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NON-TECHNICAL SUMMARY

Understanding the role of the body clock in
behaviour and physiology
Project duration
5 years 0 months
Project purpose
(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
Key words
No answer provided
Animal types

Life stages

Mice

adult, pregnant, juvenile, neonate, embryo

Retrospective assessment
The Secretary of State has determined that a retrospective assessment of this licence is not required.

Objectives and benefits
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Description of the projects objectives, for example the scientific unknowns or clinical or
scientific needs it's addressing.
What's the aim of this project?
The aim of this work is to define how circadian timing systems (our bodies' internal clocks) regulate
rhythmic physiology, energy metabolism, and our overall cardiovascular and metabolic health.
Potential benefits likely to derive from the project, for example how science might be advanced
or how humans, animals or the environment might benefit - these could be short-term benefits
within the duration of the project or long-term benefits that accrue after the project has finished.
Why is it important to undertake this work?
The circadian timing system regulates daily rhythms in virtually all aspects of our biology, from
sleep/wake timing and eating habits, through to how individual cells of the body produce and use
energy. Uncovering how this endogenous clock system works is fundamental to understanding not only
our basic biology, but also how our health is impacted by aging and the pressures of modern life (which
can undermine the normal function of our body clock). It is becoming increasingly clear that disruption
of our circadian clock is detrimental to health and well-being, and has been linked to numerous disease
states ranging from cancer to metabolic diseases, including type 2 diabetes and cardiovascular
disease. Our work examines this link between the clock and disease states at both a cellular and whole
organism level. These studies continue to reveal important events which drive pathology and identify
novel approaches to improving human health and well-being.
What outputs do you think you will see at the end of this project?
Major Benefits. The primary outcome and benefit of this project is the advancement in understanding
of how the biological timing mechanisms regulate physiology and behaviour. A specific context of our
work is in the development of metabolic diseases, such as type 2 diabetes and cardiovascular disease,
and how disruption of our bodies’ clock system (e.g. through aspects of modern life such as shift work)
contributes to these conditions. Thus, a primary output from this work is knowledge creation, which will
be delivered through publication in academic journals, conference seminars, and communication with
regulatory and advisory committees, the clinical community and wider public.
The potential for this research to benefit human and animal health is high, given the scale of the unmet
need in clinical medicine for new ways to deal with metabolic diseases and pathologies associated
with circadian dysfunction. Our work will identify key cell types and molecular pathways that initiate and
propagate such disease processes. These basic science advances are essential in the long-term for
medical breakthrough and therapeutic advancements. Development of therapeutic interventions (both
pharmacological and non-pharmacological) which target the circadian rhythm to improve well-being is
achievable. For example, outputs from our work have, and will continue to inform on the use of timed
feeding, specific light interventions and improvement of behavioural routine to achieve health benefits.
Benefits will include the identification of molecular targets at which new pharmaceutical products could
be aimed.
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The research also benefits the health and welfare of animal in the laboratory, farm and at home by
providing better understanding of how environmental conditions impact on the circadian clock, and in
turn downstream clock-related physiology.
Additional outputs are likely to include the development of new research methods and protocols. This
may be in the form of refining and/or enhancing current methods, or through the development of new
tools and approaches. Our data will be made available to other researchers in the scientific community
at the earliest appropriate time, and therefore enable further/secondary use of the outputs for scientific
discovery.
Who or what will benefit from these outputs, and how?
Our internal body clock is fundamental to our biology, and how we live our lives (e.g. when we eat,
sleep, work, stare at computer or phone screens…) can profoundly affect our health. Our work will
define new aspects of cardiovascular and metabolic physiology, reveal mechanisms of circadian clock
control over physiology, and determine how clock function (and dysfunction) contributes to metabolic
disease. The outcomes will inform the scientific community, health care sector, occupational health
regulators, and government/industry advisory boards, and the public in general, in terms of both
understanding the potential positive/negative impacts of daily routine on health, but also how light
and/or food may be used to alleviate such consequences.
How will you look to maximise the outputs of this work?
We will engage with the wider scientific and clinical community through presentations at major national
and international scientific meetings, and via high profile publications. To ensure the outcomes of our
basic science research achieve maximum benefit, we will focus on communication and engagement
with key stakeholders (healthcare sector, regulators, policy makers), the public, and relevant patient
groups. We have a strong commitment to Public Understanding of Science activities, in maintaining
public interest and trust in UK research, and informing the public on the latest research findings.
Species and numbers of animals expected to be used
Mice: 13500

Predicted harms
Typical procedures done to animals, for example injections or surgical procedures, including
duration of the experiment and number of procedures.
Explain why you are using these types of animals and your choice of life stages.
We use adult mice for the vast majority of studies undertaken within this project. This includes normal
control and genetically modified mice. Importantly, the systems that we are studying (the body clock,
regulation of energy metabolism, and development of obesity) are well reproduced between mice and
humans, and mice are therefore appropriate for this work.
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Typically, what will be done to an animal used in your project?
Common procedures (~65% of the mice that we study will undergo one or more of these procedures).
i) Animals may be monitored for natural behaviours under normal or altered environmental conditions
(e.g. alterations in light/dark cycle, modulation of ambient temperature across a natural range, altered
patterns of food availability). ii) Animal may undergo physiological monitoring and/or imaging using
non-invasive specialist equipment. iii) Animals may also receive injections or have small blood
samples collected. iv) Animals may have the amount, composition (e.g. increased fat content) or timing
of their food changed.
Rare procedures (~12% of the mice that we study will undergo one or more of these procedures). i)
Surgery in order to insert a device for physiological monitoring, slow release drug delivery, or to induce
a change in gene expression (minor surgery with rapid recover of typically 1-3 days). ii) experience
changes in ambient temperature (within a naturally occurring range) to assess adaptive metabolism.
In addition to these procedures, mice will be used in this project for breeding, and for provision of cells
and tissues for laboratory based studies.
What are the expected impacts and/or adverse effects for the animals during your project?
Much of this work examines normal behaviours and physiological processes in the animals. Therefore,
most animals experience only transient and mild adverse impact (e.g. temporary stress, discomfort,
and/or weight loss) caused by alterations in their housing environment (e.g. changes in lighting cycle,
ambient temperature, timing of food availability) and/or cage type. Removing food access for 1-2 days
may lead to more pronounced weight loss, but this is rapidly recovered upon re-feeding.
Some animals used here will also experience transient discomfort and mild pain due to surgical
implantation of monitoring devices and/or injections.
Alterations in diet composition may lead to weight gain and obesity. Over time (~4 months in mice),
obesity may lead to insulin resistance and low level inflammation, akin to that observed in individuals
with type 2 diabetes. This may cause subtle changes in behaviour (e.g. reduced activity), but is not
associated with any suffering or distress.
Expected severity categories and the proportion of animals in each category, per species.
What are the expected severities and the proportion of animals in each category (per animal
type)?
The studies to be undertaken in this project will result in a cumulative impact to the animals that are of a
sub-threshold to mild (~60% of animals used) or moderate (~40% of animals used) severity rating.
What will happen to animals at the end of this project?
Used in other projects
Killed
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Replacement
State what non-animal alternatives are available in this field, which alternatives you have
considered and why they cannot be used for this purpose.
Why do you need to use animals to achieve the aim of your project?
The diseases we are studying involve the complex interaction between multiple organ systems, and
often progress over long periods of time.
Which non-animal alternatives did you consider for use in this project?
We routinely use in vitro (e.g. using cells) and information from human data resources (e.g. UK
BioBank). In vitro cell/tissue assays can offer powerful models to test how genetic or pharmacological
alteration of cell function may impact on clock or metabolic activity and vice versa, and can inform on
the best design of subsequent in vivo animal experiments. The complex neural pathways controlling
sleep and metabolism however make it unlikely that such approaches can replace the need to use
animals. Human studies are important for informing our work, but cannot replace the need to do
mechanistic studies in animals.
Why were they not suitable?
We always explore alternatives to using animals in research, as well as developing methods which
allow us to use fewer animals to achieve the same scientific objective. However, since circadian
biology and metabolic diseases involve multiple tissue systems acting across the body, it is impossible
to wholly mimic this biology in a culture dish or by computer.

Reduction
Explain how the numbers of animals for this project were determined. Describe steps that have
been taken to reduce animal numbers, and principles used to design studies. Describe practices
that are used throughout the project to minimise numbers consistent with scientific objectives, if
any. These may include e.g. pilot studies, computer modelling, sharing of tissue and reuse.
How have you estimated the numbers of animals you will use?
We have extensive experience with these approaches and in running projects of similar scope. Thus,
estimates of animal use is based on i) previous work and experience with the methodologies used, the
physiological parameters to be studied, and the specific mouse models to be used; ii) the scope and
objectives of the current project; and iii) careful consideration of experimental design.
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What steps did you take during the experimental design phase to reduce the number of animals
being used in this project?
The projected number of animals used over the 5-year duration of the licence is an estimate. At each
stage of the project and within each study conducted, we will ensure that animal use is minimized. We
employ careful planning of experimental design including the use of supporting purpose written
software (including the National Centre for the Replacement, Refinement and Reduction of animals in
research, Experimental Design Assistant). We have consulted with statisticians in preparation of this
licence, and will continue to do so throughout the project.
What measures, apart from good experimental design, will you use to optimise the number of
animals you plan to use in your project?
In addition to good experimental design, we work to optimise animal use wherever possible. This starts
with efficient breeding of transgenic mouse lines. For example, where possible we use 'wave breeding'
techniques to minimise age variation and breeding numbers, while achieving adequately powered
group sizes. Where new approaches are being employed, we optimise experimental conditions through
pilot studies. Wherever possible, we share tissues, data, and results with other research groups to
maximise the outcome and use of each animal study.
Moreover, through continuous development of our approaches we seek to reduce the use of animals.
For example, our development of novel mouse lines which allow longitudinal measures of gene or
protein expression (via bioluminescence) to be collected from individual animals rather than requiring
many animals to be studies at numerous discrete time points.

Refinement
Give examples of the specific measures (e.g., increased monitoring, post-operative care, pain
management, training of animals) to be taken, in relation to the procedures, to minimise welfare
costs (harms) to the animals. Describe the mechanisms in place to take up emerging refinement
techniques during the lifetime of the project.
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.
This project focuses on mammalian physiology with all our studies being conducted in mice. Our
scientific objectives require us to examine whole animal physiology in adult animals over both short
and long-term time frames. The methods we use are, for the most part, non-invasive or involve only
temporary discomfort due to surgical implantation of a monitoring device (e.g. to monitor heart rate).
Animals may also be provided with alternative diets (e.g. to drive obesity), but these conditions do not
themselves lead to suffering and/or distress. To minimise any impact to the animals, we always end the
studies as soon as the study objectives have been met. Our researchers are well trained and
experienced in animal behaviour and physiology; this reduces stress to the animals under study, and
ensures that animals are well monitored and cared for.
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Why can’t you use animals that are less sentient?
We cannot adequately replace these studies with other species (e.g. insects or fish) or with very young
(neonate) mice and achieve these objectives. As most of our studies involve long-term assessment,
they cannot be conducted in terminally anaethetised animals.
How will you refine the procedures you're using to minimise the welfare costs (harms) for the
animals?
As we study natural physiological responses and behaviours in the animals, minimising stress,
discomfort and other general impacts is critical to our work. We take many steps to minimise adverse
impact, including acclimatisation of the animals to our researchers and any test conditions (e.g. new
cages) during study. Examples of relatively simple, yet highly effective refinements include using
appropriate handling techniques (e.g. tube handling for cage extraction) and use of appropriate home
cage enrichment. Where animals do undergo invasive treatments (e.g. surgery to implant monitoring
devise), we ensure full recovery of the animals under close monitoring and post-operative care to
minimise any suffering (e.g. pain management with analgesics, provision of extra fluids). Where
appropriate we will assess whether acute studies can be undertaken under general anaesthetic rather
than in conscious mice (e.g. acute ECG assessments). Examples of our past and ongoing refinement of
approach include increase efficiency in breeding through the use of conditional and inducible
transgenics (which allow for the activation or deletion of genes in specific cells and tissues at specific
times), development of genetic reporters to reduce animal use, transition to advanced technical
approaches which provide higher quality of information with less impact to the animals, and
development of sophisticated analyses to maximise the data obtained from in vivo studies.
What published best practice guidance will you follow to ensure experiments are conducted in
the most refined way?
We will ensure best-practice through continual assessment of experimental design and study
outcomes, relative to the cumulative impact to the animals. We will stay informed about regulatory
standards (e.g. LASA and NC3Rs publications) and developments within the scientific community (e.g.
publications on standardisation and best practice for metabolic phenotyping of mice).
How will you stay informed about advances in the 3Rs, and implement these advances
effectively, during the project?
We stay informed about advances in 3R approaches, and will continue to implement these into our
work where appropriate. This includes, but is not limited to, staying up to date with NC3Rs
recommendations, developments in the literature and scientific community, as well as through our own
developing work and discussions with our NVS and NATCO.
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