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:
	Professor Thomas Krieg
	

	Contact details:
Address & tel.


	Department of Medicine
Tel 762584
	

	Project No.
	PP4344323

	Project title
	Protection after heart attack or stroke

	Project purpose
	To understand how heart and brain tissue can be saved from damage following a heart attack or stroke.



	Date licence was granted
	

	Date of retrospective assessment is sent to the PPLh
	




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
	2000
	Mild
	1st year
	
	0
	0
	
	0
	

	
	
	
	
	2nd year
	
	9
	1
	
	1
	

	
	
	
	
	3rd year
	
	234
	18
	
	1
	

	
	
	
	
	4th year
	
	232
	34
	
	5
	

	
	
	
	
	Total
	
	475
	53
	
	7
	535

	2
	Mice
	3200
	Non-Recovery
	1st year
	20
	
	
	
	
	

	
	
	
	
	2nd year
	57
	
	
	
	
	

	
	
	
	
	3rd year
	394
	
	
	
	
	

	
	
	
	
	4th year
	124
	
	
	
	
	

	
	
	
	
	Total
	595
	
	
	
	
	595

	2
	Rats
	400
	Non-Recovery
	1st year
	
	
	
	
	
	

	
	
	
	
	2nd year
	
	
	
	
	
	

	
	
	
	
	3rd year
	
	
	
	
	
	

	
	
	
	
	4th year
	
	
	
	
	
	

	
	
	
	
	Total
	
	
	
	
	
	

	3
	Mice
	800
	Severe
	1st year
	
	
	
	0
	
	

	
	
	
	
	2nd year
	
	
	
	41
	
	

	
	
	
	
	3rd year
	
	
	
	63
	
	

	
	
	
	
	4th year
	
	
	
	41
	
	

	
	
	
	
	Total
	
	
	
	145
	
	145

	4
	Mice
	1200
	Non-Recovery
	1st year
	95
	
	
	
	
	

	
	
	
	
	2nd year
	137
	
	
	
	
	

	
	
	
	
	3rd year
	275
	
	
	
	
	

	
	
	
	
	4th year
	144
	
	
	
	
	

	
	
	
	
	Total
	746
	
	
	
	
	746

	4
	Rats
	400
	Non-Recovery
	1st year
	
	
	
	
	
	

	
	
	
	
	2nd year
	
	
	
	
	
	

	
	
	
	
	3rd year
	
	
	
	
	
	

	
	
	
	
	4th year
	
	
	
	
	
	

	
	
	
	
	Total
	
	
	
	
	
	

	5
	Mice
	250
	Mild
	1st year
	
	
	
	
	
	

	
	
	
	
	2nd year
	
	
	
	
	
	

	
	
	
	
	3rd year
	
	
	
	
	
	

	
	
	
	
	4th year
	
	
	
	
	
	

	
	
	
	
	Total
	
	
	
	
	
	

	6
	Mice
	800
	Moderate
	1st year
	
	
	6
	
	
	

	
	
	
	
	2nd year
	
	
	
	104
	2
	

	
	
	
	
	3rd year
	
	
	
	37
	
	

	
	
	
	
	4th year
	
	
	
	74
	
	

	
	
	
	
	Total
	
	
	6
	215
	2
	223

	7
	Mice
	250
	Mild
	1st year
	
	
	
	
	
	

	
	
	
	
	2nd year
	
	
	
	
	
	

	
	
	
	
	3rd year
	
	
	
	
	
	

	
	
	
	
	4th year
	
	
	
	
	
	

	
	
	
	
	Total
	
	
	
	
	
	

	8
	Mice
	250
	Moderate
	1st year
	
	
	
	
	
	

	
	
	
	
	2nd year
	
	
	
	
	
	

	
	
	
	
	3rd year
	
	
	
	
	
	

	
	
	
	
	4th year
	
	
	
	
	
	

	
	
	
	
	Total
	
	
	
	
	
	

	9
	Mice
	250
	Moderate
	1st year
	
	
	
	
	
	

	
	
	
	
	2nd year
	
	
	
	
	
	

	
	
	
	
	3rd year
	
	
	
	
	
	

	
	
	
	
	4th year
	
	
	
	
	
	

	
	
	
	
	Total
	
	
	
	
	
	

	10
	Mice
	600
	Mild
	1st year
	
	
	
	
	
	

	
	
	
	
	2nd year
	
	
	67
	
	
	

	
	
	
	
	3rd year
	
	
	133
	
	
	

	
	
	
	
	4th year
	
	
	52
	
	
	

	
	
	
	
	Total
	
	
	252
	
	
	252

	11
	Mice
	600
	Mild
	1st year
	
	
	
	
	
	

	
	
	
	
	2nd year
	
	
	
	
	
	

	
	
	
	
	3rd year
	
	
	
	
	
	

	
	
	
	
	4th year
	
	
	
	
	
	

	
	
	
	
	Total
	
	
	
	
	
	

	12
	Mice
	400
	Mild
	1st year
	
	
	
	
	
	

	
	
	
	
	2nd year
	
	
	0
	
	
	

	
	
	
	
	3rd year
	
	
	0
	
	
	

	
	
	
	
	4th year
	
	
	51
	
	
	

	
	
	
	
	Total
	
	
	51
	
	
	51

	13
	Mice
	800
	Moderate
	1st year
	
	
	
	
	
	

	
	
	
	
	2nd year
	
	
	
	
	
	

	
	
	
	
	3rd year
	
	
	
	
	
	

	
	
	
	
	4th year
	
	
	
	
	
	

	
	
	
	
	Total
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	Final Total
	2547


*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 and 4
	
	No rats have been used under this license. Initially it was not known whether these protocols will be successful with the use of mice. However, both protocols have been very meaningful with mice and hence no rats have been used to avoid inter-species differences to other protocols. 
In the planned new license, rats will no longer be used.

	3
	Severity lower
	Due to the high level of expertise in this model (>15 years), we are now consistently able to remain with all the experiments in a lower, moderate, severity level. This change will also be made in the new license application

	6
	Severity higher
	The chronic stroke model showed unexpectedly a higher severity in some experiments. This has been discussed with the relevant people and it was agreed that in the follow-up license, an increased severity of severe will be used. 
The increased severity is mainly due to a combination of reduced mobility and less food intake following stroke induction. Even though the animals did not suffer any pain, it was nevertheless agreed that the combination caused severe harm in some experiments to render the entire protocol a higher level in the future.




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).

	2 mice under protocol 6 -21/04/21 sc18 reported.
1 mouse under protocol 1 -3/04/23 sc18 reported.
2 mice under protocol 1- 27-28/02/2023 sc18 reported.

The relevant SC18s are attached to this report and details can be found there.



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

	1
	10% in breeding protocol for transgenic lines, that include runty pups, malocclusion, hydrocephalus, fighting wounds, breeding labour and lacto problems.

	
	

	
	



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.

	All protocols
	Numbers have been less throughout the license due to slightly reduced research activity and grant funding.
Additionally, we have been able to research some aspects without the use of animals under this license. See below under 2.10.
In addition, the animal facility has been closed or restricted use due to COVID lockdowns. 


	
	



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? 							             YES

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:
As outlined above (2.4) max 10% of animals needed to be killed in during breeding. No animals have been wasted otherwise.



	Estimated number or percentage of animals wasted and if appropriate provide this information by protocol:
10%





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) We use standardised breeding protocols with a dedicated animal technician.
b) Excess stock animals have been used for training of new staff or for the respective control groups.
c) We are only in the local repository since most of our GA animals are under strict data sharing contracts.




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?	             NO

If you have answered YES to any of these questions please elaborate below:
	
Some of our GA animals can be used by other UoC researchers.





If you have answered NO to any of these questions please explain why.
	
Our GA animals are under restrictive collaboration agreements.




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 been able to answer some aspects with the use of either isolated organs (heart) or primary cells.





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

	Species
	Source
	Approx. percentage

	mouse
	Charles River UK
	100

	
	
	



2.12	During the tenure of the licence have you requested an amendment to increase/decrease animal numbers?  											             NO

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

	
	
	

	
	
	



If you have increased or decreased animal numbers please explain why this was necessary?
	






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 routinely try to answer as many questions as possible with cell models, primary cells, or isolated organs (heart).
One of the important examples is a recent finding that our lead drug candidate, malonate, is taken up into ischemic tissue during a heart attack (Protocol 2) and stroke (Protocol 4) via a specific transporter. These findings have been done in vitro and only the final proof of concept has been done under the above protocols. The results have been published prominently (Prag HA, et al. Circulation Research 2023) and are the background for a recent patent.




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.
	We aim to gather as much information as possible from cell culture or isolated organs as possible. My group routinely uses standard cell lines and freshly isolated cells, such as cardiomyocytes. Furthermore, my group uses an isolated Langendorff-perfused heart system.
In the last years during this license, the animal numbers used could be reduced by about 10%.




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

Please explain:
	Yes, we are part of the animal sharing platform.





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.

	The main techniques on the license are heart attack and stroke. 
This mainly includes the following:
Protocol 2: acute myocardial infarction
Protocol 3: chronic changes of the heart leading to heart failure 
Protocol 4: stroke
Protocol 6: the resulting neurological changes following an acute stroke
Protocol 12: changes to heart attack and stroke due to diet changes
Protocol 13: the effects of hypertension on heart function.




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

	
We use these techniques very successfully for over 15 years, in some instances (heart attack) for over 20 years.




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

	We saw that protocol 6, neurological disability after stroke, has been more severe to the animals than initially anticipated. As outlined above, this protocol will be changed to a severe severity classification fgoing forward.




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 are considered as a world-leading lab in these techniques and are part of European and National networks to refine them. This includes strict randomisation and double-blinding. One of these initiatives is funded by the EU: IMPACT IMProvement of Animal Cardiovascular Techniques. I am one of the PIs and the lead for the UK within this EU-wide consortium.
We are currently in the process of publishing this landmark paper and I have added the manuscript to this report.




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 routinely use monitor systems for all our surgical procedures. This includes:
· ECG monitoring during myocardial infarction
· Temperature monitoring
· Oxygen saturation monitoring in certain procedures
· Monitoring of neurological function (Protocol 6)
· Monitoring of heart function (Protocol 3)

We are constantly updating our monitoring devices and currently have state-of-the-art systems available. As outlined in 3.7, my group is considered internationally leading on the monitoring and quality of the surgical interventions.




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? 			            NO

Please explain.
	The end points have been detailed appropriately.





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.

	We have used the following non-schedule 1 methods:
· 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?		             YES

If so what was the source of your funding, when did you receive it and what did the funding allow you to achieve?
	The above-mentioned EU consortium (3.7) has central funding in order to improve animal usage across Europe.






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).
	
I agree.








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).

	
We have achieved >20 peer-reviewed publications, 3 patents, and 4 new grants (BHF, Wellcome and MRC) with the use of this license either with myself or collaborators as PIs.

We have been able to characterise one of our drugs, malonate, as a protective intervention against heart attack [1-4], heart failure [5] and stroke [6]. 
The results of the present license are part of two patents [7,8], currently held by our start-up company, Camoxis. 

[1] Prag HA, Murphy MP, Krieg T. Preventing mitochondrial reverse electron transport as a strategy for cardioprotection. Basic Res Cardiol 2023;118(1):34.
[2] Prag HA, Kula-Alwar D, Bernardi P, Di Lisa F, Murphy MP, Krieg T. Cyclophilin D knockout mice do not accumulate succinate during cardiac ischemia. J Mol Cell Cardiol 2022;173:73-74. 
[3] Prag HA, Aksentljevic D, Dannhorn A, Giles AV, Mulvey JF, Sauchanka O, Du L, Bates G, Reinhold J, Kula-Alwar D, Xu Z, Pellerin L, Goodwin RJA, Murphy MP, Krieg T. Ischemia-selective protection against cardiac ischemia/reperfusion injury by malonate. Circ Res 2022;131:528-541.
[4] Prag HA, Pala L, Kula-Alwar D, Mulvey JF, Luping D, Beach TE, Booty LM, Hall AR, James AM, Xu Z, Saeb-Parsy K, Hartley RC, Murphy MP, Krieg T. Ester prodrugs of malonate with enhanced intracellular delivery protect against cardiac ischemia-reperfusion injury in vivo. Cardiovasc Drugs Ther. 2022;36:1-13. doi: 10.1007/s10557-020-07033-6.
[5] Abe J, Vujic, A, Prag HA, Murphy MP, Krieg T. Malonate given at reperfusion prevents post-myocardial infarction heart failure by decreasing ischemia/reperfusion injury. Basic Res Cardiol (in press).
[6] Mottahedin A, Prag HA, Dannhorn A, Mair R, Schmidt C, Yang M, Sorby-Adams A, Lee JJ, Burger N, Kulaveerasingam D, Huang MM, Pluchino S, Peruzzotti-Jametti L, Goodwin R, Frezza C, Murphy MP, Krieg T. Targeting succinate metabolism to decrease brain injury upon mechanical thrombectomy treatment of ischemic stroke. Redox Biol 2023;59:102600.
[7] Krieg T Murphy MP, Prag HA. Treatment or prevention of ischaemic reperfusion injury. Priority date 01.06.2021
[8] Krieg T, Murphy MP, Lee JJ. Treatment or prevention of ischaemic stroke reperfusion injury. Filed 12/2023.





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.).

	While we have achieved what we intended in the project license description, the final way towards a first-in-man study is not fully achieved. Additional experiments mainly using pre-disease animals are needed to make sure inclusion and exclusion criteria of the planned clinical trial are determined correctly. Furthermore, we learned that dosage and tissue uptake is a major issue and that additional experiments are required to address this.

We are currently in the process of acquiring funding through our start-up company Camoxis, in order to bring malonate forward to clinical use in patients with an acute ischemic stroke. 




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.

	See above.





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?

	n/a





4.7 Were you able to identify/develop/implement any new scientific or technical developments during the tenure of this licence? 									          YES    NO

If so, what were these and what were/was the benefit(s)?  
	We have extended and/or filed 3 patents during the lifetime of the license. These patents are currently licensed to a newly-founded Cambridge-supported start-up company. The company will enable us to bring the scientific developments forward to clinical use.





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 scientific journals:
Prag HA, Murphy MP, Krieg T. Preventing mitochondrial reverse electron transport as a strategy for cardioprotection. Basic Res Cardiol 2023;118(1):34.
Mottahedin A, Prag HA, Dannhorn A, Mair R, Schmidt C, Yang M, Sorby-Adams A, Lee JJ, Burger N, Kulaveerasingam D, Huang MM, Pluchino S, Peruzzotti-Jametti L, Goodwin R, Frezza C, Murphy MP, Krieg T. Targeting succinate metabolism to decrease brain injury upon mechanical thrombectomy treatment of ischemic stroke. Redox Biol 2023;59:102600.
Prag HA, Kula-Alwar D, Bernardi P, Di Lisa F, Murphy MP, Krieg T. Cyclophilin D knockout mice do not accumulate succinate during cardiac ischemia. J Mol Cell Cardiol 2022;173:73-74. 
Prag HA, Aksentljevic D, Dannhorn A, Giles AV, Mulvey JF, Sauchanka O, Du L, Bates G, Reinhold J, Kula-Alwar D, Xu Z, Pellerin L, Goodwin RJA, Murphy MP, Krieg T. Ischemia-selective protection against cardiac ischemia/reperfusion injury by malonate. Circ Res 2022;131:528-541.
Miljkovic JL, Burger N, Gawel JM, Mulvey JF, Norman AAI, Nishimura T, Tsujihata Y, Logan A, Sauchanka O, Caldwell ST, Morris JI, Prime TA, Warrington S, Prudent J, Bates GR, Aksentijevic D, Prag HA, James AM, Krieg T, Hartley RC, Murphy MP. Rapid and selective generation of H2S within mitochondria protects against cardiac ischemia-reperfusion injury. Redox Biol 2022;55:102429. 
Gyöngyösi M, Alcaide P, Asselbergs FW, Brundel BJJM, Camici GG, da Costa Martins P, Ferdinandy P, Fontana M, Girao H, Gnecchi M, Gollmann-Tepeköylü C, Kleinbongard P, Krieg T, Madonna R, Paillard M, Pantazis A, Perrino C, Pesce M, Schiattarella GG, Sluijter JPG, Steffens S, Tschöpe C, Van Linthout S, Davidson SM. Long COVID and the cardiovascular system – elucidating causes and cellular mechanisms in order to develop targeted diagnostic and therapeutic strategies: A joint Scientific Statement of the ESC Working Groups on Cellular Biology of the Heart and Myocardial & Pericardial Diseases. Cardiovasc Res 2023;119:336-356. 
Gruszczyk AV, Casey AM, James AM, Prag HA, Burger N, Bates GR, Hall AR, Allen FM, Krieg T, Saeb-Parsy K, Murphy MP. Mitochondrial metabolism and bioenergetic function in an anoxic isolated adult mouse cardiomyocyte model of in vivo cardiac ischemia-reperfusion injury. Redox Biol 2022;54:102368. 
Prag HA, Pala L, Kula-Alwar D, Mulvey JF, Luping D, Beach TE, Booty LM, Hall AR, James AM, Xu Z, Saeb-Parsy K, Hartley RC, Murphy MP, Krieg T. Ester prodrugs of malonate with enhanced intracellular delivery protect against cardiac ischemia-reperfusion injury in vivo. Cardiovasc Drugs Ther. 2022;36:1-13. doi: 10.1007/s10557-020-07033-6
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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?					             NO

If you answered NO: why?
	This possibility has not arisen.





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?
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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.
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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.

	2 mice under protocol 6 -21/04/21 sc18 reported.
1 mouse under protocol 1 -3/04/23 sc18 reported.
2 mice under protocol 1- 27-28/02/2023 sc18 reported




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).
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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).
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