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Abstract
The practice of continually breeding lines to maintain
them as a live resource either in-between studies or
indefinitely “just in case” is common practice in many
animal facilities. This process of “ticking over” colonies
has historically occurred due to the unavailability or
unreliability of archiving services, coupled to the
economic cost associated with the processes. The
advent of reliable sperm cryopreservation and
associated recovery processes has now eliminated
most reasons to not archive lines.

The appointment of the Manager of Embryology
Services within King’s College London (KCL) Biological
Services, coupled with the technical support by the
Animal Technologists, has permitted rapid and efficient
archiving which in turn has led to the substantial
reduction in “tick-over” colonies. Between September
2015 and October 2017 various subsidy incentives
were offered to research groups resulting in over 350
lines being cryopreserved with 97 removed as a live
resource. This is a significant ethical refinement as it is
estimated to have prevented the breeding of an
additional 4,000 mice per year. Other benefits include
releasing of cage space for scientific research and the
accommodation of new mouse lines.

The culture throughout small laboratory animal
establishments to maintain tick-over colonies has been
successfully challenged by centrally subsidised and
targeted archiving throughout KCL Biological Services
Units (BSUs), which has in turn facilitated further
scientific work. Ethically and financially incentivised
archiving is a noteworthy indication of our commitment
to implementing the 3Rs across King’s College London.
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Introduction
Genetically altered (GA) mice are an important model
organism with valuable mutations being created each
year. In 2016 the Home Office statistics1 showed that
1,650,514 mice were returned under creation and
breeding of GA animals not used in experimental
procedures.

It has been common practice for genetically altered
mice to be maintained as a live resource, partly due to
archiving costs and associated efficiencies but also
due to poor colony management. The process of ticking
over colonies indefinitely is now unnecessary.

The process of indefinite tick-over colonies is poor
practice for many reasons:

1. Unnecessary production and killing of animals – the
process of ticking over colonies is unethical as
animals are produced without being used for
scientific purposes.

2. Financially costly – long-term holding of even small
numbers of mice is costly compared to
cryopreservation of a colony.

3. Poor genetic integrity – maintaining small closed
colonies speeds up genetic drift and the likelihood
of fixing new random mutations in a population of
mice.

4. Poor Culture of Care – culling animals which are a
result of tick-over colonies is incredibly stressful to
all personnel. Reducing the instances improves
morale of staff which in turn improves the culture
of care within an establishment. Tick-over colonies
also indicate a lack of awareness within good
colony management practice.

Reducing tick-over colonies has a number of benefits,
including but not limited to; 3Rs reducing the number
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Abstract
Recent studies have shown that the method choice for
handling laboratory mice is important to animal
welfare. In 2015, 60% of all animals used in Home
Office procedures were laboratory mice. Given the
large number of mice within global facilities, mouse
welfare should be a high priority. Improved handling not
only leads to more consistent scientific data, it can
also lead to improved animal welfare. Historically mice
have been picked up by their tail, a method that has
been passed down to generations of technologists and
is widely accepted as a method of handling. Hurst and
West (2010) showed that picking up mice by their tail
induces aversion and high anxiety. By contrast, using
alternatives, such as a tunnel or cupped on the open
hand, leads to voluntary approach to the handler, low
anxiety and animals that more readily accept some
physical restraint. Hurst and West’s findings were
consistent across strains and sex of laboratory mice,
handlers with differing levels of experience and
different light periods (light/dark). From a welfare
perspective, the response from the mice on a daily
basis is a positive step in the right direction.

The evidence presented by Hurst and West indicates
that a change to the standard method for picking up
mice would provide improved welfare for millions of
mice worldwide. However, this will only happen if the
non-aversive methods are taken up by facilities. To be
successful, the practicalities of these methods need to
be demonstrated and appropriate instruction provided

for technical staff and researchers to aid
implementation of the methods.

First, I gained information from talking to technologists,
conducted a survey of their responses concerning key
issues and established practical details of
implementation in our own facility. I then played a major
part in designing and constructing a video-based
tutorial with accompanying commentary, to
demonstrate the handling methods and their use in
common laboratory situations from a practical,
technologist’s viewpoint. This includes ways to avoid
common problems in implementation to reduce stress
in both animals and the technologists carrying out the
handling. Although my main focus was practical
implementation from an animal technologist’s
perspective, as this will have the greatest impact on
implementation, the tutorial provides important training
material for technologists and researchers alike.

With valuable support from NC3Rs to provide a web-
based resource, truly available to all (nationally and
internationally), the tutorial is now hosted on the
NC3Rs’ website (http://www.nc3rs.org.uk/mouse-
handling-tutorial). Statistics gained from NC3Rs for the
first six weeks since its launch show that the tutorial is
already being used in a wide range of countries in
addition to the UK. Feedback from fellow technologists
in the United States has further enhanced the hope that
animals outside of the UK will also benefit from the non-
aversive methods of handling that have been developed.
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of mice produced, reduced cage occupancy, creates
additional space for current scientific research,
improved staff morale, reduced risk of losing
colony/business continuity.

In some cases, tick over colonies are permitted where
waiting for a publication feedback e.g. may have to
repeat work, future use is imminent so maintaining a
live colony results in less overall harm (number of mice
produced, procedures, etc.), where archiving attempts
have been unsuccessful or are currently ongoing.

The appointment of the Manager of Embryology
Services within King’s College London, Biological
Services, coupled with the technical support by the
Animal Technologists, has permitted rapid and efficient
archiving which in turn has led to the substantial
reduction in tick-over colonies.

Cryopreservation
To archive mouse colonies we have used established
protocols to cryopreserve both sperm3 and embryos.4

Significant advances have been made over the past 15
years which help optimise the cryopreservation of
murine sperm4 and subsequent in vitro fertilisation
methodology5,6,7 offering a quick, efficient and robust
method to archive mutant mouse models on a range of
genetic backgrounds, using a minimal number of mice.
However, sperm freezing may not be appropriate if a line
is from a mixed or unknown genetic background that
needs to be maintained, also if there are multiple or
homozygous mutations which need to be maintained. It
has therefore been necessary in some cases to archive
preimplantation embryos. In our hands it is more
efficient to generate embryos by in vitro fertilisation, not
only does this give us a higher yield per donor female
but also avoids the breeding and maintenance
associated with requiring a stud bank.

Case presentation
Between the dates of November 2015 and November
2017 various incentives have been available to help
reduce the number of mouse colonies being “ticked-
over” within KCL. Whilst establishing the Embryology
services, RMID-Biological Services provided financial
support to gather proof of concept of newly available
services, the subsidies also acted as an incentive for
the use of these services promoting good colony
management.

Proof of concept – the first fifteen sperm and embryo
cryopreservation sessions were provided free of
charge.

Subsidised archiving – half price archiving for all lines
for eighteen months where the line is being removed as
a live resource, or for three months if the line is being
maintained as a live resource.

To improve the uptake of the services available
Biological Services Animal Technologists throughout
KCL highlighted lines which were being ticked-over and
proactively engaged in discussion with colony owners
and managers to encourage archiving.

Facility wide rederivation projects are taking place
across KCL to improve the health status throughout the
establishment. To accomplish the rederivation
project/s, cryopreservation formed a key part of the
strategy. Archiving cryopreserved material in advance
permits the rapid and efficient recovery when new
clean/refurbished areas are opened. This strategy also
benefits colony management and business continuity.
Because the rederivation work that is being performed
is in the interest of animal welfare and improved
research, KCL Management agreed to subsidise the
costs so Biological Services could offer the service
free of charge to research groups.

Discussion
Since the establishment of the embryology services,
up to November 2017 more than 350 mouse lines had
been cryopreserved, with 97 being removed as a live
resource. We estimate this has prevented the breeding
of roughly 4,000 mice per year, based on the
assumption of that each tick-over colony would contain
1-2 breeding pairs with a litter produced every 6-8
weeks.

In total 7,327 embryos have been cryopreserved in 346
straws and 5,900 sperm aliquots have been archived.
The uptake and distribution of cryopreservation
requests peaked through Q2 and Q3 2016 perhaps due
to research groups utilising the discounted offers
available. Subsequent request numbers stabilised
moving forward indicating confidence and satisfaction
with the techniques available.

High staff morale can provide several benefits to any
organisation or business such as improved productivity,
focus and more. Because of the cryopreservation
process, animal care staff were able to reduce the
number of instances where animals were culled which
had not previously undergone a scientific procedure
other than breeding and maintenance. Reducing “tick-
over” colonies has enabled animal care staff to focus
greater time to animal welfare and the personal
development of their careers. This also helps to
maintain a good culture of care for staff to work within
and consequently greater productivity.

Due to the large number of colonies being removed as
a live resource there has been an impact on financial
income. We believe this is an important area to discuss
although it should not be considered as a limiting
factor. Following this large-scale cryopreservation
programme the department saw a reduction of
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£171,550 per year on mouse maintenance income
across the seven BSUs.

We did however see an increase on procedure income
of 59% from embryology services and experimental
procedures performed by staff in New Hunt’s House
BSU.

Conclusion
The culture throughout small laboratory animal
establishments to maintain tick-over colonies has been
successfully and amicably challenged by subsidised
and targeted archiving throughout KCL Biological
Services.

The successful programme has reduced unnecessary
breeding and maintenance of mice, provided further
time for Animal Technologist development (CPD),
created space for internal customers and external
therapeutics companies.

KCL Biological Services staff continue to actively
advise colony managers/owners for improved breeding
programmes, both to maintain genetic integrity and
prevent over breeding.
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