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Abstract

European and UK legislation requires all animal procedures to be
conducted with consideration to reduction, refinement and
replacement. In this review, 3Rs developments are discussed in the
field of platelet biology and thromboembolism. Platelet research
requires the use of animal models, and mice are widely used in the
field. When working in vitro, conventional light transmission
techniques have been scaled down allowing reduction in animal
numbers. In vivo, vascular injury models are widely used and work is
ongoing to develop ex vivo approaches that use fewer animals.
Thromboembolic mortality models, which inflict considerable pain and
suffering, have also been used widely. A published and characterised
refinement of this mortality model allows real-time monitoring of
radiolabelled platelets under general anaesthesia and reduces both
the severity level and the numbers of mice used in a typical
experiment. This technique is more sensitive than the mortality
approach and has opened up new avenues of research, which would
not have been feasible by using death as an end-point. To drive
uptake of real-time monitoring, a more simplistic approach has been
developed involving micro-sampling and cell counting.
Thromboembolic mortality models should therefore be considered
obsolete due to the emergence of 3Rs models with improved scientific
outcomes and that can be implemented relatively easily.

Keywords
endothelium, mortality, mouse, pharmacology, platelet, reduction
refinement, thrombosis

NC

3R°®

This article is included in the NC3Rs gateway.

Open Peer Review
Reviewer Status TV

Invited Reviewers

vy ? v

report

version 1

15 May 2018 report

report

1. Sarah Jones, Manchester Metropolitan

University, Manchester, UK

2. David J. Grieve, Queen's University Belfast,

Belfast, UK

3. Alan G.S. Harper
UK

, Keele University, Keele,

Any reports and responses or comments on the

article can be found at the end of the article.

Page 1 0f 13


https://f1000research.com/articles/7-593/v1
https://f1000research.com/articles/7-593/v1
https://orcid.org/0000-0002-5305-7575
https://doi.org/10.12688/f1000research.14456.1
https://doi.org/10.12688/f1000research.14456.1
https://f1000research.com/NC3Rs
https://f1000research.com/NC3Rs
https://f1000research.com/articles/7-593/v1
jar:file:/work/f1000research/webapps/ROOT/WEB-INF/lib/service-1.0-SNAPSHOT.jar!/com/f1000research/service/export/pdf/#
jar:file:/work/f1000research/webapps/ROOT/WEB-INF/lib/service-1.0-SNAPSHOT.jar!/com/f1000research/service/export/pdf/#
jar:file:/work/f1000research/webapps/ROOT/WEB-INF/lib/service-1.0-SNAPSHOT.jar!/com/f1000research/service/export/pdf/#
https://orcid.org/0000-0003-2413-4823
http://crossmark.crossref.org/dialog/?doi=10.12688/f1000research.14456.1&domain=pdf&date_stamp=2018-05-15

F1OOOResearch F1000Research 2018, 7:593 Last updated: 29 SEP 2020

Corresponding author: Michael Emerson (m.emerson@imperial.ac.uk)

Author roles: Taylor KA: Formal Analysis, Investigation, Writing - Original Draft Preparation, Writing - Review & Editing; Emerson M:
Conceptualization, Data Curation, Funding Acquisition, Investigation, Methodology, Project Administration, Supervision, Writing -
Original Draft Preparation, Writing - Review & Editing

Competing interests: No competing interests were disclosed.

Grant information: This work was supported by research grants from the National Centre for the Replacement, Refinement and
Reduction of Animals in Research (NC3Rs) (grant numbers: G0600382/1; G0900732/1; NC/M000079/1).

Copyright: © 2018 Taylor KA and Emerson M. This is an open access article distributed under the terms of the Creative Commons
Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly
cited.

How to cite this article: Taylor KA and Emerson M. Refinement of a mouse cardiovascular model: Development, application and
dissemination [version 1; peer review: 2 approved, 1 approved with reservations] F1000Research 2018, 7:593
https://doi.org/10.12688/f1000research.14456.1

First published: 15 May 2018, 7:593 https://doi.org/10.12688/f1000research.14456.1

Page 2 of 13


mailto:m.emerson@imperial.ac.uk
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.12688/f1000research.14456.1
https://doi.org/10.12688/f1000research.14456.1

Research highlights

Scientific benefits:

e Acquisition of pharmacodynamics dose-responses increases
sensitivity

e Platelet function is assessed directly

3Rs benefits:

* Procedures are conducted at a lower severity level avoiding
pain and suffering

e Animal numbers are reduced by 85%

Practical benefits:

e Simplistic alternative micro-sampling approaches are
available that require only standard laboratory equipment and
minimal training

Current applications:

e |nvestigating cardiovascular risk associated with exposure to
airborne pollution and HIV/antiretroviral therapy

Future applications:

e Broadly within the fields of anti-thrombotic therapy and
platelet physiology/pharmacology

e Potential for further reduction in the field by developing flow
cytometric approaches for multiple analyses of diluted
micro-samples

Cardiovascular diseases and platelets

Cardiovascular diseases including myocardial infarction (MI) and
stroke are the major cause of death in Western society. Cardio-
vascular risk is heightened by the unavoidable risk factor of age,
but is also driven by avoidable, or potentially avoidable, factors
such as smoking, poor diet and airborne pollution'. Cardiovascular
disease is also increasingly important to clinicians and scientists
in other fields. For example, cardiovascular events are the major
cause of death in people living with HIV who are virally supressed
by antiretroviral therapy”.

When investigating mechanisms of cardiovascular disease,
platelets are of obvious interest. Platelets are circulating blood
elements with central roles in haemostasis and thrombosis and
are a major therapeutic target in the treatment of arterial throm-
botic events such as MI. Aspirin and clopidogrel inhibit platelet
activation and are widely prescribed in patients following MI,
although their efficacy remains suboptimal and new therapeutic
approaches are required.

When activated, platelets undergo a series of signalling proc-
esses involving calcium release and the expression of activa-
tion markers, including P-selectin, on the extracellular surface.
Platelets also release a range of inflammatory mediators from
intracellular granules, including chemokines such as PF4 (Platelet
Factor 4) and CCL5 (chemokine (C-C motif) ligand 5). Platelets
therefore generate a range of signals that drive processes such as
adhesion, aggregation and inflammation. Human platelets are
easily isolated from blood and their function may be assessed
through a range of established assays. The gold-standard functional
assay remains light transmission aggregometry, which measures
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increases of light transmission through initially opaque platelet
suspensions as platelets aggregate”’.

In vitro and ex vivo analysis of platelet function
Platelets are anucleate and it is not possible to alter protein
expression using traditional in vitro strategies, such as siRNA
knockdown. Therefore, it is often necessary to employ mouse
models where protein expression of the precursor cell, the meg-
akaryocyte, can be altered. A significant reduction achievement
concerning in vitro mouse platelet aggregometry has been the
development of 96-well plate light transmission approaches’,
which use much smaller plasma volumes than conventional
cuvette approaches. By reducing the standard plasma volume
from 450 to 90 pl, a reduction in mouse use of 80% is possible
when switching to a 96-well format. In addition, running
multiple samples in parallel in a 96-well plate, rather than con-
secutive cuvette analyses, can reduce sample variability and thus
reduce numbers of animals required per experiment.

Flow cytometry is widely used in biomedical research and with
an increasing number of available antibodies and markers that
permit diverse analysis in very small samples of cells and fluids,
this approach can dramatically increase the number of experi-
mental parameters per experiment. Platelet researchers routinely
monitor high affinity integrin o, 33, alpha and dense granule
release as markers of platelet activation alongside assays to deter-
mine changes of Ca>* signalling and aggregation’*. Emergent
flow cytometers, such as the BD Accuri C6, enable agonists to
be added during sample acquisition, allowing for simultaneous
kinetic evaluation of platelet activation®. A major advantage of this
technology is that data can be obtained with diluted samples (i.e.
1:200), raising the possibility that micro-sampling could replace
alternative blood collection techniques, such as retro-orbital
sampling and cardiac puncture. Ongoing work in our laboratory
is evaluating the potential of using flow cytometry to perform
ratiometric analysis of agonist-evoked calcium signalling, plate-
let aggregation and protein studies using human samples. If
successful, these techniques could be applied to mouse studies
and reduce the overall number of animals required.

Reporting of numbers of animals used per experiment in the
literature is highly variable and it is often not possible to deter-
mine whether the same animal has been used in multiple assays.
Taking these limitations into account, we predict that measure-
ment of platelet activation markers, aggregation response and
calcium response to three platelet agonists using conventional
assays would require 13 mice per experimental replicate. How-
ever, development of flow cytometric approaches discussed here
could reduce this number by over 90%.

Need for animal models

The involvement of multiple cell types and tissues in the etiology
of cardiovascular diseases creates a strong necessity for animal
studies, and more than 63,000 animal procedures involving mice
were reported in the Cardiovascular, Blood and Lymphatic field
by the UK Home Office in 2016 (https://www.gov.uk/government/
statistics/statistics-of-scientific-procedures-on-living-animals-
great-britain-2016).
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Within the field of thrombosis and platelets, vascular injury
models involving endothelial damage via chemical, laser or
mechanical trauma and subsequent thrombus formation are widely
used’. Although the technique is conducted terminally under
general anaesthesia, the number of thrombi that can be recorded
per animal is limited, since, for example, both carotid arteries
cannot be ligated. In addition, the high variance of the data
outputs mean that relatively high numbers of animals are required
to statistically power studies. Efforts are currently underway
to develop an ex vivo carotid artery model involving luminal
cannulation of excised artery sections: https://www.nc3rs.org.uk/
reducing-animal-use-thrombosis-research-ex-vivo-injury-model.
In due course, it is hoped that this model will reduce mouse use
by at least 50% since both carotid arteries can be used.

The vascular endothelium releases mediators such as nitric oxide
(NO) and prostacyclin, which inhibit platelet function and are
central to both haemostasis and the development of platelet-driven
cardiovascular events'’~"?. Vascular injury models have proven
to be problematic when used to assess the impact of endothelial
mediators in platelet-driven thrombosis. In the NO field, abla-
tion of endothelial NO synthase (eNOS) was shown to result
in no phenotype'*', an anti-thrombotic phenotype'*'® or a pro-
thrombotic phenotype'” by different groups using similar
experimental approaches. Assessment of the role of endothe-
lial mediators requires, rather than a vascular injury approach,
a model in which platelets circulate freely in the context of a
functional vascular endothelium, which can be manipulated
pharmacologically or genetically'®.

Animal models: Need for refinement

The need to model platelet function and thrombosis in vivo has
led to the development of vascular injury models, which are con-
ducted under general anaesthesia, but also to the use of models of
thromboembolic mortality, which are conducted in conscious ani-
mals and, as the name suggests, use mortality as an end-point'’.
Thromboembolic mortality models allow the assessment of platelet
aggregation in vivo against the backdrop of a functional vascular
endothelium. Mortality models involve the intravenous injection
of thrombogenic agents such as collagen or thrombin with death
or hind limb paralysis as an end-point. To quote from a 2003
publication”: “Pulmonary embolism was induced in male Swiss-
Webster mice by intravenous tail injection of a mixture of colla-
gen and epinephrine. Doses were selected that resulted in death or
at least 15 minutes of hind-limb paralysis in approximately 90%
of control mice”. The effects of genetic modification or drug
action are measured by their ability to significantly change the
proportions of mice killed or paralysed. This model has been
used relatively recently to assess the roles of novel intracellular
signalling pathways in platelets’’, endogenous compounds®,
platelet receptor antagonists”, free radical scavengers™, dietary
compounds®, endogenous nitric oxide!” and a novel aspirin
derivative’® on thromboembolic mortality.

Induction of thromboembolism in mice undoubtedly inflicts con-
siderable pain and suffering. Following injection, the mice adopt
a hunched posture, become immobile and breathing becomes
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laboured"”. The mice remain in this state until they die or are
assessed, by their inability to use their hind-limbs, to be paralysed.
The rationale for conducting the procedure in conscious mice is
that under anaesthetic, mortality is more difficult to induce' (pre-
sumably shock contributes to death and blood pressure is lower
under anaesthesia) and paralysis cannot easily be determined.
In addition to the severe impact upon the animals, this technique
requires large numbers of subjects and studies have been published
involving 20 or 40 animals per experimental group'*”, so that
the total number in a publication can run into the hundreds.

Refined model development

We have developed refined models for the assessment of plate-
let thromboembolism using monitoring of radiolabelled platelets
in anaesthetised mice*”’. Our technique avoids the use of death as
an end-point and instead measures the thromboembolic response
in real-time by tracking radiolabelled platelets via externally
placed scintillation probes®. To achieve this, mice are terminally
anaesthetised and bled by cardiac puncture, platelets are radiola-
belled with a gamma emitter and then infused into a second ter-
minally anaesthetised mouse. Thus, a model is created in which
radiolabelled platelets circulate freely against the background
of a fully functional vascular endothelium, and so retaining
a key feature that has been used historically to justify the use of
thromboembolic mortality models. The same range of thrombo-
genic substances that can be used to induce mortality, when given
at lower doses, induce reversible and dose-dependent increases
in platelet counts in a probe suspended over the pulmonary
vascular bed. Thus, the whole time course of the platelet throm-
boembolic response may be recorded and quantified in a number
of ways, including peak response and area under the curve”. We
were able to validate our model with the anti-platelet drug
aspirin as a means of assessing its potential clinical relevance”.

Reduction

Despite the fact that real-time monitoring requires animals both
for acquisition of platelets and monitoring, our approach allows
not only refinement of procedures to a lower severity level, but has
also reduced the numbers of animals required in a typical experi-
ment. The extent of reduction is best exemplified when looking at
work demonstrating the role of endogenous NO in inhibiting
platelet activation in vivo. This was first demonstrated in mice in
1998 when administration of a NO synthase inhibitor was shown to
increase thromboembolic mortality in mice'’. This paper required
the use of 200 mice to demonstrate the antithrombotic activ-
ity of endogenous NO and additional studies (including in vivo
studies in other species) to link mortality studies with a plate-
let-mediated effect. A comparable study using refined real-time
platelet monitoring involved only 30 mice with all procedures
performed under general anaesthesia (classified as non-recovery
severity level under current Home Office legislation). Thus the
refined model led to an 85% reduction in mouse use in a typical
experiment'®.

Scientific application of refined model

Real-time platelet monitoring produces dynamic and quantifi-
able read-outs and provides dose-dependent platelet accumulation
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responses. This contrasts with mortality studies which simply
measure the occurrence, or lack of, an event. The refined model
should therefore provide greater sensitivity since we are able
to detect shifts in pharmacodynamic dose-responses, reflecting
either enhanced or reduced platelet activation. We suggest that
recent work in the field of cardiovascular risk in the context of
airborne pollution demonstrates this***'. It has been known for
many years that exposure to pollution leads to increased cardio-
vascular morbidity and mortality and, in particular, exposure to
particulate pollution increases myocardial infarction, a platelet-
driven cardiovascular event®. Due to their physicochemical prop-
erties, combustion-derived nanoparticles such as diesel exhaust
particles (DEP) have been strongly implicated in driving cardio-
vascular risk”. DEP have been shown to induce inflammation™
and due to their nanoparticulate nature are hypothesised to trans-
locate across the pulmonary epithelial barrier into the blood”,
which would bring them into direct contact with circulating
platelets. Having shown that DEP can interact physically with
platelets and induce their aggregation in in vitro human studies™’, it
was necessary to proceed to in vivo studies to translate this finding
to a more relevant whole organism setting. It was shown that both
introduction of DEP to circulating blood to mimic translocation™
and tracheal instillation of DEP to mimic inhalation® resulted in
a significantly enhanced platelet thromboembolic response at
doses of DEP that reflected human exposure levels. These studies
contributed to the now more widely accepted thinking that DEP
exposure may enhance cardiovascular risk in the human popula-
tion and provided a potential mechanism. We suggest that this
type of work, which highlights relatively subtle events that require
sensitive models, would not have been possible in mortality mod-
els, certainly not at doses of DEP that were relevant to human
exposure levels.

Dissemination and uptake

3Rs benefits of animals arise not from their development, which
creates potential, but from their subsequent employment in
studies where non-refined models would have been used in the
absence of refined alternatives. Examples from our own group
have been discussed above and there are other outcomes in the
fields of nanotoxicology™, nutritional biochemistry”” and calcium
signalling™. We have also collaborated with other groups in the
fields of cyclooxygenase pharmacology'”, integrin linked kinase®
and sulforophane (an isothiocyanate with potential antithrom-
botic activity; unpublished study, authors: Gillespie, Holloway,
Becker, Rauzi, Vital, Shreveport, Taylor, Stokes, Emerson and
Gavins).

The ultimate aim of 3Rs research is broad uptake of emerging
3Rs technologies by the scientific community and a consequen-
tial reduction in the use of non-refined procedures. Quantification
of continued use of thromboembolic mortality models is dif-
ficult since their use is often obscured through lack of inclusion
in abstracts and use of vague terminology. PubMed searches
of [thromboembolism + mouse] and [thrombosis + mortality +
mouse] and [platelet + mortality + mouse], followed by a manual
search to identify publications revealed more than 50 papers where
thromboembolic mortality was used in 2013. A review of these
papers found that all used mortality and/or paralysis as end-points,
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the duration of the experiments varied from 5 minutes to 96 hours,
and experimental groups varied from 10 to 30 mice, with 10 to
360 mice used in total in each paper. Similar numbers of papers
appear in the 5 years preceding 2013.

More recently, in 2016, we sampled 9 peer review articles
using models of thromboembolic mortality and found between
3 and 40 animals per experimental group, with some studies not
reporting animal use, the duration of the period in which animals
were observed following induction of thromboembolism var-
ied from 5 min to 5 days. Anaesthesia of any sort was only used
in one study. Unfortunately, thromboembolic mortality models
are therefore still used despite the availability of an alternative
refined model. Potential reasons for continued use of thromboem-
bolic mortality models are: Lack of awareness of alternatives,
animal welfare not a primary consideration, inability to work
with radioisotopes, lack of expertise and preference for
collaboration rather than establishment of new technologies

Increasing awareness of the 3Rs and refined models is an
ongoing endeavour and we continue to work collaboratively. In
addition, we set out to develop refined methods to study platelet
thromboembolism in vivo that could be more widely adopted since
they could be conducted with minimal training, non-specialised
equipment and at low cost. We have now developed a model that
allows thromboembolism to be assessed by measuring the fall
in circulating platelets that occurs during thromboembolism in
blood microsamples®. Microsamples are taken from the tail vein
of anaesthetised mice and repeated sampling allows for counts
to be measured before and during the thromboembolic response
in an individual animal. This technique allows thromboembolism
to be assessed without the need for specialised equipment and
without radioisotopes.

Conclusions

In conclusion, platelet function can now be assessed in vitro and
in vivo using 3Rs approaches that reduce the severity level and
also the numbers of animals used in procedures. Thromboembolic
mortality approaches should now be considered obsolete, since
even where the gold-standard real-time monitoring technique
cannot be employed, more simplistic assays can be used without
the need for radioactive material or complex procedures.
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Alan G.S. Harper
Institute for Science and Technology in Medicine, Keele University, Keele, UK

Mice are widely used in the platelet research field - this is largely due to this species’ accessibility
to genetic modification and intravital microscopy. However due to their small blood volume and
size and the variable responses to surgical treatments, these experiments often require the use of
significant number of mice to reproduce the experiments to get statistically significant data.
Therefore there is a key need to identify 3Rs strategies to help platelet researchers minimise the
harm done to mice used in this field.

In this report, the authors provide an interesting and insightful review into the 3R’s approaches
that have been applied to both ex vivo and in vivo studies of platelet function in mice. Taylor and
Emerson provide excellent examples of how 3Rs approaches are being used and developed in
their laboratory to help refine and reduce the use of mice in platelet research. Of the different
approaches, the refinement of the thromboembolic model provides a particularly valuable case
study into how 3Rs approaches can not only improve animal welfare but also improve the quality
of the scientific data obtained.

Whilst the authors discuss barriers to the dissemination of their technique, it would have been
interesting to have seen more detailed description of these barriers, and a consideration of
potential ways they could be overcome to further increase the 3Rs impact of this work. For
example, a more detailed assessment of the training, financial and infrastructure needs required
to adopt this technique and how this lead to the development of the cell counting model, would
have provided an interesting insight into how to improve the impact of 3Rs interventions.

The discussion of the uses of the thromboembolic and vascular injury models identifies some key
differences between these models, however the review seems to more consider the relative merits
of these two techniques as approaches to studying thrombosis generally, rather than perhaps
more clearly describe their complementary roles in examining thrombosis and haemostasis - with
the vascular injury models better replicating normal haemostatic reactions in the absence of a
complete endothelial lining rather than true arterial thrombosis, whilst the thromboembolic
model better reflects the processes of venous thromboembolism where coagulation is artificially
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triggered inside the intact venous system. However the key trigger of the acute cardiovascular
events mentioned by the authors in their introduction is atherosclerotic plaque rupture. The
review therefore would be benefit from a brief mention of animal models of plaque rupture to
give a more complete picture of the field. Current murine atherosclerosis models are hampered
by the lack of spontaneous plaque rupture with models using requiring a mechanical trigger to
elicit the full pathological response’, therefore future 3Rs work may also be needed on common
non-mouse models in rabbits, pigs and non-human primates?.

For ex vivo studies, the authors provide some interesting case studies on how adoption of
improved technology can pave the way to reduce blood volumes required to perform these
studies, and as such reduce the number of mice utilised. The authors show that these have the
potential to have a major impact in reducing the number of animals. However this section does
not appear to fit with the title of the review - therefore the review is brief and omits some
promising 3Rs ex vivo approaches. The most important omission is of studies aiming to replace the
use of mice in platelet research by attempting to recreate the physical and chemical environments
of the circulation ex vivo using microfluidic and tissue engineering techniques?. These are
beginning to provide a viable alternative to current animal models, and should also be considered
as a potential future target of 3Rs interventions in platelet research.

Does the review provide an accurate account of the 3Rs landscape in that field / across
fields?
Partly
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Is the topic of the review discussed comprehensively in the context of the current
literature?
Yes

Are all factual statements correct and adequately supported by citations?
Yes

Is the review written in accessible language?
Yes

Are the conclusions drawn appropriate in the context of the current research literature?
Yes
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David J. Grieve
Centre for Experimental Medicine, Queen's University Belfast, Belfast, UK

This is an interesting and important article describing development of an improved experimental
model of thromboembolism with clear potential to both replace and refine existing models. Whilst
the manuscript is generally well written and presented, I do think that it could be significantly
improved by revising structure and increasing 3Rs emphasis. Specific comments below.

The title of the article does not accurately reflect its content. It is too general and should be
specifically focussed on thromboembolism with regard to development of an improved
experimental model. The stated scientific benefits in the research highlights box could also be
made more specifically and understandable on a stand-alone basis.

The article would benefit from inclusion of one of two figures to complement the text and make
the article more engaging. For example, a summary of current experimental models used in
platelet research with approximation of numbers of animals used would be helpful and it would
also seem appropriate to include a schematic representation of the new model highlighting
potential benefits.

Need for animals models: the flow of this section could be improved. I do not think that the final
paragraph really fits as currently written. More specific detail should also be provided in relation
to the provided NC3Rs link e.g. research group etc.

With specific regard to thromboembolism models, some discussion in relation to where these
procedures are currently performed (e.g. are they permitted in the UK?) and comparison of
scientific end-points between the new and existing models would be informative in order to
highlight relevance and applicability.

Dissemination and uptake: this section is quite weak at present and could be improved by
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including discussion of e.g. current barriers to uptake and potential approaches to encourage
wider implementation. At present, discussion is largely limited to the authors own collaborators
and in line with NC3Rs policy more needs to be done (which I am sure that it is) to promote wide
uptake of new experimental models across the field.

Abstract - specify light transmission aggregometry techniques.

Does the review provide an accurate account of the 3Rs landscape in that field / across
fields?
Yes

Is the topic of the review discussed comprehensively in the context of the current
literature?
Yes

Are all factual statements correct and adequately supported by citations?
Yes

Is the review written in accessible language?
Yes

Are the conclusions drawn appropriate in the context of the current research literature?
Yes
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in assessing 3Rs impact. Additional expertise: cardiovascular remodelling, heart failure, oxidative
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expertise to confirm that it is of an acceptable scientific standard, however I have
significant reservations, as outlined above.
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The availability of appropriate platelet function assays and thrombosis models is crucial to study
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mechanisms, which regulate the initiation and development of platelet rich thrombi, responsible
for myocardial infarction and stroke. The study of specific proteins through altering expression
levels in vitro is not possible in platelets since they do not have a nucleus. The use of genetically
modified mice has therefore been crucial in furthering our understanding of platelet biology over
the last two decades. European and UK legislations require that all animal procedures, are given
suitable consideration to the 3Rs; reduction, refinement and replacement. In this review, Taylor
and Emerson highlight some of the key developments in the platelet field, promoting the 3Rs
principles, and discuss recent application of these developments. Critically, the review emphasises
that impact on the 3Rs, can only be achieved through uptake of alternative technologies by the
scientific community, which remains a significant challenge.

The review gives a brief but comprehensive summary of recent techniques, which have had a
significant impact on reducing animal numbers used in ex vivo platelet studies. These techniques
allow for smaller blood volumes to yield meaningful functional data, reducing the number of
animals sacrificed. Further on going research optimising flow cytometry techniques by the
Emerson group, may ultimately lead to the acquisition of platelet function and signalling data, in
blood samples obtained by micro-sampling. This could replace the need for blood collection
methods such as cardiac puncture, which are performed under terminal anaesthesia.

A brief mention is given to the existing vascular damage models of thrombosis. The authors
should be cautious in this section, to be specific with the model that they are referring to and
avoid over-generalization. While it is true that arterial thrombosis, mediated by ferric chloride
(FeCl3 ) and measured by vascular occlusion can only asses one thrombi per animal and data is
variable, this is not the case for laser injury, analysed by intravital microscopy. In this model, in
excess of 20 thrombi can be analysed per animal and as few as 3 animals used in each
experimental group':.

The review highlights the importance of endothelial derived platelet inhibitors in regulating
thrombosis and haemostasis, and using nitric oxide as an example, indicates that vascular injury
models have yielded contradicting results. While I am in agreement with this, I do not think that
the approaches in the cited studies can be referred to as similar. Differences in animal age, the
mode and extent of vascular damage, and the type of vessel studied likely reflects the different
results reported. Even studies using FeClI3 to injure the carotid artery vary significantly when FeCl3
is applied at different concentrations or for different lengths of time>.

As part of the discussion around measuring endothelial contributions to thrombosis, the authors
state ‘Assessment of the role of endothelial mediators requires, rather than a vascular injury
approach, a model in which platelets circulate freely in the context of a functional vascular
endothelium, which can be manipulated pharmacologically or genetically.” While this may be
correct in a specific context, the appropriate model to investigate the role of endothelial derived
mediators depends very much upon the research question. To investigate, the role of endothelial
derived inhibitors on platelet aggregation in vivo, a model where platelets are circulating freely
with a functional endothelium is appropriate. If however the contribution of the endothelium to
arterial thrombosis or antithrombotic efficacy is being investigated, models, which encapsulate
platelet adhesion, aggregation and thrombus stability in arterial conditions, following vascular
damage, are more appropriate. It is also important to note that endothelial dysfunction is
common in many diseases, which predispose to thrombosis, however currently there are no in
vitro or in vivo models available to investigate the impact of this on thrombus generation.
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The review gives an excellent summary of the thromboembolism model developed by Emerson
and colleagues, with well supported statistics of the significant impact on 3Rs that it has had so
far. There is also good reference to application of the model in a variety of studies. There is good
critique pertaining to limited uptake of the model by the scientific community, and potential
reasons for this are discussed. The Emerson group have developed a further model, which is cost-
effective, requires minimal training and non-specialised equipment, to try and address some of
these issues and overcome the challenge of increased uptake. In summary, this review highlights
important work carried out by the Emerson group, supported by the National Centre for the
Replacement, Refinement and Reduction of Animals in Research, which has successfully
developed, validated and applied refined real-time thromboembolisms models to replace the
severe and archaic thromboembolism model that uses mortality or hind limb paralysis as an end-
point.

Does the review provide an accurate account of the 3Rs landscape in that field / across
fields?
Yes

References

1. Falati S, Gross P, Merrill-Skoloff G, Furie BC, et al.; Real-time in vivo imaging of platelets, tissue
factor and fibrin during arterial thrombus formation in the mouse.Nat Med. 2002; 8 (10): 1175-81
PubMed Abstract | Publisher Full Text

2.]Jones CI, Tucker KL, Sasikumar P, Sage T, et al.: Integrin-linked kinase regulates the rate of
platelet activation and is essential for the formation of stable thrombi,/ Thromb Haemost. 2014; 12
(8): 1342-52 PubMed Abstract | Publisher Full Text

3. Owens AP, Lu Y, Whinna HC, Gachet C, et al.: Towards a standardization of the murine ferric
chloride-induced carotid arterial thrombosis model,) Thromb Haemost. 2011; 9 (9): 1862-3 PubMed
Abstract | Publisher Full Text

Is the topic of the review discussed comprehensively in the context of the current
literature?
Yes

Are all factual statements correct and adequately supported by citations?
Yes

Is the review written in accessible language?
Yes

Are the conclusions drawn appropriate in the context of the current research literature?
Yes

Competing Interests: No competing interests were disclosed.

Reviewer Expertise: Platelets, endothelial cells, thrombosis

Page 12 of 13


http://www.ncbi.nlm.nih.gov/pubmed/12244306
https://doi.org/10.1038/nm782
http://www.ncbi.nlm.nih.gov/pubmed/24888521
https://doi.org/10.1111/jth.12620
http://www.ncbi.nlm.nih.gov/pubmed/21884567
http://www.ncbi.nlm.nih.gov/pubmed/21884567
https://doi.org/10.1111/j.1538-7836.2011.04287.x

F1OOOResearch F1000Research 2018, 7:593 Last updated: 29 SEP 2020

I confirm that I have read this submission and believe that I have an appropriate level of
expertise to confirm that it is of an acceptable scientific standard.

The benefits of publishing with F1000Research:

* Your article is published within days, with no editorial bias
* You can publish traditional articles, null/negative results, case reports, data notes and more

+ The peer review process is transparent and collaborative

Your article is indexed in PubMed after passing peer review

+ Dedicated customer support at every stage

For pre-submission enquiries, contact research@f1000.com F]CXD ReseaI‘Ch

Page 13 0f 13


mailto:research@f1000.com

