Retrospective Review of Project Licences

Project Licence Retrospective Review

“The overall purpose of retrospective review 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 Review
Version 5.9                                                                                        12th November 2021
1. General Information:
Project licence holder to complete 
if information provided is incorrect
	Name:
	Professor Ole Paulsen
	

	Contact details:
Address & tel.


	Department of PDN 
Physiological Laboratory 
Downing Street
Cambridge CB2 3EG 
(01223) 333804 
	

	Project No.
	PP0499088


	Project title
	Circuit mechanisms of learning and memory in
the mammalian brain

	Project purpose
	To understand how brain activity leads to changes in connections
between cells, and how these changes in connections can explain memory.



	Date licence was granted
	25th March 2021

	Date of retrospective review is sent to the PPLh
	09th December 2024




The following are the triggers for licence Retrospective Review:
If you are completing this form because you have been asked to complete a Retrospective Review 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
	
	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 Review.



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. For any animals that experienced a higher level of severity than that of the protocol please highlight these figures in bold. 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

	[bookmark: _Hlk184639105]1
	Mice
	Mild
	17,000
	1st year
	0
	0
	793
	0
	10
	803

	
	
	
	
	2nd year
	80
	60
	2,677
	0
	1
	2,818

	
	
	
	
	3rd year
	72
	1,134
	509
	0
	749
	2,464

	
	
	
	
	4th year
	0
	1,090
	339
	0
	439
	1,868

	
	
	
	
	Total
	152
	2,284
	4,318
	0
	1,199
	7,953

	2
	Mice
	Non-Recovery
	5,000
	1st year
	62
	0
	0
	0
	0
	62

	
	
	
	
	2nd year
	121
	0
	0
	0
	0
	121

	
	
	
	
	3rd year
	130
	0
	0
	0
	0
	130

	
	
	
	
	4th year
	188
	0
	0
	0
	0
	188

	
	
	
	
	Total
	501
	0
	0
	0
	0
	501

	3
	Mice
	Moderate
	700
	1st year
	2
	0
	0
	24
	1
	27

	
	
	
	
	2nd year
	0
	0
	0
	59
	1
	60

	
	
	
	
	3rd year
	1
	0
	0
	4
	0
	5

	
	
	
	
	4th year
	13
	0
	0
	77
	2
	92

	
	
	
	
	Total
	16
	0
	0
	164
	4
	184

	4
	Mice
	Mild
	900
	1st year
	0
	0
	0
	0
	0
	0

	
	
	
	
	2nd year
	0
	0
	0
	0
	0
	0

	
	
	
	
	3rd year
	0
	0
	2
	0
	0
	2

	
	
	
	
	4th year
	1
	0
	5
	0
	0
	6

	
	
	
	
	Total
	1
	0
	7
	0
	0
	8

	5
	Mice
	Moderate
	500
	1st year
	0
	0
	0
	4
	0
	4

	
	
	
	
	2nd year
	0
	0
	0
	0
	0
	0

	
	
	
	
	3rd year
	0
	0
	0
	0
	0
	0

	
	
	
	
	4th year
	0
	0
	0
	0
	0
	0

	
	
	
	
	Total
	0
	0
	0
	4
	0
	4

	6
	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

	
	
	
	
	Total
	0
	0
	0
	0
	0
	0

	7
	Mice
	Non-Recovery
	500
	1st year
	55
	0
	0
	0
	0
	55

	
	
	
	
	2nd year
	37
	0
	0
	0
	0
	37

	
	
	
	
	3rd year
	2
	0
	0
	0
	0
	2

	
	
	
	
	4th year
	1
	0
	0
	0
	0
	1

	
	
	
	
	Total
	95
	0
	0
	0
	0
	95

	8
	Mice
	Moderate
	1,800
1,600
	1st year
	0
	0
	0
	0
	0
	0

	
	
	
	
	2nd year
	0
	0
	0
	4
	0
	4

	
	
	
	
	3rd year
	1
	0
	0
	13
	0
	14

	
	
	
	
	4th year
	0
	0
	0
	1
	0
	1

	
	
	
	
	Total
	1
	0
	0
	18
	0
	19

	9
	Mice
	Moderate
	200
400
	1st year
	0
	0
	0
	0
	0
	0

	
	
	
	
	2nd year
	0
	0
	0
	0
	0
	0

	
	
	
	
	3rd year
	0
	0
	0
	41
	1
	42

	
	
	
	
	4th year
	0
	0
	0
	40
	8
	48

	
	
	
	
	Total
	0
	0
	0
	82
	9
	90

	10
	Mice
	Moderate
	500
	1st year
	0
	0
	0
	1
	0
	1

	
	
	
	
	2nd year
	0
	0
	0
	40
	0
	40

	
	
	
	
	3rd year
	14
	0
	0
	80
	1
	95

	
	
	
	
	4th year
	0
	0
	0
	23
	1
	24

	
	
	
	
	Total
	14
	0
	0
	144
	2
	160

	11
	Mice
	Mild
	100
	1st year
	0
	0
	5
	0
	0
	5

	
	
	
	
	2nd year
	0
	0
	0
	0
	0
	0

	
	
	
	
	3rd year
	0
	0
	0
	0
	0
	0

	
	
	
	
	4th year
	0
	0
	5
	0
	0
	5

	
	
	
	
	Total
	0
	0
	10
	0
	0
	10

	12
	Mice
	Moderate
	100
	1st year
	0
	0
	0
	3
	0
	3

	
	
	
	
	2nd year
	0
	0
	0
	2
	0
	2

	
	
	
	
	3rd year
	0
	0
	0
	0
	0
	0

	
	
	
	
	4th year
	0
	0
	0
	19
	0
	19

	
	
	
	
	Total
	0
	0
	0
	24
	0
	24

	13
	Mice
	Moderate
	50
	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
	5
	0
	5

	
	
	
	
	Total
	0
	0
	0
	5
	0
	5

	14
	Mice
	Moderate
	300
	1st year
	0
	0
	0
	0
	0
	0

	
	
	
	
	2nd year
	0
	0
	0
	1
	0
	1

	
	
	
	
	3rd year
	3
	0
	0
	0
	0
	3

	
	
	
	
	4th year
	4
	0
	0
	2
	0
	6

	
	
	
	
	Total
	7
	0
	0
	3
	0
	10

	
	
	
	
	
	
	
	
	
	Whole Total
	9,063


*If actual severity data has not been formally assigned at the point the Retrospective Review 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

	1
	Same/ lower
Higher
	The actual severity was reported as Mild (as expected) or Sub-threshold (no phenotype) for the breeding procedure. The actual severity was recorded as Severe for 15% of the offspring of this GA breeding protocol. This is due to the health status of the facility: The incidence is the same as for WT breeding in this facility. 

	2
	Same
	Non-recovery brain slice and neuronal culture preparation.  

	3
	Same/Higher
	Moderate severity because of surgery. Four mice reported severe as reported on SC18 forms. 

	4
	Same
	Mild severity due to food restriction in preparation for food-reward-based learning test.

	5
	Same
	Moderate severity because of surgery.

	6
	N/A
	No procedures undertaken

	7
	Same
	Non-recovery in vivo recordings.

	8
	Same
	Moderate severity because of surgery.

	9
	Same/Higher
	Moderate severity because of surgery. Eight mice reported severe as reported on SC18 forms.

	10
	Same/Higher
	Moderate severity because of surgery. Two mice reported severe as reported on SC18 forms.

	11
	Same
	Superovulation is mild procedure. 

	12
	Same
	Moderate severity because of surgery. 

	13
	Same
	Moderate severity because of surgery. 

	14
	Same or 
Non-Recovery
	Moderate severity because of surgery. Although surgery was mandatory, seven of ten were returned as Non-recovery as this was the final step. 



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).

	All unexpected adverse effects were reported under Standard Condition 18: 

Protocol 1 (1,199 out of 7,953 = 15% overall, but first two years probably under-reported): 
Through 2011 and 2022: Protocol 1, 11 out of 3,621 reported (= 0.3%). 
Through 2023: Protocol 1, 749 out of 2,464 GA pups found dead or missing (=30.4%) compared to 159 out of 468 wild-type (WT) pups (=34.0%). 
Through 2024: Protocol 1, 439 out of 1,868 GA pups were found dead or missing (=23.5%). 

Protocol 3 (4 out of 184 mice = 2.2%):  
13 Dec 2021: Protocol 3, One mouse found dead four days after head-restraint training preceded by intracranial surgery.  
4 July 2022: Protocol 3, One mouse found cold and inactive 14 days after surgery. 
16 March 2024: Protocol 3, One mouse found dead 2 days after surgery. 
17 April 2024: Protocol 3, One mouse with eye globe luxation 8 days after intracranial surgery. Humanely killed. 

Protocol 9 (9 out of 90 mice = 10%) 
8 August 2023: Protocol 9, One pup reported missing after intracranial injection. 
8 March 2024: Protocol 9, One pup found dead one day after intracranial injection. 
19-26 June 2024: Protocol 9, A total of seven pups, as one pup did not recover, and six more were found dead after intracranial injection. 

Protocol 10 (2 out of 160 mice = 1.3%)
11 April 2023: Protocol 10, One mouse with necrotic paw 3 days after surgery. Humanely killed. 
11 March 2024: Protocol 10, One mouse with weight loss exceeding threshold 4 days after surgery. Humanely killed. 
 



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
	~30% of GA pups were found dead or missing after breeding procedures during 2023 (749 out of 2,464 mouse pups). However, this was not protocol related, as the same proportion was seen in wild-type animals. Animal breeding was moved to a different breeding facility in the first half of 2024, and the number of GA pups found dead or missing decreased significantly: 24% of GA pups were found dead or missing over the whole year (439 out of 1,868 mouse pups). 

	2
	0% (0 mice)  

	3
	2,2% (4 out of 184 mice) after surgical procedures, as described in 2.3:
13 Dec 2021: Protocol 3, One mouse found dead four days after head-restraint training preceded by intracranial surgery.  
4 July 2022: Protocol 3, One mouse found cold and inactive 14 days after surgery. 
16 March 2024: Protocol 3, One mouse found dead 2 days after surgery. 
17 April 2024: Protocol 3, One mouse with eye globe luxation 8 days after intracranial surgery. Humanely killed. 

	4
	0% (0 mice)  

	5
	0% (0 mice)  

	6
	0% (0 mice)  

	7
	0% (0 mice)  

	8
	0% (0 mice)  

	9
	10% (9 out of 90 mice) after surgical procedures, as described in 2.3:
8 August 2023: Protocol 9, One pup reported missing after intracranial injection. 
8 March 2024: Protocol 9, One pup found dead one day after intracranial injection. 
19-26 June 2024: Protocol 9, A total of seven pups, as one pup did not recover, and six more were found dead after intracranial injection. 

	10
	1.3% (2 out of 160 mice) during preparation for behaviour, as described in 2.3: 
11 April 2023: Protocol 10, One mouse with necrotic paw 3 days after surgery. Humanely killed. 
11 March 2024: Protocol 10, One mouse with weight loss exceeding threshold 4 days after surgery. Humanely killed. 

	11
	0% 0 animals

	12
	0% 0 animals

	13
	0% 0 animals

	14
	0% 0 animals



2.5 Were your estimated animal numbers accurately reflected in your actual animal usage as provided in Table 2.1 above?									         YES    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
	7,953 of 17,000: Given there is more than one year left on the PPL, the breeding protocol had a reasonable max estimate.  

	2
	501 of 5,000: The number of mice used for slice experiments from wild-type mice was over-estimated, partly because we were able to share slices between group members, and partly because we used more slices from GA mice (Protocol 1).  

	3
	184 of 700: We overestimated the number of behavioural experiments with recording, some of which were replaced by head-restrained animals (Protocol 10). 

	4
	8 of 900: Behavioural studies without experimental manipulations were used only as pilots for behavioural studies with recording and/or optogenetic manipulation. 

	5
	4 of 500: Recordings during anaesthesia after surgery were partly replaced by slice experiments (Protocols 1 and 2). 

	6
	0 of 100: Recordings during anaesthesia after intracranial injection were replaced by slice experiments (Protocols 1 and 2). 

	7
	95 of 500: Recordings during anaesthesia were partly replaced by slice experiments (Protocols 1 and 2).

	8
	19 of 1,800 1,600: Ex vivo preparation after surgery was partly replaced by cross-bred animals (Protocol 1). 

	9
	90 of 200 400: Given there is more than one year left on the PPL, the original protocol had a reasonable max estimate. An automated alert that we were nearing the maximum estimated number later triggered a PPL amendment request, which was approved on 9 June 2025.  

	10
	160 of 500: We over-estimated the number of head-restrained animals, which served to complement those of freely-moving animals (Protocol 3). 

	11
	10 of 100: There were fewer than expected re-derivation procedures carried out. 

	12
	24 of 100: There were fewer than expected re-derivation procedures carried out. 

	13
	5 of 50: There were fewer than expected re-derivation procedures carried out. 

	14
	10 of 300: This was a recent amendment for chemogenetic experiments in head-restrained animals. 



2.6 Have you re-used animals? 								         YES    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

	N/A
	



2.7 Has there been any animal wastage? 							         YES    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:
Protocol 1 (Breeding): Wastage in breeding protocol most likely due to MHV infection in animal facility. 

	Estimated number or percentage of animals wasted and if appropriate provide this information by protocol:
Protocol 1 (Breeding): ~30% of GA pups were found dead or missing after breeding procedures during 2023 (749 out of 2,464 mouse pups). However, this was not protocol related, as the same proportion was seen in wild-type animals. Animal breeding was moved to a different breeding facility in the first half of 2024, and the number of GA pups found dead or missing decreased significantly: 24% of GA pups were found dead or missing over the whole year (439 out of 1,868 mouse pups).




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 was optimised by requesting facilities to minimise the number of breeding pairs and allow a rest period rather than continual breeding. 
b) Excess stock animals were offered to other users and culled humanely if not required. 
c) Genetically-altered animals have been Imported from Jackson Laboratories/Charles River.  




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    NO
		b) accessed by researchers outside the University?				 	         YES    NO
		c) would you allow other researchers at the University to use your strains?	         YES    NO
		d) would you allow external researchers to use your strains with an MTA applied?	         YES    NO

If you have answered YES to any of these questions please elaborate below:
	a) Mice are recorded on MCMS, which allows access by other researchers at the University. 
b) 
c) We have shared mouse strains with other users in the Unversity. 
d) We have exported mouse strains to collaborators and other external researchers on request. 




If you have answered NO to any of these questions please explain why.
	b)  To my knowledge, MCMS is not accessible for researchers outside the 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    NO

Please explain/provide examples.
	Because of MHV infection in our animal facility (CAF), transportation has actually increased because of transport from the breeding facility (Mira) to the experimental facility (CAF). 




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

	Species
	Source
	Approx. percentage

	Mouse 
	UBS (breeding under this PPL)
	90%

	Mouse
	Charles River
	10%



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

	8
	1,800
	1,600

	9
	200
	400



If you have increased or decreased animal numbers please explain why this was necessary?
	The amendment request was in response to a warning from the Mouse Colony Management System that the number of mice on Protocol 9 was nearing the limit allowed. The replacement of transcranial surgery in adult animals (Protocol 8) with intracranial injection of P1-P3 pups (Protocol 9) before brain slice preparation reduces the procedural severity of surgery (intracranial injection rather than open surgery) and allows slice preparation from younger animals.




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

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

	N/A
	
	

	
	
	



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







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    NO

Please explain.
	Use of human induced pluripotent stem cell-derived cerebral organoids as a model of Rett syndrome in research funded by the Evelyn Trust. 
We also routinely use computer modelling to interpret experimental results and make predictions for future experiments. 




3.2 Have you been able to reduce your animal usage?  					         YES    NO

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 have reduced the number of animals used for ex vivo preparations by approximately 50% by sharing brain slices between research group members. 




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

Please explain:
	UBS operates an email list for tissue sharing; the facility manager would be able to offer any surplus mice from our breeding protocol to other users. To be of use to our group, we would need animals or fresh tissue, which would limit our potential usage of animals/tissues offered by other facilities. 




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.

	Techniques: 
(1) Genotyping of GA animals 
(2) Intraperitoneal injection 
(3) Inhalation anaesthesia 
(4) Head fixation 
(5) Stereotaxic injection 
(6) Implantation of recording electrodes 
(7) Implantation of optic fibres
(8) Mounting of ‘miniscope’ 
(9) Recording neuronal activity 
(10) Imaging of neuronal activity 
(11) Video monitoring of behaviour 
(12) Behavioural analysis using DeepLabCut 
(13) Behavioural testing in simple 3-arm maze 
(14) Behavioural testing on cheeseboard maze

Models: 
(1) Brain slice preparation 
(2) Neuronal cell culture 
(3) Cell-type specific optogenetic actuators 
(4) Mecp2-KO mice as a model of Rett syndrome
 



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

	Techniques: 
(1) Genotyping of GA animals: We have successfully genotyped offspring from heterozygote breeding programmes.  
(2) Intraperitoneal injection: We have successfully used intraperitoneal injection for drug application.  
(3) Inhalation anaesthesia: We have successfully used isoflurane anaesthesia for terminal procedures as well as recovery procedures.  
(4) Head fixation: We have successfully trained mice to accept head restraint for mounting miniscopes as well as recording experiments.  
(5) Stereotaxic injection: We have successfully used stereotaxic injection to express neuron-specific expression of viral vectors.  
(6) Implantation of recording electrodes: We have successfully implanted extracellular microelectrodes to record hippocampal and neocortical local field potentials and thalamic units.  
(7) Implantation of optic fibres: We have successfully implanted optic fibres for optogenetic activation of midbrain dopamine neurons and medial septal cholinergic neurons. 
(8) Mounting of ‘miniscope’: We have successfully mounted miniscopes for calcium imaging of hippocampal neurons during learning and memory testing.  
(9) Recording neuronal activity: We have successfully used implanted electrodes to record neural activity in the hippocampus, thalamus and neocortex during learning and post-learning sleep.  
(10) Imaging of neuronal activity: We have successfully used calcium imaging of hippocampal neurons through surgically implanted miniscopes.  
(11) Video monitoring of behaviour: We have successfully used video cameras to follow location and behaviour of mice during maze learning.  
(12) Behavioural analysis using DeepLabCut: We have successfully used DeepLabCut to monitor behaviour and motor skills in different genotypes of mice.  
(13) Behavioural testing in simple 3-arm maze: We have successfully tested mice in the rewarded Y-maze task.  
(14) Behavioural testing on cheeseboard maze: We have successfully trained mice to learn food locations on a cheeseboard maze and replaced food rewards with optogenetic stimulation of midbrain dopamine neurons. 

Models: 
(1) Brain slicing is a well established refinement to in vivo recording, successful at establishing cellular and molecular mechanisms of relevance to in vivo behaviour. 
(2) Neuronal cell culture is suitable for specific questions regarding mechanisms of neural development. 
(3) Optogenetics is very valuable, yielding data that cannot be otherwise obtained with other currently available technology. 
(4) Mouse models of disease are useful to explore possible mechanisms underlying human disease but must be validated in human tissue. 




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

	Model (4) Mouse models of disease are limited to understanding possible biological mechanisms. We have confirmed some of our findings in a human induced pluripotent stem cell-derived cerebral organoid model. 




3.7 Have you attempted or been able to refine any of your techniques or models? 
         YES    NO
	
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.
	Technique (3) Inhalation anaesthesia: We developed a 3-D printed anaesthesia apparatus for neonatal mouse pups. This technique has been shared with other groups in the university, but not formally published.  




3.8 Do you use systems to monitor the welfare of your experimental animals (e.g., scoring sheet)?													         YES    NO

If not, why?
	We use standard husbandry procedures, observation sheets following surgery, and weight monitoring during food restriction, but no detailed scoring sheets for home cage behaviour. The appetitively motivated learning tasks of the animals that we use ensures that any welfare concerns would be minimal during behavioural testing. 




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?
	Simple paper monitoring system. An app-based on-line should be considered, but this would need resources beyond a single research group, most likely at a facility-wide or UBS-wide level. 




3.9 Were the end points detailed in your project licence appropriate? 			         YES    NO
Have you needed to modify them during the tenure of your licence? 			         YES    NO

Please explain.
	The end points that were detailed in the project licence appear to have been appropriate and did not need any modifications. 




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.

	Exsanguination (AC) with killing by a Schedule 1 method - NOT USED
Perfusion fixation (AC) – USED 
Perfusion with physiological salt solution and removal of the brain (AC) – USED 
Decapitation (AC) – USED 
Decapitation (pups, less than 5 days of age) (AA) – USED 
Laparotomy to remove embryos or foetuses from pregnant dams following which the dams
and foetuses will be killed by a Schedule 1 method (AC) – NOT USED 




Were these killing methods the most refined? 						         YES    NO
Were they the most appropriate for your experimental data?				         YES    NO

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.
	N/A




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

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





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).
	N/A







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    NO

4.2 When your licence is due to expire will you have completed the programme of work described in this licence? 										         YES    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).

	Objective 1
What is the temporal structure of cortical activity during behavioural learning and memory at specific
synaptic connections?
We have collected calcium imaging data with published results on the changes of hippocampal neuronal activity during spatial learning of reward locations. 
 
Objective 2
What is the temporal structure of cortical activity during subsequent sleep at these synaptic
connections?
We have collected data at the spiking and local field potential level in the hippocampus, thalamus and cortex, contributing to the understanding of how the thalamus orchestrates sleep related consolidation. 

Objective 3
What are the circuit mechanisms governing the temporal structure of this cortical activity?
We have studied the origin of the slow oscillation in cortical tissue in a slice preparation. 

Objective 4
What are the signalling mechanisms responsible for plasticity induced by this activity?
We have analysed in detail the molecular mechanisms underlying a novel form of synaptic plasticity. 

Objective 5
How are these mechanisms altered in specific neurodevelopmental and neurodegenerative
disorders?
We have studied the functional network topology of cortical neurons in culture in a mouse model of Rett syndrome. 




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.).

	Objective 1
What is the temporal structure of cortical activity during behavioural learning and memory at specific
synaptic connections?
Lack of funding prevented us from collecting electrophysiological spike data which has a temporal resolution higher than that of calcium imaging. 
 
Objective 2
What is the temporal structure of cortical activity during subsequent sleep at these synaptic
connections?
The Covid pandemic and lack of funding prevented a more comprehensive data set involving more cortical regions of the brain. 

Objective 3
What are the circuit mechanisms governing the temporal structure of this cortical activity?
Lack of funding prevented analysis of population events other than the slow oscillation. 

Objective 4
What are the signalling mechanisms responsible for plasticity induced by this activity?
This objective was to a large extent achieved. 

Objective 5
How are these mechanisms altered in specific neurodevelopmental and neurodegenerative
disorders?
The Covid pandemic and lack of funding slowed our progress on this objective. 




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.

	The Benefits section of the Non-Technical Summary reads: 
Understanding how we learn and remember has fascinated scientists for hundreds of years. It is believed that changes in the connections between cells in the brain underpin learning and memory. However, how these changes affect behaviour is poorly understood. This work aims to identify how cell activity induces changes in the connections between cells. Conversely, we will identify how these changes in connections affect activity. Learning and memory are fundamental properties of the brain. They enable animals to adapt to their environments. Memory is also essential for our identities as humans. Human brain disorders that affect memory have devastating effects on the individual as well as the society. As such, insight into memory processes is important not only for understanding animal behaviour but also for the treatment of learning disabilities and memory disorders in humans.

These aims have broadly been achieved. We have identified a new plasticity rule and recorded how neuronal activity changes following reward location learning. New insights have also been gained for understanding possible treatment options of Rett syndrome, a learning disability which in girls involves a mosaic of genetically impaired and normal neurons. 




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?

	Higher resolution spiking data in behaving animals would have established more firmly the relation between neuronal activity and synaptic plasticity and their involvement in spatial learning and memory.
 
More specific mechanistic investigations of changes in plasticity in mouse models of neurodevelopmental and neurogenerative disorders would have taken us closer to potential new treatment options.  




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 discovered a previously unrecognized mechanism of synaptic plasticity, which may help explain learning when there is a temporal gap between action and outcome. 



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.
	Relevant publications in scientific journals 2021-2025:
Hay YA, Jarzebowski P, Zhang Y, Digby R, Brendel V, Paulsen O, Magloire V (2021) Cholinergic modulation of Up-Down states in the mouse medial entorhinal cortex in vitro. Eur J Neurosci 53: 1378–1393. DOI: https://doi.org/10.1111/ejn.15032

Robbins M, Siddiqui O, Fuchsberger T, Goodfellow G, Paulsen O, Kaminski CF, Euser T, Schierle GSK (2021) OptoGenie: An open-source device for the optogenetic stimulation of cells. J Open Hardware 5(1): 2, pp. 1–15. DOI: https://doi.org/10.5334/joh.32  

El-Gaby M, Reeve HM, Lopes-dos-Santos V, Campo-Urriza N, Perestenko PV, Morley A, Strickland L, Lukács IP, Paulsen O, Dupret D (2021) An emergent neural coactivity code for dynamic memory. Nat Neurosci 24: 694–704. DOI: https://doi.org/10.1038/s41593-021-00820-w

Jarzebowski P, Tang CS, Paulsen O, Hay YA (2021) Impaired spatial learning and suppression of sharp wave ripples by cholinergic activation at the goal location. eLife 10: e65998, pp. 1–22. DOI: https://doi.org/10.7554/eLife.65998 

Ang GWY, Tang CS, Hay YA, Zannone S, Paulsen O, Clopath C (2021) The functional role of sequentially neuromodulated synaptic plasticity in behavioural learning. PLoS Comput Biol 17: e1009017, pp. 1-22. DOI: https://doi.org/10.1371/journal.pcbi.1009017

Hay YA, Deperrois N, Fuchsberger T, Quarrell TM, Koerling A-L, Paulsen O (2021) Thalamus mediates neocortical Down state transition via GABAB receptor-targeting interneurons. Neuron 109: 2682–2690. DOI: https://doi.org/10.1016/j.neuron.2021.06.030

Jarzebowski P, Hay YA, Grewe BF, Paulsen O (2022) Different encoding of reward location in dorsal and intermediate hippocampus. Curr Biol 32: 834–841. DOI: https://doi.org/10.1016/j.cub.2021.12.024

Shipton OA, Tang CS, Paulsen O, Vargas-Caballero M (2022) Differential vulnerability of hippocampal CA3-CA1 synapses to Aβ. Acta Neuropathol Commun 10: 45, pp. 1-13. DOI:  https://doi.org/10.1186/s40478-022-01350-7 

Fuchsberger T, Jarzebowski P, Clopath C, Brzosko Z, Wang H, Paulsen O (2022) Reactivation of hippocampal neurons enables associative plasticity of temporally discontiguous inputs. eLife 11: e81071. DOI: https://doi.org/10.7554/eLife.81071

Fuchsberger T, Stockwell I, Woods M, Brzosko Z, Greger IH, Paulsen O (2025) Dopamine increases protein synthesis in hippocampal neurons enabling dopamine-dependent LTP. eLife 13: RP100822. DOI: https://doi.org/10.7554/eLife.100822.3

Brockhoff M, Träuble J, Middya S, Fuchsberger T, Fernandez-Villegas A, Stephens A, Robbins M, Dai W, Haider B, Vora S, Läubli NF, Kaminski CF, Malliaras GG, Paulsen O, Kaminski Schierle GS (2025) PseudoSorter: A self-supervised spike sorting approach applied to reveal Tau-induced reductions in neuronal activity. Sci Adv 11: eadr4155. DOI: https://doi.org/10.1126/sciadv.adr4155 


	Publications pending, or under review:
Brecier A, Mailhos G, Jarzebowski P, Li Y, Paulsen O, Hay A (2025) Layer 1 NDNF interneurons form distinct subpopulations with opposite activation patterns during sleep in freely behaving mice. Proc Natl Acad Sci U S A (submitted). 

Miller PS, Gonzalez-Prada JE, Liu S, Jones CF, Chernoff CS, Bright DP, Mortensen M, Shang C, Nestorow S, Kasaragod VB, Chen W-N, Dunn AWE, Soltani A, Turner RJ, Duggan NM, Yuan Y, Wahid AA, Hardwick SW, Scott S, Chirgadze DY, Pardon E, Steyaert J, Aricescu AR, Paulsen O, Belin D, Smart TG (2025) Molecular actions of GABAA receptor nanobodies and anxiolytic effects. Submitted. 


	Presentations at scientific meetings:
European Sleep Research Society (ESRS), Athens, Greece, 27-20 September 2022: 
Symposium chair: Circuit mechanisms of thalamocortical sleep oscillations 
Speaker, A. Hay: Thalamic synchronisation of cortical slow oscillations during NREM sleep

International Brain Research Organisation (IBRO), Granada, Spain, 9-13 September 2023: 
Symposium chair: 50 years of LTP, What have we learnt? 

FENS Regional Meeting, Oslo, Norway, 16-19 June 2025 
Symposium speaker: Linking past and present: Associative properties of LTP  
 


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    NO

If you answered NO: why?
	Because my workload at the University prevents me from doing so, I have not personally engaged with the general public, but I encourage members of my laboratory to present at public meetings, such as the Cambridge Festival. Two examples are Dr Susanna Mierau’s talk on “Sensory perception in autism: from the clinic to the laboratory” at the Cambridge Science Festival and Dr Tanja Fuchsberger’s grant from the Public Engagement Starter Fund on “Memories – how they come and go, or sometimes get lost” with which she produced a video that won the 2021 Brain Awareness Video Contest: https://www.brainfacts.org/thinking-sensing-and-behaving/learning-and-memory/2021/what-memories-are-made-of-100121. 
 



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?
	N/A






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.

	Amendment 9 April 2021: Update of application from the reduced application originally granted.
Amended Protocol 1 to include Objective 5 and with the addition of perfusion and removal of the brain (AC) as an option in Step 4. 
Amended Protocol 2 for consistency with Protocol 1 in listing the options of terminal procedures. 
Added a new Protocol 3, addressing all the issues raised by the H.O.I. on the previous draft, in particular removing all aversive behavioural procedures as requested. 
Increased the maximum number of animals in each protocol as appropriate for a five-year project licence rather than a temporary one.

Amendment 25 Jun 2021: 
Protocol 2: Corrected inadvertent omission of Neonate to life stages and increased the maximum number of animals to that approved by AWERB committee. 
Added Protocols 4, 5, 6, 7, 8 and 9, which were protocols from the initial submission, all approved by AWERB committee. 
The NTS and Action plan were updated accordingly.  

Amendment 24 August 2021: 
Added four protocols (protocols 10, 11, 12 and 13) which were protocols from the initial submission, all approved by the University of Cambridge AWERB meeting of 27 February 2021. The ‘Project harms’, ‘Reduction’ and ‘Action plan’ sections were updated accordingly.

Amendment 25 April 2022: 
Protocol 3, Step 1: As a refinement, to allow chemogenetics in addition to optogenetics, ‘optogenetic or chemogenetic’ was inserted before ‘actuators’.   
Protocol 3, Step 3: To minimise animal stress, the procedure could take place under brief anaesthesia (AB). To allow the cement to set securely during surgery, the maximum time was increased for this step from 5 minutes to 15 minutes. 
New Protocol 14 based on Protocol 3: As a refinement, to allow chemogenetics without unnecessary implant surgery, a new protocol with Step 1 rather than Step 2 mandatory was introduced with updated Animal experience section. 
The number of animals (1,000) was split between Protocol 3 (700) and Protocol 14 (300), so there was no change in the total number of animals under the PPL. 
The Action plan was updated to include the new Protocol. 
Protocol 7: As a refinement, to allow non-invasive imaging in anaesthetised animals, craniotomy was made optional by splitting Step 1 into an optional Step 1 and a mandatory Step 2 with non-invasive imaging as option 2(d).  
Protocol 10: As a refinement, to allow imaging without prior implantation of a head-mounting bracket, Step 2 was made optional. 
Refinement and Action plan sections were updated accordingly.

Amendment 9 June 2025: 
Protocols 8 and 9: Replacement of surgery in 200 adult animals (Protocol 8) with intracranial injection of 200 P1-P3 pups (Protocol 9) before brain slice preparation. This would not influence the overall number of animals used.
The replacement of transcranial surgery in adult animals (Protocol 8) with intracranial injection of P1-P3 pups (Protocol 9) before brain slice preparation is a refinement that reduces the procedural severity of surgery (intracranial injection rather than open surgery) and allows slice preparation from younger animals.




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.

	All unexpected adverse effects were reported under Standard Condition 18: 
1. 13 Dec 2021: Protocol 3, Found dead four days after head-restraint training preceded by intracranial surgery. [File: ASRU_UniversityOfCambridge_PP0499088_Paulsen_14122021_sc18_Final]
2. 4 July 2022: Protocol 3, Found cold and inactive 14 days after surgery. [File: ASRU_University of Cambridge_PP0499088_Paulsen_20220704_SC18 FINAL]
3. 11 April 2023: Protocol 10, Necrotic paw 3 days after surgery. [File: ASRU_University of Cambridge_PP0499088_Paulsen_20230412_sc18] 
4. 8 August 2023: Protocol 9, One pup reported missing after intracranial injection. [File: ASRU_University of Cambridge_PP0499088_Paulsen_16082023_sc18] 
5. 8 March 2024: Protocol 9, One pup found dead one day after intracranial injection. [File: ASRU_University of Cambridge_PP0499088_Paulsen_09032024_sc18]
6. 11 March 2024: Protocol 10, Weight loss exceeding threshold 4 days after surgery. [File: ASRU_UniversityOfCambridge_ PP0499088_Paulsen_11-03-2024_sc18]
7. 16 March 2024: Protocol 3, Found dead 2 days after surgery. [File: ASRU_UniversityOfCambridge_PP0499088_Paulsen_20032024_sc18] 
8. 17 April 2024: Protocol 3, Eye globe luxation 8 days after intracranial surgery. [File: ASRU_UniversityOfCambridge_PP0499088_Paulsen_22042024_sc18] 
9. 19-26 June 2024: Protocol 9, One pup did not recover, and six more were found dead after intracranial injection. [File: ASRU_PDN_PP0499088_Paulsen_080724_sc18] 
10. Through 2023: Protocol 1, 749 out of 2464 GA pups found dead or missing (=30.4%) compared to 159 out of 468 wild-type (WT) pups (=34.0%). [File: ASRU_University of Cambridge_PP0499088_Paulsen_10032024_sc18] 
11. Through 2024: Protocol 1, 439 out of 1,868 GA pups were found dead or missing (=23.5%). [File: ASRU_University of Cambridge_PP0499088_Paulsen_18042025_sc18]




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).

	SC18, 11 March 2024: Protocol 10, Weight loss exceeding threshold 4 days after surgery. Referred to ASRU Enforcement. Outcome: No further action. 
SC18, 17 April 2024: Protocol 3, Eye globe luxation 8 days after intracranial surgery. Referred to ASRU Enforcement. Outcome: RCA meeting 16 July 2024. 
SC18, 19-26 June 2024: Protocol 9, One pup did not recover, and six more were found dead after intracranial injection. Referred to ASRU Enforcement. Outcome: Further information requested, no further action. 




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).

	RCA meeting 16 July 2024 re: SC18 17 April 2024: Protocol 3, Eye globe luxation 8 days after intracranial surgery. Primary root cause: Misperception of NVS responsibilities by researchers.




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.)?

	MHV infection in the animal facilities affected the number of pups found dead or missing under Protocol 1, which were returned as Severe. Mouse breeding has since been moved from the affected facility to a cleaner facility, which has significantly reduced the number of pups found dead or missing, but introduces additional transport of animals between facilities. 







6 Retrospective Review:  

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

	Completed copy of this form
	

	Copies of Condition 18 reports (if applicable)
	

	Copies of 3Rs publications (if applicable)
	N/A







For UBS office use only:
	
	Date

	1. Retrospective review form sent to project licence holder
	09/12/2024

	2. Retrospective review 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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