Retrospective Assessment of Project Licences
Project Licence Retrospective Assessment

“The overall purpose of retrospective assessment in the general sense of ‘following the development and outcome of projects’ is, wherever possible, to reduce the harms and increase the benefits of every project at an establishment. The aim is to improve both animal welfare and the quality of science and to help inform future debate on these issues.” [RSPCA and LASA, 2015, Guiding Principles on Good Practice for Animal Welfare and Ethical Review Bodies. A report by the RSPCA Research Animals Department and LASA Education, Training and Ethics Section. (M. Jennings ed.)]

At the University of Cambridge one (or possibly more) of the following will determine when your licence will be requested for review:
a. 12 to 6 months before your existing licence is due to expire if you have no plans to write a new licence;
b. 15 to 12 months before your existing licence is due to expire if you plan to write a new project licence;
c. 3 months before you terminate your licence if you intend to revoke your licence before its due expiry date;
d. When there is a change of project licence holder (in this case the person currently holding the licence should complete the retrospective review before the amendment is made to change the project licence holder);
e. As determined by the AWERB Standing Committee.  The AWERB Standing Committee may decide a licence should be reviewed at a specified time or times based for example on the severity of the work, novelty of the models etc..

The information you provide in or attached to this document must reflect data generated only from work carried out under the licence under review.  Please do NOT copy and paste text that appears in your current licence unless requested to do so.  

You are not restricted by the size of the text boxes on this form; they are designed to expand to accommodate your text.  However please remember that AWERB Standing Committee members, which will include your colleagues, have to review the information you provide so please be informative and concise and do not include information that is not requested.  Please remember to use Plain English, where possible.

Please be aware that Retrospective Reviews, as with your current and previous project licences, can be requested under the Freedom of Information Act 2000.  It is therefore wise to take care when completing this document and ensure that it does not contain typographical errors, personal details or any sensitive information pertaining to Intellectual Property.

A copy of the final agreed version of this document and any advice provided by the University AWERB in relation to this document will be forwarded to your local Home Office Inspector.

If you use abbreviations could you please ensure the first time the abbreviation is used that it is spelt out fully with the abbreviation in brackets.

Finally, if Home Office has identified your licence as one that required a Retrospective Assessment please still complete this template.  The information gathered will be used by AWERB to undertake their required task to review your work and can be used to complete the Home Office Retrospective Assessment template.  The latter can be achieved by copy and paste will a further update just before submission to include work you have complete between when you fill in this template and the expiry of your licence, which is when your Retrospective Assessment will need to be sent to the Home Office.

Thank you.
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University of Cambridge                                    Project Licence Retrospective Assessment
Version 5.9                                                                                        12th November 2021
1. General Information:
Project licence holder to complete 
if information provided is incorrect
	Name:
	Dr Mark Evans
	Professor Mark Evans

	Contact details:
Address & tel.


	Institute of Metabolic Science,
IMS MRL Box 289 Addenbrookes Campus,
Hills Rd, Cambridge CB2 0QQ
	

	Project No.
	P160D4875

	Project title
	Effects of changes in blood glucose on brain and the central control of metabolism

	Project purpose
	The overall aim of this work is to identify how the brain responds to changes in blood substrates (particularly hypoglycaemia- low blood glucose) and energy status leading to appropriate homeostatic responses to maintain normal metabolism. We want to know how this may be altered adversely in metabolic disease, particularly diabetes, with the intention of identifying therapeutic ways to overcome these changes.



	Date licence was granted
	17th December 2018

	Date of retrospective assessment is sent to the PPLh
	04/10/22




The following are the triggers for licence Retrospective Assessment:
If you are completing this form because you have been asked to complete a Retrospective Assessment and our UBS staff have completed this box for you.  Please check that you agree with the selection made and correct if you believe the information is incorrect.

	A
	
	My licence is due to expire in 6 to 12 months time and I have no plans to write a new licence


	B
	X
	My licence is due to expire in 12 to 15 months time and I plan to write a new project licence to continue my research

	C
	
	I plan to request the revocation of my licence before its natural expiry date


	D
	
	I will no longer be the project licence holder but another person will continue to hold the licence.  
The name of the new licence holder will be:

	E
	
	I took over this licence from (insert name) in (insert date)


	F
	
	The AWERB Standing Committee has asked for this Retrospective Assessment.



Note to licensees: 
In the case of option D if the new project licence holder’s name has not been filled in please add this information to this box.
In the case of option E please insert the name of the person from whom you took over this licence and the date when you became licence holder.




2. Animal Welfare/Recorded Harms:

2.1 Using the table below please provide the information requested.
How to complete this table: Return of procedures count animal numbers from 1st January to 31st December.  In the table below if your licence was granted part way through the year count year one as the time from when the licence was granted to the 31st December of that year.  Year two will be from January to December etc. until the final year for which the report is requested and count from 1st January to the requested report date.  You can insert rows as necessary.  The figures provided can be obtained from your Home Office returns.

	Protocol No.
	Species
	


Protocol severity category
	



Total est. number
	


Actual number used
	Actual severity recorded

	
	
	
	
	
	Non-recovery
	Sub Threshold
	Mild
	Moderate
	Severe
	Totals

	1
	Mice
	Mild
	60
	1st year 
	0
	0
	0
	0
	0
	0

	
	
	
	
	2nd year
	0
	0
	0
	0
	0
	0

	
	
	
	
	3rd year
	0
	0
	0
	0
	0
	0

	
	
	
	
	4th year
	0
	0
	0
	0
	0
	0

	
	
	
	
	5th year
	0
	0
	0
	0
	0
	0

	
	
	
	
	Total
	0
	0
	0
	0
	0
	0

	2
	Mice
	Moderate
	40
	1st year
	0
	0
	0
	0
	0
	0

	
	
	
	
	2nd year
	0
	0
	0
	0
	0
	0

	
	
	
	
	3rd year
	0
	0
	0
	0
	0
	0

	
	
	
	
	4th year
	0
	0
	0
	0
	0
	0

	
	
	
	
	5th year
	0
	0
	0
	0
	0
	0

	
	
	
	
	Total
	0
	0
	0
	0
	0
	0

	3
	Mice
	Moderate
	5
	1st year
	0
	0
	0
	0
	0
	0

	
	
	
	
	2nd year
	0
	0
	0
	0
	0
	0

	
	
	
	
	3rd year
	0
	0
	0
	0
	0
	0

	
	
	
	
	4th year
	0
	0
	0
	0
	0
	0

	
	
	
	
	5th year
	0
	0
	0
	0
	0
	0

	
	
	
	
	Total
	0
	0
	0
	0
	0
	0

	4
	Mice
	Mild
	7500
	1st year
	0
	0
	0
	0
	0
	0

	
	
	
	
	2nd year
	0
	492
	 0
	0 
	55
	547

	
	
	
	
	3rd year
	0
	661
	 0
	 0
	62
	723

	
	
	
	
	4th year
	0
	1585
	7
	 0
	90
	1682

	
	
	
	
	5th year
	0
	978
	12
	 0
	74
	1064

	
	
	
	
	Total
	0
	3716
	19
	 0
	281
	4016

	5
	Mice
	Moderate
	500
	1st year
	0
	0
	0
	0
	0
	0

	
	
	
	
	2nd year
	 0
	 0
	12
	0 
	0 
	12

	
	
	
	
	3rd year
	 0
	0 
	8
	 0
	 0
	8

	
	
	
	
	4th year
	0
	0
	0
	0
	0
	0

	
	
	
	
	5th year
	0
	0
	0
	0
	0
	0

	
	
	
	
	Total
	0
	0
	20
	0
	0
	20

	6
	Mice
	Moderate
	750
	1st year
	0
	0
	0
	0
	0
	0

	
	
	
	
	2nd year
	0
	0
	0
	0
	0
	0

	
	
	
	
	3rd year
	0
	0
	12
	 0
	0 
	12

	
	
	
	
	4th year
	0
	0
	47
	32
	 2
	81

	
	
	
	
	5th year
	0
	0
	1
	6
	 0
	7

	
	
	
	
	Total
	0
	0
	60
	38
	 2
	100

	7
	Mice
	Moderate
	100
	1st year
	0
	0
	0
	0
	0
	0

	
	
	
	
	2nd year
	0
	0
	0
	0
	0
	0

	
	
	
	
	3rd year
	0
	0
	0
	0
	0
	0

	
	
	
	
	4th year
	0
	0
	0
	0
	0
	0

	
	
	
	
	5th year
	0
	0
	1
	1
	 0
	2

	
	
	
	
	Total
	0
	0
	1
	1
	 0
	2

	8
	Mice
	Moderate
	200
	1st year
	0
	0
	0
	0
	0
	0

	
	
	
	
	2nd year
	 0
	0 
	4
	0 
	0 
	4

	
	
	
	
	3rd year
	0
	0
	0
	0
	0
	0

	
	
	
	
	4th year
	0
	0
	0
	0
	0
	0

	
	
	
	
	5th year
	0
	0
	0
	0
	0
	0

	
	
	
	
	Total
	0
	0
	4
	0
	0
	4

	9
	Mice
	Severe
	600
	1st year
	0
	0
	0
	0
	0
	0

	
	
	
	
	2nd year
	11
	 0
	 0
	35
	3
	49

	
	
	
	
	3rd year
	28
	 0
	 0
	77
	4
	109

	
	
	
	
	4th year
	6
	 0
	 0
	150
	7
	163

	
	
	
	
	5th year
	11
	 0
	1
	60
	1
	73

	
	
	
	
	Total
	56
	0
	1
	322
	15
	394

	10
	Mice
	Non-Recovery
	400
	1st year
	0
	0
	0
	0
	0
	0

	
	
	
	
	2nd year
	0
	0
	0
	0
	0
	0

	
	
	
	
	3rd year
	32
	0
	0
	0
	0
	32

	
	
	
	
	4th year
	67
	0
	0
	0
	0
	67

	
	
	
	
	5th year
	12
	0
	0
	0
	0
	12

	
	
	
	
	Total
	111
	0
	0
	0
	0
	111

	11
	Mice
	Moderate
	400
	1st year
	0
	0
	0
	0
	0
	0

	
	
	
	
	2nd year
	1
	0 
	6
	15
	 0
	22

	
	
	
	
	3rd year
	0
	0
	0
	0
	0
	0

	
	
	
	
	4th year
	0
	0
	0
	0
	0
	0

	
	
	
	
	5th year
	10
	 0
	 0
	8
	 0
	18

	
	
	
	
	Total
	11
	0
	6
	23
	0
	40

	12
	Mice
	Mild
	200
	1st year
	0
	0
	0
	0
	0
	0

	
	
	
	
	2nd year
	0
	0
	0
	0
	0
	0

	
	
	
	
	3rd year
	0
	0
	0
	0
	0
	0

	
	
	
	
	4th year
	0
	0
	0
	0
	0
	0

	
	
	
	
	5th year
	0
	0
	0
	0
	0
	0

	
	
	
	
	Total
	0
	0
	0
	0
	0
	0



*If actual severity data has not been formally assigned at the point the Retrospective Assessment is undertaken, the columns can be used to indicate the estimated severity for each of the categories.  

2.2 Does the information provided in the table reflect the projected incidence of harm provided in the adverse effects for each protocol?  If not please indicate where this was not the case and whether the projected level of suffering was more or less than you anticipated when you first wrote the licence.  If the severity category for a protocol was amended during the tenure of the licence please include this information in the reasons box.

	Protocol number
	Severity higher/ same/ lower than anticipated
	Reason

	
	
	

	
	
	




2.3 Describe any unexpected adverse effects and include the percentage and the number of animals affected.  How were these episodes managed and recorded?  If any of these resulted in a Project Licence Standard Condition 18 report please indicate which were reported under Condition 18 and the date (also see Section 5.2).

	
A series of SC18 completed for post-operative weight loss exceeding 15% on protocol 9 (severe): 13 Feb 2020 (1 mouse), 20th July 2020 (2 mice), 28 July (1 mouse), 4th Oct (1 mouse). In all cases, mice looked well/ reviewed by NVS and after discussion with HOI, were allowed to continue, recovered well to be studied. PPL subsequently amended to allow temporary weight loss of up to 20% after arterial cannulation surgery.

SC18 17 Nov on protocol 9 (severe). Mice (total 5) unexpectedly developing dark patches/ necrotic ears after surgery. Assumed peri-post-operative ischaemia. After discussion with HOI, added into a PPL amendment as a stochastic adverse event with management and endpoints to be defined

SC18 Jan 15 2021: Protocol 6 (moderate): 2 mice reached severe level- became ill unexpectedly after injection of clozapine n oxide (1 died, 1 sch 1)

[bookmark: _GoBack]SC18 Oct 2021: protocol 11 2 mice developed necrotic ears after undergoing brain surgery as described above for protocol 9.

SC18 Nov 17 2022: Protocol 7 (moderate): 1 mouse became reached severe level- became ill unexpectedly after injection of clozapine n oxide (sch 1)





2.4 What percentage and number of animals had to be killed or died unexpectedly before the end of the experiment?  Please provide a brief summary of each incident by protocol(s) where this occurred.

	Protocol No.
	% and number of animals killed or unexpectedly found dead

	9
	Protocol 9 is severe protocol with demanding arterial cannulation surgery. We aim to minimise numbers reaching severe protocol by killing under anaesthesia if an identified problem with securing haemostasis during cannulation or rapidly in recovery in first few minutes if mice are not recovering. This PPL has also included data from 2 surgeons new to the procedure.

Applying this approach:
14% were non-recovery (killed during surgery- as above surgical problems with cannulating small vessels or stopped breathing)
A further 10% were culled in recovery because not recovering as expected.

3.8 % reached severe outcome after this time (sch1 or dead in cage).


	6
	17 (17%) culled early given problems highlighted in SC18 Jan 15 2021. These were the first 2 mice treated and concern was that despite replicating a protocol reported in literature, that we were seeing widespread activation of stress pathways with this chemogenetic approach. We changed scientific strategy to apply targeted stereotactic injection of vectors to limit potential activation anatomically.

	4
	7% on breeding protocol were returned as “severe” where pups died after 5 days of age 



2.5 Were your estimated animal numbers accurately reflected in your actual animal usage as provided in Table 2.1 above?									         NO

If no, please explain the why there was a difference.  Please do this on a protocol by protocol basis.
	Protocol No.
	If your numbers were less that estimated please explain why.

	1-3, 12
	Not used (standard protocols for generating GA animals but not needed)

	4 and 9
	Required amendment to increase numbers- driven by scientific success with study protocol 9 and the supporting breeding protocol 4 for transgenic mice.

	10
	Lower than anticipated- this is a positive under-usage as this protocol provides donor blood for studies performed under protocol9 reflecting the fact that we have been able to maximise use of donor blood/ perform some studies without requiring blood transfusion.

	5-8, 11
	Used less than anticipated largely because of the greater use of protocol 9 as above. We are likely to use protocols 5,6 and 11 more in final year of licence

	
	



2.6 Have you re-used animals? 								         NO

If so, why have you re-used animals and what has been the impact of re-use on the welfare of your animals?  Please also provide the species and number of animals re-used by protocol where re-use occurred.
	Species
	Protocol No. on which animals where/will be returned as re-used, why and what impact, if any, this re-use had on the welfare of your animals

	
	

	
	



2.7 Has there been any animal wastage? 							         NO

For example, this may occur when breeding and maintaining genetically altered animals or when animals have been ordered and cannot be used for some technical reason.  

Where wastage has occurred, please explain the circumstances and nature of the wastage plus an indication of the numbers of animals.  Please also provide either the number or percentage of animals that were wasted.
	Circumstances and nature:




	Estimated number or percentage of animals wasted and if appropriate provide this information by protocol:






2.8 For licences that authorise the breeding and maintenance of genetically altered animals:
a)	explain how you optimise breeding efficiency, and 
b) explain what use is made of any excess stock animals, and
c) explain if, and how, you have used any transgene repository – national, international, or internal.
	
a) Breeding efficiency- for GA colonies, the nature of our work is generally high intensity/ resources invested in small numbers of animals of appropriate genotype. We have a weekly research meeting with a standing agenda items on colonies and genotyping to identify when GA colonies are on “tick over” with typically only 4 pairs vs when increasing breeding pairs when more numbers needed for studies. We do our own genotyping in house to aim to identify correct genotypes for studies. 
b) Excess stock: Use by other users will be limited with GA compared with non-GA strains but (i) some have been schd 1 for Technician dissection training (ii) some wild types been offered for other users (iii) some have been used for sentinels for health screening (iv) some are used for schedule 1 training and dissection practice by Phd students (v) some can be used in PPL for donor blood (protocol 10)
c) Repository- we have one GA model that we obtained from US repository (MMPC University of North Carolina) (glucokinase floxed). We also have other GA lines obtained from Cambridge/ other UK investigators that originated from repositories (Jackson) (e.g. AGRP-cre, CCK-cre and various “TRAP models).





2.9	If you breed genetically altered animals are your strains recorded on a database (e.g., MCMS) that can be 
		a) accessed by other researchers at the University?					         YES    
		b) accessed by researchers outside the University?				 	         NO
		c) would you allow other researchers at the University to use your strains?	         YES    
		d) would you allow external researchers to use your strains with an MTA applied?	         YES    

If you have answered YES to any of these questions please elaborate below:
	Yes- happy to help other researchers and we provided one GA model to another UK university on previous PPL.






If you have answered NO to any of these questions please explain why.
	MCMS not visible outside University?





2.10	Have you been able to refine and/or reduce the impact of contingent harms arising from your use of animals (contingent harms are harms for example that arise from the transportation of animals, single housing animals or housing animals in non-Code of Practice accommodation, etc.).	         YES   

Please explain/provide examples.
	We have reduced single housing by using vascular buttons with protective aluminium caps allowing group housing of mice after vascular surgery.





2.11	By species and percentage please indicate the source of your animals.

	Species
	Source
	Approx. percentage

	Mice
	Commercial vendor (Charles River)
	5-10

	Mice
	In-house GA bred colonies
	90-95%



2.12	During the tenure of the licence have you requested an amendment to increase/decrease animal numbers?  											         YES    

If so which protocols were amended and were numbers increased or decreased, and by how much?
	Protocol No.
	Original estimated Number
	Amended estimated number

	4
	5000
	7500

	9
	400
	600



If you have increased or decreased animal numbers please explain why this was necessary?
	
Scientific success using protocol 9 (and supporting protocol 4 for breeding GA).





2.13	During the tenure of this licence have you requested an amendment to increase/decrease the severity of any protocols? 									         NO

If so which protocols were amended and were the severity categories increased or decreased?
	Protocol No.
	Original severity category
	Amended severity category

	
	
	

	
	
	



If you have increased or decreased the severity category of any of your protocols why was this necessary?
	








3. 3Rs:

In this section, please explain what steps you have taken during the tenure of your licence that resulted in 3Rs gains.  This might include working with collaborators to refine your model, changing the anaesthetic regime or equipment, etc.  Consider every change you have made and its impact on the 3Rs – even small changes and initiatives can result in 3Rs gains.

The following definitions come from the NC3	Rs website and are included to help you provide information under the most appropriate R below: 

Definitions
Advancing research into animal 
welfare by exploiting the latest
in vivo technologies and by 
improving understanding of 
the impact of welfare on 
scientific outcomes
Appropriately designed and analysed experiments that are robust and reproducible, and truly add to the knowledge base
Accelerate the development and use of models and tools, based on the latest science and technologies, to address important scientific questions without the use of animals














3.1 [bookmark: The_3Rs_definitions]Have you attempted or been able to replace any of your techniques or models with non-animal alternatives?  										         YES

Please explain.
	We are currently exploring access to samples from a human brain biobank with diabetes and dementia.




3.2 Have you been able to reduce your animal usage?  					         YES    

If so, how have you achieved this (e.g., through experimental design, changes to the regulated procedures used)? Please give an indication of the actual numbers reduced.
	
With careful study design, we have been able to perform more than one physiological study on mice undergoing protocol 9 (severe). In brief, we were able to perform 2 sequential insulin clamp studies 48-72 hours apart in mice with surgically implanted vascular catheters (reduced numbers undergoing severe protocol by around 25 which is 8% of total numbers).




3.3 Are you involved with any tissue sharing schemes either within the University or more widely?  

Please explain:
	As part of a European Union collaboration (HypoRESOLVE), we are in a work-package which has included some sharing of tissues collected under this licence. Specifically, we shared brain tissues with collaborators for imaging in Denmark (and received back samples for secondary imaging to maximise scientific outcomes from each sample) and splenic samples with collaborators in Sheffield.





3.4 Please LIST the techniques and/or animal models you have used on your licence (include GA models).  Later on you will be asked about the 3Rs achievements – please do not detail your 3Rs achievements in this box.

	We have studied both GA models and wild type mice. GA models include mice with targeted deletion of glucokinase in specific brain cells (AGRP) using cre-lox system.

We have performed:
“Simple physiological studies” such as glucose tolerance tests
Behavioural testing with operant/ purpose built behavioural cages 
Collected tissues including brains with perfusion fixation
Performed insulin clamp studies with surgical implantation of vascular catheters and subsequent studies after recovery in free moving conscious mice
Chemogenetics with use of “DREADD” models with/ without stereotactic brain injection of viral vectors
Studied mice in metabolic cages to measure urinary glucose output





3.5 How successful have these techniques and/or models been?  

	
A major scientific success technically during course of this licence has been further consolidation of the methodology of performing insulin clamp studies in free moving conscious mice (protocol 9). A limitation of this is the intricate surgery required to implant catheters and for mice to recover sufficiently to pre-surgical physiological state. As later detailed we have refined anaesthetic technique/ surgical approach.
 



3.6 What limitations, if any, have you encountered?  Were you able to overcome these limitations and, if so, how?

	
On protocol 9, some mice lost >15% weight post-operatively but appeared otherwise well. Reported as SC18 and PPL amended to allow up to 20% weight loss following arterial surgery. We have also found that changing anaesthetic process (see below) has limited weight loss further.

On protocol 9, some mice developed variable necrosis of left ears post-operatively. Reported as SC18 and PPL amended to include as adverse effect with defined outcome. The problem appears now to have resolved.

On protocol 6, we found that “whole body” TRAPing chemogenetics resulted in the first 2 mice studied becoming ill with injection of ligand, despite this having been reported in literature by another group. Reported as SC18 and we abandoned this approach scientifically and are now planning to inject stereotactically viral vectors to create a far more discrete group of cells to be reactivated by DREADD ligand.




3.7 Have you attempted or been able to refine any of your techniques or models? 
         YES    
	
Please provide a list of techniques or models you have been able to refine and the refinements you have made.  Please indicate if you have published or disseminated this information during the tenure of this licence and attach a copy of the publication.
	
We trialled and bought an anaesthetic low flow vaporiser (Somnosuite) and changed blocking solutions to minimise anti-coagulant exposure to mice in immediate peri/ post-operative period. 

Will be contained in publications methodology.

We now have 2 surgeons fully trained on vascular surgery which facilitates problem solving discussions.





3.8 Do you use systems to monitor the welfare of your experimental animals (e.g., scoring sheet)?													         YES    

If not, why?
	





If you do use a welfare monitoring system, what do you use?  Did you refine or modify your system during the tenure of your licence and what impact did this have?
	We developed a scoring system for monitoring experimentally-induced hypoglycaemia in mice to include a guide for when they would might need rescuing with external glucose (orally or by injection)





3.9 Were the end points detailed in your project licence appropriate? 			         YES    
Have you needed to modify them during the tenure of your licence? 			         YES    

Please explain.
	As detailed elsewhere, we have modified endpoints following SC18 reports for greater weight loss of up to 20% following arterial surgery and to add endpoints for ear necrosis post arterial surgery.





3.10 Please review the non-schedule 1 methods of killing authorised on the protocols on your licence.  In the box below, list each method and beside each clearly indicate which you have used?  Examples of non-schedule 1 methods include: exsanguination, decapitation and perfusion fixation.

	Perfusion fixation





Were these killing methods the most refined? 						         YES    
Were they the most appropriate for your experimental data?				         YES    

If you have answered NO to either of the above questions please explain.  If you were able to refine the way your animals were killed please explain how this was achieved.
	





3.11 Have you received awards or funding specifically targeted at the 3Rs?		         NO

If so what was the source of your funding, when did you receive it and what did the funding allow you to achieve?
	






The AWERB 3Rs committee is particularly interested in this section of your review because information you provided here could be of interest and use to other researchers at the University.  

Information that you have included in this section will be included in the UBS 3Rs Search Tool unless you complete the box below.  UBS will only add information to the UBS 3Rs Search Tool section on the UBS website that University staff can log into using their Raven Access.  You should however disseminate all 3Rs finding more widely. 

I do not agree to information provided in this section to be added to the UBS 3Rs Search Tool for the following reason(s).
	









4. Scientific Progress and Benefit Achievements:

4.1 Taking into consideration that your licence may not be due to expire, has your research progressed as you expected?									         YES    

4.2 When your licence is due to expire will you have completed the programme of work described in this licence? 										         NO

4.3 Regardless of whether you managed to complete your programme of work, what have you achieved/discovered during the time since this licence was granted? (Please copy your key scientific questions/objectives which appear at the beginning of Part D, or in the Action Plan, of your project licence into the box below and against each explain what you have achieved/discovered).

	Specific objectives were:

1) To identify how best to measure “symptomatic” awareness of hypoglycaemia in mice.

Findings: 
We were able to examine effects of hypoglycaemia in operant cages in mice. This was technically challenging work and measurements were variable (see 4.5 below)

2) To characterise at least one mechanism for how hypoglycaemia is sensed by the brain, potentially leading to triggering of protective responses. 

Findings:
We have identified a number of brain areas (using unbiased brain mapping) responsive to changes in glucose including a previously unsuspected area in posterior hypothalamus of brain that responds to hypoglycaemia. 

We have performed a comprehensive molecular census of glucose-responsive cells in hypothalamus of brain (and created a sample repository to do the same in brain stem). This has included identifying which “immediate early genes” 

3) To examine how diabetes and hypoglycaemia itself can alter the above processes, reducing
awareness and/or counter-regulatory responses to hypoglycaemia in models of diabetes in mice.

Findings:
We have validated a mouse model of impaired defensive responses to hypoglycaemia following 4 days of insulin injections. This is a mouse model of the condition that occurs in some humans with diabetes who lose their defensive responses to a falling blood glucose. The model will allow us and other researchers to examine potential therapies by applying this model. The work is ongoing but preliminary data suggest that the posterior hypothalamic area changes responsivity 

4) To identify potential pharmacological therapies acting on pathways identified above to overcome
these adverse changes in diabetes.

Findings:
Ongoing work (see section 4.5 below)

5) To examine (more broadly than just hypoglycaemia) how brain sensing of glucose, other nutrients and the body’s energy status occur and can be altered in diseases such as diabetes and
obesity.

Findings:

We have identified a previously unsuspected pathway from brain to white adipose tissue controlling metabolism. Specifically, we found a population of neurons in brain (co-expressing the neuropeptide AGRP and the protein glucokinase) signalling to white adipose tissue to control balance of lipid/ carbohydrate metabolism. The same cells also control insulin secretion. Strikingly it is gender dimorphic, existing only in female mice.

Also see findings listed under objective 2 above as we examined not just hypoglycaemia but also hyperglycaemia.




4.4 For key scientific questions/objectives you could not complete either fully or partly, please include an explanation as to why you were not able to achieve what you set out to achieve when the licence was granted (reasons could for example include lack of funding, the model took longer than expected to develop, another group published data which meant continuing the work would equate to repeating the work, etc.).

	See below- success in all areas except objective 4 which was always likely to follow other objectives in timing.




4.5 In the expected benefits section of your licence you described the benefits you believed would be likely to arise from your programme of work.  Please explain what benefits have actually been achieved and, if appropriate, explain how these differ from what you anticipated you could achieve when you wrote the licence.

	
Benefit from Objective 1: how best to measure “symptomatic” awareness of hypoglycaemia in mice? 
Partial success- see 4.1. The methodology may be employed though in a more targeted way depending on progress below.

Benefit from Objective 2: characterise a mechanism for how hypoglycaemia is sensed by the brain.
Successful and ongoing in final year of licence- we have identified a previously unsuspected area which may be involved in glucoregulation

Benefit from Objective 3: examine how diabetes and hypoglycaemia can alter the above?
Success and ongoing in final year of licence – see 4.5 we have validated a mouse model that we and others can use and started to examine changes in brain area identified in objective 2

Benefit from Objective 4: identify potential pharmacological therapies acting on pathways identified 
Ongoing in final year of licence (builds on objectives 2 and 3 above)

Benefit from Objective 5: targeted alteration of a brain pathway alters glucose and/or metabolic homeostasis
Success- we have found a pathway from brain to white adipose tissue and perhaps pancreas controlling metabolism





4.6 Specifically, if you were unable to address any or even all your key scientific questions/objectives what impact did this have on the benefits arising from your work?

	At least partial success in 4 objectives as detailed above. Objective 4 was always designed to follow other objectives.





4.7 Were you able to identify/develop/implement any new scientific or technical developments during the tenure of this licence? 									          YES    

If so, what were these and what were/was the benefit(s)?  
	The improvements in surgical / anaesthetic procedures for double vascular cannulation are described above. Extending this success, with careful minimisation of blood volumes sampled and infused, for certain scientific outcomes, we have been able to perform 2 glucose clamp studies from a single mouse undergoing surgical catheterisation under protocol 9. 





4.8	Using the headings below please provide a list of publications and meetings attended where research arising from work undertaken under this licence has been disseminated.  
Please highlight in bold the publications which contain and meetings at which 3Rs achievements were disseminated.
Please only include publications arising from research undertaken under the authority of this licence.  If you have papers in press please include these.
	Publications in peer-reviewed scientific journals:
None directly from this licence yet

One from collaborative animal research performed as part of the HypoRESOLVE collaboration:
Vickneson K, Blackburn J, Gallagher JR, Evans ML, de Galan BE, Pedersen-Bjergaard U, Thorens B, McNeilly AD, McCrimmon RJ. Cold-induced dishabituation in rodents exposed to recurrent hypoglycaemia. Diabetologia. 2021 Jun;64(6):1436-1441. doi: 10.1007/s00125-021-05425-3. Epub 2021 Mar 17. PMID: 33730186; PMCID: PMC8099849.


	Publications pending, or under review:

3 manuscripts currently being drafted. 
1 PhD accepted and another about to be submitted



	Presentations at scientific meetings:

American Diabetes Association Annual Scientific Sessions June 2022: Glucokinase in AGRP Neurons Is Required for Normal Insulin Secretion and Action in Female Mice. Josipovic, Staricoff, Riches, Sheppard, Evans. https://doi.org/10.2337/db22-1311-P

US National Institute for Health NIDDK Impaired Awareness of Hypoglycemia in T1D workshop. Oct 2021 https://www.niddk.nih.gov/news/meetings-workshops/2021/impaired-hypoglycemia-awareness-t1dm?agenda A Mouse Model of Hypoglycemia Associated Autonomic Failure (HAAF) Staricoff, Josipovic, Riches, Evans

US National Institute for Health NIDDK Impaired Awareness of Hypoglycemia in T1D workshop. Oct 2021  Glucokinase in AGRP Neurons Is Required for Normal Insulin Secretion and Action in Female Mice. Josipovic, Staricoff, Riches, Evans.

Physiological Society. Disease Models 1 day meeting Nov 2021. A Mouse Model of Hypoglycemia Associated Autonomic Failure (HAAF) Staricoff, Josipovic, Riches, Evans 




Have you remembered to highlight in bold the publications which contain and meetings at which 3Rs achievements were disseminated?

4.9 Have you engaged with the general public by giving interviews about your work on radio, television, at a public meeting or debate or in a newspaper article?					          YES    

If you answered NO: why?
	





If you answered YES: how, where (i.e., what medium did you use) and when did you engage with the public, what sort of information did you disseminate and what was the outcome?
	Social media (Twitter), high school outreach planned for March 2023 with latter including specific discussion of animal work.







a. 

5. Project Licence management information.

5.1 Amendments (if applicable):
Provide dates and a summary of all amendments made to this licence (i.e., what each amendment requested and why it was required) since the licence was granted (or if appropriate since the licence was last reviewed).  
Please read questions 2.11 and 2.12 – for amendments that apply to this question including those that apply to either 2.11 or 2.12, please provide the date of the amendment here and, if relevant, a note that further information can be found in Section 2.11 or 2.12.

	November 2020: Amendment to allow up to 20% weight loss after arterial surgery on protocol 9 (see section 2.3). Also 5 other methodological changes included (use of gene deleting agents such as tamoxifen; single housing in metabolic cages to measure urinary glucose; use of lithium chloride as aversive agent in behavioural testing; increased maximum number of episodes hypoglycaemia/ glucoprivation from 8 to 16; increase number of glucose or insulin challenges from 4 to 6).

August 2022: Amendment to increase numbers (see section 2.12)




5.2 Project licence Standard Condition 18 Reports (if applicable):
Provide dates and copies of all Condition 18 reports sent to the Home Office since the licence was granted (or if appropriate since the licence was last reviewed).  Copies of any reports should be attached/supplied as separate documents please.

	
SC18 below are also listed in section 2.3:

SC18 completed for post-operative weight loss exceeding 15% on protocol 9 (severe): 13 Feb 2020 (1 mouse), 20th July 2020 (2 mice), 28 July (1 mouse), 4th Oct (1 mouse). In all cases, mice looked well/ reviewed by NVS and after discussion with HOI, were allowed to continue, recovered well to be studied. PPL subsequently amended to allow temporary weight loss of up to 20% after arterial cannulation surgery.

SC18 17 Nov on protocol 9 (severe). Mice (total 5) unexpectedly developing dark patches/ necrotic ears after surgery. Assumed peri-post-operative ischaemia. After discussion with HOI, added into a PPL amendment as a stochastic adverse event with management and endpoints to be defined

SC18 Jan 15 2021: Protocol 6 (moderate): 2 mice reached severe level- became ill unexpectedly after injection of clozapine n oxide (1 died, 1 sch 1)

SC18 Nov 17 2022: Protocol 7 (moderate): 1 mouse became reached severe level- became ill unexpectedly after injection of clozapine n oxide (sch 1)






5.3 Non-Compliance (if applicable):
Provide the date, a summary of the nature of any non-compliance and the outcome (or if appropriate since the licence was last reviewed).

	None





5.4 Compliance Assurance Meetings [CAMs] or Root Cause Analysis (RCA) meetings (if applicable):
Provide the date, a summary of the nature of any incident and the outcome, if known (or if appropriate since the licence was last reviewed).

	None





5.5 Have there been any other issues that have affected the management of this licence that you feel should be taken into consideration, (e.g., equipment failure, absence of key staff, change in the health status of the animal unit etc.)?

	
None other than COVID.







6 Retrospective Assessment:  

Project Licence Holder check list:
	AWERB requires the following documents
	Documents sent to AWERB

	Completed copy of this form
	X

	Copies of Condition 18 reports (if applicable)
	X

	Copies of 3Rs publications (if applicable)
	







For UBS office use only:
	
	Date

	1. Retrospective assessment form sent to project licence holder
	04/10/22

	2. Retrospective assessment form received by the Project Support Team
	

	3a. Project Support Team meeting 
	

	3b. 3Rs committee
	

	3c. AWERB Standing Committee
	

	4. Process completed
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