysis (including behavioural, neural, neurochemical, region-specific, cell-type specific) the mechanisms that underlie functional and dysfunctional psychological processing.
· Produce new treatments that ameliorate or remediate dysfunctional psychological processing, by using our findings related to the biological mechanisms of these processes.
As our research relies upon the existence of validated, highly translational and backtranslational behavioural tasks, where necessary we will develop these. This is usually done with reference to the human literature and often with direct collaborations with those working with humans, to ensure that the tasks are designed with cross-species application 'built in' from the outset. 
Does your project mainly involve translational or veterinary clinical applications?
Yes
How prevalent and severe are the relevant clinical conditions?
Mental health disorders are highly prevalent, with the World Health Organisation (WHO) estimating that in 2019, 12.5% of the population (or 970 million people worldwide) were living with a mental health disorder7. This was exacerbated by the stress of the global coronavirus pandemic, with estimates that rates of depression increased by 28% between 2019 and 20207.
Although the psychological processes that we study are transdiagnostic, the mental health disorders for which our work has the greatest relevance are anxiety, depression, post-traumatic stress disorder and associated comorbid disorders (such as alcohol addiction). The WHO estimates that the global prevalence of these disorders is:
· Anxiety: 3.6% (301 million people)7
· Depression: 3.3% (280 million people)7
· Post-traumatic stress disorder: 3.9% (326 million people)8
· Alcohol addiction: 1.4% (107 million people)7
Mental health disorders have profound impact on quality of life in addition to their economic and social costs, which were estimated (in March 2022) as costing the UK £117.9 billion per year9.
What are the problems with current treatments which mean that further work is necessary?
While treatments for mental health disorders exist, even the most widely used approaches (e.g. the prescription of antidepressants for depression) are not effective for all patients10, and require an element of 'trial and error' in order to find the treatment approach that works best for the patient. Considering even a single mental health disorder, there is great heterogeneity within the patient population, such that two patients with the same diagnosis may have largely non-overlapping symptoms. Thus, a treatment that works for one patient may not work for another. A treatment strategy that considers these individuals to be the same on the basis of a categorical diagnosis may be less effective than an approach that would stratify patients according to a 'psychological fingerprint' characterising different psychological processes that have become dysfunctional to different degrees. This 'transdiagnostic' approach is gaining traction in the literature, and has the potential to better target treatments to patients on the basis of individualised differences in psychological (and consequently, neurobiological and/or neurochemical) function. 
What is the scientific basis for your proposed approach?
The transdiagnostic approach that we apply, with a strong emphasis on highly translational and backtranslational behavioural models, is becoming widely accepted in the field of behavioural neuroscience. All of our objectives and procedures are conducted in the context of using animal behavioural models with high translational relevance.. 
To identify the risk factors that predispose individuals to developing mental health disorders, we will identify potential psychological risk factors by reference to the scientific literature. For some endogenous factors, we will capitalise on individual variation within the population by identifying subpopulations through behavioural testing or using biomarkers (measured through techniques such as neuroimaging and/or blood sampling). For exogenous factors, we will apply interventions (e.g. early life stress) to increase the risk of developing dysfunctional psychological processing, and to identify subpopulations that are susceptible and resilience to these procedures.
To characterise the psychological, neural and neurochemical mechanisms that underlie mood, impulsive and compulsive mental health disorders, we will use both correlative measures (e.g. neuronal activity recordings) and causal interventions, which may be systemically targeted or directly targeted to brain regions and networks. Where we need to know about the contribution of specific cell types, we will use cell-type specific manipulations, usually involving the administration of benign viruses that allow the expression of non-endogenous proteins. 
We will use our understanding of the psychological, neural and neurochemical mechanisms of mood, impulsive and compulsive mental health disorders to test new treatments, designed to ameliorate these differences in vulnerable individuals. We will also refer to treatments used in human patients and where appropriate, test underlying mechanisms so that these treatments can be optimised.
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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?
No
___________________________________________________________________
Action plan
Objective 1
Objective title
To determine whether vulnerabilities to mood, anxiety and stress-related mental health disorders can be identified before the disorders fully develop
___________________________________________________________________
Objective 2
Objective title
To characterise psychological, neurobiological and neurochemical mechanisms that underlie mood, anxiety and stress-related mental health disorders in in vivo models
___________________________________________________________________
Objective 3
Objective title
To develop new forms of treatment (pharmacological, behavioural, or a combination) to ameliorate differences in psychological, neurobiological or neurochemical function
___________________________________________________________________
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.
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___________________________________________________________________
Where relevant, how will you seek to use or develop non-animal alternatives for all or part of your work?
It is not yet possible to replace this programme of work using in vitro or ex vivo models, as the primary measures of our research are behavioural and neurobiological. We need to study whole, behaving organisms to understand the effects of our manipulations on behaviour. We have chosen rats as the least sentient organism that can model the cognitive processes, behavioural and mental health disorders investigated in this project. 
We do, however, generate rich behavioural datasets from these animals, and have started to use computational approaches to enhance the data output per animal.
___________________________________________________________________
Will you be producing data primarily for regulatory authorities that use standardised protocol frameworks?
No
___________________________________________________________________
Will you be undertaking non-regulatory testing or screening as a service to others?
No
___________________________________________________________________
Will you be producing genetically altered or surgically prepared animals/animal products using standardised protocol frameworks?
This includes projects to create, breed, maintain and supply genetically altered animals to researchers within the establishment, projects taking blood and other tissues for researchers and other clients within and/or external to the establishment.
No
___________________________________________________________________
Will you be manufacturing vaccines and medicines for medical or veterinary use?
No
___________________________________________________________________
General principles
Unnecessary duplication of work must be avoided. Under what circumstances would you knowingly duplicate work?
We would only knowingly duplicate work where we are introducing a new experimental approach (e.g. a behavioural procedure) to the lab. In this case, we would design the experiments such that our data could be compared to previously published data (to confirm the validity of the approach) and to contextualise our subsequent experimental manipulations (i.e. in a 'replication-extension' study).
___________________________________________________________________
Will all of your protocols or experiments use animals of both sexes?
Yes
___________________________________________________________________
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
Induction of early life stress
___________________________________________________________________
Protocol 1: Protocol details
Briefly describe the purposes of this protocol
Ensure that you state any relevant regulatory guidelines.
To generate offspring for subsequent behavioural experiments that have undergone prenatal manipulations or have experienced early life stress.
___________________________________________________________________
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?
100%
___________________________________________________________________
Why are you proposing this severity category?
Dams may be separated from pups for defined periods, or receive injections using a combination of volumes, routes and frequencies that themselves will result in no more than 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 determine whether vulnerabilities to mood, anxiety and stress-related mental health disorders can be identified before the disorders fully develop
___________________________________________________________________
Protocol 1: Animals used in this protocol
Rats
Which life stages will be used during this protocol?
Select all that apply
· 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.
No
___________________________________________________________________
Will you be re-using animals on to this protocol?
‘Re-use’ describes using animals again for a new experiment when you could equally use a naïve animal to get the same results.
No
___________________________________________________________________
What is the maximum number of animals that will be used on this protocol?
Please only enter numbers, e.g. 40
45
___________________________________________________________________
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?
No
___________________________________________________________________
Protocol 1: Steps
Step 1: Early life manipulations (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.
On multiple occasions: Dams will undergo procedures hypothesised to alter the adult behavioural and/or cognitive phenotype of the offspring. Control animals may not undergo these procedures. These may be pharmacological manipulations, behavioural manipulations (e.g. separation from pups), or both.
Dams will undergo one or both of the following:
· Administration of substances (e.g. intraperitoneal injection of methylazoxymethanol acetate, or dexamethasone in drinking water) hypothesised to alter the adult behavioural and/or cognitive phenotype of the offspring through any one of the following routes on each occasion:
· Subcutaneous injection (AA);
· Intraperitoneal injection (AA);
· Oral, including in drinking water (AA).
· Dams will have pups removed for typically 6 hours per day, and no longer than 8 hours per day, for a maximum of 15 consecutive days, beginning no earlier than postnatal day 3 (AA).
___________________________________________________________________
Is this step optional?
No
___________________________________________________________________
Do you expect this step to have adverse effects for the animals that are more than mild and transient?
Do not list uncommon or unlikely adverse effects, or effects from procedures that will cause no more than transient discomfort and no lasting harm. For example, an intravenous injection of a small volume of an innocuous substance.
Yes
___________________________________________________________________
What are the likely adverse effects of this step?
State the expected adverse effect, including the likely incidence, and the anticipated degree and duration of suffering.
Pups that have undergone maternal separation show a small but significant increase in weight gain at 8 weeks, but no significant reductions in body weight at earlier points following separation. (Although we do not provide additional milk during separation periods, pups compensate for reduced opportunity for feeding by taking more milk between separations.) There are small reductions in responsivity to stimuli predictive of reward, which can be detected by specific behavioural tests. There is a small increase in the plasma corticosterone stress response to novelty, but this appears almost normal by 8 weeks. 
Both dams and pups are likely to experience anxiety during the maternal separation procedure.
The administration of substances to the dam during pregnancy has effects on the offspring, but these effects are subtle and only detected with sensitive neurochemical and behavioural assays. No other adverse effects are expected.
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?
During maternal separation, pups are removed to a temperature-controlled incubator. Pups will not be separated before observation of the milk spot. 
Rat weights are monitored at least once per week.
What are the humane endpoints for this step?
This would be the point at which you would kill the animal to prevent further suffering.
There are no additional humane endpoints for this step beyond those detailed in the Animal Experience section. 
Step 2: Dam killing (mandatory) (optional)
Describe the procedures that will be carried out during this step.
Explain where one or more steps are repeated in one experiment, list any alternative techniques within a step (e.g. dosing routes), and include all procedures performed under terminal anaesthesia.  When describing the technical aspects of a step, be broad enough to be flexible when the variation does not impact on animal welfare (e.g. use "antibiotic" instead of "penicillin"). Finally, avoid specifying volumes and frequencies when they do not impact on animal welfare.
After pup weaning, dams will either be killed by a Schedule 1 method or rehomed to a suitable new home if the NVS or other competent person following direction from the NVS has determined that the dam is not suffering, or likely to suffer adverse effects as a result of the regulated procedures. 
___________________________________________________________________
Is this step optional?
No 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 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
· Rehomed
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.
Dams will be purchased and delivered from external commercial suppliers and be habituated to the facility for at least seven days before the anticipated date of pup delivery or the start of experimental procedures, whichever is earlier. Dams will be habituated to handling using non-aversive methods by the experimenters before procedures begin. Dams will be provided with appropriate levels of enrichment (chew blocks, nesting material etc).
Where dams are administered with pharmacological treatments to induce prenatal changes in the offspring, typically substances will be administered orally in the drinking water for up to a week. Where an alternative route of administration is required, then dams would receive treatment according to already validated methods in the literature, and for no longer than 7 days. The majority of our prenatal manipulations will require targeting the second trimester of pregnancy (typically embryonic days 16-19). We do not expect any adverse effects following the administration of these substances.
Where dams have pups removed for the maternal separation procedure, we do not anticipate that the procedure will cause lasting harm to the mother, based on our previous experience with this procedure and by reference to the literature. Typically pups are removed for 6 hours per day for up to 15 days. Our limits (up to 8 hours per day for 15 consecutive days) are not associated with an increased risk of pup rejection or cannibalism by the dam. 
Typical experiment progression: 
Pregnant dams will undergo at least 7 days of habituation to the animal facility before the anticipated date of birth, or before the administration of any timed interventions during pregnancy. Dams may receive a pharmacological intervention (or vehicle) during a specific limited period of pregnancy, or be untreated during pregnancy. Following birth, pups are sexed and may be cross-fostered. Dams may then undergo repeated periods of separation from the pups for up to 15 consecutive days, starting no earlier than PND3. Following weaning of the pups, the dam is killed by a Schedule 1 method or rehomed following approval from the NVS.
Pup experience will be detailed in the relevant protocols.
___________________________________________________________________
Describe the general humane endpoints that you will apply during the protocol.
These will be in addition to the endpoints stated for each step.
No lasting harmful phenotype is expected from the manipulations on this protocol, beyond those listed under ‘General Constraints’. 
The Lister-Hooded strain of rat used for the majority of our experiments has been documented as having spontaneous audiogenic seizures. This happens very infrequently and sporadically, and tends to be batch-specific. Animals are monitored and where they are observed to have seized on more than two occasions they will be humanely killed.
___________________________________________________________________
Protocol 1: Experimental design
What outputs are expected to arise from this protocol?
For example, test results, phenotypic information, or products.
The generation of offspring that have undergone prenatal manipulations or early life stress (or control conditions) for subsequent testing on other protocols on this licence.
___________________________________________________________________
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?
Vulnerability to mental health disorders has been extensively associated with early life (including prenatal) experiences. The prenatal manipulations that we will use have been validated in the literature as producing neural changes in the adult relevant to the mental health disorders of interest, and maternal separation has been shown to be associated with increased risk of maladaptive behaviours and cognition (e.g. depressive-like phenotypes) in the adult offspring. 
___________________________________________________________________
b) the most refined for the purpose?
Maternal separation has previously been shown to bias animals to specific depressive-like phenotypes and to modulate the risk of subsequent alcohol use in adult animals. It has also been shown that short periods of maternal separation can be protective against the risk of developing mental health disorders. Therefore, by altering the degree of maternal separation, we can potentially induce both resilient and susceptible populations, allowing for comparison of protective and vulnerability factors for mental health disorders. 
During the period of separation, pups are removed to a temperature-controlled incubator. We have not previously observed any pup rejection or cannibalism by the mother when using this procedure. While we do not provide additional milk during the periods of separation, our experience is that pups compensate by taking more milk when returned to the mother. 
___________________________________________________________________
For each model and/or method, what is the scientific need for the expected clinical signs?
No clinical signs are expected on this protocol.
___________________________________________________________________
Why scientifically do the animals need to suffer to this degree?
To manipulate the prenatal environment, it is necessary to administer substances to the dams during specific stages of pregnancy. To model the effects of early life adversity on the nervous system of the offspring, dams need to be separated from the pups for extended periods over several days. 
Early life stress, including stress during pregnancy and infancy and childhood, is a major risk factor in humans for developing mental health disorders in adulthood. However, human studies do not allow the underlying mechanisms by which early life stress exerts its effects. Understanding these mechanisms can be achieved using the rodent models. 
___________________________________________________________________
Why can't you achieve your scientific outputs with an earlier humane endpoint, or without animals showing any clinical signs?
Animals are not expected to show clinical signs on this protocol. 
___________________________________________________________________
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.
When administering pharmacological substances we refer in the first instance to the published literature to establish an appropriate dose and route of administration, in order to achieve the desired effects for the model for the minimum level of intervention. All substances are prepared with a focus on maintaining sterility (by e.g. using fresh vehicle, syringe filters) of the solution (except for oral administration, where fresh water is used, as it is for normal husbandry). Wherever possible, solutions are made up fresh on the day of administration.
How will you determine an appropriate dosing regimen?
Include routes, dosage volumes, frequencies, and durations.
We determine an appropriate dosing regimen by reference to the published literature. We will use no more than the volumes and frequencies detailed for the routes below:
	Route
	Max daily volume
	Max number per day
	Max number (total)

	Subcutaneous
	10 ml/kg
	3
	21

	Intraperitoneal
	10 ml/kg
	2
	14

	Oral (gavage)
	20 ml/kg
	2
	14

	Oral (drinking water)
	n/a
	1
	7


Protocol 2
Title
Behavioural tasks measuring adaptive fear learning with behavioural, acute or chronic systemic manipulations
___________________________________________________________________
Protocol 2: Protocol details
Briefly describe the purposes of this protocol
Ensure that you state any relevant regulatory guidelines.
To determine:
· whether specific psychological processes, measured using different behavioural tasks, are predictive of subsequent behaviour associated with mood, anxiety or stress-related mental health disorders.
· whether behavioural manipulations (e.g. extinction training) can ameliorate changes in psychological processes that go awry in mental health disorders.
· whether systemically administered pharmacological treatments can ameliorate changes in psychological processes that go awry in mental health disorders, as acute or chronic treatments, with or without concurrent behavioural manipulations.
· whether there are differences in the brains of rats showing differences in behavioural responding, through killing and collection of brains at specific points following behavioural procedures, or at the end of the experiment, using perfusion-fixation.
___________________________________________________________________
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?
100%
___________________________________________________________________
Why are you proposing this severity category?
All rats on this protocol will undergo inescapable shock procedures (no more than three shocks).
___________________________________________________________________
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 develop new forms of treatment (pharmacological, behavioural, or a combination) to ameliorate differences in psychological, neurobiological or neurochemical function
· To determine whether vulnerabilities to mood, anxiety and stress-related mental health disorders can be identified before the disorders fully develop
· To characterise psychological, neurobiological and neurochemical mechanisms that underlie mood, anxiety and stress-related mental health disorders in in vivo models
___________________________________________________________________
Protocol 2: Animals used in this protocol
Rats
Which life stages will be used during this protocol?
Select all that apply
· Neonate
· Juvenile
· Adult
___________________________________________________________________
Will any animals coming on to this protocol be classed as ‘continued use’?
‘Continued use’ describes animals that are specifically genetically altered and bred for scientific use or animals that have had procedures applied to them in order to be prepared for use in this protocol.
No
___________________________________________________________________
Will you be re-using animals on to this protocol?
‘Re-use’ describes using animals again for a new experiment when you could equally use a naïve animal to get the same results.
No
___________________________________________________________________
What is the maximum number of animals that will be used on this protocol?
Please only enter numbers, e.g. 40
700 400
___________________________________________________________________
What is the maximum number of uses of this protocol per animal?
For example, if some animals will go through this protocol three more times after their first use, the number of uses will be four.   If no animals will go through this protocol more than once, enter '1'.  Please only enter numbers, e.g. 40
1
___________________________________________________________________
Protocol 2: Genetically altered animals (GAA)
Will this protocol use any genetically altered animals?
No
___________________________________________________________________
Protocol 2: Steps
Step 1: Early life stressors (optional)
Describe the procedures that will be carried out during this step.
Explain where one or more steps are repeated in one experiment, list any alternative techniques within a step (e.g. dosing routes), and include all procedures performed under terminal anaesthesia.  When describing the technical aspects of a step, be broad enough to be flexible when the variation does not impact on animal welfare (e.g. use "antibiotic" instead of "penicillin"). Finally, avoid specifying volumes and frequencies when they do not impact on animal welfare.
On multiple occasions: Rats may experience one or both of the following early life stressors:
· Maternal separation, beginning no earlier than postnatal day 3, for typically 6 hours per day and no longer than 8 hours per day, for a maximum of 15 consecutive days (AA).
· Social isolation stress by being housed in individual cages, beginning no earlier than postnatal day 21 and continuing for up to the duration of the experiment (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.
Rats that have undergone maternal separation show a small but significant increase in weight gain at 8 weeks, but no significant reductions in body weight at earlier points following separation. (Although we do not provide additional milk during separation periods, pups compensate for reduced opportunity for feeding by taking more milk between separations.) We have not previously observed pup rejection by the dam when animals are undergoing maternal separation. Rather, we have observed small reductions in responsivity to stimuli predictive of reward, which can be detected by specific behavioural tests. There is a small increase in the plasma corticosterone stress response to novelty, but this appears almost normal by 8 weeks. Animals that have not undergone maternal separation (or maternal separation for shorter periods of time that do not induce the phenotypes of interest) are included as controls. 
Pups are likely to experience anxiety during the maternal separation procedure.
Rats undergoing social isolation stress gain more weight than controls, are more responsive to stimuli predicting reward in specific behavioural tests and can show hyperactivity on specific behavioural tests.
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?
During maternal separation, pups are removed to a temperature-controlled incubator. Pups will not be separated before observation of the milk spot.
Rat weights are monitored at least once per week.
What are the humane endpoints for this step?
This would be the point at which you would kill the animal to prevent further suffering.
There are no additional humane endpoints for this step beyond those detailed in the Animal Experience section. 
Step 2: Food and/or water restriction (optional)
Describe the procedures that will be carried out during this step.
Explain where one or more steps are repeated in one experiment, list any alternative techniques within a step (e.g. dosing routes), and include all procedures performed under terminal anaesthesia.  When describing the technical aspects of a step, be broad enough to be flexible when the variation does not impact on animal welfare (e.g. use "antibiotic" instead of "penicillin"). Finally, avoid specifying volumes and frequencies when they do not impact on animal welfare.
On multiple occasions: Rats will be:
· Food restricted, being fed once per day, usually after the completion of the day's behavioural procedures, such that rats maintain body weight within at least 15% of their individual maximum (AA).
· To encourage drinking during specific periods to facilitate the acquisition of subsequent alcohol drinking, water restricted for no more than 22 hours per day (i.e. given ad libitum access to water for at least 2 hours), on no more than two consecutive days (AA).
Rats may undergo both procedures, but not both food- and water-restriction simultaneously. Food restriction is most commonly used, with food rations titrated such that rats do not eat in the few hours prior to behavioural procedures. Food restriction may continue for the duration of behavioural procedures, but typically rats are given larger food rations on days where there is no behavioural testing. Rats may be returned to free feeding if there are extended periods with no behavioural procedures, and returned to food restriction in the few days prior to the resumption of behavioural procedures.
___________________________________________________________________
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.
Rats undergoing food restriction may lose weight.
Rats undergoing water restriction rarely show signs of dehydration with the procedures that we use, as they readily learn to drink during periods when water is available. 
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?
Rats undergoing food restriction have their weights monitored at least three times per week. On the rare occasion that a rat reaches 10% weight loss then it is given immediate access to additional food. 
Rats undergoing water restriction are carefully monitored for signs of dehydration (e.g. skin-tenting) and if these are observed, rats will be given immediate access to water.
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 rat showing rapid weight loss of 15% (over 1-3 days) of its maximal body weight, who does not gain weight promptly (within 1-2 days) after access to additional food, will be humanely killed.
Any rat showing signs of dehydration following water restriction, which are not ameliorated promptly after access to additional water (within 1 hour), will be humanely killed.
Step 3: Inescapable shock and behavioural procedures (mandatory)
Describe the procedures that will be carried out during this step.
Explain where one or more steps are repeated in one experiment, list any alternative techniques within a step (e.g. dosing routes), and include all procedures performed under terminal anaesthesia.  When describing the technical aspects of a step, be broad enough to be flexible when the variation does not impact on animal welfare (e.g. use "antibiotic" instead of "penicillin"). Finally, avoid specifying volumes and frequencies when they do not impact on animal welfare.
On a single or multiple occasions: Rats will undergo behavioural procedures involving inescapable electric footshock of not greater than 1 mA for 1 second or 0.5 mA for 2 seconds (with no more than 3 inescapable exposures in the animal's lifetime, which may occur over more than one session). 
Rats may also undergo one or more other behavioural procedures, which may be appetitively motivated (including exposure to oral self-administration of alcohol) and/or involve exposure to escapable aversive stimuli (e.g. escapable electric shock). Other behavioural tests that have no adverse impact on animal welfare may be used or developed. A small number of control animals, required to be naive for comparison, may not undergo behavioural procedures, or may undergo behavioural procedures comparable to experimental animals but without exposure to footshock (AA).
___________________________________________________________________
Is this step optional?
No
___________________________________________________________________
Do you expect this step to have adverse effects for the animals that are more than mild and transient?
Do not list uncommon or unlikely adverse effects, or effects from procedures that will cause no more than transient discomfort and no lasting harm. For example, an intravenous injection of a small volume of an innocuous substance.
Yes
___________________________________________________________________
What are the likely adverse effects of this step?
State the expected adverse effect, including the likely incidence, and the anticipated degree and duration of suffering.
Inescapable exposure to noxious stimuli
Although stressful for the animals, inescapable electric shock yields very rapid learning and consequently the low shock intensities and short durations of shock used mean that tissue damage is never seen. The extent of shock training may lead to an increased propensity to undergo fear learning in other behavioural contexts, but we have not observed any changes in behaviour outside of the conditioning chambers (e.g. no changes in interactions with cage mates are observed).
Escapable exposure to noxious stimuli
Animals may be exposed to aversive stimuli to punish specific behaviours. Although stressful for the animals, electric shock yields very rapid learning and consequently the low shock intensities and short durations of shock used mean that tissue damage is never seen. Animals also do not show changes in behaviour outside of the specific conditioning context (e.g. no changes in interactions with cage mates are observed). Animals are able to reduce the number of shocks experienced by either making an avoidance response, or by inhibiting a particular behaviour; both of which are learned readily by the majority of animals.
How will you monitor for, control, and limit any of these adverse effects?
If adverse effects can't be prevented, how will you attempt to ameliorate their initial signs?
Rats will be observed in the home cage following shock conditioning, and any rat showing any deviation from normal behaviour (e.g. reduced interaction with cage mates) for more than 24 hours will be humanely killed.
What are the humane endpoints for this step?
This would be the point at which you would kill the animal to prevent further suffering.
Rats will be killed if there is any deviation from normal behaviour outside the behavioural testing contexts.
Step 4: Systemic drug administration (optional)
Describe the procedures that will be carried out during this step.
Explain where one or more steps are repeated in one experiment, list any alternative techniques within a step (e.g. dosing routes), and include all procedures performed under terminal anaesthesia.  When describing the technical aspects of a step, be broad enough to be flexible when the variation does not impact on animal welfare (e.g. use "antibiotic" instead of "penicillin"). Finally, avoid specifying volumes and frequencies when they do not impact on animal welfare.
On multiple occasions: Rats will receive systemic administration of substances that modulate neuronal or glial function, or appropriate vehicle solutions, by one or a combination of the following routes:
· Subcutaneous injection (AA).
· Intraperitoneal injection (AA).
· Oral, including in the drinking water (AA).
· Oral gavage (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.
Sometimes transient side effects (e.g. hyperactivity, reduced blood pressure) are observed but these do not cause any distress or any lasting harm. 
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?
Rats will be monitored by the experimenter during the period after acute dosing, for as long as transient side effects are known to occur or until home cage behaviour appears to have returned to normal (typically within 6 hours).
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 normal home cage behaviour has not returned within 6 hours of drug administration, animals will be humanely killed.
Step 5: Blood sampling (optional)
Describe the procedures that will be carried out during this step.
Explain where one or more steps are repeated in one experiment, list any alternative techniques within a step (e.g. dosing routes), and include all procedures performed under terminal anaesthesia.  When describing the technical aspects of a step, be broad enough to be flexible when the variation does not impact on animal welfare (e.g. use "antibiotic" instead of "penicillin"). Finally, avoid specifying volumes and frequencies when they do not impact on animal welfare.
On multiple occasions: Blood samples will be taken from a superficial vessel, of no more than 10% total blood volume in 24 hours or 15% total blood volume in any 28-day period (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 6: Alcohol withdrawal (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.
On multiple occasions: Rats that have self-administered alcohol in Step 3 will undergo withdrawal from alcohol by removal of access to alcohol (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.
No
___________________________________________________________________
Step 7: Terminal sampling/labelling (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.
Rats will undergo up to all of the following:
· Removal of cerebrospinal fluid (AC).
· Removal of blood (AC).
· Intravenous administration of substances to label neuronal, glial or immune cells (AC).
___________________________________________________________________
Is this step optional?
Yes
___________________________________________________________________
Do you expect this step to have adverse effects for the animals that are more than mild and transient?
Do not list uncommon or unlikely adverse effects, or effects from procedures that will cause no more than transient discomfort and no lasting harm. For example, an intravenous injection of a small volume of an innocuous substance.
No
___________________________________________________________________
Step 8: Killing (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.
Rats will be killed by one of the following methods:
· A Schedule 1 method.
· Perfusion-fixation (AC). 
· Decapitation (AA/AC).
___________________________________________________________________
Is this step optional?
No
___________________________________________________________________
Do you expect this step to have adverse effects for the animals that are more than mild and transient?
Do not list uncommon or unlikely adverse effects, or effects from procedures that will cause no more than transient discomfort and no lasting harm. For example, an intravenous injection of a small volume of an innocuous substance.
No
___________________________________________________________________
Protocol 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?
Yes
For each non-schedule 1 method, explain why this is necessary.
Decapitation in conscious rats is only used when brains are collected for subsequent analysis of mRNA expression, which changes rapidly under anaesthesia and would compromise our scientific objectives.
___________________________________________________________________
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.
Typical experimental progression example:
e.g. Determining the protein correlates of fear memory consolidation in specific brain regions
Rats will be purchased from a commercial breeder and habituated to the animal facility for at least 7 days before procedures commence. Rats will be socially housed with appropriate levels of enrichment (e.g. chew blocks, nesting material). Experimental rats are trained on a cued pavlovian fear conditioning procedure, involving exposure to 1-2 inescapable footshocks (0.5mA, 0.5s) that co-terminate with a neutral auditory stimulus (80dB, 60s). Some control rats are exposed to the auditory stimulus in the absence of footshock, and other rats are exposed only to the context (in the absence of auditory stimulus or shock presentation). Rats are killed by a Schedule 1 method 60 minutes after behavioural testing and brain tissue is collected for subsequent analysis.
___________________________________________________________________
Describe the general humane endpoints that you will apply during the protocol.
These will be in addition to the endpoints stated for each step.
Rats will be humanely killed if they show two or more of the following clinical signs for more than 24 hours, unless their data are not only deemed vital to the experimental objects and also unless these clinical signs can be remedied promptly and successfully using no more than minor interventions, under the guidance of the NVS where appropriate: 
· partial piloerection
· subdued behaviour
· interruptions in peer activity
· intermittent hunching
· vocalisation when provoked
· some oculonasal discharge
· reduced grooming
· intermittent abnormal breathing
· intermittent tremors
· intermittent convulsions
· transient prostration.
Endpoints will be determined by reference to a scoring system, similar to that proposed by the FELASA/ECLAM/ESLAV Working Group (Smith et al., 2018). If these clinical signs are remedied promptly and successfully, then rats will return to the experiment, subject to the agreement of the NVS.
The Lister-Hooded strain of rat used for the majority of our experiments has been documented as having spontaneous audiogenic seizures. This happens very infrequently and sporadically, and tends to be batch-specific. Animals are monitored and where they are observed to have seized on more than two occasions they will be humanely killed.
___________________________________________________________________
Protocol 2: Experimental design
What outputs are expected to arise from this protocol?
For example, test results, phenotypic information, or products.
Experiments on this protocol will generate data measuring performance on specific behavioural tasks in animals exposed to inescapable stressors, in different conditions (e.g. drug-administered and drug-free), often within the same animal. Any brain tissue collected will be used to generate data on individual differences in the brains of individual animals (e.g. mRNA or protein expression), which can be associated with their prior behavioural performance.
___________________________________________________________________
Will this protocol generate quantitative data?
Yes
___________________________________________________________________
Will your experimental design be determined by a regulatory guideline?
No
Where relevant, explain how and when pilot studies will be used.
Pilot studies are used when we cannot refer to the previous literature for effect sizes, which are necessary for determining appropriate sample sizes for larger experiments. 
How will you choose different experimental groups?
For example, controls, dose levels, satellites etc.
To test our key hypotheses, we refer to the literature and our prior experience in the design of the manipulations (e.g. drug doses and timings). Where we are interested in psychological processes that may be predictive of developing mental health disorders, we design the experiments to pre-screen for these phenotypes. Control experiments are designed to mirror as closely as possible the experience of the experimental group. 
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.
Where we use between-subjects or mixed designs, we ensure that the control groups have as similar an experience as possible to the experimental group, besides the key manipulation of interest. Where rats have been pre-screened for specific psychological phenotypes, rats that are not in the key group of interest are used as controls, experiencing the same as the experimental groups. This allows us to determine the differences in responding of the different phenotypes.
Where we use within-subjects measures (e.g. Latin Square designs) to capitalise on individual variability in behaviour, we ensure that we counterbalance the order of drug doses so that this factor can be considered in our statistical models. 
How will experiments and data analysis be randomised and blinded?
Where possible, rats are randomly assigned to experimental groups. Pseudorandomisation may be used if pre-manipulation behaviour needs to be equivalent between experimental groups (i.e. rats are pseudorandomly assigned to groups such that there are no statistical differences in behaviour between groups prior to any manipulations). Where rats are pre-screened for a specific behavioural phenotype (e.g. stress-resilient or stress-susceptible), rats are randomly allocated to experimental groups within a phenotype. 
Blinding of treatment groups is not always possible, but most of our behavioural data are collected automatically by computer, minimising the risk of bias. When manual quantification is necessary (e.g. for post mortem measures) then this quantification occurs without access to the group assignment for individual animals until quantification is complete.
How will you minimise variables to ensure reproducibility?
In additional to rigorous experimental design:
· Rats are habituated extensively to handling and to experimental procedures (e.g. injections) to reduce any stress associated with these.
· We standardise 'in-house' procedures for measurement and quantification where automated measures are not possible.
· We control for starting age, starting weight, sex and home cage environment in addition to behavioural measures to ensure comparability between experimental groups.
· Each experimenter notes in detailed lab books any observations that may impact on behaviour.
We have extensive experience in designing behavioural neuroscience experiments and our experimental designs are in accordance with the PREPARE guidelines. 
How will you determine group sizes?
You should reference POWER calculations you have made, if relevant.
Where possible, we draw on our 20+ years of experience with comparable procedures to determine expected effect sizes and variability, allowing us to perform power analyses (e.g. with G*Power software). We also determine effect sizes by reference to the previous literature, and where neither of these are possible pilot studies are conducted.
How will you maximise the data output from the animals you use on this protocol?
Since 2017, wherever possible, we have published datasets associated with our journal articles on the institutional repository at the point of manuscript acceptance. This allows other researchers to have free access to the data. We also publish both positive and negative findings, when negative findings can be shown to be reliable.
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?
There has been a gradual shift within research on mental health disorders, away from nosology towards a more dimensional approach ('dimensional psychiatry'). This emphasises that the psychological processes that go awry in mental health disorders are not specific to any single disorder (i.e. they are 'transdiagnostic') and that different combinations of dysfunctional psychological processing lead to symptoms that are diagnostic of specific mental health disorders. This is reflected in the wide adoption in the behavioural neuroscience field of the Research Domain Criteria (RDoC) framework for understanding mental health disorders.
By focusing on psychological processes, rather than trying to recapitulate of symptoms in an animal 'model', we are able to deconstruct complex mental health disorders into their underlying psychological processes, which we can study at multiple levels in animals (e.g. behavioural, neurochemical, and molecular). We use behavioural tasks that are designed to measure psychological processing in a sophisticated manner, and that are usually translational and 'backtranslational' (i.e. the same task can be used, with modifications, to measure the same process in both rats and humans). To model the uncontrollable stressors that contribute to the disorders of interest, we need to use inescapable stress procedures (e.g. footshock). For some psychological processes of interest (e.g. compulsion), it is necessary to introduce punishment schedules at specific points in behavioural training, to determine whether rats will avoid these (and therefore still exhibit behavioural control) or continue responding despite adverse consequences (the definition of compulsion). Where alcohol is used as a reinforcer, this is to understand the mechanisms underlying alcohol use, abuse and addiction, and this is most validly studied in animals that are voluntarily self-administering and consuming alcohol.
Thus, our models provide us with a well-validated set of behavioural procedures for testing the effects of behavioural and/or pharmacological treatments on psychological processing relevant to mental health disorders.
___________________________________________________________________
b) the most refined for the purpose?
The use of inescapable footshocks is necessary to model the uncontrollable stress that is critical for the development of  mood, anxiety and stress-related mental health disorders. Footshock intensity, frequency and duration can also be tightly controlled by the experimenter in a parametric manner, unlike other inescapable stress procedures such as predator scent exposure. Noise or airpuff stimuli as potential alternative inescapable stressors evoke startle responses and rely upon distinct neural mechanisms. The degree of adversity being modelled on this protocol, which would fall in the ‘normal range’ of adverse events experienced by adults, can be modelled with the rapidly learned procedure of pavlovian fear conditioning. Some pavlovian conditioning can be achieved with a single inescapable shock exposure, but where we need to determine whether our experimental manipulations reduce subsequent fear, more shocks (up to three) are necessary so that we can see reductions in subsequent conditioned responses.
The inclusion of escapable stress often involves the administration of electric shocks, but these shocks are escapable. The magnitude (less than or equal to 1mA) and duration (less than or equal to 2 seconds, typically 0.5s) of shocks is kept to a minimum for both welfare and scientific reasons (i.e. to avoid non-specific suppression of behaviour). In 20+ years of experience using electric shocks with these parameters, we have never observed tissue damage or any changes in behaviour beyond the specific behavioural test of interest. 
Where appetitive behavioural procedures are used animals will undergo food restriction to motivate responding for rewards. However, this food restriction is not done with the intention of weight loss, but rather to avoid postprandial sleepiness interfering with behavioural performance. Similarly, where water restriction is used this is to encourage animals to sample liquids provided in the home cage (e.g. sweetened alcohol) rather than to cause dehydration. Once rats have sampled these solutions (within two occasions of exposure) they will typically drink them voluntarily without any further need for water restriction.
___________________________________________________________________
For each model and/or method, what is the scientific need for the expected clinical signs?
Clinical signs are not expected on this protocol. Although transient side effects (e.g. a drop in blood pressure, hyperactivity) can be seen following the administration of some drugs, these side effects are mild and transient. Where possible we use drugs at doses that minimise side effects, for both welfare and scientific reasons (to avoid compromising behavioural measurements). However, for some drugs, mild and transient side effects are seen at the lowest doses that have behavioural effects. 
___________________________________________________________________
Why scientifically do the animals need to suffer to this degree?
The study of dysfunctional psychological processing, and the behavioural and neurochemical mechanisms underlying this, depends upon reliable animal models. To understand the interaction between uncontrollably stressful experiences and subsequent dysfunctional (and sometimes compulsive) behaviour important for numerous mental health disorders, we have to use inescapable noxious stimuli to establish the stressful phenotype necessary for our studies, and sometimes use punishment procedures to demonstrate that behaviour persists despite adverse consequences. The research conducted on this protocol will allow us to test novel treatments (both behavioural and pharmacological) for subsequent translation to human research by other research groups, and provide the groundwork for understanding the neural bases of these dysfunctional processes on other protocols. The work on this protocol will also allow us to understand, post mortem, brain differences associated with behavioural differences, which is much less readily investigated in human populations.
___________________________________________________________________
Why can't you achieve your scientific outputs with an earlier humane endpoint, or without animals showing any clinical signs?
We do not expect to observe global clinical signs in the rats, but rather changes in behaviour under specific behavioural task conditions.  
___________________________________________________________________
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.
When administering pharmacological substances we refer in the first instance to the published literature to establish an appropriate dose and route of administration, in order to achieve the desired effects for the model for the minimum level of intervention. All substances are prepared with a focus on maintaining sterility (by e.g. using fresh vehicle, syringe filters) of the solution (except for oral administration, where fresh water is used, as it is for normal husbandry). Wherever possible, solutions are made up fresh on the day of administration.
How will you determine an appropriate dosing regimen?
Include routes, dosage volumes, frequencies, and durations.
We determine an appropriate dosing regimen by reference to the published literature. We will use no more than the volumes and frequencies detailed for the routes below:
	Route
	Max daily volume
	Max number per day
	Max number (total)

	Subcutaneous
	10 ml/kg
	3
	24

	Intraperitoneal
	10 ml/kg
	2
	24

	Oral (gavage)
	20 ml/kg
	2
	24

	Oral (drinking water)
	n/a
	1
	30


Protocol 3
Title
Behavioural tasks measuring adaptive fear learning with neural manipulations (single surgery)
___________________________________________________________________
Protocol 3: Protocol details
Briefly describe the purposes of this protocol
Ensure that you state any relevant regulatory guidelines.
To assess the causal neural and neurochemical mechanisms that underlie differences in psychological processes that are relevant to mental health disorders, using behavioural procedures that measure these processes.
___________________________________________________________________
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?
100%
___________________________________________________________________
Why are you proposing this severity category?
All animals on this protocol will undergo inescapable shock procedures (no more than three shocks) and a surgical procedure with recovery during adulthood.
___________________________________________________________________
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 develop new forms of treatment (pharmacological, behavioural, or a combination) to ameliorate differences in psychological, neurobiological or neurochemical function
· To determine whether vulnerabilities to mood, anxiety and stress-related mental health disorders can be identified before the disorders fully develop
· To characterise psychological, neurobiological and neurochemical mechanisms that underlie mood, anxiety and stress-related mental health disorders in in vivo models
___________________________________________________________________
Protocol 3: Animals used in this protocol
Rats
Which life stages will be used during this protocol?
Select all that apply
· Neonate
· Juvenile
· Adult
___________________________________________________________________
Will any animals coming on to this protocol be classed as ‘continued use’?
‘Continued use’ describes animals that are specifically genetically altered and bred for scientific use or animals that have had procedures applied to them in order to be prepared for use in this protocol.
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 (with or without associated wild types) for use in this protocol may be obtained from other project licences with authority to breed and maintain genetically altered animals of that type and to provide them for use on other project licences, and other recognised sources.
Will you be re-using animals on to this protocol?
‘Re-use’ describes using animals again for a new experiment when you could equally use a naïve animal to get the same results.
No
___________________________________________________________________
What is the maximum number of animals that will be used on this protocol?
Please only enter numbers, e.g. 40
200
___________________________________________________________________
What is the maximum number of uses of this protocol per animal?
For example, if some animals will go through this protocol three more times after their first use, the number of uses will be four.   If no animals will go through this protocol more than once, enter '1'.  Please only enter numbers, e.g. 40
1
___________________________________________________________________
Protocol 3: Genetically altered animals (GAA)
Will this protocol use any genetically altered animals?
Yes
___________________________________________________________________
Which general types or strains will you be using and why?
Transgenic rats, such as TH::CRE rats, may be used for procedures requiring cell-type specific viral expression (e.g. chemogenetics).
Do you expect any of these GAAs to show a harmful phenotype with welfare consequences?
No
Protocol 3: Steps
Step 1: Early life stressors (optional)
Repeated from protocol 2
Describe the procedures that will be carried out during this step.
Explain where one or more steps are repeated in one experiment, list any alternative techniques within a step (e.g. dosing routes), and include all procedures performed under terminal anaesthesia.  When describing the technical aspects of a step, be broad enough to be flexible when the variation does not impact on animal welfare (e.g. use "antibiotic" instead of "penicillin"). Finally, avoid specifying volumes and frequencies when they do not impact on animal welfare.
On multiple occasions: Rats may experience one or both of the following early life stressors:
· Maternal separation, beginning no earlier than postnatal day 3, for typically 6 hours per day and no longer than 8 hours per day, for a maximum of 15 consecutive days (AA).
· Social isolation stress by being housed in individual cages, beginning no earlier than postnatal day 21 and continuing for up to the duration of the experiment (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.
Rats that have undergone maternal separation show a small but significant increase in weight gain at 8 weeks, but no significant reductions in body weight at earlier points following separation. (Although we do not provide additional milk during separation periods, pups compensate for reduced opportunity for feeding by taking more milk between separations.) We have not previously observed pup rejection by the dam when animals are undergoing maternal separation. Rather, we have observed small reductions in responsivity to stimuli predictive of reward, which can be detected by specific behavioural tests. There is a small increase in the plasma corticosterone stress response to novelty, but this appears almost normal by 8 weeks. Animals that have not undergone maternal separation (or maternal separation for shorter periods of time that do not induce the phenotypes of interest) are included as controls. 
Pups are likely to experience anxiety during the maternal separation procedure.
Rats undergoing social isolation stress gain more weight than controls, are more responsive to stimuli predicting reward in specific behavioural tests and can show hyperactivity on specific behavioural tests.
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?
During maternal separation, pups are removed to a temperature-controlled incubator. Pups will not be separated before observation of the milk spot.
Rat weights are monitored at least once per week.
What are the humane endpoints for this step?
This would be the point at which you would kill the animal to prevent further suffering.
There are no additional humane endpoints for this step beyond those detailed in the Animal Experience section. 
Step 2: Food and/or water restriction (optional)
Repeated from protocol 2
Describe the procedures that will be carried out during this step.
Explain where one or more steps are repeated in one experiment, list any alternative techniques within a step (e.g. dosing routes), and include all procedures performed under terminal anaesthesia.  When describing the technical aspects of a step, be broad enough to be flexible when the variation does not impact on animal welfare (e.g. use "antibiotic" instead of "penicillin"). Finally, avoid specifying volumes and frequencies when they do not impact on animal welfare.
On multiple occasions: Rats will be:
· Food restricted, being fed once per day, usually after the completion of the day's behavioural procedures, such that rats maintain body weight within at least 15% of their individual maximum (AA).
· To encourage drinking during specific periods to facilitate the acquisition of subsequent alcohol drinking, water restricted for no more than 22 hours per day (i.e. given ad libitum access to water for at least 2 hours), on no more than two consecutive days (AA).
Rats may undergo both procedures, but not both food- and water-restriction simultaneously. Food restriction is most commonly used, with food rations titrated such that rats do not eat in the few hours prior to behavioural procedures. Food restriction may continue for the duration of behavioural procedures, but typically rats are given larger food rations on days where there is no behavioural testing. Rats may be returned to free feeding if there are extended periods with no behavioural procedures, and returned to food restriction in the few days prior to the resumption of behavioural procedures.
___________________________________________________________________
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.
Rats undergoing food restriction may lose weight.
Rats undergoing water restriction rarely show signs of dehydration with the procedures that we use, as they readily learn to drink during periods when water is available. 
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?
Rats undergoing food restriction have their weights monitored at least three times per week. On the rare occasion that a rat reaches 10% weight loss then it is given immediate access to additional food. 
Rats undergoing water restriction are carefully monitored for signs of dehydration (e.g. skin-tenting) and if these are observed, rats will be given immediate access to water.
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 rat showing rapid weight loss of 15% (over 1-3 days) of its maximal body weight, who does not gain weight promptly (within 1-2 days) after access to additional food, will be humanely killed.
Any rat showing signs of dehydration following water restriction, which are not ameliorated promptly after access to additional water (within 1 hour), will be humanely killed.
Step 3: Cannulations and/or viral transfection (single surgery) (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.
Adult rats will undergo up to all of the following manipulations on a single occasion of surgery:
· Implantation of guide cannulae into specific brain areas, including multiple brain regions, unilaterally or bilaterally, up to a maximum of four cannulae (AB).
· Viral transfection through a cannula of specific brain regions, including multiple brain regions, unilaterally or bilaterally (AB).
· Intracranial injection of a toxin that targets cells virally expressing a specific, non-endogenous marker, such as lacZ (AB).
· Implantation of electrodes into specific brain regions, including multiple brain regions, unilaterally or bilaterally (AB).
· Implantation of an indwelling fibre-optic cable for recording via optical stimulation of virally-expressed fluorescent biosensors, including multiple brain regions, unilaterally or bilaterally (AB).
These manipulations may occur before or after behavioural procedures.
___________________________________________________________________
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.
General: Rarely, rats may experience complications from anaesthesia and die under anaesthetic or during the recovery period. 
Implantation of guide cannulae, fibre implants and/or electrodes: In a small percentage of animals (1-5%), the 'headcap' attaching the implant to the skull of the rat can become loose and may be accidentally removed by the animal. Uncommonly, rats may show neurological signs indicative of brain damage (e.g. paralysis).
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?
General: Directly following surgery rats will be placed in a warming chamber for recovery and monitored frequently (every 30-60 minutes) until overt signs of anaesthesia (subdued behaviour, intermittent hunching, intermittent vocalisation, abnormal breathing) have subsided. Once normal behaviour has returned (expected within 2-4 hours), rats will be returned to their home cage. Rats will be given pre-, peri- and post-operative (for at least 3 days) analgesia.
Implantation of guide cannulae, fibre implants and/or electrodes: If the headcap has been removed and the rat is not in distress, shows no clinical signs of ill health and no longer requires the implant (i.e. it has completed the stage of the experiment for which this is required) then, following consultation with the NVS, the animal may be allowed to continue in the experiment so long as the risk of developing an infection is deemed minimal. If the implant is still required for the experiment, then the animal will be culled.
What are the humane endpoints for this step?
This would be the point at which you would kill the animal to prevent further suffering.
Implantation of guide cannulae, fibre implants and/or electrodes: Rats will be humanely killed if an implant is lost and the rat appears to be in distress, showing clinical signs of ill-health or appears at risk of developing an infection.
Step 4: Inescapable shock and behavioural procedures (mandatory)
Repeated from protocol 2
Describe the procedures that will be carried out during this step.
Explain where one or more steps are repeated in one experiment, list any alternative techniques within a step (e.g. dosing routes), and include all procedures performed under terminal anaesthesia.  When describing the technical aspects of a step, be broad enough to be flexible when the variation does not impact on animal welfare (e.g. use "antibiotic" instead of "penicillin"). Finally, avoid specifying volumes and frequencies when they do not impact on animal welfare.
On a single or multiple occasions: Rats will undergo behavioural procedures involving inescapable electric footshock of not greater than 1 mA for 1 second or 0.5 mA for 2 seconds (with no more than 3 inescapable exposures in the animal's lifetime, which may occur over more than one session). 
Rats may also undergo one or more other behavioural procedures, which may be appetitively motivated (including exposure to oral self-administration of alcohol) and/or involve exposure to escapable aversive stimuli (e.g. escapable electric shock). Other behavioural tests that have no adverse impact on animal welfare may be used or developed. A small number of control animals, required to be naive for comparison, may not undergo behavioural procedures, or may undergo behavioural procedures comparable to experimental animals but without exposure to footshock (AA).
___________________________________________________________________
Is this step optional?
No
___________________________________________________________________
Do you expect this step to have adverse effects for the animals that are more than mild and transient?
Do not list uncommon or unlikely adverse effects, or effects from procedures that will cause no more than transient discomfort and no lasting harm. For example, an intravenous injection of a small volume of an innocuous substance.
Yes
___________________________________________________________________
What are the likely adverse effects of this step?
State the expected adverse effect, including the likely incidence, and the anticipated degree and duration of suffering.
Inescapable exposure to noxious stimuli
Although stressful for the animals, inescapable electric shock yields very rapid learning and consequently the low shock intensities and short durations of shock used mean that tissue damage is never seen. The extent of shock training may lead to an increased propensity to undergo fear learning in other behavioural contexts, but we have not observed any changes in behaviour outside of the conditioning chambers (e.g. no changes in interactions with cage mates are observed).
Escapable exposure to noxious stimuli
Animals may be exposed to aversive stimuli to punish specific behaviours. Although stressful for the animals, electric shock yields very rapid learning and consequently the low shock intensities and short durations of shock used mean that tissue damage is never seen. Animals also do not show changes in behaviour outside of the specific conditioning context (e.g. no changes in interactions with cage mates are observed). Animals are able to reduce the number of shocks experienced by either making an avoidance response, or by inhibiting a particular behaviour; both of which are learned readily by the majority of animals.
How will you monitor for, control, and limit any of these adverse effects?
If adverse effects can't be prevented, how will you attempt to ameliorate their initial signs?
Rats will be observed in the home cage following shock conditioning, and any rat showing any deviation from normal behaviour (e.g. reduced interaction with cage mates) for more than 24 hours will be humanely killed.
What are the humane endpoints for this step?
This would be the point at which you would kill the animal to prevent further suffering.
Rats will be killed if there is any deviation from normal behaviour outside the behavioural testing contexts.
Step 5: Drug administration (systemic and central) (optional)
Describe the procedures that will be carried out during this step.
Explain where one or more steps are repeated in one experiment, list any alternative techniques within a step (e.g. dosing routes), and include all procedures performed under terminal anaesthesia.  When describing the technical aspects of a step, be broad enough to be flexible when the variation does not impact on animal welfare (e.g. use "antibiotic" instead of "penicillin"). Finally, avoid specifying volumes and frequencies when they do not impact on animal welfare.
On multiple occasions: Rats will receive systemic administration of substances that modulate neuronal or glial function, or appropriate vehicle solutions, by one or a combination of the following routes:
· Subcutaneous injection (AA).
· Intraperitoneal injection (AA).
· Oral, including in the drinking water (AA).
· Oral gavage (AA).
· Intracerebroventricular, through previously implanted guide cannulae (AA).
· Intracerebral, through previously implanted guide cannulae (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.
Sometimes transient side effects (e.g. hyperactivity, reduced blood pressure) are observed but these do not cause any distress or any lasting harm. 
Uncommonly, intracerebral administration of substances can produce seizures. 
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?
Rats will be monitored by the experimenter during the period after acute dosing, for as long as transient side effects are known to occur or until home cage behaviour appears to have returned to normal (typically within 6 hours).
Any animal that has undergone a seizure will be closely monitored by the experimenter and the seizure recorded on the cage card and noted as a health concern on our electronic records.
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 normal home cage behaviour has not returned within 6 hours of drug administration, animals will be humanely killed.
Any animal that undergoes two observed seizures will be humanely killed, even if it does not display the clinical signs listed under the ‘General Humane Endpoints’ section.
Step 6: Brain stimulation and/or recording (optional)
Describe the procedures that will be carried out during this step.
Explain where one or more steps are repeated in one experiment, list any alternative techniques within a step (e.g. dosing routes), and include all procedures performed under terminal anaesthesia.  When describing the technical aspects of a step, be broad enough to be flexible when the variation does not impact on animal welfare (e.g. use "antibiotic" instead of "penicillin"). Finally, avoid specifying volumes and frequencies when they do not impact on animal welfare.
On multiple occasions: Rats will undergo up to all of:
· Brain stimulation through previously implanted electrodes (AA).
· Neuronal recordings through previously implanted electrodes (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.
No
___________________________________________________________________
Step 7: Alcohol withdrawal (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.
On multiple occasions: Rats that have self-administered alcohol in Step 4 will undergo withdrawal from alcohol by removal of access to alcohol (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.
No
___________________________________________________________________
Step 8: Fibre photometry (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.
On multiple occasions: Rats will undergo optical stimulation and/or recording through insertion of a fibre optic cable into previously implanted guide cannulae or fibre optic implant (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.
No
___________________________________________________________________
Step 9: Blood sampling (optional)
Repeated from protocol 2
Describe the procedures that will be carried out during this step.
Explain where one or more steps are repeated in one experiment, list any alternative techniques within a step (e.g. dosing routes), and include all procedures performed under terminal anaesthesia.  When describing the technical aspects of a step, be broad enough to be flexible when the variation does not impact on animal welfare (e.g. use "antibiotic" instead of "penicillin"). Finally, avoid specifying volumes and frequencies when they do not impact on animal welfare.
On multiple occasions: Blood samples will be taken from a superficial vessel, of no more than 10% total blood volume in 24 hours or 15% total blood volume in any 28-day period (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: Terminal sampling/labelling (optional)
Repeated from protocol 2
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.
Rats will undergo up to all of the following:
· Removal of cerebrospinal fluid (AC).
· Removal of blood (AC).
· Intravenous administration of substances to label neuronal, glial or immune cells (AC).
___________________________________________________________________
Is this step optional?
Yes
___________________________________________________________________
Do you expect this step to have adverse effects for the animals that are more than mild and transient?
Do not list uncommon or unlikely adverse effects, or effects from procedures that will cause no more than transient discomfort and no lasting harm. For example, an intravenous injection of a small volume of an innocuous substance.
No
___________________________________________________________________
Step 11: Killing (mandatory)
Repeated from protocol 2
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.
Rats will be killed by one of the following methods:
· A Schedule 1 method.
· Perfusion-fixation (AC). 
· Decapitation (AA/AC).
___________________________________________________________________
Is this step optional?
No
___________________________________________________________________
Do you expect this step to have adverse effects for the animals that are more than mild and transient?
Do not list uncommon or unlikely adverse effects, or effects from procedures that will cause no more than transient discomfort and no lasting harm. For example, an intravenous injection of a small volume of an innocuous substance.
No
___________________________________________________________________
Protocol 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?
Yes
For each non-schedule 1 method, explain why this is necessary.
Decapitation in conscious rats is only used when brains are collected for subsequent analysis of mRNA expression, which changes rapidly under anaesthesia and would compromise our scientific objectives.
___________________________________________________________________
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.
Typical experimental progression example:
e.g. Determining the requirement for specific cell type projections for the reconsolidation of fear memory
Rats will be purchased from a commercial breeder and habituated to the animal facility for at least 7 days before procedures commence. Rats will be socially housed with appropriate levels of enrichment (e.g. chew blocks, nesting material) except during the period immediately after surgery. Rats will undergo a single surgical procedure in which they undergo transfection with two different types of non-functional virus in connected brain regions bilaterally, such that the virus can only induce the expression of a Designer Receptor Exclusively Activated by Designer Drugs (DREADD) in cells that form the projection between the brain regions. The rats will remain socially housed throughout the experiment, including in the 2-3 weeks needed for the virus to fully express. Rats will be trained on a cued pavlovian fear conditioning procedure, involving exposure to 1-2 inescapable footshocks (0.5mA, 0.5s) that co-terminate with a neutral auditory stimulus (80dB, 60s). Prior to this session, rats receive an intraperitoneal injection of saline, to reduce stress associated with receiving an injection and to prevent the injection procedure acting as a discriminative cue. At least 24 hours later, rats will receive intraperitoneal injection of the Designer Drug to activate the virally-labelled cells, or its vehicle. Rats will then be returned to the experimental chamber and re-exposed to the auditory stimulus with the aim of inducing memory reconsolidation. At least 24 hours later, rats will be returned to the chamber for a memory retention test involving exposure to the auditory stimulus. Rats may receive more than one memory retention test. At the end of the experiment, rats will be terminally anaesthetised and undergo perfusion-fixation so that viral expression can be verified 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.
Rats will be humanely killed if they show two or more of the following clinical signs for more than 24 hours, unless their data are not only deemed vital to the experimental objects and also unless these clinical signs can be remedied promptly and successfully using no more than minor interventions, under the guidance of the NVS where appropriate: 
· partial piloerection
· subdued behaviour
· interruptions in peer activity
· intermittent hunching
· vocalisation when provoked
· some oculonasal discharge
· reduced grooming
· intermittent abnormal breathing
· intermittent tremors
· intermittent convulsions
· transient prostration.
Endpoints will be determined by reference to a scoring system, similar to that proposed by the FELASA/ECLAM/ESLAV Working Group (Smith et al., 2018). If these clinical signs are remedied promptly and successfully, then rats will return to the experiment, subject to the agreement of the NVS.
The Lister-Hooded strain of rat used for the majority of our experiments has been documented as having spontaneous audiogenic seizures. This happens very infrequently and sporadically, and tends to be batch-specific. Animals are monitored and where they are observed to have seized on more than two occasions they will be humanely killed.
___________________________________________________________________
Protocol 3: Experimental design
What outputs are expected to arise from this protocol?
For example, test results, phenotypic information, or products.
Experiments on this protocol will generate data measuring performance on specific behavioural tasks in animals exposed to inescapable stressors, in different conditions (e.g. drug vs. vehicle). Comparisons are often made within-subjects (e.g. drug-administered vs. drug-free) and can also be made between-subjects. Brain tissue will be collected at the end of the experiment so that the surgical manipulations can be histologically verified. Brain tissue may also be used to generate data on individual differences in the brains of individual animals (e.g. mRNA or protein expression), which can be associated with their prior behavioural performance.
___________________________________________________________________
Will this protocol generate quantitative data?
Yes
___________________________________________________________________
Will your experimental design be determined by a regulatory guideline?
No
Where relevant, explain how and when pilot studies will be used.
Pilot studies are used when we cannot refer to the previous literature for effect sizes, which are necessary for determining appropriate sample sizes for larger experiments. 
How will you choose different experimental groups?
For example, controls, dose levels, satellites etc.
To test our key hypotheses, we refer to the literature and our prior experience in the design of the manipulations (e.g. drug doses and timings). Where we are interested in psychological processes that may be predictive of developing mental health disorders, we design the experiments to pre-screen for these phenotypes. Control experiments are designed to mirror as closely as possible the experience of the experimental group, besides the manipulation of interest.
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.
Where we use between-subjects or mixed designs, we ensure that the control groups have as similar an experience as possible to the experimental group, besides the key manipulation of interest.
Where rats have been pre-screened for specific psychological phenotypes, rats that are not in the key group of interest are used as controls, experiencing the same as the experimental groups. This allows us to determine the differences in responding of the different phenotypes.
Where we use within-subjects measures (e.g. Latin Square designs) to capitalise on individual variability in behaviour, we ensure that we counterbalance the order of drug doses so that this factor can be considered in our statistical models. 
How will experiments and data analysis be randomised and blinded?
Where possible, rats are randomly assigned to experimental groups. Pseudorandomisation may be used if pre-manipulation behaviour needs to be equivalent between experimental groups (i.e. rats are pseudorandomly assigned to groups such that there are no statistical differences in behaviour between groups prior to any manipulations). Where rats are pre-screened for a specific behavioural phenotype (e.g. sign-tracking), rats are randomly allocated to experimental groups within a phenotype. 
Blinding of treatment groups is not always possible, but most of our behavioural data are collected automatically by computer, minimising the risk of bias. When manual quantification is necessary (e.g. for post mortem measures) then this quantification occurs without access to the group assignment for individual animals until quantification is complete.
How will you minimise variables to ensure reproducibility?
In additional to rigorous experimental design:
· Rats are habituated extensively to handling and to experimental procedures (e.g. injections) to reduce any stress associated with these.
· We standardise 'in-house' procedures for surgery, and for measurement and quantification of behaviour where automated measures are not possible.
· We control for starting age, starting weight, sex and home cage environment in addition to behavioural measures to ensure comparability between experimental groups.
· Each experimenter notes in detailed lab books any observations that may impact on behaviour.
We have extensive experience in designing behavioural neuroscience experiments and our experimental designs are in accordance with the PREPARE guidelines. 
How will you determine group sizes?
You should reference POWER calculations you have made, if relevant.
Where possible, we draw on our 20+ years of experience with comparable procedures to determine expected effect sizes and variability, allowing us to perform power analyses (e.g. with G*Power software). We also determine effect sizes by reference to the previous literature, and where neither of these are possible pilot studies are conducted.
How will you maximise the data output from the animals you use on this protocol?
Since 2017, wherever possible, we have published datasets associated with our journal articles on the institutional repository at the point of manuscript acceptance. This allows other researchers to have free access to the data. We also publish both positive and negative findings, when negative findings can be shown to be reliable.
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?
Using well-validated behavioural procedures, we are able to test the causal brain mechanisms that underlie individual differences in psychological processing. The use of pharmacological manipulations and viral approaches (including chemogenetics and cell-specific inactivations) allows us to test the necessity of specific brain regions for these psychological processes, with manipulations conducted in different sites on different sides of the brain (a 'disconnection' approach) allowing us to test the necessity of underlying neural circuits and specific cell types. 
___________________________________________________________________
b) the most refined for the purpose?
The use of inescapable footshocks is necessary to model the uncontrollable stress that is critical for the development of  mood, anxiety and stress-related mental health disorders. Footshock intensity, frequency and duration can also be tightly controlled by the experimenter in a parametric manner, unlike other inescapable stress procedures such as predator scent exposure. Noise or airpuff stimuli as potential alternative inescapable stressors evoke startle responses and rely upon distinct neural mechanisms. The degree of adversity being modelled on this protocol, which would fall in the ‘normal range’ of adverse events experienced by adults, can be modelled with the rapidly learned procedure of pavlovian fear conditioning. Some pavlovian conditioning can be achieved with a single inescapable shock exposure, but where we need to determine whether our experimental manipulations reduce subsequent fear, more shocks (up to three) are necessary so that we can see reductions in subsequent conditioned responses. 
The other behavioural procedures used on this protocol are appetitively motivated or capitalise on naturalistic behaviour (e.g. novelty preference). Although rats are often food-restricted to motivate responding for rewards, this food restriction is not done with the intention of weight loss, but rather to avoid postprandial sleepiness interfering with behavioural performance. Similarly, where water restriction is used this is to encourage animals to sample liquids provided in the home cage (e.g. sweetened alcohol) rather than to cause dehydration. Once rats have sampled these solutions (within two occasions of exposure) they will typically drink them voluntarily without any further need for water restriction.
The inclusion of punishment procedures often involves the administration of electric shocks, but these shocks are escapable. The magnitude (less than or equal to 1mA) and duration (less than or equal to 2 seconds, typically 0.5s) of shocks is kept to a minimum for both welfare and scientific reasons (i.e. to avoid non-specific suppression of behaviour). In 20+ years of experience using electric shocks with these parameters, we have never observed tissue damage or any changes in behaviour beyond the specific behavioural test of interest. 
The surgical interventions on this protocol will be conducted with pre-, peri- and post-operative analgesia and increased monitoring during the post-operative period. Over the past 5 years, we have refined our surgical implant procedures to increase the durability of the head implants, and we share best practice on surgical techniques to continuously refine our procedures. 
___________________________________________________________________
For each model and/or method, what is the scientific need for the expected clinical signs?
For the majority of procedures, clinical signs are not expected on this protocol. Although transient side effects (e.g. a drop in blood pressure, hyperactivity) can be seen following the administration of some drugs, these side effects are mild and transient. Where possible we use drugs at doses that minimise side effects, for both welfare and scientific reasons (to avoid compromising behavioural measurements). However, for some drugs, mild and transient side effects are seen at the lowest doses that have behavioural effects. 
___________________________________________________________________
Why scientifically do the animals need to suffer to this degree?
The study of dysfunctional psychological processing, and the behavioural and neurochemical mechanisms underlying this, depends upon reliable animal models. To understand the interaction between uncontrollably stressful experiences and subsequent dysfunctional (and sometimes compulsive) behaviour important for numerous mental health disorders, we have to use inescapable noxious stimuli to establish the stressful phenotype necessary for our studies, and sometimes also need to use punishment procedures to demonstrate that behaviour persists despite adverse consequences. The research conducted on this protocol will allow us to test novel treatments (both behavioural and pharmacological) for subsequent translation to human research by other research groups, and provide insight into the neural and neurochemical bases of differences in psychological processing relevant to mental health disorders. Furthermore, the intracerebral administration of drugs to specific brain regions will also allow us to understand the neural substrates on which systemically administered treatments act. 
___________________________________________________________________
Why can't you achieve your scientific outputs with an earlier humane endpoint, or without animals showing any clinical signs?
We do not expect to observe global clinical signs in the rats, but rather changes in behaviour under specific behavioural task conditions. Where clinical signs (e.g. post-operative weight loss) are observed, we strive to rapidly ameliorate these through minor interventions, and where rats are not responsive to these interventions they are humanely killed. 
___________________________________________________________________
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.
When administering pharmacological substances we refer in the first instance to the published literature to establish an appropriate dose and route of administration, in order to achieve the desired effects for the model for the minimum level of intervention. All substances are prepared with a focus on maintaining sterility (by e.g. using fresh vehicle, syringe filters) of the solution (except for oral administration, where fresh water is used, as it is for normal husbandry). Wherever possible, solutions are made up fresh on the day of administration.
How will you determine an appropriate dosing regimen?
Include routes, dosage volumes, frequencies, and durations.
We determine an appropriate dosing regimen by reference to the published literature. We will use no more than the volumes and frequencies detailed for the routes below:
	Route
	Max daily volume
	Max number per day (< 7 days)
	Max number per day (>7 days)
	Max number (total)

	Subcutaneous
	10 ml/kg
	3
	2
	24

	Intraperitoneal
	10 ml/kg
	2
	1
	24

	Oral (drinking water)
	n/a
	1
	1
	30

	Oral (gavage)
	20 ml/kg
	2
	1
	24

	Intracerebroventricular
	5 microlitres per site
	1
	1
	24

	Intracerebral
	20 microlitres per site
	2
	1
	24


Protocol 4
Title
Behavioural tasks measuring adaptive fear learning with neural manipulations (multiple surgeries)
___________________________________________________________________
Protocol 4: Protocol details
Briefly describe the purposes of this protocol
Ensure that you state any relevant regulatory guidelines.
To assess the causal, cell type-specific, neural and neurochemical mechanisms that underlie differences in psychological processes that are relevant to mental health disorders, using behavioural procedures that measure these processes. 
___________________________________________________________________
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?
100%
___________________________________________________________________
Why are you proposing this severity category?
All animals on this protocol will undergo inescapable shock (no more than three shocks) and multiple surgical procedures with recovery during adulthood.
___________________________________________________________________
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 develop new forms of treatment (pharmacological, behavioural, or a combination) to ameliorate differences in psychological, neurobiological or neurochemical function
· To determine whether vulnerabilities to mood, anxiety and stress-related mental health disorders can be identified before the disorders fully develop
· To characterise psychological, neurobiological and neurochemical mechanisms that underlie mood, anxiety and stress-related mental health disorders in in vivo models
___________________________________________________________________
Protocol 4: Animals used in this protocol
Rats
Which life stages will be used during this protocol?
Select all that apply
· Adult
· Neonate
· Juvenile
___________________________________________________________________
Will any animals coming on to this protocol be classed as ‘continued use’?
‘Continued use’ describes animals that are specifically genetically altered and bred for scientific use or animals that have had procedures applied to them in order to be prepared for use in this protocol.
Yes
___________________________________________________________________
How did these animals start their use?
Describe the procedures that have been applied to animals that will continue their use on to this protocol.
Genetically altered animals (with or without associated wild types) for use in this protocol may be obtained from other project licences with authority to breed and maintain genetically altered animals of that type and to provide them for use on other project licences, and other recognised sources.
Will you be re-using animals on to this protocol?
‘Re-use’ describes using animals again for a new experiment when you could equally use a naïve animal to get the same results.
No
___________________________________________________________________
What is the maximum number of animals that will be used on this protocol?
Please only enter numbers, e.g. 40
100
___________________________________________________________________
What is the maximum number of uses of this protocol per animal?
For example, if some animals will go through this protocol three more times after their first use, the number of uses will be four.   If no animals will go through this protocol more than once, enter '1'.  Please only enter numbers, e.g. 40
1
___________________________________________________________________
Protocol 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?
Transgenic rats, such as TH::CRE rats, may be used for procedures requiring cell-type specific viral expression (e.g. fibre photometry, chemogenetics).
Do you expect any of these GAAs to show a harmful phenotype with welfare consequences?
No
Protocol 4: Steps
Step 1: Early life stressors (optional)
Repeated from protocol 2
Describe the procedures that will be carried out during this step.
Explain where one or more steps are repeated in one experiment, list any alternative techniques within a step (e.g. dosing routes), and include all procedures performed under terminal anaesthesia.  When describing the technical aspects of a step, be broad enough to be flexible when the variation does not impact on animal welfare (e.g. use "antibiotic" instead of "penicillin"). Finally, avoid specifying volumes and frequencies when they do not impact on animal welfare.
On multiple occasions: Rats may experience one or both of the following early life stressors:
· Maternal separation, beginning no earlier than postnatal day 3, for typically 6 hours per day and no longer than 8 hours per day, for a maximum of 15 consecutive days (AA).
· Social isolation stress by being housed in individual cages, beginning no earlier than postnatal day 21 and continuing for up to the duration of the experiment (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.
Rats that have undergone maternal separation show a small but significant increase in weight gain at 8 weeks, but no significant reductions in body weight at earlier points following separation. (Although we do not provide additional milk during separation periods, pups compensate for reduced opportunity for feeding by taking more milk between separations.) We have not previously observed pup rejection by the dam when animals are undergoing maternal separation. Rather, we have observed small reductions in responsivity to stimuli predictive of reward, which can be detected by specific behavioural tests. There is a small increase in the plasma corticosterone stress response to novelty, but this appears almost normal by 8 weeks. Animals that have not undergone maternal separation (or maternal separation for shorter periods of time that do not induce the phenotypes of interest) are included as controls. 
Pups are likely to experience anxiety during the maternal separation procedure.
Rats undergoing social isolation stress gain more weight than controls, are more responsive to stimuli predicting reward in specific behavioural tests and can show hyperactivity on specific behavioural tests.
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?
During maternal separation, pups are removed to a temperature-controlled incubator. Pups will not be separated before observation of the milk spot.
Rat weights are monitored at least once per week.
What are the humane endpoints for this step?
This would be the point at which you would kill the animal to prevent further suffering.
There are no additional humane endpoints for this step beyond those detailed in the Animal Experience section. 
Step 2: Food and/or water restriction (optional)
Repeated from protocol 2
Describe the procedures that will be carried out during this step.
Explain where one or more steps are repeated in one experiment, list any alternative techniques within a step (e.g. dosing routes), and include all procedures performed under terminal anaesthesia.  When describing the technical aspects of a step, be broad enough to be flexible when the variation does not impact on animal welfare (e.g. use "antibiotic" instead of "penicillin"). Finally, avoid specifying volumes and frequencies when they do not impact on animal welfare.
On multiple occasions: Rats will be:
· Food restricted, being fed once per day, usually after the completion of the day's behavioural procedures, such that rats maintain body weight within at least 15% of their individual maximum (AA).
· To encourage drinking during specific periods to facilitate the acquisition of subsequent alcohol drinking, water restricted for no more than 22 hours per day (i.e. given ad libitum access to water for at least 2 hours), on no more than two consecutive days (AA).
Rats may undergo both procedures, but not both food- and water-restriction simultaneously. Food restriction is most commonly used, with food rations titrated such that rats do not eat in the few hours prior to behavioural procedures. Food restriction may continue for the duration of behavioural procedures, but typically rats are given larger food rations on days where there is no behavioural testing. Rats may be returned to free feeding if there are extended periods with no behavioural procedures, and returned to food restriction in the few days prior to the resumption of behavioural procedures.
___________________________________________________________________
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.
Rats undergoing food restriction may lose weight.
Rats undergoing water restriction rarely show signs of dehydration with the procedures that we use, as they readily learn to drink during periods when water is available. 
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?
Rats undergoing food restriction have their weights monitored at least three times per week. On the rare occasion that a rat reaches 10% weight loss then it is given immediate access to additional food. 
Rats undergoing water restriction are carefully monitored for signs of dehydration (e.g. skin-tenting) and if these are observed, rats will be given immediate access to water.
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 rat showing rapid weight loss of 15% (over 1-3 days) of its maximal body weight, who does not gain weight promptly (within 1-2 days) after access to additional food, will be humanely killed.
Any rat showing signs of dehydration following water restriction, which are not ameliorated promptly after access to additional water (within 1 hour), will be humanely killed.
Step 3: Neural manipulations requiring more than one surgery (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.
On multiple occasions: Adult rats will undergo up to all of the following manipulations on the same or separate occasions of surgery, but on no more than three separate occasions of surgery, with a minimum of 72 hours from the previous anaesthetic:
· Implantation of guide cannulae into specific brain areas, including multiple brain regions, unilaterally or bilaterally, up to a maximum of four cannulae (AB).
· Viral transfection through a cannula of specific brain regions, including multiple brain regions, unilaterally or bilaterally (AB).
· Intracranial injection of a toxin that targets cells virally expressing a specific, non-endogenous marker, such as lacZ (AB).
· Implantation of an indwelling fibre-optic cable for recording via optical stimulation of virally-expressed fluorescent biosensors, including multiple brain regions, unilaterally or bilaterally (AB).
These manipulations may occur before or after behavioural procedures.
___________________________________________________________________
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.
General: Rarely, rats may experience complications from anaesthesia and die under anaesthetic or during the recovery period. 
Implantation of guide cannulae and/or fibre implant: In a small percentage of animals (1-5%), the 'headcap' attaching the implant to the skull of the rat can become loose and may be accidentally removed by the animal. Uncommonly, rats may show neurological signs indicative of brain damage (e.g. paralysis).
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?
General: Directly following surgery rats will be placed in a warming chamber for recovery and monitored frequently (every 30-60 minutes) until overt signs of anaesthesia (subdued behaviour, intermittent hunching, intermittent vocalisation, abnormal breathing) have subsided. Once normal behaviour has returned (expected within 2-4 hours), rats will be returned to their home cage. Rats will be given pre-, peri- and post-operative (for at least 3 days) analgesia.
Implantation of guide cannulae and/or fibre implant: If the headcap has been removed and the rat is not in distress, shows no clinical signs of ill health and no longer requires the implant (i.e. it has completed the stage of the experiment for which this is required) then, following consultation with the NVS, the animal may be allowed to continue in the experiment so long as the risk of developing an infection is deemed minimal. If the implant is still required for the experiment, then the animal will be culled.
What are the humane endpoints for this step?
This would be the point at which you would kill the animal to prevent further suffering.
Implantation of guide cannulae and/or fibre implant: Rats will be humanely killed if an implant is lost and the rat appears to be in distress, showing clinical signs of ill-health or appears at risk of developing an infection.
Step 4: Inescapable shock and behavioural procedures (mandatory)
Repeated from protocol 2
Describe the procedures that will be carried out during this step.
Explain where one or more steps are repeated in one experiment, list any alternative techniques within a step (e.g. dosing routes), and include all procedures performed under terminal anaesthesia.  When describing the technical aspects of a step, be broad enough to be flexible when the variation does not impact on animal welfare (e.g. use "antibiotic" instead of "penicillin"). Finally, avoid specifying volumes and frequencies when they do not impact on animal welfare.
On a single or multiple occasions: Rats will undergo behavioural procedures involving inescapable electric footshock of not greater than 1 mA for 1 second or 0.5 mA for 2 seconds (with no more than 3 inescapable exposures in the animal's lifetime, which may occur over more than one session). 
Rats may also undergo one or more other behavioural procedures, which may be appetitively motivated (including exposure to oral self-administration of alcohol) and/or involve exposure to escapable aversive stimuli (e.g. escapable electric shock). Other behavioural tests that have no adverse impact on animal welfare may be used or developed. A small number of control animals, required to be naive for comparison, may not undergo behavioural procedures, or may undergo behavioural procedures comparable to experimental animals but without exposure to footshock (AA).
___________________________________________________________________
Is this step optional?
No
___________________________________________________________________
Do you expect this step to have adverse effects for the animals that are more than mild and transient?
Do not list uncommon or unlikely adverse effects, or effects from procedures that will cause no more than transient discomfort and no lasting harm. For example, an intravenous injection of a small volume of an innocuous substance.
Yes
___________________________________________________________________
What are the likely adverse effects of this step?
State the expected adverse effect, including the likely incidence, and the anticipated degree and duration of suffering.
Inescapable exposure to noxious stimuli
Although stressful for the animals, inescapable electric shock yields very rapid learning and consequently the low shock intensities and short durations of shock used mean that tissue damage is never seen. The extent of shock training may lead to an increased propensity to undergo fear learning in other behavioural contexts, but we have not observed any changes in behaviour outside of the conditioning chambers (e.g. no changes in interactions with cage mates are observed).
Escapable exposure to noxious stimuli
Animals may be exposed to aversive stimuli to punish specific behaviours. Although stressful for the animals, electric shock yields very rapid learning and consequently the low shock intensities and short durations of shock used mean that tissue damage is never seen. Animals also do not show changes in behaviour outside of the specific conditioning context (e.g. no changes in interactions with cage mates are observed). Animals are able to reduce the number of shocks experienced by either making an avoidance response, or by inhibiting a particular behaviour; both of which are learned readily by the majority of animals.
How will you monitor for, control, and limit any of these adverse effects?
If adverse effects can't be prevented, how will you attempt to ameliorate their initial signs?
Rats will be observed in the home cage following shock conditioning, and any rat showing any deviation from normal behaviour (e.g. reduced interaction with cage mates) for more than 24 hours will be humanely killed.
What are the humane endpoints for this step?
This would be the point at which you would kill the animal to prevent further suffering.
Rats will be killed if there is any deviation from normal behaviour outside the behavioural testing contexts.
Step 5: Drug administration (systemic and central) (optional)
Repeated from protocol 3
Describe the procedures that will be carried out during this step.
Explain where one or more steps are repeated in one experiment, list any alternative techniques within a step (e.g. dosing routes), and include all procedures performed under terminal anaesthesia.  When describing the technical aspects of a step, be broad enough to be flexible when the variation does not impact on animal welfare (e.g. use "antibiotic" instead of "penicillin"). Finally, avoid specifying volumes and frequencies when they do not impact on animal welfare.
On multiple occasions: Rats will receive systemic administration of substances that modulate neuronal or glial function, or appropriate vehicle solutions, by one or a combination of the following routes:
· Subcutaneous injection (AA).
· Intraperitoneal injection (AA).
· Oral, including in the drinking water (AA).
· Oral gavage (AA).
· Intracerebroventricular, through previously implanted guide cannulae (AA).
· Intracerebral, through previously implanted guide cannulae (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.
Sometimes transient side effects (e.g. hyperactivity, reduced blood pressure) are observed but these do not cause any distress or any lasting harm. 
Uncommonly, intracerebral administration of substances can produce seizures. 
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?
Rats will be monitored by the experimenter during the period after acute dosing, for as long as transient side effects are known to occur or until home cage behaviour appears to have returned to normal (typically within 6 hours).
Any animal that has undergone a seizure will be closely monitored by the experimenter and the seizure recorded on the cage card and noted as a health concern on our electronic records.
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 normal home cage behaviour has not returned within 6 hours of drug administration, animals will be humanely killed.
Any animal that undergoes two observed seizures will be humanely killed, even if it does not display the clinical signs listed under the ‘General Humane Endpoints’ section.
Step 6: Fibre photometry (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.
On multiple occasions: Rats will undergo optical stimulation and/or recording through insertion of a fibre optic cable into previously implanted guide cannulae or fibre optic implant (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.
No
___________________________________________________________________
Step 7: Blood sampling (optional)
Repeated from protocol 2
Describe the procedures that will be carried out during this step.
Explain where one or more steps are repeated in one experiment, list any alternative techniques within a step (e.g. dosing routes), and include all procedures performed under terminal anaesthesia.  When describing the technical aspects of a step, be broad enough to be flexible when the variation does not impact on animal welfare (e.g. use "antibiotic" instead of "penicillin"). Finally, avoid specifying volumes and frequencies when they do not impact on animal welfare.
On multiple occasions: Blood samples will be taken from a superficial vessel, of no more than 10% total blood volume in 24 hours or 15% total blood volume in any 28-day period (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 8: Alcohol withdrawal (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.
On multiple occasions: Rats that have self-administered alcohol in Step 4 will undergo withdrawal from alcohol by removal of access to alcohol (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.
No
___________________________________________________________________
Step 9: Terminal sampling/labelling (optional)
Repeated from protocol 2
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.
Rats will undergo up to all of the following:
· Removal of cerebrospinal fluid (AC).
· Removal of blood (AC).
· Intravenous administration of substances to label neuronal, glial or immune cells (AC).
___________________________________________________________________
Is this step optional?
Yes
___________________________________________________________________
Do you expect this step to have adverse effects for the animals that are more than mild and transient?
Do not list uncommon or unlikely adverse effects, or effects from procedures that will cause no more than transient discomfort and no lasting harm. For example, an intravenous injection of a small volume of an innocuous substance.
No
___________________________________________________________________
Step 10: Killing (mandatory)
Repeated from protocol 2
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.
Rats will be killed by one of the following methods:
· A Schedule 1 method.
· Perfusion-fixation (AC). 
· Decapitation (AA/AC).
___________________________________________________________________
Is this step optional?
No
___________________________________________________________________
Do you expect this step to have adverse effects for the animals that are more than mild and transient?
Do not list uncommon or unlikely adverse effects, or effects from procedures that will cause no more than transient discomfort and no lasting harm. For example, an intravenous injection of a small volume of an innocuous substance.
No
___________________________________________________________________
Protocol 4: Fate of animals
What will happen to animals at the end of this protocol?
Select all that apply. These options are based on what you selected in the non-technical summary.
· Killed
Will you be using non-schedule 1 killing methods on a conscious animal?
Yes
For each non-schedule 1 method, explain why this is necessary.
Decapitation in conscious rats is only used when brains are collected for subsequent analysis of mRNA expression, which changes rapidly under anaesthesia and would compromise our scientific objectives.
___________________________________________________________________
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.
Typical experimental progression example: 
e.g. Determining the effects of disrupting an emotional memory trace on pavlovian fear conditioning
Transgenic rats will be purchased from a commercial breeder and habituated to the animal facility for at least 7 days before procedures commence. Rats will be socially housed with appropriate levels of enrichment (e.g. chew blocks, nesting material) except during the period immediately after surgery. Rats will undergo a first surgical procedure in which they undergo viral transfection of a specific brain region to induce activated neurons to express a non-endogenous protein (e.g. lacZ). Following at least 7 days of recovery, rats will undergo cued pavlovian fear conditioning procedure, involving exposure to 1-2 inescapable footshocks (0.5mA, 0.5s) that co-terminate with a neutral auditory stimulus (80dB, 60s). Some control rats are exposed to the auditory stimulus in the absence of footshock, and other rats are exposed only to the context (in the absence of auditory stimulus or shock presentation). Following this behavioural manipulation (and labelling of active neurons with e.g. lacZ), rats will undergo a second surgical procedure to receive administration of a toxin (e.g. Daun02) targeting neurons that express the non-endogenous protein, or a control solution, to the same brain region that was virally transfected. Following at least 7 days of recovery, rats will be retested for their pavlovian fear memory. At the end of the experiment, rats will be killed by perfusion-fixation so that viral expression can be verified 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.
Rats will be humanely killed if they show two or more of the following clinical signs for more than 24 hours, unless their data are not only deemed vital to the experimental objects and also unless these clinical signs can be remedied promptly and successfully using no more than minor interventions, under the guidance of the NVS where appropriate: 
· partial piloerection
· subdued behaviour
· interruptions in peer activity
· intermittent hunching
· vocalisation when provoked
· some oculonasal discharge
· reduced grooming
· intermittent abnormal breathing
· intermittent tremors
· intermittent convulsions
· transient prostration.
Endpoints will be determined by reference to a scoring system, similar to that proposed by the FELASA/ECLAM/ESLAV Working Group (Smith et al., 2018). If these clinical signs are remedied promptly and successfully, then rats will return to the experiment, subject to the agreement of the NVS.
The Lister-Hooded strain of rat used for the majority of our experiments has been documented as having spontaneous audiogenic seizures. This happens very infrequently and sporadically, and tends to be batch-specific. Animals are monitored and where they are observed to have seized on more than two occasions they will be humanely killed.
___________________________________________________________________
Protocol 4: Experimental design
What outputs are expected to arise from this protocol?
For example, test results, phenotypic information, or products.
Experiments on this protocol will generate data measuring performance on specific behavioural tasks in animals exposed to inescapable stressors, in the context of neural and neurochemical manipulations that allow us to identify the contribution of specific populations of cells to behavioural performance. Comparisons will usually be made between-subjects (e.g. transfection of virus exerting the desired neural effects vs. control virus) but can also be made within-subjects (e.g. before and after neural manipulations, or the effects of different drugs or drug doses on the behaviour of animals that have been prepared surgically).
___________________________________________________________________
Will this protocol generate quantitative data?
Yes
___________________________________________________________________
Will your experimental design be determined by a regulatory guideline?
No
Where relevant, explain how and when pilot studies will be used.
Pilot studies are used when we cannot refer to the previous literature for effect sizes, which are necessary for determining appropriate sample sizes for larger experiments. 
How will you choose different experimental groups?
For example, controls, dose levels, satellites etc.
To test our key hypotheses, we refer to the literature and our prior experience in the design of the manipulations (e.g. drug doses and timings, viral titre). Where we are interested in psychological processes that may be predictive of developing mental health disorders, we design the experiments to pre-screen for these phenotypes. Control experiments are designed to mirror as closely as possible the experience of the experimental group, which may include the administration of 'control' viruses.
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.
Where we use between-subjects or mixed designs, we ensure that the control groups have as similar an experience as possible to the experimental group, besides the key manipulation of interest. This includes the use of viral controls, which induce the expression of only marker proteins (e.g. fluorescent proteins) or inactive viruses. This is to ensure that the procedure of viral transfection itself does not affect the behaviours of interest and, if it does, for this new 'baseline' of performance to be accounted for in the interpretation of the behavioural data. Similarly, some rats may receive the 'active' virus, but not undergo the procedure that activates it (e.g. viral transfection with lacZ to label cells that are active under specific behavioural conditions, but administration of vehicle rather than the prodrug Daun02) so that the effects of viral transfection alone on behaviour can be assessed. 
Where rats have been pre-screened for specific psychological phenotypes, rats that are not in the key group of interest are used as controls, experiencing the same as the experimental groups. This allows us to determine the differences in responding of the different phenotypes.
Where we use within-subjects measures (e.g. Latin Square designs) to capitalise on individual variability in behaviour, we ensure that we counterbalance the order of drug doses so that this factor can be considered in our statistical models. 
How will experiments and data analysis be randomised and blinded?
Where possible rats are randomly assigned to experimental groups. Pseudorandomisation may be used if pre-manipulation behaviour needs to be equivalent between experimental groups (i.e. rats are pseudorandomly assigned to groups such that there are no statistical differences in behaviour between groups prior to any manipulations). Where rats are pre-screened for a specific behavioural phenotype (e.g. sign-tracking), rats are randomly allocated to experimental groups within a phenotype. 
Blinding of treatment groups is not always possible, but most of our behavioural data are collected automatically by computer, minimising the risk of bias. When manual quantification is necessary (e.g. for post mortem measures) then this quantification occurs without access to the group assignment for individual animals until quantification is complete.
How will you minimise variables to ensure reproducibility?
In additional to rigorous experimental design:
· Rats are habituated extensively to handling and to experimental procedures (e.g. injections) to reduce any stress associated with these.
· We standardise 'in-house' procedures for surgery, and for measurement and quantification of behaviour where automated measures are not possible.
· We control for starting age, starting weight, sex and home cage environment in addition to behavioural measures to ensure comparability between experimental groups.
· Each experimenter notes in detailed lab books any observations that may impact on behaviour.
We have extensive experience in designing behavioural neuroscience experiments and our experimental designs are in accordance with the PREPARE guidelines. 
How will you determine group sizes?
You should reference POWER calculations you have made, if relevant.
Where possible, we draw on our 20+ years of experience with comparable procedures to determine expected effect sizes and variability, allowing us to perform power analyses (e.g. with G*Power software). We also determine effect sizes by reference to the previous literature, and where neither of these are possible pilot studies are conducted.
How will you maximise the data output from the animals you use on this protocol?
Since 2017, wherever possible, we have published datasets associated with our journal articles on the institutional repository at the point of manuscript acceptance. This allows other researchers to have free access to the data. We also publish both positive and negative findings, when negative findings can be shown to be reliable.
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?
Using well-validated behavioural procedures, we are able to test both causal, cell-type specific brain mechanisms that underlie individual differences in psychological processing. The use of cell type-specific viral manipulations allows us to measure the causal contribution of defined populations of neurons to behaviour. 
___________________________________________________________________
b) the most refined for the purpose?
The use of inescapable footshocks is necessary to model the uncontrollable stress that is critical for the development of  mood, anxiety and stress-related mental health disorders. Footshock intensity, frequency and duration can also be tightly controlled by the experimenter in a parametric manner, unlike other inescapable stress procedures such as predator scent exposure. Noise or airpuff stimuli as potential alternative inescapable stressors evoke startle responses and rely upon distinct neural mechanisms. The degree of adversity being modelled on this protocol, which would fall in the ‘normal range’ of adverse events experienced by adults, can be modelled with the rapidly learned procedure of pavlovian fear conditioning. Some pavlovian conditioning can be achieved with a single inescapable shock exposure, but where we need to determine whether our experimental manipulations reduce subsequent fear, more shocks (up to three) are necessary so that we can see reductions in subsequent conditioned responses. 
The other behavioural procedures used on this protocol are appetitively motivated or capitalise on naturalistic behaviour (e.g. novelty preference). Although rats are often food-restricted to motivate responding for rewards, this food restriction is not done with the intention of weight loss, but rather to avoid postprandial sleepiness interfering with behavioural performance. Similarly, where water restriction is used this is to encourage animals to sample liquids provided in the home cage (e.g. sweetened alcohol) rather than to cause dehydration. Once rats have sampled these solutions (within two occasions of exposure) they will typically drink them voluntarily without any further need for water restriction.
The inclusion of punishment procedures often involves the administration of electric shocks, but these shocks are escapable. The magnitude (less than or equal to 1mA) and duration (less than or equal to 2 seconds, typically 0.5s) of shocks is kept to a minimum for both welfare and scientific reasons (i.e. to avoid non-specific suppression of behaviour). In 20+ years of experience using electric shocks with these parameters, we have never observed tissue damage or any changes in behaviour beyond the specific behavioural test of interest. 
The surgical interventions on this protocol will be conducted with pre-, peri- and post-operative analgesia and increased monitoring during the post-operative period. Over the past 5 years, we have refined our surgical implant procedures to increase the durability of the head implants, and we share best practice on surgical techniques to continuously refine our procedures. 
___________________________________________________________________
For each model and/or method, what is the scientific need for the expected clinical signs?
For the majority of procedures, clinical signs are not expected on this protocol. Although transient side effects (e.g. a drop in blood pressure, hyperactivity) can be seen following the administration of some drugs, these side effects are mild and transient. Where possible we use drugs at doses that minimise side effects, for both welfare and scientific reasons (to avoid compromising behavioural measurements). However, for some drugs, mild and transient side effects are seen at the lowest doses that have behavioural effects. 
___________________________________________________________________
Why scientifically do the animals need to suffer to this degree?
The study of dysfunctional psychological processing, and the behavioural and neurochemical mechanisms underlying this, depends upon reliable animal models. To understand the interaction between uncontrollably stressful experiences and subsequent dysfunctional (and sometimes compulsive) behaviour important for numerous mental health disorders, we have to use inescapable noxious stimuli to establish the stressful phenotype necessary for our studies, and sometimes also need to use punishment procedures to demonstrate that behaviour persists despite adverse consequences. The research conducted on this protocol, identifying specific neuronal circuits and cell-types involved in dysfunctional psychological processing, will provide further insights into the mechanisms underlying mental health disorders and inform the development of more targeted pharmacological treatments, by other research groups, for use in humans. 
___________________________________________________________________
Why can't you achieve your scientific outputs with an earlier humane endpoint, or without animals showing any clinical signs?
We do not expect to observe global clinical signs in the rats, but rather changes in behaviour under specific behavioural task conditions. Where clinical signs (e.g. post-operative weight loss) are observed, we strive to rapidly ameliorate these through minor interventions, and where rats are not responsive to these interventions they are humanely killed. 
___________________________________________________________________
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.
When administering pharmacological substances we refer in the first instance to the published literature to establish an appropriate dose and route of administration, in order to achieve the desired effects for the model for the minimum level of intervention. All substances are prepared with a focus on maintaining sterility (by e.g. using fresh vehicle, syringe filters) of the solution (except for oral administration, where fresh water is used, as it is for normal husbandry). Wherever possible, solutions are made up fresh on the day of administration.
How will you determine an appropriate dosing regimen?
Include routes, dosage volumes, frequencies, and durations.
We determine an appropriate dosing regimen by reference to the published literature. We will use no more than the volumes and frequencies detailed for the routes below:
	Route
	Max daily volume
	Max number per day (<7 days)
	Max number per day (>7 days)
	Max number (total)

	Subcutaneous
	10 ml/kg
	3
	2
	24

	Intraperitoneal
	10 ml/kg
	2
	1
	24

	Oral (gavage)
	20 ml/kg
	2
	1
	24

	Oral (drinking water)
	n/a
	1
	1
	30

	Intracerebroventricular
	5 microlitres per site
	1
	1
	24

	Intracerebral
	20 microlitres per site
	2
	1
	24


Protocol 5
Title
Brain imaging for adaptive fear learning with behavioural, systemic or central manipulations
___________________________________________________________________
Protocol 5: Protocol details
Briefly describe the purposes of this protocol
Ensure that you state any relevant regulatory guidelines.
To measure differences in brain volume, connectivity and neurochemical concentrations in animals with differences in psychological processes that are relevant to mental health disorders.
___________________________________________________________________
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?
100%
___________________________________________________________________
Why are you proposing this severity category?
All animals on this protocol will undergo inescapable shock (no more than three shocks) and neuroimaging under recovery anaesthesia.
___________________________________________________________________
Locations where this protocol can be carried out
Select all that apply.
· University of Cambridge
___________________________________________________________________
Which of your objectives will this protocol address?
Select all that apply.
· To develop new forms of treatment (pharmacological, behavioural, or a combination) to ameliorate differences in psychological, neurobiological or neurochemical function
· To determine whether vulnerabilities to mood, anxiety and stress-related mental health disorders can be identified before the disorders fully develop
· To characterise psychological, neurobiological and neurochemical mechanisms that underlie mood, anxiety and stress-related mental health disorders in in vivo models
___________________________________________________________________
Protocol 5: Animals used in this protocol
Rats
Which life stages will be used during this protocol?
Select all that apply
· Juvenile
· Neonate
· 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 (with or without associated wild types) for use in this protocol may be obtained from other project licences with authority to breed and maintain genetically altered animals of that type and to provide them for use on other project licences, and other recognised sources.
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
350
___________________________________________________________________
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?
Transgenic rats, such as TH::CRE rats, may be used for procedures requiring cell-type specific viral expression (e.g. fibre photometry, chemogenetics).
Do you expect any of these GAAs to show a harmful phenotype with welfare consequences?
No
Protocol 5: Steps
Step 1: Early life stressors (optional)
Repeated from protocol 2
Describe the procedures that will be carried out during this step.
Explain where one or more steps are repeated in one experiment, list any alternative techniques within a step (e.g. dosing routes), and include all procedures performed under terminal anaesthesia.  When describing the technical aspects of a step, be broad enough to be flexible when the variation does not impact on animal welfare (e.g. use "antibiotic" instead of "penicillin"). Finally, avoid specifying volumes and frequencies when they do not impact on animal welfare.
On multiple occasions: Rats may experience one or both of the following early life stressors:
· Maternal separation, beginning no earlier than postnatal day 3, for typically 6 hours per day and no longer than 8 hours per day, for a maximum of 15 consecutive days (AA).
· Social isolation stress by being housed in individual cages, beginning no earlier than postnatal day 21 and continuing for up to the duration of the experiment (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.
Rats that have undergone maternal separation show a small but significant increase in weight gain at 8 weeks, but no significant reductions in body weight at earlier points following separation. (Although we do not provide additional milk during separation periods, pups compensate for reduced opportunity for feeding by taking more milk between separations.) We have not previously observed pup rejection by the dam when animals are undergoing maternal separation. Rather, we have observed small reductions in responsivity to stimuli predictive of reward, which can be detected by specific behavioural tests. There is a small increase in the plasma corticosterone stress response to novelty, but this appears almost normal by 8 weeks. Animals that have not undergone maternal separation (or maternal separation for shorter periods of time that do not induce the phenotypes of interest) are included as controls. 
Pups are likely to experience anxiety during the maternal separation procedure.
Rats undergoing social isolation stress gain more weight than controls, are more responsive to stimuli predicting reward in specific behavioural tests and can show hyperactivity on specific behavioural tests.
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?
During maternal separation, pups are removed to a temperature-controlled incubator. Pups will not be separated before observation of the milk spot.
Rat weights are monitored at least once per week.
What are the humane endpoints for this step?
This would be the point at which you would kill the animal to prevent further suffering.
There are no additional humane endpoints for this step beyond those detailed in the Animal Experience section. 
Step 2: Food and/or water restriction (optional)
Repeated from protocol 2
Describe the procedures that will be carried out during this step.
Explain where one or more steps are repeated in one experiment, list any alternative techniques within a step (e.g. dosing routes), and include all procedures performed under terminal anaesthesia.  When describing the technical aspects of a step, be broad enough to be flexible when the variation does not impact on animal welfare (e.g. use "antibiotic" instead of "penicillin"). Finally, avoid specifying volumes and frequencies when they do not impact on animal welfare.
On multiple occasions: Rats will be:
· Food restricted, being fed once per day, usually after the completion of the day's behavioural procedures, such that rats maintain body weight within at least 15% of their individual maximum (AA).
· To encourage drinking during specific periods to facilitate the acquisition of subsequent alcohol drinking, water restricted for no more than 22 hours per day (i.e. given ad libitum access to water for at least 2 hours), on no more than two consecutive days (AA).
Rats may undergo both procedures, but not both food- and water-restriction simultaneously. Food restriction is most commonly used, with food rations titrated such that rats do not eat in the few hours prior to behavioural procedures. Food restriction may continue for the duration of behavioural procedures, but typically rats are given larger food rations on days where there is no behavioural testing. Rats may be returned to free feeding if there are extended periods with no behavioural procedures, and returned to food restriction in the few days prior to the resumption of behavioural procedures.
___________________________________________________________________
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.
Rats undergoing food restriction may lose weight.
Rats undergoing water restriction rarely show signs of dehydration with the procedures that we use, as they readily learn to drink during periods when water is available. 
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?
Rats undergoing food restriction have their weights monitored at least three times per week. On the rare occasion that a rat reaches 10% weight loss then it is given immediate access to additional food. 
Rats undergoing water restriction are carefully monitored for signs of dehydration (e.g. skin-tenting) and if these are observed, rats will be given immediate access to water.
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 rat showing rapid weight loss of 15% (over 1-3 days) of its maximal body weight, who does not gain weight promptly (within 1-2 days) after access to additional food, will be humanely killed.
Any rat showing signs of dehydration following water restriction, which are not ameliorated promptly after access to additional water (within 1 hour), will be humanely killed.
Step 3: Inescapable shock and behavioural procedures (mandatory)
Repeated from protocol 2
Describe the procedures that will be carried out during this step.
Explain where one or more steps are repeated in one experiment, list any alternative techniques within a step (e.g. dosing routes), and include all procedures performed under terminal anaesthesia.  When describing the technical aspects of a step, be broad enough to be flexible when the variation does not impact on animal welfare (e.g. use "antibiotic" instead of "penicillin"). Finally, avoid specifying volumes and frequencies when they do not impact on animal welfare.
On a single or multiple occasions: Rats will undergo behavioural procedures involving inescapable electric footshock of not greater than 1 mA for 1 second or 0.5 mA for 2 seconds (with no more than 3 inescapable exposures in the animal's lifetime, which may occur over more than one session). 
Rats may also undergo one or more other behavioural procedures, which may be appetitively motivated (including exposure to oral self-administration of alcohol) and/or involve exposure to escapable aversive stimuli (e.g. escapable electric shock). Other behavioural tests that have no adverse impact on animal welfare may be used or developed. A small number of control animals, required to be naive for comparison, may not undergo behavioural procedures, or may undergo behavioural procedures comparable to experimental animals but without exposure to footshock (AA).
___________________________________________________________________
Is this step optional?
No
___________________________________________________________________
Do you expect this step to have adverse effects for the animals that are more than mild and transient?
Do not list uncommon or unlikely adverse effects, or effects from procedures that will cause no more than transient discomfort and no lasting harm. For example, an intravenous injection of a small volume of an innocuous substance.
Yes
___________________________________________________________________
What are the likely adverse effects of this step?
State the expected adverse effect, including the likely incidence, and the anticipated degree and duration of suffering.
Inescapable exposure to noxious stimuli
Although stressful for the animals, inescapable electric shock yields very rapid learning and consequently the low shock intensities and short durations of shock used mean that tissue damage is never seen. The extent of shock training may lead to an increased propensity to undergo fear learning in other behavioural contexts, but we have not observed any changes in behaviour outside of the conditioning chambers (e.g. no changes in interactions with cage mates are observed).
Escapable exposure to noxious stimuli
Animals may be exposed to aversive stimuli to punish specific behaviours. Although stressful for the animals, electric shock yields very rapid learning and consequently the low shock intensities and short durations of shock used mean that tissue damage is never seen. Animals also do not show changes in behaviour outside of the specific conditioning context (e.g. no changes in interactions with cage mates are observed). Animals are able to reduce the number of shocks experienced by either making an avoidance response, or by inhibiting a particular behaviour; both of which are learned readily by the majority of animals.
How will you monitor for, control, and limit any of these adverse effects?
If adverse effects can't be prevented, how will you attempt to ameliorate their initial signs?
Rats will be observed in the home cage following shock conditioning, and any rat showing any deviation from normal behaviour (e.g. reduced interaction with cage mates) for more than 24 hours will be humanely killed.
What are the humane endpoints for this step?
This would be the point at which you would kill the animal to prevent further suffering.
Rats will be killed if there is any deviation from normal behaviour outside the behavioural testing contexts.
Step 4: Alcohol withdrawal (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.
On multiple occasions: Rats that have self-administered alcohol in Step 3 will undergo withdrawal from alcohol by removal of access to alcohol (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.
No
___________________________________________________________________
Step 5: In vivo imaging (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.
On multiple occasions: Rats will undergo in vivo neuroimaging, e.g. by MRI and/or PET (AB). Imaging sessions typically take 2 hours and are no longer than 4 hours in duration. Rats will be scanned a maximum of 4 times in their lifetimes, with at least 14 days between imaging sessions. If required, on multiple occasions: Rats will also undergo administration of imaging substances by one of the following routes:
· Intravenous injection (AA/AB).
· Intraperitoneal injection (AA/AB).
___________________________________________________________________
Is this step optional?
No
___________________________________________________________________
Do you expect this step to have adverse effects for the animals that are more than mild and transient?
Do not list uncommon or unlikely adverse effects, or effects from procedures that will cause no more than transient discomfort and no lasting harm. For example, an intravenous injection of a small volume of an innocuous substance.
Yes
___________________________________________________________________
What are the likely adverse effects of this step?
State the expected adverse effect, including the likely incidence, and the anticipated degree and duration of suffering.
Prolonged (1-2hrs) anaesthesia can lead to reduced body temperature, which is of particular concern when juvenile animals (with lower body mass) are scanned. 
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 use several preventive strategies to avoid reductions in body temperature during scanning:
· Preheating of the scanner bed before the rats is transferred to the scanner, and wrapping the rat in insulating material (e.g. Vetbed) where this does not compromise anaesthetic monitoring.
· Preheating of the anaesthesia induction box by placing it on a heat pad.
Rats are closely monitored throughout imaging, including measurement of body temperature, heart rate and spO2. 
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 a rat shows a dramatic reduction in heart rate, body temperature or spO2 that cannot be ameliorated by adjustment of the anaesthesia and minor interventions, then it will be humanely killed.
Step 6: Viral transfection (single surgery) (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.
Adult rats will undergo up to all of the following manipulations on a single occasion of surgery:
· Viral transfection through a cannula of specific brain regions, including multiple brain regions, unilaterally or bilaterally (AB).
· Intracranial injection of a toxin that targets cells virally expressing a specific, non-endogenous marker, such as lacZ (AB).
These manipulations may occur before or after behavioural procedures and/or imaging.
___________________________________________________________________
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.
General: Rarely, rats may experience complications from anaesthesia and die under anaesthetic or during the recovery period.
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?
General: Directly following surgery rats will be placed in a warming chamber for recovery and monitored frequently (every 30-60 minutes) until overt signs of anaesthesia (subdued behaviour, intermittent hunching, intermittent vocalisation, abnormal breathing) have subsided. Once normal behaviour has returned (expected within 2-4 hours), rats will be returned to their home cage. Rats will be given pre-, peri- and post-operative (for at least 3 days) analgesia.
What are the humane endpoints for this step?
This would be the point at which you would kill the animal to prevent further suffering.
Rats will be humanely killed if the rat appears to be in distress or is showing clinical signs of ill-health.
Step 7: Systemic drug administration (optional)
Repeated from protocol 2
Describe the procedures that will be carried out during this step.
Explain where one or more steps are repeated in one experiment, list any alternative techniques within a step (e.g. dosing routes), and include all procedures performed under terminal anaesthesia.  When describing the technical aspects of a step, be broad enough to be flexible when the variation does not impact on animal welfare (e.g. use "antibiotic" instead of "penicillin"). Finally, avoid specifying volumes and frequencies when they do not impact on animal welfare.
On multiple occasions: Rats will receive systemic administration of substances that modulate neuronal or glial function, or appropriate vehicle solutions, by one or a combination of the following routes:
· Subcutaneous injection (AA).
· Intraperitoneal injection (AA).
· Oral, including in the drinking water (AA).
· Oral gavage (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.
Sometimes transient side effects (e.g. hyperactivity, reduced blood pressure) are observed but these do not cause any distress or any lasting harm. 
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?
Rats will be monitored by the experimenter during the period after acute dosing, for as long as transient side effects are known to occur or until home cage behaviour appears to have returned to normal (typically within 6 hours).
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 normal home cage behaviour has not returned within 6 hours of drug administration, animals will be humanely killed.
Step 8: Blood sampling (optional)
Repeated from protocol 2
Describe the procedures that will be carried out during this step.
Explain where one or more steps are repeated in one experiment, list any alternative techniques within a step (e.g. dosing routes), and include all procedures performed under terminal anaesthesia.  When describing the technical aspects of a step, be broad enough to be flexible when the variation does not impact on animal welfare (e.g. use "antibiotic" instead of "penicillin"). Finally, avoid specifying volumes and frequencies when they do not impact on animal welfare.
On multiple occasions: Blood samples will be taken from a superficial vessel, of no more than 10% total blood volume in 24 hours or 15% total blood volume in any 28-day period (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: Terminal sampling/labelling (optional)
Repeated from protocol 2
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.
Rats will undergo up to all of the following:
· Removal of cerebrospinal fluid (AC).
· Removal of blood (AC).
· Intravenous administration of substances to label neuronal, glial or immune cells (AC).
___________________________________________________________________
Is this step optional?
Yes
___________________________________________________________________
Do you expect this step to have adverse effects for the animals that are more than mild and transient?
Do not list uncommon or unlikely adverse effects, or effects from procedures that will cause no more than transient discomfort and no lasting harm. For example, an intravenous injection of a small volume of an innocuous substance.
No
___________________________________________________________________
Step 10: Killing (mandatory)
Repeated from protocol 2
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.
Rats will be killed by one of the following methods:
· A Schedule 1 method.
· Perfusion-fixation (AC). 
· Decapitation (AA/AC).
___________________________________________________________________
Is this step optional?
No
___________________________________________________________________
Do you expect this step to have adverse effects for the animals that are more than mild and transient?
Do not list uncommon or unlikely adverse effects, or effects from procedures that will cause no more than transient discomfort and no lasting harm. For example, an intravenous injection of a small volume of an innocuous substance.
No
___________________________________________________________________
Protocol 5: Fate of animals
What will happen to animals at the end of this protocol?
Select all that apply. These options are based on what you selected in the non-technical summary.
· Killed
Will you be using non-schedule 1 killing methods on a conscious animal?
Yes
For each non-schedule 1 method, explain why this is necessary.
Decapitation in conscious rats is only used when brains are collected for subsequent analysis of mRNA expression, which changes rapidly under anaesthesia and would compromise our scientific objectives.
___________________________________________________________________
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.
Typical experimental progression example: 
e.g. Determining the effect of early life stress on behaviour and associated structural brain changes following a second stressor in adulthood
Rats will be born to pregnant dams housed in house and will have experienced maternal separation stress (or control conditions) between PND3-18. After weaning, rats will be socially housed with appropriate levels of enrichment (e.g. chew blocks, nesting material) except during the period immediately after imaging. As juveniles (PND 20) rats will undergo a first MRI procedure under recovery anaesthesia. At adulthood (approx. PND55), rats will undergo 'light' food restriction, being fed the maximum amount of food possible without having leftover food present before the next day's behavioural procedures. They will then undergo training on appetitive tasks that allow aspects of reinforcement learning to be assessed (e.g. probabilistic reversal learning to measure cognitive flexibility). Once behaviour has stabilised, rats will then undergo exposure to a small number of inescapable footshocks (< 3 x 0.5mA, 0.5s shocks) to model moderate adversity in adulthood. Behaviour during the shock sessions will be analysed, and rats will be tested again on the appetitive tasks to determine any changes in reinforcement learning parameters following shock. Rats will undergo another MRI procedure under terminal anaesthesia, and then will be killed by a Schedule 1 method.
___________________________________________________________________
Describe the general humane endpoints that you will apply during the protocol.
These will be in addition to the endpoints stated for each step.
Rats will be humanely killed if they show two or more of the following clinical signs for more than 24 hours, unless their data are not only deemed vital to the experimental objects and also unless these clinical signs can be remedied promptly and successfully using no more than minor interventions, under the guidance of the NVS where appropriate: 
· partial piloerection
· subdued behaviour
· interruptions in peer activity
· intermittent hunching
· vocalisation when provoked
· some oculonasal discharge
· reduced grooming
· intermittent abnormal breathing
· intermittent tremors
· intermittent convulsions
· transient prostration.
Endpoints will be determined by reference to a scoring system, similar to that proposed by the FELASA/ECLAM/ESLAV Working Group (Smith et al., 2018). If these clinical signs are remedied promptly and successfully, then rats will return to the experiment, subject to the agreement of the NVS.
The Lister-Hooded strain of rat used for the majority of our experiments has been documented as having spontaneous audiogenic seizures. This happens very infrequently and sporadically, and tends to be batch-specific. Animals are monitored and where they are observed to have seized on more than two occasions they will be humanely killed.
___________________________________________________________________
Protocol 5: Experimental design
What outputs are expected to arise from this protocol?
For example, test results, phenotypic information, or products.
Experiments on this protocol will generate neuroimaging data, including volumetric, connectivity and neurochemical (magnetic resonance spectroscopy) data, in the context of animals' performance on behavioural tasks measuring psychological processes relevant to mental health disorders, before and/or after exposure to inescapable stressors. Some of these data will be longitudinal, allowing developmental changes to be measured. Any brain tissue collected will be used to generate data on individual differences in the brains of individual animals (e.g. mRNA or protein expression), which can be associated with their prior behavioural performance and their imaging data.
___________________________________________________________________
Will this protocol generate quantitative data?
Yes
___________________________________________________________________
Will your experimental design be determined by a regulatory guideline?
No
Where relevant, explain how and when pilot studies will be used.
Pilot studies are used when we cannot refer to the previous literature for effect sizes, which are necessary for determining appropriate sample sizes for larger experiments.
How will you choose different experimental groups?
For example, controls, dose levels, satellites etc.
To test our key hypotheses, we refer to the literature and our prior experience in the design of the manipulations (e.g. drug doses and timings). Where we are interested in psychological processes that may be predictive of developing mental health disorders, we design the experiments to pre-screen for these phenotypes. Control experiments are designed to mirror as closely as possible the experience of the experimental group.
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.
Where we use between-subjects or mixed designs, we ensure that the control groups have as similar an experience as possible to the experimental group, besides the key manipulation of interest. Where rats have been pre-screened for specific psychological phenotypes, rats that are not in the key group of interest are used as controls, experiencing the same as the experimental groups. This allows us to determine the differences in responding of the different phenotypes.
Where we use within-subjects measures (e.g. Latin Square designs) to capitalise on individual variability in behaviour, we ensure that we counterbalance the order of drug doses so that this factor can be considered in our statistical models. 
How will experiments and data analysis be randomised and blinded?
Where possible, rats are randomly assigned to experimental groups. Pseudorandomisation may be used if pre-manipulation behaviour needs to be equivalent between experimental groups (i.e. rats are pseudorandomly assigned to groups such that there are no statistical differences in behaviour between groups prior to any manipulations). Where rats are pre-screened for a specific behavioural phenotype (e.g. sign-tracking), rats are randomly allocated to experimental groups within a phenotype. 
Blinding of treatment groups is not always possible, but most of our behavioural data are collected automatically by computer, minimising the risk of bias. When manual quantification is necessary (e.g. for post mortem measures) then this quantification occurs without access to the group assignment for individual animals until quantification is complete.
How will you minimise variables to ensure reproducibility?
In addition to rigorous experimental design:
· Rats are habituated extensively to handling and to experimental procedures (e.g. injections) to reduce any stress associated with these.
· We standardise 'in-house' procedures for surgery, and for measurement and quantification of behaviour where automated measures are not possible.
· We control for starting age, starting weight, sex and home cage environment in addition to behavioural measures to ensure comparability between experimental groups.
· Each experimenter notes in detailed lab books any observations that may impact on behaviour.
· We use a standardised analysis pipeline for the analysis of imaging data. 
We have extensive experience in designing behavioural neuroscience experiments and our experimental designs are in accordance with the PREPARE guidelines. 
How will you determine group sizes?
You should reference POWER calculations you have made, if relevant.
Where possible, we draw on our 20+ years of experience with comparable procedures to determine expected effect sizes and variability, allowing us to perform power analyses (e.g. with G*Power software). We also determine effect sizes by reference to the previous literature, and where neither of these are possible pilot studies are conducted.
How will you maximise the data output from the animals you use on this protocol?
Since 2017, wherever possible, we have published datasets associated with our journal articles on the institutional repository at the point of manuscript acceptance. This allows other researchers to have free access to the data. We also publish both positive and negative findings, when negative findings can be shown to be reliable.
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?
Neuroimaging allows longitudinal measures of brain structure and function, with high translational relevance to humans. While comparable to humans, animals are necessary to study the impact of designed manipulations (e.g. early life stress) that might predispose to the development of mental health disorders, in a manner that would not be ethical in humans. 
___________________________________________________________________
b) the most refined for the purpose?
The use of inescapable footshocks is necessary to model the uncontrollable stress that is critical for the development of mood, anxiety and stress-related mental health disorders. Footshock intensity, frequency and duration can also be tightly controlled by the experimenter in a parametric manner, unlike other inescapable stress procedures such as predator scent exposure. Noise or airpuff stimuli as potential alternative inescapable stressors evoke startle responses and rely upon distinct neural mechanisms. The degree of adversity being modelled on this protocol, which would fall in the ‘normal range’ of adverse events experienced by adults, can be modelled with the rapidly learned procedure of pavlovian fear conditioning. Some pavlovian conditioning can be achieved with a single inescapable shock exposure, but where we need to determine whether our experimental manipulations reduce subsequent fear, more shocks (up to three) are necessary so that we can see reductions in subsequent conditioned responses.
The other behavioural procedures used on this protocol are appetitively motivated or capitalise on naturalistic behaviour (e.g. novelty preference). Although rats are often food-restricted to motivate responding for rewards, this food restriction is not done with the intention of weight loss, but rather to avoid postprandial sleepiness interfering with behavioural performance. Similarly, where water restriction is used this is to encourage animals to sample liquids provided in the home cage (e.g. sweetened alcohol) rather than to cause dehydration. Once rats have sampled these solutions (within two occasions of exposure) they will typically drink them voluntarily without any further need for water restriction.
The inclusion of punishment procedures often involves the administration of electric shocks, but these shocks are escapable. The magnitude (less than or equal to 1mA) and duration (less than or equal to 2 seconds, typically 0.5s) of shocks is kept to a minimum for both welfare and scientific reasons (i.e. to avoid non-specific suppression of behaviour). In 20+ years of experience using electric shocks with these parameters, we have never observed tissue damage or any changes in behaviour beyond the specific behavioural test of interest. 
The surgical interventions on this protocol will be conducted with pre-, peri- and post-operative analgesia and increased monitoring during the post-operative period. Furthermore, we have refined our imaging procedures on our previous licence, and will continue to take NVS advice and share best practice with other research groups to ensure that we proceed with the most refined procedures possible. 
___________________________________________________________________
For each model and/or method, what is the scientific need for the expected clinical signs?
We do not expect to observe global clinical signs in the rats, but rather changes in behaviour under specific behavioural task conditions. Where reductions in body temperature can occur under anaesthesia, we have preventative strategies to ameliorate these before animals become hypothermic, and any animal that does not rapidly respond to our interventions will be humanely killed.
___________________________________________________________________
Why scientifically do the animals need to suffer to this degree?
The study of dysfunctional psychological processing, and the behavioural and neurochemical mechanisms underlying this, depends upon reliable animal models. To understand the interaction between uncontrollably stressful experiences and subsequent dysfunctional (and sometimes compulsive) behaviour important for numerous mental health disorders, we have to use inescapable noxious stimuli to establish the stressful phenotype necessary for our studies, and sometimes also need to use punishment procedures to demonstrate that behaviour persists despite adverse consequences. The research conducted on this protocol will allow causal insight into the associations between brain structure and psychological function by allowing us to take measures prior to interventions, or comparing animals that differ in the key manipulation of interest (e.g. early life stress). It will also allow us to test novel treatments (both behavioural and pharmacological) for subsequent translation to human research by other research groups, and provide insight into the neural and neurochemical bases of differences in psychological processing relevant to mental health disorders. 
___________________________________________________________________
Why can't you achieve your scientific outputs with an earlier humane endpoint, or without animals showing any clinical signs?
We do not expect to observe global clinical signs in the rats, but rather changes in behaviour under specific behavioural task conditions. Where clinical signs (e.g. reduced body temperature under anaesthesia) are observed, we strive to rapidly ameliorate these through minor interventions, and where rats are not responsive to these interventions they are humanely killed. 
___________________________________________________________________
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.
When administering pharmacological substances we refer in the first instance to the published literature to establish an appropriate dose and route of administration, in order to achieve the desired effects for the model for the minimum level of intervention. All substances are prepared with a focus on maintaining sterility (by e.g. using fresh vehicle, syringe filters) of the solution (except for oral administration, where fresh water is used, as it is for normal husbandry). Wherever possible, solutions are made up fresh on the day of administration.
How will you determine an appropriate dosing regimen?
Include routes, dosage volumes, frequencies, and durations.
We determine an appropriate dosing regimen by reference to the published literature. We will use no more than the volumes and frequencies detailed for the routes below:
	Route
	Max daily volume
	Max number per day (<7 days)
	Max number per day (>7 days)
	Max number (total)

	Intravenous (bolus)
	5 ml/kg
	1
	n/a
	5

	Intraperitoneal 
	10 ml/kg
	2
	1
	24

	Subcutaneous
	10 ml/kg
	3
	2
	24

	Oral (gavage)
	20 ml/kg
	2
	1
	24

	Oral (drinking water)
	n/a
	1
	1
	30


Protocol 6
Title
Behavioural tasks measuring maladaptive fear learning with behavioural, acute or chronic systemic manipulations
___________________________________________________________________
Protocol 6: Protocol details
Briefly describe the purposes of this protocol
Ensure that you state any relevant regulatory guidelines.
To determine:
· whether specific psychological processes, measured using different behavioural tasks, are predictive of subsequent behaviour associated with mood, anxiety or stress-related mental health disorders.
· whether behavioural manipulations (e.g. extinction training) can ameliorate changes in psychological processes that go awry in mental health disorders.
· whether systemically administered pharmacological treatments can ameliorate changes in psychological processes that go awry in mental health disorders, as acute or chronic treatments, with or without concurrent behavioural manipulations.
· whether there are differences in the brains of rats showing differences in behavioural responding, through killing and collection of brains at specific points following behavioural procedures, or at the end of the experiment, using perfusion-fixation.
___________________________________________________________________
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?
100%
Severe: 95%
Moderate: 5%
___________________________________________________________________
Why are you proposing this severity category?
All rRats on this protocol will undergo inescapable shock procedures involving up to 20 inescapable shocks in the animal's lifetime.
___________________________________________________________________
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 determine whether vulnerabilities to mood, anxiety and stress-related mental health disorders can be identified before the disorders fully develop
· To characterise psychological, neurobiological and neurochemical mechanisms that underlie mood, anxiety and stress-related mental health disorders in in vivo models
· To develop new forms of treatment (pharmacological, behavioural, or a combination) to ameliorate differences in psychological, neurobiological or neurochemical function
___________________________________________________________________
Protocol 6: Animals used in this protocol
Rats
Which life stages will be used during this protocol?
Select all that apply
· Adult
· Juvenile
· Neonate
___________________________________________________________________
Will any animals coming on to this protocol be classed as ‘continued use’?
‘Continued use’ describes animals that are specifically genetically altered and bred for scientific use or animals that have had procedures applied to them in order to be prepared for use in this protocol.
No
___________________________________________________________________
Will you be re-using animals on to this protocol?
‘Re-use’ describes using animals again for a new experiment when you could equally use a naïve animal to get the same results.
No
___________________________________________________________________
What is the maximum number of animals that will be used on this protocol?
Please only enter numbers, e.g. 40
200 600
___________________________________________________________________
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 6: Genetically altered animals (GAA)
Will this protocol use any genetically altered animals?
No
___________________________________________________________________
Protocol 6: Steps
Step 1: Early life stressors (optional)
Repeated from protocol 2
Describe the procedures that will be carried out during this step.
Explain where one or more steps are repeated in one experiment, list any alternative techniques within a step (e.g. dosing routes), and include all procedures performed under terminal anaesthesia.  When describing the technical aspects of a step, be broad enough to be flexible when the variation does not impact on animal welfare (e.g. use "antibiotic" instead of "penicillin"). Finally, avoid specifying volumes and frequencies when they do not impact on animal welfare.
On multiple occasions: Rats may experience one or both of the following early life stressors:
· Maternal separation, beginning no earlier than postnatal day 3, for typically 6 hours per day and no longer than 8 hours per day, for a maximum of 15 consecutive days (AA).
· Social isolation stress by being housed in individual cages, beginning no earlier than postnatal day 21 and continuing for up to the duration of the experiment (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.
Rats that have undergone maternal separation show a small but significant increase in weight gain at 8 weeks, but no significant reductions in body weight at earlier points following separation. (Although we do not provide additional milk during separation periods, pups compensate for reduced opportunity for feeding by taking more milk between separations.) We have not previously observed pup rejection by the dam when animals are undergoing maternal separation. Rather, we have observed small reductions in responsivity to stimuli predictive of reward, which can be detected by specific behavioural tests. There is a small increase in the plasma corticosterone stress response to novelty, but this appears almost normal by 8 weeks. Animals that have not undergone maternal separation (or maternal separation for shorter periods of time that do not induce the phenotypes of interest) are included as controls. 
Pups are likely to experience anxiety during the maternal separation procedure.
Rats undergoing social isolation stress gain more weight than controls, are more responsive to stimuli predicting reward in specific behavioural tests and can show hyperactivity on specific behavioural tests.
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?
During maternal separation, pups are removed to a temperature-controlled incubator. Pups will not be separated before observation of the milk spot.
Rat weights are monitored at least once per week.
What are the humane endpoints for this step?
This would be the point at which you would kill the animal to prevent further suffering.
There are no additional humane endpoints for this step beyond those detailed in the Animal Experience section. 
Step 2: Food and/or water restriction (optional)
Repeated from protocol 2
Describe the procedures that will be carried out during this step.
Explain where one or more steps are repeated in one experiment, list any alternative techniques within a step (e.g. dosing routes), and include all procedures performed under terminal anaesthesia.  When describing the technical aspects of a step, be broad enough to be flexible when the variation does not impact on animal welfare (e.g. use "antibiotic" instead of "penicillin"). Finally, avoid specifying volumes and frequencies when they do not impact on animal welfare.
On multiple occasions: Rats will be:
· Food restricted, being fed once per day, usually after the completion of the day's behavioural procedures, such that rats maintain body weight within at least 15% of their individual maximum (AA).
· To encourage drinking during specific periods to facilitate the acquisition of subsequent alcohol drinking, water restricted for no more than 22 hours per day (i.e. given ad libitum access to water for at least 2 hours), on no more than two consecutive days (AA).
Rats may undergo both procedures, but not both food- and water-restriction simultaneously. Food restriction is most commonly used, with food rations titrated such that rats do not eat in the few hours prior to behavioural procedures. Food restriction may continue for the duration of behavioural procedures, but typically rats are given larger food rations on days where there is no behavioural testing. Rats may be returned to free feeding if there are extended periods with no behavioural procedures, and returned to food restriction in the few days prior to the resumption of behavioural procedures.
___________________________________________________________________
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.
Rats undergoing food restriction may lose weight.
Rats undergoing water restriction rarely show signs of dehydration with the procedures that we use, as they readily learn to drink during periods when water is available. 
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?
Rats undergoing food restriction have their weights monitored at least three times per week. On the rare occasion that a rat reaches 10% weight loss then it is given immediate access to additional food. 
Rats undergoing water restriction are carefully monitored for signs of dehydration (e.g. skin-tenting) and if these are observed, rats will be given immediate access to water.
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 rat showing rapid weight loss of 15% (over 1-3 days) of its maximal body weight, who does not gain weight promptly (within 1-2 days) after access to additional food, will be humanely killed.
Any rat showing signs of dehydration following water restriction, which are not ameliorated promptly after access to additional water (within 1 hour), will be humanely killed.
Step 3: Trauma induction and behavioural procedures (mandatory)
Describe the procedures that will be carried out during this step.
Explain where one or more steps are repeated in one experiment, list any alternative techniques within a step (e.g. dosing routes), and include all procedures performed under terminal anaesthesia.  When describing the technical aspects of a step, be broad enough to be flexible when the variation does not impact on animal welfare (e.g. use "antibiotic" instead of "penicillin"). Finally, avoid specifying volumes and frequencies when they do not impact on animal welfare.
On a single or multiple occasions: Rats will undergo behavioural procedures involving inescapable electric footshock of not greater than 1 mA for 1 second or 0.5 mA for 2 seconds (with no more than 20 inescapable exposures in the animal's lifetime, which may occur over more than one session). 
Rats may also undergo one or more other behavioural procedures, which may be appetitively motivated (including exposure to oral self-administration of alcohol) and/or involve exposure to escapable aversive stimuli (e.g. escapable electric shock). Other behavioural tests that have no adverse impact on animal welfare may be used or developed. A small number of control animals, required to be naive for comparison, may not undergo behavioural procedures, or may undergo behavioural procedures comparable to experimental animals but without exposure to footshock (AA).
___________________________________________________________________
Is this step optional?
No
___________________________________________________________________
Do you expect this step to have adverse effects for the animals that are more than mild and transient?
Do not list uncommon or unlikely adverse effects, or effects from procedures that will cause no more than transient discomfort and no lasting harm. For example, an intravenous injection of a small volume of an innocuous substance.
Yes
___________________________________________________________________
What are the likely adverse effects of this step?
State the expected adverse effect, including the likely incidence, and the anticipated degree and duration of suffering.
Inescapable exposure to noxious stimuli
Although stressful for the animals, inescapable electric shock yields very rapid learning and consequently the low shock intensities and short durations of shock used mean that tissue damage is never seen. The extent of shock training may lead to an increased propensity to undergo fear learning in other behavioural contexts, but we have not observed any changes in behaviour outside of the conditioning chambers (e.g. no changes in interactions with cage mates are observed).
Escapable exposure to noxious stimuli
Animals may be exposed to aversive stimuli to punish specific behaviours. Although stressful for the animals, electric shock yields very rapid learning and consequently the low shock intensities and short durations of shock used mean that tissue damage is never seen. Animals also do not show changes in behaviour outside of the specific conditioning context (e.g. no changes in interactions with cage mates are observed). Animals are able to reduce the number of shocks experienced by either making an avoidance response, or by inhibiting a particular behaviour; both of which are learned readily by the majority of animals.
How will you monitor for, control, and limit any of these adverse effects?
If adverse effects can't be prevented, how will you attempt to ameliorate their initial signs?
Rats will be observed in the home cage following shock conditioning, and any rat showing any deviation from normal behaviour (e.g. reduced interaction with cage mates) for more than 24 hours will be humanely killed.
What are the humane endpoints for this step?
This would be the point at which you would kill the animal to prevent further suffering.
Rats will be killed if there is any deviation from normal behaviour outside the behavioural testing contexts.
Step 4: Systemic drug administration (optional)
Repeated from protocol 2
Describe the procedures that will be carried out during this step.
Explain where one or more steps are repeated in one experiment, list any alternative techniques within a step (e.g. dosing routes), and include all procedures performed under terminal anaesthesia.  When describing the technical aspects of a step, be broad enough to be flexible when the variation does not impact on animal welfare (e.g. use "antibiotic" instead of "penicillin"). Finally, avoid specifying volumes and frequencies when they do not impact on animal welfare.
On multiple occasions: Rats will receive systemic administration of substances that modulate neuronal or glial function, or appropriate vehicle solutions, by one or a combination of the following routes:
· Subcutaneous injection (AA).
· Intraperitoneal injection (AA).
· Oral, including in the drinking water (AA).
· Oral gavage (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.
Sometimes transient side effects (e.g. hyperactivity, reduced blood pressure) are observed but these do not cause any distress or any lasting harm. 
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?
Rats will be monitored by the experimenter during the period after acute dosing, for as long as transient side effects are known to occur or until home cage behaviour appears to have returned to normal (typically within 6 hours).
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 normal home cage behaviour has not returned within 6 hours of drug administration, animals will be humanely killed.
Step 5: Blood sampling (optional)
Repeated from protocol 2
Describe the procedures that will be carried out during this step.
Explain where one or more steps are repeated in one experiment, list any alternative techniques within a step (e.g. dosing routes), and include all procedures performed under terminal anaesthesia.  When describing the technical aspects of a step, be broad enough to be flexible when the variation does not impact on animal welfare (e.g. use "antibiotic" instead of "penicillin"). Finally, avoid specifying volumes and frequencies when they do not impact on animal welfare.
On multiple occasions: Blood samples will be taken from a superficial vessel, of no more than 10% total blood volume in 24 hours or 15% total blood volume in any 28-day period (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 6: Terminal sampling/labelling (optional)
Repeated from protocol 2
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.
Rats will undergo up to all of the following:
· Removal of cerebrospinal fluid (AC).
· Removal of blood (AC).
· Intravenous administration of substances to label neuronal, glial or immune cells (AC).
___________________________________________________________________
Is this step optional?
Yes
___________________________________________________________________
Do you expect this step to have adverse effects for the animals that are more than mild and transient?
Do not list uncommon or unlikely adverse effects, or effects from procedures that will cause no more than transient discomfort and no lasting harm. For example, an intravenous injection of a small volume of an innocuous substance.
No
___________________________________________________________________
Step 7: Killing (mandatory)
Repeated from protocol 2
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.
Rats will be killed by one of the following methods:
· A Schedule 1 method.
· Perfusion-fixation (AC). 
· Decapitation (AA/AC).
___________________________________________________________________
Is this step optional?
No
___________________________________________________________________
Do you expect this step to have adverse effects for the animals that are more than mild and transient?
Do not list uncommon or unlikely adverse effects, or effects from procedures that will cause no more than transient discomfort and no lasting harm. For example, an intravenous injection of a small volume of an innocuous substance.
No
___________________________________________________________________
Protocol 6: Fate of animals
What will happen to animals at the end of this protocol?
Select all that apply. These options are based on what you selected in the non-technical summary.
· Killed
Will you be using non-schedule 1 killing methods on a conscious animal?
Yes
For each non-schedule 1 method, explain why this is necessary.
Decapitation in conscious rats is only used when brains are collected for subsequent analysis of mRNA expression, which changes rapidly under anaesthesia and would compromise our scientific objectives.
___________________________________________________________________
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.
Typical experimental progression example:
e.g. Determining whether prior 'trauma' exposure changes the extent of re-exposure necessary to engage different memory processes
Rats will be purchased from a commercial breeder and habituated to the animal facility for at least 7 days before procedures commence. Rats will be socially housed with appropriate levels of enrichment (e.g. chew blocks, nesting material). Experimental rats are exposed to inescapable footshock (13-15 shocks, 0.5mA, 0.5s) in a distinct context (Context A) to simulate trauma exposure. Control rats may be exposed to Context A in the absence of shock. Subsequently, rats undergo cued pavlovian fear conditioning involving 2 inescapable footshocks (0.5mA, 0.5s) that co-terminate with a neutral auditory stimulus (80dB, 60s) in Context B. Prior to this session, rats receive an intraperitoneal injection of saline, to reduce stress associated with receiving an injection and to prevent the injection procedure acting as a discriminative cue. 24 hours later, rats receive an intraperitoneal injection of a drug hypothesised to induce amnesia (or vehicle control) and are re-exposed to Context B for a variable number of auditory stimulus presentations (in the absence of footshock), aiming to induce different memory processes. 24 hours later, rats are returned to Context B for a memory retention test. Following this behavioural test, the rats are killed by a Schedule 1 method and brain tissue is collected for subsequent analysis.
Maximal experimental progression example:
e.g. Determining, in rats that have undergone early life stress, whether a second stressor can induce changes in reward learning and mRNA expression relevant to depression
Rats will be born to pregnant dams housed in the animal facility and will have experienced maternal separation stress (or control conditions) between PND3-18. At adulthood, rats will be socially isolated. Blood sampling will occur via the lateral tail vein at PND19. Around PND56, rats will undergo 'light' food restriction, being fed the maximum amount of food possible without having leftover food present before the next day's behavioural procedures. Rat weights will be monitored three times per week. Rats will undergo behavioural procedures aiming to characterise appetitive learning processes and characteristics (e.g. the sucrose preference test to measure anhedonia, probabilistic reversal learning to measure cognitive flexibility). The effects of pharmacological compounds (e.g. SSRIs) on task performance will be measured by administering the compounds prior to a behavioural session by intraperitoneal injection, with different doses of the same drug being administered to the same animal following an appropriate washout period (typically 2-7 days) to determine within-subject dose-response curves. Following this, some rats will undergo a second stressor involving exposure to 13-15 unsignalled inescapable footshocks (0.5mA, 0,5s) in a distinct context. Control rats will receive only context exposure without footshocks. Blood sampling via the lateral tail vein will occur after the stress session for experimental and control rats. Rats will subsequently be retested on the same behavioural tasks as previously, with the same doses of drug administered intraperitoneally in 'probe' sessions to determine whether individual dose-response curves have changed following the second stressor. Following a final pharmacological treatment and behaviour session (or appropriate control conditions), rats will be killed using live decapitation so that mRNA expression can be assessed subsequently.
___________________________________________________________________
Describe the general humane endpoints that you will apply during the protocol.
These will be in addition to the endpoints stated for each step.
Rats will be humanely killed if they show two or more of the following clinical signs for more than 24 hours, unless their data are not only deemed vital to the experimental objects and also unless these clinical signs can be remedied promptly and successfully using no more than minor interventions, under the guidance of the NVS where appropriate: 
· partial piloerection
· subdued behaviour
· interruptions in peer activity
· intermittent hunching
· vocalisation when provoked
· some oculonasal discharge
· reduced grooming
· intermittent abnormal breathing
· intermittent tremors
· intermittent convulsions
· transient prostration.
Endpoints will be determined by reference to a scoring system, similar to that proposed by the FELASA/ECLAM/ESLAV Working Group (Smith et al., 2018). If these clinical signs are remedied promptly and successfully, then rats will return to the experiment, subject to the agreement of the NVS.
The Lister-Hooded strain of rat used for the majority of our experiments has been documented as having spontaneous audiogenic seizures. This happens very infrequently and sporadically, and tends to be batch-specific. Animals are monitored and where they are observed to have seized on more than two occasions they will be humanely killed.
___________________________________________________________________
Protocol 6: Experimental design
What outputs are expected to arise from this protocol?
For example, test results, phenotypic information, or products.
Experiments on this protocol will generate data measuring performance on specific behavioural tasks in animals exposed to inescapable stressors, in different conditions (e.g. drug-administered and drug-free), often within the same animal. Any brain tissue collected will be used to generate data on individual differences in the brains of individual animals (e.g. mRNA or protein expression), which can be associated with their prior behavioural performance.
___________________________________________________________________
Will this protocol generate quantitative data?
Yes
___________________________________________________________________
Will your experimental design be determined by a regulatory guideline?
No
Where relevant, explain how and when pilot studies will be used.
Pilot studies are used when we cannot refer to the previous literature for effect sizes, which are necessary for determining appropriate sample sizes for larger experiments. 
How will you choose different experimental groups?
For example, controls, dose levels, satellites etc.
To test our key hypotheses, we refer to the literature and our prior experience in the design of the manipulations (e.g. drug doses and timings). Where we are interested in psychological processes that may be predictive of developing mental health disorders, we design the experiments to pre-screen for these phenotypes. Control experiments are designed to mirror as closely as possible the experience of the experimental group. 
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.
Where we use between-subjects or mixed designs, we ensure that the control groups have as similar an experience as possible to the experimental group, besides the key manipulation of interest. Where rats have been pre-screened for specific psychological phenotypes, rats that are not in the key group of interest are used as controls, experiencing the same as the experimental groups. This allows us to determine the differences in responding of the different phenotypes.
Where we use within-subjects measures (e.g. Latin Square designs) to capitalise on individual variability in behaviour, we ensure that we counterbalance the order of drug doses so that this factor can be considered in our statistical models. 
How will experiments and data analysis be randomised and blinded?
Where possible, rats are randomly assigned to experimental groups. Pseudorandomisation may be used if pre-manipulation behaviour needs to be equivalent between experimental groups (i.e. rats are pseudorandomly assigned to groups such that there are no statistical differences in behaviour between groups prior to any manipulations). Where rats are pre-screened for a specific behavioural phenotype (e.g. stress-resilient or stress-susceptible), rats are randomly allocated to experimental groups within a phenotype. 
Blinding of treatment groups is not always possible, but most of our behavioural data are collected automatically by computer, minimising the risk of bias. When manual quantification is necessary (e.g. for post mortem measures) then this quantification occurs without access to the group assignment for individual animals until quantification is complete.
How will you minimise variables to ensure reproducibility?
In additional to rigorous experimental design:
· Rats are habituated extensively to handling and to experimental procedures (e.g. injections) to reduce any stress associated with these.
· We standardise 'in-house' procedures for measurement and quantification where automated measures are not possible.
· We control for starting age, starting weight, sex and home cage environment in addition to behavioural measures to ensure comparability between experimental groups.
· Each experimenter notes in detailed lab books any observations that may impact on behaviour.
We have extensive experience in designing behavioural neuroscience experiments and our experimental designs are in accordance with the PREPARE guidelines. 
How will you determine group sizes?
You should reference POWER calculations you have made, if relevant.
Where possible, we draw on our 20+ years of experience with comparable procedures to determine expected effect sizes and variability, allowing us to perform power analyses (e.g. with G*Power software). We also determine effect sizes by reference to the previous literature, and where neither of these are possible pilot studies are conducted.
How will you maximise the data output from the animals you use on this protocol?
Since 2017, wherever possible, we have published datasets associated with our journal articles on the institutional repository at the point of manuscript acceptance. This allows other researchers to have free access to the data. We also publish both positive and negative findings, when negative findings can be shown to be reliable.
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?
There has been a gradual shift within research on mental health disorders, away from nosology towards a more dimensional approach ('dimensional psychiatry'). This emphasises that the psychological processes that go awry in mental health disorders are not specific to any single disorder (i.e. they are 'transdiagnostic') and that different combinations of dysfunctional psychological processing lead to symptoms that are diagnostic of specific mental health disorders. This is reflected in the wide adoption in the behavioural neuroscience field of the Research Domain Criteria (RDoC) framework for understanding mental health disorders.
By focusing on psychological processes, rather than trying to recapitulate of symptoms in an animal 'model', we are able to deconstruct complex mental health disorders into their underlying psychological processes, which we can study at multiple levels in animals (e.g. behavioural, neurochemical, and molecular). We use behavioural tasks that are designed to measure psychological processing in a sophisticated manner, and that are usually translational and 'backtranslational' (i.e. the same task can be used, with modifications, to measure the same process in both rats and humans). To model the uncontrollable stressors that contribute to the disorders of interest, we need to use inescapable stress procedures (e.g. footshock). For some psychological processes of interest (e.g. compulsion), it is necessary to introduce punishment schedules at specific points in behavioural training, to determine whether rats will avoid these (and therefore still exhibit behavioural control) or continue responding despite adverse consequences (the definition of compulsion). Where alcohol is used as a reinforcer, this is to understand the mechanisms underlying alcohol use, abuse and addiction, and this is most validly studied in animals that are voluntarily self-administering and consuming alcohol.
Thus, our models provide us with a well-validated set of behavioural procedures for testing the effects of behavioural and/or pharmacological treatments on psychological processing relevant to mental health disorders.
___________________________________________________________________
b) the most refined for the purpose?
The use of inescapable footshocks is necessary to model the uncontrollable stress that is critical for the development of  mood, anxiety and stress-related mental health disorders. Footshock intensity, frequency and duration can also be tightly controlled by the experimenter in a parametric manner, unlike other inescapable stress procedures such as predator scent exposure. Noise or airpuff stimuli as potential alternative inescapable stressors evoke startle responses and rely upon distinct neural mechanisms. We have refined our inescapable shock procedures and have published these data, and we always use the minimum number of exposures to inescapable aversive stimuli to achieve our experimental objectives. However, to model the traumatic events that lead to PTSD, up to 15 shocks in a single session is required. We have shown in our previous refinement work (Van Assche et al., 2022, Lab Animal) that there is a trade-off in the number of shocks administered and the number of animals required for sufficient power to conduct our studies. Using our refined protocol, we found that with 13-15 x 0.5s, 0.5mA shocks ~50% of the population would show the PTSD-like phenotype, whereas with 9 shocks of the same magnitude only ~21% of the population showed the phenotype. We have therefore chosen the degree of shock to allow us to sample approximately evenly from the PTSD-susceptible and PTSD-resilient populations.
The inclusion of escapable stress often involves the administration of electric shocks, but these shocks are escapable. The magnitude (less than or equal to 1mA) and duration (less than or equal to 2 seconds, typically 0.5s) of shocks is kept to a minimum for both welfare and scientific reasons (i.e. to avoid non-specific suppression of behaviour). In 20+ years of experience using electric shocks with these parameters, we have never observed tissue damage or any changes in behaviour beyond the specific behavioural test of interest. 
Where appetitive behavioural procedures are used animals will undergo food restriction to motivate responding for rewards. However, this food restriction is not done with the intention of weight loss, but rather to avoid postprandial sleepiness interfering with behavioural performance. Similarly, where water restriction is used this is to encourage animals to sample liquids provided in the home cage (e.g. sweetened alcohol) rather than to cause dehydration. Once rats have sampled these solutions (within two occasions of exposure) they will typically drink them voluntarily without any further need for water restriction.
___________________________________________________________________
For each model and/or method, what is the scientific need for the expected clinical signs?
Clinical signs are not expected on this protocol. Although transient side effects (e.g. a drop in blood pressure, hyperactivity) can be seen following the administration of some drugs, these side effects are mild and transient. Where possible we use drugs at doses that minimise side effects, for both welfare and scientific reasons (to avoid compromising behavioural measurements). However, for some drugs, mild and transient side effects are seen at the lowest doses that have behavioural effects. 
___________________________________________________________________
Why scientifically do the animals need to suffer to this degree?
The study of dysfunctional psychological processing, and the behavioural and neurochemical mechanisms underlying this, depends upon reliable animal models. To understand the interaction between uncontrollably stressful experiences and subsequent dysfunctional (and sometimes compulsive) behaviour important for numerous mental health disorders, we have to use inescapable noxious stimuli to establish the stressful phenotype necessary for our studies, and sometimes use punishment procedures to demonstrate that behaviour persists despite adverse consequences. The research conducted on this protocol will allow us to test novel treatments (both behavioural and pharmacological) for subsequent translation to human research by other research groups, and provide the groundwork for understanding the neural bases of these dysfunctional processes on other protocols. The work on this protocol will also allow us to understand, post mortem, brain differences associated with behavioural differences, which is much less readily investigated in human populations.
___________________________________________________________________
Why can't you achieve your scientific outputs with an earlier humane endpoint, or without animals showing any clinical signs?
We do not expect to observe global clinical signs in the rats, but rather changes in behaviour under specific behavioural task conditions.  
___________________________________________________________________
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.
When administering pharmacological substances we refer in the first instance to the published literature to establish an appropriate dose and route of administration, in order to achieve the desired effects for the model for the minimum level of intervention. All substances are prepared with a focus on maintaining sterility (by e.g. using fresh vehicle, syringe filters) of the solution (except for oral administration, where fresh water is used, as it is for normal husbandry). Wherever possible, solutions are made up fresh on the day of administration.
How will you determine an appropriate dosing regimen?
Include routes, dosage volumes, frequencies, and durations.
We determine an appropriate dosing regimen by reference to the published literature. We will use no more than the volumes and frequencies detailed for the routes below:
	Route
	Max daily volume
	Max number per day
	Max number (total)

	Subcutaneous
	10 ml/kg
	3
	24

	Intraperitoneal
	10 ml/kg
	2
	24

	Oral (gavage)
	20 ml/kg
	2
	24

	Oral (drinking water)
	n/a
	1
	30


Protocol 7
Title
Behavioural tasks measuring maladaptive fear learning with neural manipulations (single surgery)
___________________________________________________________________
Protocol 7: Protocol details
Briefly describe the purposes of this protocol
Ensure that you state any relevant regulatory guidelines.
To assess the causal neural and neurochemical mechanisms that underlie differences in psychological processes that are relevant to mental health disorders, using behavioural procedures that measure these processes.
___________________________________________________________________
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?
100%
___________________________________________________________________
Why are you proposing this severity category?
All rats on this protocol will undergo inescapable shock procedures involving up to 20 inescapable shocks in the animal's lifetime and a surgical procedure with recovery during adulthood.
___________________________________________________________________
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 determine whether vulnerabilities to mood, anxiety and stress-related mental health disorders can be identified before the disorders fully develop
· To characterise psychological, neurobiological and neurochemical mechanisms that underlie mood, anxiety and stress-related mental health disorders in in vivo models
· To develop new forms of treatment (pharmacological, behavioural, or a combination) to ameliorate differences in psychological, neurobiological or neurochemical function
___________________________________________________________________
Protocol 7: Animals used in this protocol
Rats
Which life stages will be used during this protocol?
Select all that apply
· Juvenile
· Adult
· Neonate
___________________________________________________________________
Will any animals coming on to this protocol be classed as ‘continued use’?
‘Continued use’ describes animals that are specifically genetically altered and bred for scientific use or animals that have had procedures applied to them in order to be prepared for use in this protocol.
Yes
___________________________________________________________________
How did these animals start their use?
Describe the procedures that have been applied to animals that will continue their use on to this protocol.
Genetically altered animals (with or without associated wild types) for use in this protocol may be obtained from other project licences with authority to breed and maintain genetically altered animals of that type and to provide them for use on other project licences, and other recognised sources.
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
250
___________________________________________________________________
What is the maximum number of uses of this protocol per animal?
For example, if some animals will go through this protocol three more times after their first use, the number of uses will be four.   If no animals will go through this protocol more than once, enter '1'.  Please only enter numbers, e.g. 40
1
___________________________________________________________________
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?
Transgenic rats, such as TH::CRE rats, may be used for procedures requiring cell-type specific viral expression (e.g. chemogenetics).
Do you expect any of these GAAs to show a harmful phenotype with welfare consequences?
No
Protocol 7: Steps
Step 1: Early life stressors (optional)
Repeated from protocol 2
Describe the procedures that will be carried out during this step.
Explain where one or more steps are repeated in one experiment, list any alternative techniques within a step (e.g. dosing routes), and include all procedures performed under terminal anaesthesia.  When describing the technical aspects of a step, be broad enough to be flexible when the variation does not impact on animal welfare (e.g. use "antibiotic" instead of "penicillin"). Finally, avoid specifying volumes and frequencies when they do not impact on animal welfare.
On multiple occasions: Rats may experience one or both of the following early life stressors:
· Maternal separation, beginning no earlier than postnatal day 3, for typically 6 hours per day and no longer than 8 hours per day, for a maximum of 15 consecutive days (AA).
· Social isolation stress by being housed in individual cages, beginning no earlier than postnatal day 21 and continuing for up to the duration of the experiment (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.
Rats that have undergone maternal separation show a small but significant increase in weight gain at 8 weeks, but no significant reductions in body weight at earlier points following separation. (Although we do not provide additional milk during separation periods, pups compensate for reduced opportunity for feeding by taking more milk between separations.) We have not previously observed pup rejection by the dam when animals are undergoing maternal separation. Rather, we have observed small reductions in responsivity to stimuli predictive of reward, which can be detected by specific behavioural tests. There is a small increase in the plasma corticosterone stress response to novelty, but this appears almost normal by 8 weeks. Animals that have not undergone maternal separation (or maternal separation for shorter periods of time that do not induce the phenotypes of interest) are included as controls. 
Pups are likely to experience anxiety during the maternal separation procedure.
Rats undergoing social isolation stress gain more weight than controls, are more responsive to stimuli predicting reward in specific behavioural tests and can show hyperactivity on specific behavioural tests.
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?
During maternal separation, pups are removed to a temperature-controlled incubator. Pups will not be separated before observation of the milk spot.
Rat weights are monitored at least once per week.
What are the humane endpoints for this step?
This would be the point at which you would kill the animal to prevent further suffering.
There are no additional humane endpoints for this step beyond those detailed in the Animal Experience section. 
Step 2: Food and/or water restriction (optional)
Repeated from protocol 2
Describe the procedures that will be carried out during this step.
Explain where one or more steps are repeated in one experiment, list any alternative techniques within a step (e.g. dosing routes), and include all procedures performed under terminal anaesthesia.  When describing the technical aspects of a step, be broad enough to be flexible when the variation does not impact on animal welfare (e.g. use "antibiotic" instead of "penicillin"). Finally, avoid specifying volumes and frequencies when they do not impact on animal welfare.
On multiple occasions: Rats will be:
· Food restricted, being fed once per day, usually after the completion of the day's behavioural procedures, such that rats maintain body weight within at least 15% of their individual maximum (AA).
· To encourage drinking during specific periods to facilitate the acquisition of subsequent alcohol drinking, water restricted for no more than 22 hours per day (i.e. given ad libitum access to water for at least 2 hours), on no more than two consecutive days (AA).
Rats may undergo both procedures, but not both food- and water-restriction simultaneously. Food restriction is most commonly used, with food rations titrated such that rats do not eat in the few hours prior to behavioural procedures. Food restriction may continue for the duration of behavioural procedures, but typically rats are given larger food rations on days where there is no behavioural testing. Rats may be returned to free feeding if there are extended periods with no behavioural procedures, and returned to food restriction in the few days prior to the resumption of behavioural procedures.
___________________________________________________________________
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.
Rats undergoing food restriction may lose weight.
Rats undergoing water restriction rarely show signs of dehydration with the procedures that we use, as they readily learn to drink during periods when water is available. 
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?
Rats undergoing food restriction have their weights monitored at least three times per week. On the rare occasion that a rat reaches 10% weight loss then it is given immediate access to additional food. 
Rats undergoing water restriction are carefully monitored for signs of dehydration (e.g. skin-tenting) and if these are observed, rats will be given immediate access to water.
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 rat showing rapid weight loss of 15% (over 1-3 days) of its maximal body weight, who does not gain weight promptly (within 1-2 days) after access to additional food, will be humanely killed.
Any rat showing signs of dehydration following water restriction, which are not ameliorated promptly after access to additional water (within 1 hour), will be humanely killed.
Step 3: Cannulations and/or viral transfection (single surgery) (edited) (mandatory)
Repeated from protocol 3
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.
Adult rats will undergo up to all of the following manipulations on a single occasion of surgery:
· Implantation of guide cannulae into specific brain areas, including multiple brain regions, unilaterally or bilaterally, up to a maximum of four cannulae (AB).
· Viral transfection through a cannula of specific brain regions, including multiple brain regions, unilaterally or bilaterally (AB).
· Intracranial injection of a toxin that targets cells virally expressing a specific, non-endogenous marker, such as lacZ (AB).
· Implantation of electrodes into specific brain regions, including multiple brain regions, unilaterally or bilaterally (AB).
· Implantation of an indwelling fibre-optic cable for recording via optical stimulation of virally-expressed fluorescent biosensors, including multiple brain regions, unilaterally or bilaterally (AB).
These manipulations may occur before or after behavioural procedures.
___________________________________________________________________
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.
General: Rarely, rats may experience complications from anaesthesia and die under anaesthetic or during the recovery period. 
Implantation of guide cannulae, fibre implants and/or electrodes: In a small percentage of animals (1-5%), the 'headcap' attaching the implant to the skull of the rat can become loose and may be accidentally removed by the animal. Uncommonly, rats may show neurological signs indicative of brain damage (e.g. paralysis).
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?
General: Directly following surgery rats will be placed in a warming chamber for recovery and monitored frequently (every 30-60 minutes) until overt signs of anaesthesia (subdued behaviour, intermittent hunching, intermittent vocalisation, abnormal breathing) have subsided. Once normal behaviour has returned (expected within 2-4 hours), rats will be returned to their home cage. Rats will be given pre-, peri- and post-operative (for at least 3 days) analgesia.
Implantation of guide cannulae, fibre implants and/or electrodes: If the headcap has been removed and the rat is not in distress, shows no clinical signs of ill health and no longer requires the implant (i.e. it has completed the stage of the experiment for which this is required) then, following consultation with the NVS, the animal may be allowed to continue in the experiment so long as the risk of developing an infection is deemed minimal. If the implant is still required for the experiment, then the animal will be culled.
What are the humane endpoints for this step?
This would be the point at which you would kill the animal to prevent further suffering.
Implantation of guide cannulae, fibre implants and/or electrodes: Rats will be humanely killed if an implant is lost and the rat appears to be in distress, showing clinical signs of ill-health or appears at risk of developing an infection.
Step 4: Trauma induction and behavioural procedures (mandatory)
Repeated from protocol 6
Describe the procedures that will be carried out during this step.
Explain where one or more steps are repeated in one experiment, list any alternative techniques within a step (e.g. dosing routes), and include all procedures performed under terminal anaesthesia.  When describing the technical aspects of a step, be broad enough to be flexible when the variation does not impact on animal welfare (e.g. use "antibiotic" instead of "penicillin"). Finally, avoid specifying volumes and frequencies when they do not impact on animal welfare.
On a single or multiple occasions: Rats will undergo behavioural procedures involving inescapable electric footshock of not greater than 1 mA for 1 second or 0.5 mA for 2 seconds (with no more than 20 inescapable exposures in the animal's lifetime, which may occur over more than one session). 
Rats may also undergo one or more other behavioural procedures, which may be appetitively motivated (including exposure to oral self-administration of alcohol) and/or involve exposure to escapable aversive stimuli (e.g. escapable electric shock). Other behavioural tests that have no adverse impact on animal welfare may be used or developed. A small number of control animals, required to be naive for comparison, may not undergo behavioural procedures, or may undergo behavioural procedures comparable to experimental animals but without exposure to footshock (AA).
___________________________________________________________________
Is this step optional?
No
___________________________________________________________________
Do you expect this step to have adverse effects for the animals that are more than mild and transient?
Do not list uncommon or unlikely adverse effects, or effects from procedures that will cause no more than transient discomfort and no lasting harm. For example, an intravenous injection of a small volume of an innocuous substance.
Yes
___________________________________________________________________
What are the likely adverse effects of this step?
State the expected adverse effect, including the likely incidence, and the anticipated degree and duration of suffering.
Inescapable exposure to noxious stimuli
Although stressful for the animals, inescapable electric shock yields very rapid learning and consequently the low shock intensities and short durations of shock used mean that tissue damage is never seen. The extent of shock training may lead to an increased propensity to undergo fear learning in other behavioural contexts, but we have not observed any changes in behaviour outside of the conditioning chambers (e.g. no changes in interactions with cage mates are observed).
Escapable exposure to noxious stimuli
Animals may be exposed to aversive stimuli to punish specific behaviours. Although stressful for the animals, electric shock yields very rapid learning and consequently the low shock intensities and short durations of shock used mean that tissue damage is never seen. Animals also do not show changes in behaviour outside of the specific conditioning context (e.g. no changes in interactions with cage mates are observed). Animals are able to reduce the number of shocks experienced by either making an avoidance response, or by inhibiting a particular behaviour; both of which are learned readily by the majority of animals.
How will you monitor for, control, and limit any of these adverse effects?
If adverse effects can't be prevented, how will you attempt to ameliorate their initial signs?
Rats will be observed in the home cage following shock conditioning, and any rat showing any deviation from normal behaviour (e.g. reduced interaction with cage mates) for more than 24 hours will be humanely killed.
What are the humane endpoints for this step?
This would be the point at which you would kill the animal to prevent further suffering.
Rats will be killed if there is any deviation from normal behaviour outside the behavioural testing contexts.
Step 5: Drug administration (systemic and central) (optional)
Repeated from protocol 3
Describe the procedures that will be carried out during this step.
Explain where one or more steps are repeated in one experiment, list any alternative techniques within a step (e.g. dosing routes), and include all procedures performed under terminal anaesthesia.  When describing the technical aspects of a step, be broad enough to be flexible when the variation does not impact on animal welfare (e.g. use "antibiotic" instead of "penicillin"). Finally, avoid specifying volumes and frequencies when they do not impact on animal welfare.
On multiple occasions: Rats will receive systemic administration of substances that modulate neuronal or glial function, or appropriate vehicle solutions, by one or a combination of the following routes:
· Subcutaneous injection (AA).
· Intraperitoneal injection (AA).
· Oral, including in the drinking water (AA).
· Oral gavage (AA).
· Intracerebroventricular, through previously implanted guide cannulae (AA).
· Intracerebral, through previously implanted guide cannulae (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.
Sometimes transient side effects (e.g. hyperactivity, reduced blood pressure) are observed but these do not cause any distress or any lasting harm. 
Uncommonly, intracerebral administration of substances can produce seizures. 
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?
Rats will be monitored by the experimenter during the period after acute dosing, for as long as transient side effects are known to occur or until home cage behaviour appears to have returned to normal (typically within 6 hours).
Any animal that has undergone a seizure will be closely monitored by the experimenter and the seizure recorded on the cage card and noted as a health concern on our electronic records.
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 normal home cage behaviour has not returned within 6 hours of drug administration, animals will be humanely killed.
Any animal that undergoes two observed seizures will be humanely killed, even if it does not display the clinical signs listed under the ‘General Humane Endpoints’ section.
Step 6: Alcohol withdrawal (edited) (optional)
Repeated from protocol 3
Describe the procedures that will be carried out during this step.
Explain where one or more steps are repeated in one experiment, list any alternative techniques within a step (e.g. dosing routes), and include all procedures performed under terminal anaesthesia.  When describing the technical aspects of a step, be broad enough to be flexible when the variation does not impact on animal welfare (e.g. use "antibiotic" instead of "penicillin"). Finally, avoid specifying volumes and frequencies when they do not impact on animal welfare.
On multiple occasions: Rats that have self-administered alcohol in Step 4 will undergo withdrawal from alcohol by removal of access to alcohol (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.
No
___________________________________________________________________
Step 7: Fibre photometry (edited) (optional)
Repeated from protocol 4
Describe the procedures that will be carried out during this step.
Explain where one or more steps are repeated in one experiment, list any alternative techniques within a step (e.g. dosing routes), and include all procedures performed under terminal anaesthesia.  When describing the technical aspects of a step, be broad enough to be flexible when the variation does not impact on animal welfare (e.g. use "antibiotic" instead of "penicillin"). Finally, avoid specifying volumes and frequencies when they do not impact on animal welfare.
On multiple occasions: Rats will undergo optical stimulation and/or recording through insertion of a fibre optic cable into previously implanted guide cannulae or fibre optic implant (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.
No
___________________________________________________________________
Step 8: Blood sampling (optional)
Repeated from protocol 2
Describe the procedures that will be carried out during this step.
Explain where one or more steps are repeated in one experiment, list any alternative techniques within a step (e.g. dosing routes), and include all procedures performed under terminal anaesthesia.  When describing the technical aspects of a step, be broad enough to be flexible when the variation does not impact on animal welfare (e.g. use "antibiotic" instead of "penicillin"). Finally, avoid specifying volumes and frequencies when they do not impact on animal welfare.
On multiple occasions: Blood samples will be taken from a superficial vessel, of no more than 10% total blood volume in 24 hours or 15% total blood volume in any 28-day period (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: Terminal sampling/labelling (optional)
Repeated from protocol 2
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.
Rats will undergo up to all of the following:
· Removal of cerebrospinal fluid (AC).
· Removal of blood (AC).
· Intravenous administration of substances to label neuronal, glial or immune cells (AC).
___________________________________________________________________
Is this step optional?
Yes
___________________________________________________________________
Do you expect this step to have adverse effects for the animals that are more than mild and transient?
Do not list uncommon or unlikely adverse effects, or effects from procedures that will cause no more than transient discomfort and no lasting harm. For example, an intravenous injection of a small volume of an innocuous substance.
No
___________________________________________________________________
Step 10: Killing (mandatory)
Repeated from protocol 2
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.
Rats will be killed by one of the following methods:
· A Schedule 1 method.
· Perfusion-fixation (AC). 
· Decapitation (AA/AC).
___________________________________________________________________
Is this step optional?
No
___________________________________________________________________
Do you expect this step to have adverse effects for the animals that are more than mild and transient?
Do not list uncommon or unlikely adverse effects, or effects from procedures that will cause no more than transient discomfort and no lasting harm. For example, an intravenous injection of a small volume of an innocuous substance.
No
___________________________________________________________________
Protocol 7: Fate of animals
What will happen to animals at the end of this protocol?
Select all that apply. These options are based on what you selected in the non-technical summary.
· Killed
Will you be using non-schedule 1 killing methods on a conscious animal?
Yes
For each non-schedule 1 method, explain why this is necessary.
Decapitation in conscious rats is only used when brains are collected for subsequent analysis of mRNA expression, which changes rapidly under anaesthesia and would compromise our scientific objectives.
___________________________________________________________________
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.
Typical experimental progression example:
e.g. Determining whether prior 'trauma' exposure changes the extent of re-exposure necessary to engage different memory processes in specific brain regions
Rats will be purchased from a commercial breeder and habituated to the animal facility for at least 7 days before procedures commence. Rats will be socially housed with appropriate levels of enrichment (e.g. chew blocks, nesting material) except during the period immediately after surgery. Rats will undergo a single surgical procedure in which they are implanted with guide cannulae for subsequent administration of a pharmacological agent to the brain. Following at least 7 days of recovery, rats will undergo habituation to the infusion procedure (e.g. through insertion of injectors into the guide cannulae, with or without a phosphate buffered saline infusion). Experimental rats are exposed to inescapable footshock (13-15 shocks, 0.5mA, 0.5s) in a distinct context (Context A) to simulate trauma exposure. Control rats may be exposed to Context A in the absence of shock. Subsequently, rats undergo cued pavlovian fear conditioning involving 2 inescapable footshocks (0.5mA, 0.5s) that co-terminate with a neutral auditory stimulus (80dB, 60s) in Context B. 24 hours later, rats receive an intracerebral infusion of a pharmacological agent predicted to cause amnesia (or appropriate control solution) and are re-exposed to Context B for a variable number of auditory stimulus presentations (in the absence of footshock), aiming to induce different memory processes. 24 hours later, rats are returned to Context B for a memory retention test. Rats may receive more than one memory retention test. At the end of the experiment, rats will be terminally anaesthetised and undergo perfusion-fixation so that the location of the cannulae can be verifed post-mortem. 
Maximal experimental progression example:
e.g. Determining, in rats that have undergone early life stress and a second adulthood stressor, the neural activity correlates of reinforcement learning for alcohol
Rats will be born to pregnant dams housed in house and will have experienced maternal separation stress (or control conditions) between PND3-18. At adulthood, rats will be socially isolated. Around PND56, rats will undergo 'light' food restriction, being fed the maximum amount of food possible without having leftover food present before the next day's behavioural procedures. Rat weights will be monitored three times per week. Rats will undergo behavioural procedures aiming to characterise appetitive learning processes and characteristics (e.g. the sucrose preference test to measure anhedonia, probabilistic reversal learning to measure cognitive flexibility). Rats will then be prepared for alcohol self-administration through intermittent (3 days/week) exposure to alcohol and water in the home cage for 4 weeks. For the first two days, rats will be once again given access to free food, but will undergo two days of restricted access to water (2 hours per day). Once rats are removed from water restriction, they will return to 'light' food restriction, as before. Rats will be trained on an instrumental alcohol self-administration task for 2-8 weeks. Sublingual blood samples will be taken under anaesthesia after one behavioural session early in training (week 1), the middle of training (week 4) and late in training (week 8) for assessment of blood alcohol levels. When alcohol is not available, rats may experience withdrawal depending on how much alcohol they have consumed. Once behaviour has stabilised, rats will undergo a single surgery in which they undergo implantation of electrodes into specific brain regions bilaterally for subsequent neuronal recordings. Following at least 7 days of recovery, rats will be rebaselined on alcohol self-administration and recordings of neural activity made through the previously implanted electrodes. Rats will have the implant connected to a wire (i.e. they will be tethered) during neuronal recording, but the tether is attached to a counterbalanced swivel that allows a wide range of free movement within the operant chamber. Following this, some rats will undergo a second stressor involving exposure to 13-15 unsignalled inescapable footshocks (0.5mA, 0.5s) in a distinct context. Control rats will receive only context exposure without footshocks. Blood sampling via the lateral tail vein will occur after the stress session for experimental and control rats. Rats will subsequently be retested on the same battery of behavioural tasks as previously, including alcohol self-administration, with neuronal recordings conducted during alcohol self-administration. At the end of the experiment, rats will be terminally anaesthetised and undergo terminal stimulation to mark the electrode locations before perfusion-fixation. 
___________________________________________________________________
Describe the general humane endpoints that you will apply during the protocol.
These will be in addition to the endpoints stated for each step.
Rats will be humanely killed if they show two or more of the following clinical signs for more than 24 hours, unless their data are not only deemed vital to the experimental objects and also unless these clinical signs can be remedied promptly and successfully using no more than minor interventions, under the guidance of the NVS where appropriate: 
· partial piloerection
· subdued behaviour
· interruptions in peer activity
· intermittent hunching
· vocalisation when provoked
· some oculonasal discharge
· reduced grooming
· intermittent abnormal breathing
· intermittent tremors
· intermittent convulsions
· transient prostration.
Endpoints will be determined by reference to a scoring system, similar to that proposed by the FELASA/ECLAM/ESLAV Working Group (Smith et al., 2018). If these clinical signs are remedied promptly and successfully, then rats will return to the experiment, subject to the agreement of the NVS.
The Lister-Hooded strain of rat used for the majority of our experiments has been documented as having spontaneous audiogenic seizures. This happens very infrequently and sporadically, and tends to be batch-specific. Animals are monitored and where they are observed to have seized on more than two occasions they will be humanely killed.
___________________________________________________________________
Protocol 7: Experimental design
What outputs are expected to arise from this protocol?
For example, test results, phenotypic information, or products.
Experiments on this protocol will generate data measuring performance on specific behavioural tasks in animals exposed to inescapable stressors, in different conditions (e.g. drug vs. vehicle). Comparisons are often made within-subjects (e.g. drug-administered vs. drug-free) and can also be made between-subjects. Brain tissue will be collected at the end of the experiment so that the surgical manipulations can be histologically verified. Brain tissue may also be used to generate data on individual differences in the brains of individual animals (e.g. mRNA or protein expression), which can be associated with their prior behavioural performance.
___________________________________________________________________
Will this protocol generate quantitative data?
Yes
___________________________________________________________________
Will your experimental design be determined by a regulatory guideline?
No
Where relevant, explain how and when pilot studies will be used.
Pilot studies are used when we cannot refer to the previous literature for effect sizes, which are necessary for determining appropriate sample sizes for larger experiments. 
How will you choose different experimental groups?
For example, controls, dose levels, satellites etc.
To test our key hypotheses, we refer to the literature and our prior experience in the design of the manipulations (e.g. drug doses and timings). Where we are interested in psychological processes that may be predictive of developing mental health disorders, we design the experiments to pre-screen for these phenotypes. Control experiments are designed to mirror as closely as possible the experience of the experimental group, besides the manipulation of interest.
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.
Where we use between-subjects or mixed designs, we ensure that the control groups have as similar an experience as possible to the experimental group, besides the key manipulation of interest.
Where rats have been pre-screened for specific psychological phenotypes, rats that are not in the key group of interest are used as controls, experiencing the same as the experimental groups. This allows us to determine the differences in responding of the different phenotypes.
Where we use within-subjects measures (e.g. Latin Square designs) to capitalise on individual variability in behaviour, we ensure that we counterbalance the order of drug doses so that this factor can be considered in our statistical models. 
How will experiments and data analysis be randomised and blinded?
Where possible, rats are randomly assigned to experimental groups. Pseudorandomisation may be used if pre-manipulation behaviour needs to be equivalent between experimental groups (i.e. rats are pseudorandomly assigned to groups such that there are no statistical differences in behaviour between groups prior to any manipulations). Where rats are pre-screened for a specific behavioural phenotype (e.g. sign-tracking), rats are randomly allocated to experimental groups within a phenotype. 
Blinding of treatment groups is not always possible, but most of our behavioural data are collected automatically by computer, minimising the risk of bias. When manual quantification is necessary (e.g. for post mortem measures) then this quantification occurs without access to the group assignment for individual animals until quantification is complete.
How will you minimise variables to ensure reproducibility?
In additional to rigorous experimental design:
· Rats are habituated extensively to handling and to experimental procedures (e.g. injections) to reduce any stress associated with these.
· We standardise 'in-house' procedures for surgery, and for measurement and quantification of behaviour where automated measures are not possible.
· We control for starting age, starting weight, sex and home cage environment in addition to behavioural measures to ensure comparability between experimental groups.
· Each experimenter notes in detailed lab books any observations that may impact on behaviour.
We have extensive experience in designing behavioural neuroscience experiments and our experimental designs are in accordance with the PREPARE guidelines. 
How will you determine group sizes?
You should reference POWER calculations you have made, if relevant.
Where possible, we draw on our 20+ years of experience with comparable procedures to determine expected effect sizes and variability, allowing us to perform power analyses (e.g. with G*Power software). We also determine effect sizes by reference to the previous literature, and where neither of these are possible pilot studies are conducted.
How will you maximise the data output from the animals you use on this protocol?
Since 2017, wherever possible, we have published datasets associated with our journal articles on the institutional repository at the point of manuscript acceptance. This allows other researchers to have free access to the data. We also publish both positive and negative findings, when negative findings can be shown to be reliable.
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?
Using well-validated behavioural procedures, we are able to test the causal brain mechanisms that underlie individual differences in psychological processing. The use of pharmacological manipulations and viral approaches (including chemogenetics and cell-specific inactivations) allows us to test the necessity of specific brain regions for these psychological processes, with manipulations conducted in different sites on different sides of the brain (a 'disconnection' approach) allowing us to test the necessity of underlying neural circuits and specific cell types. 
___________________________________________________________________
b) the most refined for the purpose?
The use of inescapable footshocks is necessary to model the uncontrollable stress that is critical for the development of  mood, anxiety and stress-related mental health disorders. Footshock intensity, frequency and duration can also be tightly controlled by the experimenter in a parametric manner, unlike other inescapable stress procedures such as predator scent exposure. Noise or airpuff stimuli as potential alternative inescapable stressors evoke startle responses and rely upon distinct neural mechanisms. We have refined our inescapable shock procedures and have published these data, and we always use the minimum number of exposures to inescapable aversive stimuli to achieve our experimental objectives. However, to model the traumatic events that lead to PTSD, up to 15 shocks in a single session is required. We have shown in our previous refinement work (Van Assche et al., 2022, Lab Animal) that there is a trade-off in the number of shocks administered and the number of animals required for sufficient power to conduct our studies. Using our refined protocol, we found that with 13-15 x 0.5s, 0.5mA shocks ~50% of the population would show the PTSD-like phenotype, whereas with 9 shocks of the same magnitude only ~21% of the population showed the phenotype. We have therefore chosen the degree of shock to allow us to sample approximately evenly from the PTSD-susceptible and PTSD-resilient populations.  
The other behavioural procedures used on this protocol are appetitively motivated or capitalise on naturalistic behaviour (e.g. novelty preference). Although rats are often food-restricted to motivate responding for rewards, this food restriction is not done with the intention of weight loss, but rather to avoid postprandial sleepiness interfering with behavioural performance. Similarly, where water restriction is used this is to encourage animals to sample liquids provided in the home cage (e.g. sweetened alcohol) rather than to cause dehydration. Once rats have sampled these solutions (within two occasions of exposure) they will typically drink them voluntarily without any further need for water restriction.
The inclusion of punishment procedures often involves the administration of electric shocks, but these shocks are escapable. The magnitude (less than or equal to 1mA) and duration (less than or equal to 2 seconds, typically 0.5s) of shocks is kept to a minimum for both welfare and scientific reasons (i.e. to avoid non-specific suppression of behaviour). In 20+ years of experience using electric shocks with these parameters, we have never observed tissue damage or any changes in behaviour beyond the specific behavioural test of interest. 
The surgical interventions on this protocol will be conducted with pre-, peri- and post-operative analgesia and increased monitoring during the post-operative period. Over the past 5 years, we have refined our surgical implant procedures to increase the durability of the head implants, and we share best practice on surgical techniques to continuously refine our procedures. 
___________________________________________________________________
For each model and/or method, what is the scientific need for the expected clinical signs?
For the majority of procedures, clinical signs are not expected on this protocol. Although transient side effects (e.g. a drop in blood pressure, hyperactivity) can be seen following the administration of some drugs, these side effects are mild and transient. Where possible we use drugs at doses that minimise side effects, for both welfare and scientific reasons (to avoid compromising behavioural measurements). However, for some drugs, mild and transient side effects are seen at the lowest doses that have behavioural effects. 
___________________________________________________________________
Why scientifically do the animals need to suffer to this degree?
The study of dysfunctional psychological processing, and the behavioural and neurochemical mechanisms underlying this, depends upon reliable animal models. To understand the interaction between uncontrollably stressful experiences and subsequent dysfunctional (and sometimes compulsive) behaviour important for numerous mental health disorders, we have to use inescapable noxious stimuli to establish the stressful phenotype necessary for our studies, and sometimes also need to use punishment procedures to demonstrate that behaviour persists despite adverse consequences. The research conducted on this protocol will allow us to test novel treatments (both behavioural and pharmacological) for subsequent translation to human research by other research groups, and provide insight into the neural and neurochemical bases of differences in psychological processing relevant to mental health disorders. Furthermore, the intracerebral administration of drugs to specific brain regions will also allow us to understand the neural substrates on which systemically administered treatments act. 
___________________________________________________________________
Why can't you achieve your scientific outputs with an earlier humane endpoint, or without animals showing any clinical signs?
We do not expect to observe global clinical signs in the rats, but rather changes in behaviour under specific behavioural task conditions. Where clinical signs (e.g. post-operative weight loss) are observed, we strive to rapidly ameliorate these through minor interventions, and where rats are not responsive to these interventions they are humanely killed. 
___________________________________________________________________
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.
When administering pharmacological substances we refer in the first instance to the published literature to establish an appropriate dose and route of administration, in order to achieve the desired effects for the model for the minimum level of intervention. All substances are prepared with a focus on maintaining sterility (by e.g. using fresh vehicle, syringe filters) of the solution (except for oral administration, where fresh water is used, as it is for normal husbandry). Wherever possible, solutions are made up fresh on the day of administration.
How will you determine an appropriate dosing regimen?
Include routes, dosage volumes, frequencies, and durations.
We determine an appropriate dosing regimen by reference to the published literature. We will use no more than the volumes and frequencies detailed for the routes below:
	Route
	Max daily volume
	Max number per day (< 7 days)
	Max number per day (> 7 days) 
	Max number (total)

	Subcutaneous
	10 ml/kg
	3
	2
	24

	Intraperitoneal
	10 ml/kg
	2
	1
	24

	Oral (drinking water)
	n/a
	1
	1
	30

	Oral (gavage)
	20 ml/kg
	2
	1
	24

	Intracerebroventricular
	5 microlitres per site
	1
	1
	24

	Intracerebral
	20 microlitres per site
	2
	1
	24


Protocol 8
Title
Behavioural tasks measuring maladaptive fear learning with neural manipulations (multiple surgeries)
___________________________________________________________________
Protocol 8: Protocol details
Briefly describe the purposes of this protocol
Ensure that you state any relevant regulatory guidelines.
To assess the causal, cell type-specific, neural and neurochemical mechanisms that underlie differences in psychological processes that are relevant to mental health disorders, using behavioural procedures that measure these processes. 
___________________________________________________________________
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?
100%
___________________________________________________________________
Why are you proposing this severity category?
All animals on this protocol will undergo inescapable shock procedures involving up to 20 inescapable shocks in the animal’s lifetime and multiple surgical procedures with recovery during adulthood.
___________________________________________________________________
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 determine whether vulnerabilities to mood, anxiety and stress-related mental health disorders can be identified before the disorders fully develop
· To characterise psychological, neurobiological and neurochemical mechanisms that underlie mood, anxiety and stress-related mental health disorders in in vivo models
· To develop new forms of treatment (pharmacological, behavioural, or a combination) to ameliorate differences in psychological, neurobiological or neurochemical function
___________________________________________________________________
Protocol 8: Animals used in this protocol
Rats
Which life stages will be used during this protocol?
Select all that apply
· Neonate
· Juvenile
· Adult
___________________________________________________________________
Will any animals coming on to this protocol be classed as ‘continued use’?
‘Continued use’ describes animals that are specifically genetically altered and bred for scientific use or animals that have had procedures applied to them in order to be prepared for use in this protocol.
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 (with or without associated wild types) for use in this protocol may be obtained from other project licences with authority to breed and maintain genetically altered animals of that type and to provide them for use on other project licences, and other recognised sources.
Will you be re-using animals on to this protocol?
‘Re-use’ describes using animals again for a new experiment when you could equally use a naïve animal to get the same results.
No
___________________________________________________________________
What is the maximum number of animals that will be used on this protocol?
Please only enter numbers, e.g. 40
150
___________________________________________________________________
What is the maximum number of uses of this protocol per animal?
For example, if some animals will go through this protocol three more times after their first use, the number of uses will be four.   If no animals will go through this protocol more than once, enter '1'.  Please only enter numbers, e.g. 40
1
___________________________________________________________________
Protocol 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?
Transgenic rats, such as TH::CRE rats, may be used for procedures requiring cell-type specific viral expression (e.g. fibre photometry, chemogenetics).
Do you expect any of these GAAs to show a harmful phenotype with welfare consequences?
No
Protocol 8: Steps
Step 1: Early life stressors (optional)
Repeated from protocol 2
Describe the procedures that will be carried out during this step.
Explain where one or more steps are repeated in one experiment, list any alternative techniques within a step (e.g. dosing routes), and include all procedures performed under terminal anaesthesia.  When describing the technical aspects of a step, be broad enough to be flexible when the variation does not impact on animal welfare (e.g. use "antibiotic" instead of "penicillin"). Finally, avoid specifying volumes and frequencies when they do not impact on animal welfare.
On multiple occasions: Rats may experience one or both of the following early life stressors:
· Maternal separation, beginning no earlier than postnatal day 3, for typically 6 hours per day and no longer than 8 hours per day, for a maximum of 15 consecutive days (AA).
· Social isolation stress by being housed in individual cages, beginning no earlier than postnatal day 21 and continuing for up to the duration of the experiment (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.
Rats that have undergone maternal separation show a small but significant increase in weight gain at 8 weeks, but no significant reductions in body weight at earlier points following separation. (Although we do not provide additional milk during separation periods, pups compensate for reduced opportunity for feeding by taking more milk between separations.) We have not previously observed pup rejection by the dam when animals are undergoing maternal separation. Rather, we have observed small reductions in responsivity to stimuli predictive of reward, which can be detected by specific behavioural tests. There is a small increase in the plasma corticosterone stress response to novelty, but this appears almost normal by 8 weeks. Animals that have not undergone maternal separation (or maternal separation for shorter periods of time that do not induce the phenotypes of interest) are included as controls. 
Pups are likely to experience anxiety during the maternal separation procedure.
Rats undergoing social isolation stress gain more weight than controls, are more responsive to stimuli predicting reward in specific behavioural tests and can show hyperactivity on specific behavioural tests.
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?
During maternal separation, pups are removed to a temperature-controlled incubator. Pups will not be separated before observation of the milk spot.
Rat weights are monitored at least once per week.
What are the humane endpoints for this step?
This would be the point at which you would kill the animal to prevent further suffering.
There are no additional humane endpoints for this step beyond those detailed in the Animal Experience section. 
Step 2: Food and/or water restriction (optional)
Repeated from protocol 2
Describe the procedures that will be carried out during this step.
Explain where one or more steps are repeated in one experiment, list any alternative techniques within a step (e.g. dosing routes), and include all procedures performed under terminal anaesthesia.  When describing the technical aspects of a step, be broad enough to be flexible when the variation does not impact on animal welfare (e.g. use "antibiotic" instead of "penicillin"). Finally, avoid specifying volumes and frequencies when they do not impact on animal welfare.
On multiple occasions: Rats will be:
· Food restricted, being fed once per day, usually after the completion of the day's behavioural procedures, such that rats maintain body weight within at least 15% of their individual maximum (AA).
· To encourage drinking during specific periods to facilitate the acquisition of subsequent alcohol drinking, water restricted for no more than 22 hours per day (i.e. given ad libitum access to water for at least 2 hours), on no more than two consecutive days (AA).
Rats may undergo both procedures, but not both food- and water-restriction simultaneously. Food restriction is most commonly used, with food rations titrated such that rats do not eat in the few hours prior to behavioural procedures. Food restriction may continue for the duration of behavioural procedures, but typically rats are given larger food rations on days where there is no behavioural testing. Rats may be returned to free feeding if there are extended periods with no behavioural procedures, and returned to food restriction in the few days prior to the resumption of behavioural procedures.
___________________________________________________________________
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.
Rats undergoing food restriction may lose weight.
Rats undergoing water restriction rarely show signs of dehydration with the procedures that we use, as they readily learn to drink during periods when water is available. 
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?
Rats undergoing food restriction have their weights monitored at least three times per week. On the rare occasion that a rat reaches 10% weight loss then it is given immediate access to additional food. 
Rats undergoing water restriction are carefully monitored for signs of dehydration (e.g. skin-tenting) and if these are observed, rats will be given immediate access to water.
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 rat showing rapid weight loss of 15% (over 1-3 days) of its maximal body weight, who does not gain weight promptly (within 1-2 days) after access to additional food, will be humanely killed.
Any rat showing signs of dehydration following water restriction, which are not ameliorated promptly after access to additional water (within 1 hour), will be humanely killed.
Step 3: Neural manipulations requiring more than one surgery (edited) (mandatory)
Repeated from protocol 4
Describe the procedures that will be carried out during this step.
Explain where one or more steps are repeated in one experiment, list any alternative techniques within a step (e.g. dosing routes), and include all procedures performed under terminal anaesthesia.  When describing the technical aspects of a step, be broad enough to be flexible when the variation does not impact on animal welfare (e.g. use "antibiotic" instead of "penicillin"). Finally, avoid specifying volumes and frequencies when they do not impact on animal welfare.
On multiple occasions: Adult rats will undergo up to all of the following manipulations on the same or separate occasions of surgery, but on no more than three separate occasions of surgery, with a minimum of 72 hours from the previous anaesthetic:
· Implantation of guide cannulae into specific brain areas, including multiple brain regions, unilaterally or bilaterally, up to a maximum of four cannulae (AB).
· Viral transfection through a cannula of specific brain regions, including multiple brain regions, unilaterally or bilaterally (AB).
· Intracranial injection of a toxin that targets cells virally expressing a specific, non-endogenous marker, such as lacZ (AB).
· Implantation of an indwelling fibre-optic cable for recording via optical stimulation of virally-expressed fluorescent biosensors, including multiple brain regions, unilaterally or bilaterally (AB).
These manipulations may occur before or after behavioural procedures.
___________________________________________________________________
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.
General: Rarely, rats may experience complications from anaesthesia and die under anaesthetic or during the recovery period. 
Implantation of guide cannulae and/or fibre implant: In a small percentage of animals (1-5%), the 'headcap' attaching the implant to the skull of the rat can become loose and may be accidentally removed by the animal. Uncommonly, rats may show neurological signs indicative of brain damage (e.g. paralysis).
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?
General: Directly following surgery rats will be placed in a warming chamber for recovery and monitored frequently (every 30-60 minutes) until overt signs of anaesthesia (subdued behaviour, intermittent hunching, intermittent vocalisation, abnormal breathing) have subsided. Once normal behaviour has returned (expected within 2-4 hours), rats will be returned to their home cage. Rats will be given pre-, peri- and post-operative (for at least 3 days) analgesia.
Implantation of guide cannulae and/or fibre implant: If the headcap has been removed and the rat is not in distress, shows no clinical signs of ill health and no longer requires the implant (i.e. it has completed the stage of the experiment for which this is required) then, following consultation with the NVS, the animal may be allowed to continue in the experiment so long as the risk of developing an infection is deemed minimal. If the implant is still required for the experiment, then the animal will be culled.
What are the humane endpoints for this step?
This would be the point at which you would kill the animal to prevent further suffering.
Implantation of guide cannulae and/or fibre implant: Rats will be humanely killed if an implant is lost and the rat appears to be in distress, showing clinical signs of ill-health or appears at risk of developing an infection.
Step 4: Trauma induction and behavioural procedures (mandatory)
Repeated from protocol 6
Describe the procedures that will be carried out during this step.
Explain where one or more steps are repeated in one experiment, list any alternative techniques within a step (e.g. dosing routes), and include all procedures performed under terminal anaesthesia.  When describing the technical aspects of a step, be broad enough to be flexible when the variation does not impact on animal welfare (e.g. use "antibiotic" instead of "penicillin"). Finally, avoid specifying volumes and frequencies when they do not impact on animal welfare.
On a single or multiple occasions: Rats will undergo behavioural procedures involving inescapable electric footshock of not greater than 1 mA for 1 second or 0.5 mA for 2 seconds (with no more than 20 inescapable exposures in the animal's lifetime, which may occur over more than one session). 
Rats may also undergo one or more other behavioural procedures, which may be appetitively motivated (including exposure to oral self-administration of alcohol) and/or involve exposure to escapable aversive stimuli (e.g. escapable electric shock). Other behavioural tests that have no adverse impact on animal welfare may be used or developed. A small number of control animals, required to be naive for comparison, may not undergo behavioural procedures, or may undergo behavioural procedures comparable to experimental animals but without exposure to footshock (AA).
___________________________________________________________________
Is this step optional?
No
___________________________________________________________________
Do you expect this step to have adverse effects for the animals that are more than mild and transient?
Do not list uncommon or unlikely adverse effects, or effects from procedures that will cause no more than transient discomfort and no lasting harm. For example, an intravenous injection of a small volume of an innocuous substance.
Yes
___________________________________________________________________
What are the likely adverse effects of this step?
State the expected adverse effect, including the likely incidence, and the anticipated degree and duration of suffering.
Inescapable exposure to noxious stimuli
Although stressful for the animals, inescapable electric shock yields very rapid learning and consequently the low shock intensities and short durations of shock used mean that tissue damage is never seen. The extent of shock training may lead to an increased propensity to undergo fear learning in other behavioural contexts, but we have not observed any changes in behaviour outside of the conditioning chambers (e.g. no changes in interactions with cage mates are observed).
Escapable exposure to noxious stimuli
Animals may be exposed to aversive stimuli to punish specific behaviours. Although stressful for the animals, electric shock yields very rapid learning and consequently the low shock intensities and short durations of shock used mean that tissue damage is never seen. Animals also do not show changes in behaviour outside of the specific conditioning context (e.g. no changes in interactions with cage mates are observed). Animals are able to reduce the number of shocks experienced by either making an avoidance response, or by inhibiting a particular behaviour; both of which are learned readily by the majority of animals.
How will you monitor for, control, and limit any of these adverse effects?
If adverse effects can't be prevented, how will you attempt to ameliorate their initial signs?
Rats will be observed in the home cage following shock conditioning, and any rat showing any deviation from normal behaviour (e.g. reduced interaction with cage mates) for more than 24 hours will be humanely killed.
What are the humane endpoints for this step?
This would be the point at which you would kill the animal to prevent further suffering.
Rats will be killed if there is any deviation from normal behaviour outside the behavioural testing contexts.
Step 5: Drug administration (systemic and central) (optional)
Repeated from protocol 3
Describe the procedures that will be carried out during this step.
Explain where one or more steps are repeated in one experiment, list any alternative techniques within a step (e.g. dosing routes), and include all procedures performed under terminal anaesthesia.  When describing the technical aspects of a step, be broad enough to be flexible when the variation does not impact on animal welfare (e.g. use "antibiotic" instead of "penicillin"). Finally, avoid specifying volumes and frequencies when they do not impact on animal welfare.
On multiple occasions: Rats will receive systemic administration of substances that modulate neuronal or glial function, or appropriate vehicle solutions, by one or a combination of the following routes:
· Subcutaneous injection (AA).
· Intraperitoneal injection (AA).
· Oral, including in the drinking water (AA).
· Oral gavage (AA).
· Intracerebroventricular, through previously implanted guide cannulae (AA).
· Intracerebral, through previously implanted guide cannulae (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.
Sometimes transient side effects (e.g. hyperactivity, reduced blood pressure) are observed but these do not cause any distress or any lasting harm. 
Uncommonly, intracerebral administration of substances can produce seizures. 
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?
Rats will be monitored by the experimenter during the period after acute dosing, for as long as transient side effects are known to occur or until home cage behaviour appears to have returned to normal (typically within 6 hours).
Any animal that has undergone a seizure will be closely monitored by the experimenter and the seizure recorded on the cage card and noted as a health concern on our electronic records.
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 normal home cage behaviour has not returned within 6 hours of drug administration, animals will be humanely killed.
Any animal that undergoes two observed seizures will be humanely killed, even if it does not display the clinical signs listed under the ‘General Humane Endpoints’ section.
Step 6: Fibre photometry (edited) (optional)
Repeated from protocol 3
Describe the procedures that will be carried out during this step.
Explain where one or more steps are repeated in one experiment, list any alternative techniques within a step (e.g. dosing routes), and include all procedures performed under terminal anaesthesia.  When describing the technical aspects of a step, be broad enough to be flexible when the variation does not impact on animal welfare (e.g. use "antibiotic" instead of "penicillin"). Finally, avoid specifying volumes and frequencies when they do not impact on animal welfare.
On multiple occasions: Rats will undergo optical stimulation and/or recording through insertion of a fibre optic cable into previously implanted guide cannulae or fibre optic implant (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.
No
___________________________________________________________________
Step 7: Blood sampling (optional)
Repeated from protocol 2
Describe the procedures that will be carried out during this step.
Explain where one or more steps are repeated in one experiment, list any alternative techniques within a step (e.g. dosing routes), and include all procedures performed under terminal anaesthesia.  When describing the technical aspects of a step, be broad enough to be flexible when the variation does not impact on animal welfare (e.g. use "antibiotic" instead of "penicillin"). Finally, avoid specifying volumes and frequencies when they do not impact on animal welfare.
On multiple occasions: Blood samples will be taken from a superficial vessel, of no more than 10% total blood volume in 24 hours or 15% total blood volume in any 28-day period (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 8: Alcohol withdrawal (edited) (optional)
Repeated from protocol 3
Describe the procedures that will be carried out during this step.
Explain where one or more steps are repeated in one experiment, list any alternative techniques within a step (e.g. dosing routes), and include all procedures performed under terminal anaesthesia.  When describing the technical aspects of a step, be broad enough to be flexible when the variation does not impact on animal welfare (e.g. use "antibiotic" instead of "penicillin"). Finally, avoid specifying volumes and frequencies when they do not impact on animal welfare.
On multiple occasions: Rats that have self-administered alcohol in Step 4 will undergo withdrawal from alcohol by removal of access to alcohol (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.
No
___________________________________________________________________
Step 9: Terminal sampling/labelling (optional)
Repeated from protocol 2
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.
Rats will undergo up to all of the following:
· Removal of cerebrospinal fluid (AC).
· Removal of blood (AC).
· Intravenous administration of substances to label neuronal, glial or immune cells (AC).
___________________________________________________________________
Is this step optional?
Yes
___________________________________________________________________
Do you expect this step to have adverse effects for the animals that are more than mild and transient?
Do not list uncommon or unlikely adverse effects, or effects from procedures that will cause no more than transient discomfort and no lasting harm. For example, an intravenous injection of a small volume of an innocuous substance.
No
___________________________________________________________________
Step 10: Killing (mandatory)
Repeated from protocol 2
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.
Rats will be killed by one of the following methods:
· A Schedule 1 method.
· Perfusion-fixation (AC). 
· Decapitation (AA/AC).
___________________________________________________________________
Is this step optional?
No
___________________________________________________________________
Do you expect this step to have adverse effects for the animals that are more than mild and transient?
Do not list uncommon or unlikely adverse effects, or effects from procedures that will cause no more than transient discomfort and no lasting harm. For example, an intravenous injection of a small volume of an innocuous substance.
No
___________________________________________________________________
Protocol 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 in conscious rats is only used when brains are collected for subsequent analysis of mRNA expression, which changes rapidly under anaesthesia and would compromise our scientific objectives.
___________________________________________________________________
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.
Typical experimental progression example:
e.g. Determining the effects of cell-type specific inactivation in specific brain regions on the transition between different memory processes following trauma exposure
Rats will be purchased from a commercial breeder and habituated to the animal facility for at least 7 days before procedures commence. Rats will be socially housed with appropriate levels of enrichment (e.g. chew blocks, nesting material) except during the period immediately after surgery. Rats will undergo a first surgical procedure in which they undergo viral transfection in a specific brain region to express a non-endogenous protein within specific cell types (e.g. the Designer Receptor Exclusively Activated by Designer Drugs, hM2Di). Following 2-3 weeks to allow for viral expression, rats will undergo a second surgical procedure in which guide cannulae are implanted for subsequent administration of the non-endogenous ligand. Following at least 7 days of recovery, rats will undergo habituation to the infusion procedure (e.g. through insertion of injectors into the guide cannulae, with or without a phosphate buffered saline infusion). Experimental rats are exposed to inescapable footshock (13-15 shocks, 0.5mA, 0.5s) in a distinct context (Context A) to simulate trauma exposure. Control rats may be exposed to Context A in the absence of shock. Subsequently, rats undergo cued pavlovian fear conditioning involving 2 inescapable footshocks (0.5mA, 0.5s) that co-terminate with a neutral auditory stimulus (80dB, 60s) in Context B. 24 hours later, rats receive an intracerebral infusion of the non-endogenous ligand and are re-exposed to Context B for a variable number of auditory stimulus presentations (in the absence of footshock), aiming to induce different memory processes. 24 hours later, rats are returned to Context B for a memory retention test. Rats may receive more than one memory retention test. At the end of the experiment, rats will be terminally anaesthetised and undergo perfusion-fixation so that the location of the cannulae can be verified post-mortem. 
Maximal experimental progression example:
e.g. Determining, in rats that have undergone early life stress and a second adulthood stressor, the neural activity correlates of reinforcement learning for alcohol
Rats will be born to pregnant dams housed in house and will have experienced maternal separation stress (or control conditions) between PND3-18. At adulthood, rats will be socially isolated. Around PND56, rats will undergo 'light' food restriction, being fed the maximum amount of food possible without having leftover food present before the next day's behavioural procedures. Rat weights will be monitored three times per week. Rats will undergo behavioural procedures aiming to characterise appetitive learning processes and characteristics (e.g. the sucrose preference test to measure anhedonia, probabilistic reversal learning to measure cognitive flexibility). Rats will then be prepared for alcohol self-administration through intermittent (3 days/week) exposure to alcohol and water in the home cage for 4 weeks. For the first two days, rats will be once again given access to free food, but will undergo two days of restricted access to water (2 hours per day). Once rats are removed from water restriction, they will return to 'light' food restriction, as before. Rats will be trained on an instrumental alcohol self-administration task for 2-8 weeks. Sublingual blood samples will be taken under anaesthesia after one behavioural session early in training (week 1), the middle of training (week 4) and late in training (week 8) for assessment of blood alcohol levels. When alcohol is not available, rats may experience withdrawal depending on how much alcohol they have consumed. Once behaviour has stabilised, rats will undergo a first surgery in which they are transfected with a virus that will allow the expression of an optical activity sensor (e.g. dLight). Following at least 7 days of recovery, rats will be rebaselined on alcohol self-administration while viral expression occurs. Within 2-3 weeks of the first surgery, rats will undergo a second surgery in which they are implanted with guide cannulae to allow insertion of a fibre optic probe during subsequent behavioural sessions. Following at least 7 days of recovery, some rats will undergo a second stressor involving exposure to 13-15 unsignalled inescapable footshocks (0.5mA, 0.5s) in a distinct context. Control rats will receive only context exposure without footshocks. Blood sampling via the lateral tail vein will occur after the stress session for experimental and control rats. Rats will subsequently be retested on the same battery of behavioural tasks as previously, including alcohol self-administration, with fibre photometry recordings conducted during alcohol self-administration. At the end of the experiment, rats will be terminally anaesthetised and undergo perfusion-fixation to allow viral expression to be verified 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.
Rats will be humanely killed if they show two or more of the following clinical signs for more than 24 hours, unless their data are not only deemed vital to the experimental objects and also unless these clinical signs can be remedied promptly and successfully using no more than minor interventions, under the guidance of the NVS where appropriate: 
· partial piloerection
· subdued behaviour
· interruptions in peer activity
· intermittent hunching
· vocalisation when provoked
· some oculonasal discharge
· reduced grooming
· intermittent abnormal breathing
· intermittent tremors
· intermittent convulsions
· transient prostration.
Endpoints will be determined by reference to a scoring system, similar to that proposed by the FELASA/ECLAM/ESLAV Working Group (Smith et al., 2018). If these clinical signs are remedied promptly and successfully, then rats will return to the experiment, subject to the agreement of the NVS.
The Lister-Hooded strain of rat used for the majority of our experiments has been documented as having spontaneous audiogenic seizures. This happens very infrequently and sporadically, and tends to be batch-specific. Animals are monitored and where they are observed to have seized on more than two occasions they will be humanely killed.
___________________________________________________________________
Protocol 8: Experimental design
What outputs are expected to arise from this protocol?
For example, test results, phenotypic information, or products.
Experiments on this protocol will generate data measuring performance on specific behavioural tasks in animals exposed to inescapable stressors, in the context of neural and neurochemical manipulations that allow us to identify the contribution of specific populations of cells to behavioural performance. Comparisons will usually be made between-subjects (e.g. transfection of virus exerting the desired neural effects vs. control virus) but can also be made within-subjects (e.g. before and after neural manipulations, or the effects of different drugs or drug doses on the behaviour of animals that have been prepared surgically).
___________________________________________________________________
Will this protocol generate quantitative data?
Yes
___________________________________________________________________
Will your experimental design be determined by a regulatory guideline?
No
Where relevant, explain how and when pilot studies will be used.
Pilot studies are used when we cannot refer to the previous literature for effect sizes, which are necessary for determining appropriate sample sizes for larger experiments. 
How will you choose different experimental groups?
For example, controls, dose levels, satellites etc.
To test our key hypotheses, we refer to the literature and our prior experience in the design of the manipulations (e.g. drug doses and timings, viral titre). Where we are interested in psychological processes that may be predictive of developing mental health disorders, we design the experiments to pre-screen for these phenotypes. Control experiments are designed to mirror as closely as possible the experience of the experimental group, which may include the administration of 'control' viruses.
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.
Where we use between-subjects or mixed designs, we ensure that the control groups have as similar an experience as possible to the experimental group, besides the key manipulation of interest. This includes the use of viral controls, which induce the expression of only marker proteins (e.g. fluorescent proteins) or inactive viruses. This is to ensure that the procedure of viral transfection itself does not affect the behaviours of interest and, if it does, for this new 'baseline' of performance to be accounted for in the interpretation of the behavioural data. Similarly, some rats may receive the 'active' virus, but not undergo the procedure that activates it (e.g. viral transfection with lacZ to label cells that are active under specific behavioural conditions, but administration of vehicle rather than the prodrug Daun02) so that the effects of viral transfection alone on behaviour can be assessed. 
Where rats have been pre-screened for specific psychological phenotypes, rats that are not in the key group of interest are used as controls, experiencing the same as the experimental groups. This allows us to determine the differences in responding of the different phenotypes.
Where we use within-subjects measures (e.g. Latin Square designs) to capitalise on individual variability in behaviour, we ensure that we counterbalance the order of drug doses so that this factor can be considered in our statistical models. 
How will experiments and data analysis be randomised and blinded?
Where possible rats are randomly assigned to experimental groups. Pseudorandomisation may be used if pre-manipulation behaviour needs to be equivalent between experimental groups (i.e. rats are pseudorandomly assigned to groups such that there are no statistical differences in behaviour between groups prior to any manipulations). Where rats are pre-screened for a specific behavioural phenotype (e.g. sign-tracking), rats are randomly allocated to experimental groups within a phenotype. 
Blinding of treatment groups is not always possible, but most of our behavioural data are collected automatically by computer, minimising the risk of bias. When manual quantification is necessary (e.g. for post mortem measures) then this quantification occurs without access to the group assignment for individual animals until quantification is complete.
How will you minimise variables to ensure reproducibility?
In additional to rigorous experimental design:
· Rats are habituated extensively to handling and to experimental procedures (e.g. injections) to reduce any stress associated with these.
· We standardise 'in-house' procedures for surgery, and for measurement and quantification of behaviour where automated measures are not possible.
· We control for starting age, starting weight, sex and home cage environment in addition to behavioural measures to ensure comparability between experimental groups.
· Each experimenter notes in detailed lab books any observations that may impact on behaviour.
We have extensive experience in designing behavioural neuroscience experiments and our experimental designs are in accordance with the PREPARE guidelines. 
How will you determine group sizes?
You should reference POWER calculations you have made, if relevant.
Where possible, we draw on our 20+ years of experience with comparable procedures to determine expected effect sizes and variability, allowing us to perform power analyses (e.g. with G*Power software). We also determine effect sizes by reference to the previous literature, and where neither of these are possible pilot studies are conducted.
How will you maximise the data output from the animals you use on this protocol?
Since 2017, wherever possible, we have published datasets associated with our journal articles on the institutional repository at the point of manuscript acceptance. This allows other researchers to have free access to the data. We also publish both positive and negative findings, when negative findings can be shown to be reliable.
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?
Using well-validated behavioural procedures, we are able to test both causal, cell-type specific brain mechanisms that underlie individual differences in psychological processing. The use of cell type-specific viral manipulations allows us to measure the causal contribution of defined populations of neurons to behaviour. 
___________________________________________________________________
b) the most refined for the purpose?
The use of inescapable footshocks is necessary to model the uncontrollable stress that is critical for the development of  mood, anxiety and stress-related mental health disorders. Footshock intensity, frequency and duration can also be tightly controlled by the experimenter in a parametric manner, unlike other inescapable stress procedures such as predator scent exposure. Noise or airpuff stimuli as potential alternative inescapable stressors evoke startle responses and rely upon distinct neural mechanisms. We have refined our inescapable shock procedures and have published these data, and we always use the minimum number of exposures to inescapable aversive stimuli to achieve our experimental objectives. However, to model the traumatic events that lead to PTSD, up to 15 shocks in a single session is required. We have shown in our previous refinement work (Van Assche et al., 2022, Lab Animal) that there is a trade-off in the number of shocks administered and the number of animals required for sufficient power to conduct our studies. Using our refined protocol, we found that with 13-15 x 0.5s, 0.5mA shocks ~50% of the population would show the PTSD-like phenotype, whereas with 9 shocks of the same magnitude only ~21% of the population showed the phenotype. We have therefore chosen the degree of shock to allow us to sample approximately evenly from the PTSD-susceptible and PTSD-resilient populations. 
The other behavioural procedures used on this protocol are appetitively motivated or capitalise on naturalistic behaviour (e.g. novelty preference). Although rats are often food-restricted to motivate responding for rewards, this food restriction is not done with the intention of weight loss, but rather to avoid postprandial sleepiness interfering with behavioural performance. Similarly, where water restriction is used this is to encourage animals to sample liquids provided in the home cage (e.g. sweetened alcohol) rather than to cause dehydration. Once rats have sampled these solutions (within two occasions of exposure) they will typically drink them voluntarily without any further need for water restriction.
The inclusion of punishment procedures often involves the administration of electric shocks, but these shocks are escapable. The magnitude (less than or equal to 1mA) and duration (less than or equal to 2 seconds, typically 0.5s) of shocks is kept to a minimum for both welfare and scientific reasons (i.e. to avoid non-specific suppression of behaviour). In 20+ years of experience using electric shocks with these parameters, we have never observed tissue damage or any changes in behaviour beyond the specific behavioural test of interest. 
The surgical interventions on this protocol will be conducted with pre-, peri- and post-operative analgesia and increased monitoring during the post-operative period. Over the past 5 years, we have refined our surgical implant procedures to increase the durability of the head implants, and we share best practice on surgical techniques to continuously refine our procedures. 
___________________________________________________________________
For each model and/or method, what is the scientific need for the expected clinical signs?
For the majority of procedures, clinical signs are not expected on this protocol. Although transient side effects (e.g. a drop in blood pressure, hyperactivity) can be seen following the administration of some drugs, these side effects are mild and transient. Where possible we use drugs at doses that minimise side effects, for both welfare and scientific reasons (to avoid compromising behavioural measurements). However, for some drugs, mild and transient side effects are seen at the lowest doses that have behavioural effects. 
___________________________________________________________________
Why scientifically do the animals need to suffer to this degree?
The study of dysfunctional psychological processing, and the behavioural and neurochemical mechanisms underlying this, depends upon reliable animal models. To understand the interaction between uncontrollably stressful experiences and subsequent dysfunctional (and sometimes compulsive) behaviour important for numerous mental health disorders, we have to use inescapable noxious stimuli to establish the stressful phenotype necessary for our studies, and sometimes also need to use punishment procedures to demonstrate that behaviour persists despite adverse consequences. The research conducted on this protocol, identifying specific neuronal circuits and cell-types involved in dysfunctional psychological processing, will provide further insights into the mechanisms underlying mental health disorders and inform the development of more targeted pharmacological treatments, by other research groups, for use in humans. 
___________________________________________________________________
Why can't you achieve your scientific outputs with an earlier humane endpoint, or without animals showing any clinical signs?
We do not expect to observe global clinical signs in the rats, but rather changes in behaviour under specific behavioural task conditions. Where clinical signs (e.g. post-operative weight loss) are observed, we strive to rapidly ameliorate these through minor interventions, and where rats are not responsive to these interventions they are humanely killed. 
___________________________________________________________________
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.
When administering pharmacological substances we refer in the first instance to the published literature to establish an appropriate dose and route of administration, in order to achieve the desired effects for the model for the minimum level of intervention. All substances are prepared with a focus on maintaining sterility (by e.g. using fresh vehicle, syringe filters) of the solution (except for oral administration, where fresh water is used, as it is for normal husbandry). Wherever possible, solutions are made up fresh on the day of administration.
How will you determine an appropriate dosing regimen?
Include routes, dosage volumes, frequencies, and durations.
We determine an appropriate dosing regimen by reference to the published literature. We will use no more than the volumes and frequencies detailed for the routes below:
	Route
	Max daily volume
	Max number per day (< 7 days)
	Max number per day (> 7 days)
	Max number (total)

	Subcutaneous
	10 ml/kg
	3
	2
	24

	Intraperitoneal
	10 ml/kg
	2
	1
	24

	Oral (gavage)
	20 ml/kg
	2
	1
	24

	Oral (drinking water)
	n/a
	1
	1
	30

	Intracerebroventricular
	5 microlitres per site
	1
	1
	24

	Intracerebral
	20 microlitres per site
	2
	1
	24


Protocol 9
Title
Brain imaging for maladaptive fear learning with behavioural, systemic or central manipulations
___________________________________________________________________
Protocol 9: Protocol details
Briefly describe the purposes of this protocol
Ensure that you state any relevant regulatory guidelines.
To measure differences in brain volume, connectivity and neurochemical concentrations in animals with differences in psychological processes that are relevant to mental health disorders.
___________________________________________________________________
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?
100%
___________________________________________________________________
Why are you proposing this severity category?
All animals on this protocol will undergo inescapable shock procedures involving up to 20 inescapable shocks in the animal’s lifetime and neuroimaging under recovery anaesthesia.
___________________________________________________________________
Locations where this protocol can be carried out
Select all that apply.
· University of Cambridge
___________________________________________________________________
Which of your objectives will this protocol address?
Select all that apply.
· To determine whether vulnerabilities to mood, anxiety and stress-related mental health disorders can be identified before the disorders fully develop
· To characterise psychological, neurobiological and neurochemical mechanisms that underlie mood, anxiety and stress-related mental health disorders in in vivo models
· To develop new forms of treatment (pharmacological, behavioural, or a combination) to ameliorate differences in psychological, neurobiological or neurochemical function
___________________________________________________________________
Protocol 9: Animals used in this protocol
Rats
Which life stages will be used during this protocol?
Select all that apply
· Neonate
· Juvenile
· Adult
___________________________________________________________________
Will any animals coming on to this protocol be classed as ‘continued use’?
‘Continued use’ describes animals that are specifically genetically altered and bred for scientific use or animals that have had procedures applied to them in order to be prepared for use in this protocol.
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 (with or without associated wild types) for use in this protocol may be obtained from other project licences with authority to breed and maintain genetically altered animals of that type and to provide them for use on other project licences, and other recognised sources.
Will you be re-using animals on to this protocol?
‘Re-use’ describes using animals again for a new experiment when you could equally use a naïve animal to get the same results.
No
___________________________________________________________________
What is the maximum number of animals that will be used on this protocol?
Please only enter numbers, e.g. 40
50
___________________________________________________________________
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?
Transgenic rats, such as TH::CRE rats, may be used for procedures requiring cell-type specific viral expression (e.g. fibre photometry, chemogenetics).
Do you expect any of these GAAs to show a harmful phenotype with welfare consequences?
No
Protocol 9: Steps
Step 1: Early life stressors (optional)
Repeated from protocol 2
Describe the procedures that will be carried out during this step.
Explain where one or more steps are repeated in one experiment, list any alternative techniques within a step (e.g. dosing routes), and include all procedures performed under terminal anaesthesia.  When describing the technical aspects of a step, be broad enough to be flexible when the variation does not impact on animal welfare (e.g. use "antibiotic" instead of "penicillin"). Finally, avoid specifying volumes and frequencies when they do not impact on animal welfare.
On multiple occasions: Rats may experience one or both of the following early life stressors:
· Maternal separation, beginning no earlier than postnatal day 3, for typically 6 hours per day and no longer than 8 hours per day, for a maximum of 15 consecutive days (AA).
· Social isolation stress by being housed in individual cages, beginning no earlier than postnatal day 21 and continuing for up to the duration of the experiment (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.
Rats that have undergone maternal separation show a small but significant increase in weight gain at 8 weeks, but no significant reductions in body weight at earlier points following separation. (Although we do not provide additional milk during separation periods, pups compensate for reduced opportunity for feeding by taking more milk between separations.) We have not previously observed pup rejection by the dam when animals are undergoing maternal separation. Rather, we have observed small reductions in responsivity to stimuli predictive of reward, which can be detected by specific behavioural tests. There is a small increase in the plasma corticosterone stress response to novelty, but this appears almost normal by 8 weeks. Animals that have not undergone maternal separation (or maternal separation for shorter periods of time that do not induce the phenotypes of interest) are included as controls. 
Pups are likely to experience anxiety during the maternal separation procedure.
Rats undergoing social isolation stress gain more weight than controls, are more responsive to stimuli predicting reward in specific behavioural tests and can show hyperactivity on specific behavioural tests.
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?
During maternal separation, pups are removed to a temperature-controlled incubator. Pups will not be separated before observation of the milk spot.
Rat weights are monitored at least once per week.
What are the humane endpoints for this step?
This would be the point at which you would kill the animal to prevent further suffering.
There are no additional humane endpoints for this step beyond those detailed in the Animal Experience section. 
Step 2: Food and/or water restriction (optional)
Repeated from protocol 2
Describe the procedures that will be carried out during this step.
Explain where one or more steps are repeated in one experiment, list any alternative techniques within a step (e.g. dosing routes), and include all procedures performed under terminal anaesthesia.  When describing the technical aspects of a step, be broad enough to be flexible when the variation does not impact on animal welfare (e.g. use "antibiotic" instead of "penicillin"). Finally, avoid specifying volumes and frequencies when they do not impact on animal welfare.
On multiple occasions: Rats will be:
· Food restricted, being fed once per day, usually after the completion of the day's behavioural procedures, such that rats maintain body weight within at least 15% of their individual maximum (AA).
· To encourage drinking during specific periods to facilitate the acquisition of subsequent alcohol drinking, water restricted for no more than 22 hours per day (i.e. given ad libitum access to water for at least 2 hours), on no more than two consecutive days (AA).
Rats may undergo both procedures, but not both food- and water-restriction simultaneously. Food restriction is most commonly used, with food rations titrated such that rats do not eat in the few hours prior to behavioural procedures. Food restriction may continue for the duration of behavioural procedures, but typically rats are given larger food rations on days where there is no behavioural testing. Rats may be returned to free feeding if there are extended periods with no behavioural procedures, and returned to food restriction in the few days prior to the resumption of behavioural procedures.
___________________________________________________________________
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.
Rats undergoing food restriction may lose weight.
Rats undergoing water restriction rarely show signs of dehydration with the procedures that we use, as they readily learn to drink during periods when water is available. 
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?
Rats undergoing food restriction have their weights monitored at least three times per week. On the rare occasion that a rat reaches 10% weight loss then it is given immediate access to additional food. 
Rats undergoing water restriction are carefully monitored for signs of dehydration (e.g. skin-tenting) and if these are observed, rats will be given immediate access to water.
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 rat showing rapid weight loss of 15% (over 1-3 days) of its maximal body weight, who does not gain weight promptly (within 1-2 days) after access to additional food, will be humanely killed.
Any rat showing signs of dehydration following water restriction, which are not ameliorated promptly after access to additional water (within 1 hour), will be humanely killed.
Step 3: Trauma induction and behavioural procedures (mandatory)
Repeated from protocol 6
Describe the procedures that will be carried out during this step.
Explain where one or more steps are repeated in one experiment, list any alternative techniques within a step (e.g. dosing routes), and include all procedures performed under terminal anaesthesia.  When describing the technical aspects of a step, be broad enough to be flexible when the variation does not impact on animal welfare (e.g. use "antibiotic" instead of "penicillin"). Finally, avoid specifying volumes and frequencies when they do not impact on animal welfare.
On a single or multiple occasions: Rats will undergo behavioural procedures involving inescapable electric footshock of not greater than 1 mA for 1 second or 0.5 mA for 2 seconds (with no more than 20 inescapable exposures in the animal's lifetime, which may occur over more than one session). 
Rats may also undergo one or more other behavioural procedures, which may be appetitively motivated (including exposure to oral self-administration of alcohol) and/or involve exposure to escapable aversive stimuli (e.g. escapable electric shock). Other behavioural tests that have no adverse impact on animal welfare may be used or developed. A small number of control animals, required to be naive for comparison, may not undergo behavioural procedures, or may undergo behavioural procedures comparable to experimental animals but without exposure to footshock (AA).
___________________________________________________________________
Is this step optional?
No
___________________________________________________________________
Do you expect this step to have adverse effects for the animals that are more than mild and transient?
Do not list uncommon or unlikely adverse effects, or effects from procedures that will cause no more than transient discomfort and no lasting harm. For example, an intravenous injection of a small volume of an innocuous substance.
Yes
___________________________________________________________________
What are the likely adverse effects of this step?
State the expected adverse effect, including the likely incidence, and the anticipated degree and duration of suffering.
Inescapable exposure to noxious stimuli
Although stressful for the animals, inescapable electric shock yields very rapid learning and consequently the low shock intensities and short durations of shock used mean that tissue damage is never seen. The extent of shock training may lead to an increased propensity to undergo fear learning in other behavioural contexts, but we have not observed any changes in behaviour outside of the conditioning chambers (e.g. no changes in interactions with cage mates are observed).
Escapable exposure to noxious stimuli
Animals may be exposed to aversive stimuli to punish specific behaviours. Although stressful for the animals, electric shock yields very rapid learning and consequently the low shock intensities and short durations of shock used mean that tissue damage is never seen. Animals also do not show changes in behaviour outside of the specific conditioning context (e.g. no changes in interactions with cage mates are observed). Animals are able to reduce the number of shocks experienced by either making an avoidance response, or by inhibiting a particular behaviour; both of which are learned readily by the majority of animals.
How will you monitor for, control, and limit any of these adverse effects?
If adverse effects can't be prevented, how will you attempt to ameliorate their initial signs?
Rats will be observed in the home cage following shock conditioning, and any rat showing any deviation from normal behaviour (e.g. reduced interaction with cage mates) for more than 24 hours will be humanely killed.
What are the humane endpoints for this step?
This would be the point at which you would kill the animal to prevent further suffering.
Rats will be killed if there is any deviation from normal behaviour outside the behavioural testing contexts.
Step 4: Alcohol withdrawal (edited) (optional)
Repeated from protocol 5
Describe the procedures that will be carried out during this step.
Explain where one or more steps are repeated in one experiment, list any alternative techniques within a step (e.g. dosing routes), and include all procedures performed under terminal anaesthesia.  When describing the technical aspects of a step, be broad enough to be flexible when the variation does not impact on animal welfare (e.g. use "antibiotic" instead of "penicillin"). Finally, avoid specifying volumes and frequencies when they do not impact on animal welfare.
On multiple occasions: Rats that have self-administered alcohol in Step 3 will undergo withdrawal from alcohol by removal of access to alcohol (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.
No
___________________________________________________________________
Step 5: In vivo imaging (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.
On multiple occasions: Rats will undergo in vivo neuroimaging, e.g. by MRI and/or PET (AB). Imaging sessions typically take 2 hours and are no longer than 4 hours in duration. Rats will be scanned a maximum of 4 times in their lifetimes, with at least 14 days between imaging sessions. If required, on multiple occasions: Rats will also undergo administration of imaging substances by one of the following routes:
· Intravenous (AA/AB).
· Intraperitoneal (AA/AB).
___________________________________________________________________
Is this step optional?
No
___________________________________________________________________
Do you expect this step to have adverse effects for the animals that are more than mild and transient?
Do not list uncommon or unlikely adverse effects, or effects from procedures that will cause no more than transient discomfort and no lasting harm. For example, an intravenous injection of a small volume of an innocuous substance.
Yes
___________________________________________________________________
What are the likely adverse effects of this step?
State the expected adverse effect, including the likely incidence, and the anticipated degree and duration of suffering.
Prolonged (1-2hrs) anaesthesia can lead to reduced body temperature, which is of particular concern when juvenile animals (with lower body mass) are scanned. 
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 use several preventive strategies to avoid reductions in body temperature during scanning:
· Preheating of the scanner bed before the rats is transferred to the scanner, and wrapping the rat in insulating material (e.g. Vetbed) where this does not compromise anaesthetic monitoring.
· Preheating of the anaesthesia induction box by placing it on a heat pad.
Rats are closely monitored throughout imaging, including measurement of body temperature, heart rate and spO2. 
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 a rat shows a dramatic reduction in heart rate, body temperature or spO2 that cannot be ameliorated by adjustment of the anaesthesia and minor interventions, then it will be humanely killed.
Step 6: Systemic drug administration (optional)
Repeated from protocol 2
Describe the procedures that will be carried out during this step.
Explain where one or more steps are repeated in one experiment, list any alternative techniques within a step (e.g. dosing routes), and include all procedures performed under terminal anaesthesia.  When describing the technical aspects of a step, be broad enough to be flexible when the variation does not impact on animal welfare (e.g. use "antibiotic" instead of "penicillin"). Finally, avoid specifying volumes and frequencies when they do not impact on animal welfare.
On multiple occasions: Rats will receive systemic administration of substances that modulate neuronal or glial function, or appropriate vehicle solutions, by one or a combination of the following routes:
· Subcutaneous injection (AA).
· Intraperitoneal injection (AA).
· Oral, including in the drinking water (AA).
· Oral gavage (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.
Sometimes transient side effects (e.g. hyperactivity, reduced blood pressure) are observed but these do not cause any distress or any lasting harm. 
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?
Rats will be monitored by the experimenter during the period after acute dosing, for as long as transient side effects are known to occur or until home cage behaviour appears to have returned to normal (typically within 6 hours).
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 normal home cage behaviour has not returned within 6 hours of drug administration, animals will be humanely killed.
Step 7: Terminal sampling/labelling (optional)
Repeated from protocol 2
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.
Rats will undergo up to all of the following:
· Removal of cerebrospinal fluid (AC).
· Removal of blood (AC).
· Intravenous administration of substances to label neuronal, glial or immune cells (AC).
___________________________________________________________________
Is this step optional?
Yes
___________________________________________________________________
Do you expect this step to have adverse effects for the animals that are more than mild and transient?
Do not list uncommon or unlikely adverse effects, or effects from procedures that will cause no more than transient discomfort and no lasting harm. For example, an intravenous injection of a small volume of an innocuous substance.
No
___________________________________________________________________
Step 8: Killing (mandatory)
Repeated from protocol 2
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.
Rats will be killed by one of the following methods:
· A Schedule 1 method.
· Perfusion-fixation (AC). 
· Decapitation (AA/AC).
___________________________________________________________________
Is this step optional?
No
___________________________________________________________________
Do you expect this step to have adverse effects for the animals that are more than mild and transient?
Do not list uncommon or unlikely adverse effects, or effects from procedures that will cause no more than transient discomfort and no lasting harm. For example, an intravenous injection of a small volume of an innocuous substance.
No
___________________________________________________________________
Protocol 9: Fate of animals
What will happen to animals at the end of this protocol?
Select all that apply. These options are based on what you selected in the non-technical summary.
· Killed
Will you be using non-schedule 1 killing methods on a conscious animal?
Yes
For each non-schedule 1 method, explain why this is necessary.
Decapitation in conscious rats is only used when brains are collected for subsequent analysis of mRNA expression, which changes rapidly under anaesthesia and would compromise our scientific objectives.
___________________________________________________________________
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.
Typical experimental progression example:
e.g. Determining whether differences in brain volume in PTSD resilient and susceptible populations pre-date trauma exposure
Rats will be purchased from a commercial breeder and habituated to the animal facility for at least 7 days before procedures commence. Rats will be socially housed with appropriate levels of enrichment (e.g. chew blocks, nesting material) except during the periods immediately after imaging. Rats will undergo a first MRI procedure under recovery anaesthesia to determine volumes of specific brain regions of interest. Experimental rats will then be exposed to inescapable footshock (13-15 shocks, 0.5mA, 0.5s) in a distinct context (Context A) to simulate trauma exposure. Control rats will be exposed to Context A in the absence of shock. Subsequently, rats undergo cued pavlovian fear conditioning involving 2 inescapable footshocks (0.5mA, 0.5s) that co-terminate with a neutral auditory stimulus (80dB, 60s) in Context B, to allow for classification of animals as trauma-susceptible or trauma-resilient. Behaviour during this session is measured before rats undergo another MRI procedure under terminal anaesthesia, and followed by killing using a Schedule 1 method.
Maximal experimental progression example: 
e.g. Determining brain volume differences in rats that have undergone early life stress and a second stressor in adulthood, and their association with habitual and compulsive responding for alcohol 
Rats will be born to pregnant dams housed in house and will have experienced maternal separation stress (or control conditions) between PND3-18. After weaning, rats will be socially isolated. As juveniles (PND 20) rats will undergo a first MRI procedure with administration of a contrast agent under recovery anaesthesia. Rats will be prepared for alcohol self-administration through intermittent (3 days/week) exposure to alcohol and water in the home cage for 4 weeks, following 2 days of restricted access to water (2 hours per day). Once rats are removed from water restriction, they will undergo 'light' food restriction, being fed the maximum amount of food possible without having leftover food present before the next day's behavioural procedures. Rat weights will be monitored three days per week. Following the establishment of voluntary alcohol consumption, rats will undergo a second MRI procedure with administration of a contrast agent under recovery anaesthesia. At least 7 days later, rats will be trained on an instrumental alcohol self-administration task for 2-8 weeks. When alcohol is not available, rats may experience withdrawal depending on how much alcohol they have consumed. Sublingual blood samples will be taken under anaesthesia after one behavioural session early in training (week 1), the middle of training (week 4) and late in training (week 8) for assessment of blood alcohol levels. To test whether alcohol self-administration is habitual in both intact and lesioned rats, and how neuronal responding is affected, alcohol will be devalued through pre-exposure to free alcohol. To test whether alcohol self-administration is compulsive, an avoidable shock, which reinforces the response probabilistically (e.g. rewarded 50% of the time, shocked 50% of the time), will be introduced. Once the habitual and compulsive nature of alcohol self-administration has been established, rats will undergo a third MRI procedure with administration of a contrast agent under recovery anaesthesia. Rats will then undergo exposure to unpredictable numbers (0-2 per session) of footshock for 10 days to act as a second adulthood stressor. Rats will be tested subsequently on alcohol self-administration, including the devaluation probe and compulsive probe tests. At the end of behavioural testing, rats will undergo a fourth MRI procedure with administration of a contrast agent under recovery anaesthesia. At the end of the experiment, rats will undergo a final alcohol self-administration session followed by terminal anaesthesia, during which blood is removed for assessment of blood alcohol levels, and an intravenous injection of a substance to label immune cells will be administered. Rats will undergo perfusion-fixation under the same anaesthesia so that receptor expression can be assessed 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.
Rats will be humanely killed if they show two or more of the following clinical signs for more than 24 hours, unless their data are not only deemed vital to the experimental objects and also unless these clinical signs can be remedied promptly and successfully using no more than minor interventions, under the guidance of the NVS where appropriate: 
· partial piloerection
· subdued behaviour
· interruptions in peer activity
· intermittent hunching
· vocalisation when provoked
· some oculonasal discharge
· reduced grooming
· intermittent abnormal breathing
· intermittent tremors
· intermittent convulsions
· transient prostration.
Endpoints will be determined by reference to a scoring system, similar to that proposed by the FELASA/ECLAM/ESLAV Working Group (Smith et al., 2018). If these clinical signs are remedied promptly and successfully, then rats will return to the experiment, subject to the agreement of the NVS.
The Lister-Hooded strain of rat used for the majority of our experiments has been documented as having spontaneous audiogenic seizures. This happens very infrequently and sporadically, and tends to be batch-specific. Animals are monitored and where they are observed to have seized on more than two occasions they will be humanely killed.
___________________________________________________________________
Protocol 9: Experimental design
What outputs are expected to arise from this protocol?
For example, test results, phenotypic information, or products.
Experiments on this protocol will generate neuroimaging data, including volumetric, connectivity and neurochemical (magnetic resonance spectroscopy) data, in the context of animals' performance on behavioural tasks measuring psychological processes relevant to mental health disorders, before and/or after exposure to inescapable stressors. Some of these data will be longitudinal, allowing developmental changes to be measured. Any brain tissue collected will be used to generate data on individual differences in the brains of individual animals (e.g. mRNA or protein expression), which can be associated with their prior behavioural performance and their imaging data.
___________________________________________________________________
Will this protocol generate quantitative data?
Yes
___________________________________________________________________
Will your experimental design be determined by a regulatory guideline?
No
Where relevant, explain how and when pilot studies will be used.
Pilot studies are used when we cannot refer to the previous literature for effect sizes, which are necessary for determining appropriate sample sizes for larger experiments.
How will you choose different experimental groups?
For example, controls, dose levels, satellites etc.
To test our key hypotheses, we refer to the literature and our prior experience in the design of the manipulations (e.g. drug doses and timings). Where we are interested in psychological processes that may be predictive of developing mental health disorders, we design the experiments to pre-screen for these phenotypes. Control experiments are designed to mirror as closely as possible the experience of the experimental group.
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.
Where we use between-subjects or mixed designs, we ensure that the control groups have as similar an experience as possible to the experimental group, besides the key manipulation of interest. Where rats have been pre-screened for specific psychological phenotypes, rats that are not in the key group of interest are used as controls, experiencing the same as the experimental groups. This allows us to determine the differences in responding of the different phenotypes.
Where we use within-subjects measures (e.g. Latin Square designs) to capitalise on individual variability in behaviour, we ensure that we counterbalance the order of drug doses so that this factor can be considered in our statistical models. 
How will experiments and data analysis be randomised and blinded?
Where possible, rats are randomly assigned to experimental groups. Pseudorandomisation may be used if pre-manipulation behaviour needs to be equivalent between experimental groups (i.e. rats are pseudorandomly assigned to groups such that there are no statistical differences in behaviour between groups prior to any manipulations). Where rats are pre-screened for a specific behavioural phenotype (e.g. sign-tracking), rats are randomly allocated to experimental groups within a phenotype. 
Blinding of treatment groups is not always possible, but most of our behavioural data are collected automatically by computer, minimising the risk of bias. When manual quantification is necessary (e.g. for post mortem measures) then this quantification occurs without access to the group assignment for individual animals until quantification is complete.
How will you minimise variables to ensure reproducibility?
In addition to rigorous experimental design:
· Rats are habituated extensively to handling and to experimental procedures (e.g. injections) to reduce any stress associated with these.
· We standardise 'in-house' procedures for surgery, and for measurement and quantification of behaviour where automated measures are not possible.
· We control for starting age, starting weight, sex and home cage environment in addition to behavioural measures to ensure comparability between experimental groups.
· Each experimenter notes in detailed lab books any observations that may impact on behaviour.
· We use a standardised analysis pipeline for the analysis of imaging data. 
We have extensive experience in designing behavioural neuroscience experiments and our experimental designs are in accordance with the PREPARE guidelines. 
How will you determine group sizes?
You should reference POWER calculations you have made, if relevant.
Where possible, we draw on our 20+ years of experience with comparable procedures to determine expected effect sizes and variability, allowing us to perform power analyses (e.g. with G*Power software). We also determine effect sizes by reference to the previous literature, and where neither of these are possible pilot studies are conducted.
How will you maximise the data output from the animals you use on this protocol?
Since 2017, wherever possible, we have published datasets associated with our journal articles on the institutional repository at the point of manuscript acceptance. This allows other researchers to have free access to the data. We also publish both positive and negative findings, when negative findings can be shown to be reliable.
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?
Neuroimaging allows longitudinal measures of brain structure and function, with high translational relevance to humans. While comparable to humans, animals are necessary to study the impact of designed manipulations (e.g. early life stress) that might predispose to the development of mental health disorders, in a manner that would not be ethical in humans. 
___________________________________________________________________
b) the most refined for the purpose?
The use of inescapable footshocks is necessary to model the uncontrollable stress that is critical for the development of mood, anxiety and stress-related mental health disorders. Footshock intensity, frequency and duration can also be tightly controlled by the experimenter in a parametric manner, unlike other inescapable stress procedures such as predator scent exposure. Noise or airpuff stimuli as potential alternative inescapable stressors evoke startle responses and rely upon distinct neural mechanisms. We have refined our inescapable shock procedures and have published these data, and we always use the minimum number of exposures to inescapable aversive stimuli to achieve our experimental objectives. However, to model the traumatic events that lead to PTSD, up to 15 shocks in a single session is required. We have shown in our previous refinement work (Van Assche et al., 2022, Lab Animal) that there is a trade-off in the number of shocks administered and the number of animals required for sufficient power to conduct our studies. Using our refined protocol, we found that with 13-15 x 0.5s, 0.5mA shocks ~50% of the population would show the PTSD-like phenotype, whereas with 9 shocks of the same magnitude only ~21% of the population showed the phenotype. We have therefore chosen the degree of shock to allow us to sample approximately evenly from the PTSD-susceptible and PTSD-resilient populations. 
The other behavioural procedures used on this protocol are appetitively motivated or capitalise on naturalistic behaviour (e.g. novelty preference). Although rats are often food-restricted to motivate responding for rewards, this food restriction is not done with the intention of weight loss, but rather to avoid postprandial sleepiness interfering with behavioural performance. Similarly, where water restriction is used this is to encourage animals to sample liquids provided in the home cage (e.g. sweetened alcohol) rather than to cause dehydration. Once rats have sampled these solutions (within two occasions of exposure) they will typically drink them voluntarily without any further need for water restriction.
The inclusion of punishment procedures often involves the administration of electric shocks, but these shocks are escapable. The magnitude (less than or equal to 1mA) and duration (less than or equal to 2 seconds, typically 0.5s) of shocks is kept to a minimum for both welfare and scientific reasons (i.e. to avoid non-specific suppression of behaviour). In 20+ years of experience using electric shocks with these parameters, we have never observed tissue damage or any changes in behaviour beyond the specific behavioural test of interest. 
The surgical interventions on this protocol will be conducted with pre-, peri- and post-operative analgesia and increased monitoring during the post-operative period. Furthermore, we have refined our imaging procedures on our previous licence, and will continue to take NVS advice and share best practice with other research groups to ensure that we proceed with the most refined procedures possible. 
___________________________________________________________________
For each model and/or method, what is the scientific need for the expected clinical signs?
We do not expect to observe global clinical signs in the rats, but rather changes in behaviour under specific behavioural task conditions. Where reductions in body temperature can occur under anaesthesia, we have preventative strategies to ameliorate these before animals become hypothermic, and any animal that does not rapidly respond to our interventions will be humanely killed.
___________________________________________________________________
Why scientifically do the animals need to suffer to this degree?
The study of dysfunctional psychological processing, and the behavioural and neurochemical mechanisms underlying this, depends upon reliable animal models. To understand the interaction between uncontrollably stressful experiences and subsequent dysfunctional (and sometimes compulsive) behaviour important for numerous mental health disorders, we have to use inescapable noxious stimuli to establish the stressful phenotype necessary for our studies, and sometimes also need to use punishment procedures to demonstrate that behaviour persists despite adverse consequences. The research conducted on this protocol will allow causal insight into the associations between brain structure and psychological function by allowing us to take measures prior to interventions, or comparing animals that differ in the key manipulation of interest (e.g. early life stress). It will also allow us to test novel treatments (both behavioural and pharmacological) for subsequent translation to human research by other research groups, and provide insight into the neural and neurochemical bases of differences in psychological processing relevant to mental health disorders. 
___________________________________________________________________
Why can't you achieve your scientific outputs with an earlier humane endpoint, or without animals showing any clinical signs?
We do not expect to observe global clinical signs in the rats, but rather changes in behaviour under specific behavioural task conditions. Where clinical signs (e.g. reduced body temperature under anaesthesia) are observed, we strive to rapidly ameliorate these through minor interventions, and where rats are not responsive to these interventions they are humanely killed. 
___________________________________________________________________
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.
When administering pharmacological substances we refer in the first instance to the published literature to establish an appropriate dose and route of administration, in order to achieve the desired effects for the model for the minimum level of intervention. All substances are prepared with a focus on maintaining sterility (by e.g. using fresh vehicle, syringe filters) of the solution (except for oral administration, where fresh water is used, as it is for normal husbandry). Wherever possible, solutions are made up fresh on the day of administration.
How will you determine an appropriate dosing regimen?
Include routes, dosage volumes, frequencies, and durations.
We determine an appropriate dosing regimen by reference to the published literature. We will use no more than the volumes and frequencies detailed for the routes below:
	Route
	Max daily volume
	Max number per day (< 7 days)
	Max number per day (> 7 days)
	Max number (total)

	Intravenous (bolus)
	5 ml/kg
	1
	n/a
	5

	Intraperitoneal
	10 ml/kg
	2
	1
	24

	Subcutaneous
	10 ml/kg
	3
	2
	24

	Oral (gavage)
	20 ml/kg
	2
	1
	24

	Oral (drinking water)
	n/a
	1
	1
	30


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
___________________________________________________________________
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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