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Abstract:

Background: The effects of blood platelet inhibitors are often not quite equivalent under in vivo and in vitro conditions. Amongst
various models of human pathology using laboratory animals, mice offer several benefits that make them convenient tools for study-
ing the putative therapeutic value of various compounds. However, despite its advantages, the mouse model has methodological
limitations concerning the small amount of blood available and technical difficulties with its collection. Among the variety of avail-
able methods used to study blood platelet activation and/or reactivity, flow cytometry seems an attractive technique that largely
minimizes the constraints of using small rodents and enables outcomes of laboratory research to be transferred successfully to clini-
cal practice.
In this study we aimed at a critical evaluation of the optimal discriminative flow cytometric protocol, useful for reliable studies of the
effect of cangrelor, a P2Y12 receptor antagonist, on mouse platelets under in vitro and in vivo conditions.
Methods: Blood samples were drawn from two-month-old female BALB/c mice. Protocols differing in methods of anesthesia,
blood withdrawal, anticoagulation, gating antibodies, blood preparation and fixation were tested to optimize the one best suited to
discrimination between resting and activated platelets. The antiplatelet capabilities of cangrelor were tested in vitro (140 µM in
whole blood) and in vivo (7.8 mg/kg b.w. administered once, directly into the bloodstream through the vena cava of the anesthetized
animal, 15 min prior to blood withdrawal). Expressions of P-selectin, activated aIIbb3 complex and GPIba were monitored using
two-color flow cytometry.
Results: “Washed blood” anticoagulated with low molecular weight heparin demonstrated the best discrimination between circulat-
ing (resting) platelets and upon their in vitro response to thrombin, collagen or ADP in freshly-stained unfixed cell suspensions. Can-
grelor inhibited the expression of the active form of the integrin aIIbb3 to approximately the same extent under in vitro and in vivo

conditions (84.5 ± 7.7% vs. 75.4 ± 19.5% for the in vitro and in vivo approaches, respectively, n.s.).
Conclusions: The agreement between the in vivo and in vitro approaches with respect to cangrelor-inhibited hallmarks of blood
platelet activation and reactivity supports our proposal that flow cytometry is useful and reliable for determining the effects of anti-
platelet agents on the activation of circulating platelets in the mouse model, as well as the in vitro response of platelets to agonists.
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Introduction

Blood platelet priming, activation and reactivity are
complex phenomena that are difficult to monitor reliably
by any single methodological approach. When platelets
are activated, there is an immediate secretion of intracel-
lular granules and expressions of platelet surface mem-
brane molecules are modulated, making the platelet
surface a critical determinant of various physiological
events. The contents of various surface antigens in plate-
let membranes, such as P-selectin, GPIba and the active
complex aIIbb3, are thus dependent on the state of plate-
let activation and are regarded as the sensitive markers
of activated platelets in the circulation [6].

Overall, there can be two complementary manifes-
tations of platelet functioning, intimately connected
with methodological aspects: activation and reactiv-
ity. Platelet activation can manifest itself by the aug-
mented release of platelet granule contents (P-selec-
tin, b-thromboglobulin, PF-4, etc.), mobilization of
intraplatelet calcium ions, and/or phosphorylation/
dephosphorylation of signalling proteins [19, 20, 31].
All these hallmarks reflect the earlier or more recent
history of the platelets and they recall episodes of
platelet activation encountered while circulating in
the bloodstream. Reactivity, on the other hand, might
be referred to as the platelets’ functional response to
the action of agonists or activating factors (internal or
external). It reflects the platelets’ future and shows
what circulating platelets could potentially produce
when challenged with stimuli [20, 27, 31, 35]. Avail-
able methods for assessing platelet function include
measurements of their ability to adhere, aggregate or
get activated. The most commonly used approaches
include platelet aggregometry, occlusion techniques,
flow cytometry, or plasma assays to monitor the levels
of soluble platelet activation markers. All the above
techniques, except cytometry, demonstrate a serious
obstacle – they make it possible to assess either plate-
let activation or reactivity, but never both.

Flow cytometry allows us to study simultaneously
both the state of activation of in vivo circulating plate-
lets and the platelet response to agonists in vitro [19].
Other techniques such as aggregometry or plasma as-
says of soluble markers of platelet activation (b-
thromboglobulin, PF-4 or soluble P-selectin) are often
much easier to conduct, but they give incomplete
characterization of either platelet priming or the po-
tential of platelets to respond to stimuli. Also, unlike

flow cytometry, they do not allow the effect of activa-
tion of individual platelet cohorts to be determined or
different subpopulations of platelets to be distin-
guished. Another advantage of flow cytometry over
other techniques designed for studying platelet func-
tion is the small amount of blood required for a single
measurement.

Owing to ethical limitations and restraints on hu-
man research, animal models constitute a convenient
and recognized tool for preclinical in vitro and in vivo

studies of the effects of various compounds of thera-
peutic interest. In particular, the mouse model seems
attractive because of the ease of rearing and the multi-
tude of available genetically engineered strains mim-
icking human pathology. However, analyzing mouse
blood platelets can be challenging due to the meth-
odological restraints concerning the minute amounts
of blood available and the technical difficulties of col-
lecting the blood, while avoiding, at the same time,
undesirable artefactual platelet activation. Therefore,
to assess platelet activation in the resting state and af-
ter in vitro stimulation, procedures and protocols need
to be elaborated that ensure the least possible effect of
artefacts on native platelets. It is equally important to
determine the best detailed protocol for reliable moni-
toring the antiplatelet properties of given compounds,
and for ascertaining that the results obtained under in

vivo and in vitro conditions are closely similar.
Our aim in this study was to verify and validate

a flow cytometric protocol for monitoring the in vivo

and in vitro effects of the platelet P2Y12 receptor
antagonist-cangrelor (ARC69931MX). The antiplate-
let effects of cangrelor are well known from studies
performed mainly on human blood platelets. Evi-
dence from in vitro studies demonstrates that cangre-
lor inhibits platelet aggregation [30, 32] and sup-
presses the expression of platelet surface membrane
P-selectin [11, 37]. Occasional studies in the literature
have reported inhibitory effects of cangrelor on
ADP-induced aggregation [12, 18] and ADP-induced
fibrinogen binding by mouse platelets [23]. Our ob-
jective was to verify whether these antiplatelet effects
can be reliably observed and effectively monitored in
the mouse model using flow cytometry, regardless of
whether the in vivo or in vitro approach is employed.
We intended to compare the extent of platelet inhibi-
tion by cangrelor upon the in vivo administration of
the antagonist to mice and upon the incubation of
mouse blood with relevant concentrations of this
agent.
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Materials and Methods

Reagents and chemicals

Cangrelor was a kind gift from Omega PharmServices
Inc. (Whitinsville, MA, USA). FITC-conjugated rat
anti-CD41/61, PE-conjugated rat anti-CD62P, rat anti-
CD42b/PE, and PE-conjugated JON/A antibodies (rat
anti the active complex aIIbb3) were purchased from
Emfret Analytics (Eibelstadt, Germany). FITC-conju-
gated anti-CD41 antibodies and CellFix solution (10%
paraformaldehyde in PBS) were from Becton Dickinson
(Erembodegem, Belgium). Ketamine and xylazine (Se-
dazin) were purchased from Biowet-Pu³awy (Pu³awy,
Poland). Halothane (Narcotan) was from Zentiva (Pra-
gue, Czech Republic). Unfractionated heparin (UFH)
was from Polfa S.A. (Warszawa, Poland) and low mo-
lecular weight heparin (LMWH) was from Sanofi Aven-
tis (Paris, France). Sodium citrate was from BD Diag-
nostics (Plymouth, UK). Thrombin from human plasma
and collagen from equine tendons were purchased from
Chronolog Co. (Havertown, PA, USA). Adenosine 5’-
diphosphate (ADP) and Gly-Pro-Arg-Pro (GPRP) tet-
rapeptide were from Sigma-Aldrich Co. (St Louis, MO,
USA). PBS (phosphate buffered saline) was from Bio-
med Lublin (Lublin, Poland). All other chemicals were
from Polish Chemicals (POCh, Gliwice, Poland), unless
otherwise stated.

Animals

Eight-week old mice (females, Balb/c, 22–27 g) were
obtained from the Animal Laboratory of the Medical
University of £ódŸ. They were housed in groups of
ten and maintained under controlled conditions of hu-
midity and temperature, and 12 h light-dark cycles,
with a continuous access to food and water ad libitum

(standard chow). The animals were anesthetized with
intramuscular injections of ketamine (100 mg/kg
b.w.) and xylazine (23.32 mg/kg b.w.), unless other-
wise noted. All experiments were performed in accor-
dance with the guidelines formulated by the European
Community for the Use of Experimental Animals
(L358-86/609/EEC) and the Guide for the Care and
Use of Laboratory Animals published by the US Na-
tional Institute of Health (NIH Publication No. 85–23,
revised 1985). All procedures used in these experi-
ments were approved by local Ethical Committee on
Animal Experiments. Overall, ninety-one animals
were used.

Flow cytometry

To ensure that there was no significant green and or-
ange fluorescence overlap, all flow cytometric meas-
urements were fluorescence-compensated on a daily
basis for each set of measured samples, based on
measurements of reference samples stained with
FITC-conjugated anti-CD41/61 or PE-conjugated anti-
CD41/61 (constitutive antigens on the platelet sur-
face). Laser parameters were set using BD Cytometer
Setup and Tracking Beads before each measurement.
Flow cytometric assays of platelet surface membrane
antigens were performed, within 30 min after stain-
ing, on fixed or unfixed blood cells (depending on the
protocol tested) with the light scatter (threshold 200)
and FL1 fluorescence gates set on the platelet frac-
tion. Green or orange fluorescence of stained platelets
was recorded for FITC (channel FL1 filter transmit-
ting at 530 nm with a bandwidth of 30 nm) or PE
(channel FL2 filter transmitting at 585 nm with
a bandwidth of 42 nm), respectively, on a FACS
Canto II instrument (BD Biosciences) with the excita-
tion set at 488 nm. For the analysis of platelets stained
with antibodies labelled with FITC or PE, the pho-
tomultipliers of the detectors in FL1 and FL2 were set
at 505 V and 499 V, respectively. FL1-FL2 compensa-
tion was 1.0%.

Platelets were gated on the basis of the binding of
anti-CD41/61 or anti-CD41 antibodies. The expres-
sions of the following platelet-activation markers
were monitored: CD62P (P-selectin, GMP-140),
CD42b (GPIba), and the activated aIIbb3 complex. At
least 10,000 cells were analyzed per sample. All data
were processed using FACS/Diva ver. 6.0 software
(Becton-Dickinson). The percentage of specific fluor-
escence-positive platelets was obtained after subtract-
ing non-specific isotype mouse IgG1 binding (the FL2
gate for isotype control was set to 2% level). The ex-
tent of forward light scattering was used to evaluate
the fractions of normoplatelets and platelet (micro)ag-
gregates following functional platelet assays in whole
blood, as described in our earlier papers [10, 16, 34].

Platelet reactivity was investigated after stimula-
tion with collagen (20 µg/ml), ADP (20 µM) or
thrombin (0.25 U/ml) for 15 min at room temperature
(RT). The activation of circulating platelets was
evaluated on the basis of measurements of specific
surface membrane antigen expression.
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Blood collection and preparation

In the standard approach, unless noted otherwise,
blood was collected from the inferior aortas of mice
on low molecular weight heparin (LMWH), dissolved
in TBS to a final activity of 10 U/ml. A 50 µl aliquot
of whole blood was diluted (1 : 25) with modified
Tyrode buffer (134 mM NaCl, 0.34 mM Na2HPO4,
2.9 mM KCl, 12 mM NaHCO3, 20 mM HEPES, pH
7.0, 5 mM glucose, 0.35% w/v bovine serum albu-
min) and subsequently used as diluted whole blood.
In the alternative approach, the diluted whole blood
was centrifuged at 900 × g (5 min, 37°C) to obtain
blood cells without plasma. These cells were resus-
pended in 1.25 ml modified Tyrode buffer and used as
“washed blood”. Before starting the assay, CaCl2 was
added to the “washed blood” to a final concentration
of 1 mM. In addition, when the “whole blood” proto-
col was used, the sample was supplemented with
2.5 mM GPRP (final concentration) prior to the
stimulation of platelets with thrombin to prevent
thrombin-triggered fibrin polymerization in whole
blood.

Selection of anticoagulant and blood

preparation method

We verified the effects of several anticoagulants and
two different blood preparation methods in order to
select the approach that minimized undesirable arte-
factual platelet activation and allowed good discrimi-
nation between resting and activated platelets. We
used three different anticoagulants: 3.2% sodium cit-
rate, UFH in TBS buffer (20 mM Tris-HCl, 137 mM
NaCl, pH 7.3, activity 20 U/ml) and LMWH in TBS
buffer (activity 10 U/ml), tested on the two different
methods of blood preparation (“washed blood” and
“whole blood”). Twenty-one animals were used for
this part of the study.

Selection of methods for anesthesia and blood

withdrawal

To select the technique of anesthesia with the least
possible artefactual activation of platelets or suppres-
sion of their reactivity, two methods were tested on
a group of 14 mice: (a) intramuscular injections of
ketamine and xylazine and (b) inhalation of a mixture
of halothane and air (2.5 to 97.5%, respectively). In
another part of the study, four commonly applied

blood collection methods (sites of blood sampling)
were tested on 16 animals. Blood was collected from
(a) the retro-bulbar venous plexus, (b) the inferior
aorta, (c) the tail vein, or (d) by cardiac puncture.

Cell fixation

To test the effects of cell fixation on the outcomes of
labelling for reactivity marker expression in unstimu-
lated and stimulated platelets, the cells were fixed at
different stages of the platelet activation and staining
protocol: (a) prior to platelet staining with antibodies,
i.e., immediately after blood withdrawal or in vitro

platelet stimulation with agonists; or (b) after platelet
staining with antibodies. Alternatively, the cells were
not fixed at all (c). Forty µl aliquots of whole blood
were incubated with 1% paraformaldehyde (the final
concentration) (BD CellFIX™ solution diluted in
PBS) for 2 h (37°C) in the dark. This part of the ex-
periment was performed in a pairwise manner using
16 animals.

In vitro and in vivo effects of cangrelor

on platelet activation and reactivity

In vitro study

Aliquots of whole blood anticoagulated with LMWH
were incubated with 140 µM cangrelor or physiologi-
cal saline (control) for 15 min in a water bath at 37°C.
“Washed blood” was then prepared as described
above and the expressions of the active complex
aIIbb3 and P-selectin were monitored in resting and 20
µM ADP-activated platelets. Fourteen animals were
used for this part of the study.

In vivo study

To test the in vivo inhibitory effects of cangrelor on
platelet activation and reactivity, mice were randomly
allocated to one of two experimental groups: (a)
treated once with cangrelor (7.8 mg/kg body weight)
and (b) treated with placebo (0.109 M NaCl) adminis-
tered in the same manner as the cangrelor. The dose of
7.8 mg/kg b.w. cangrelor was chosen because the
blood volume in a mouse weighing 25 g is roughly
1,700 µl, so the dose corresponds to a blood concen-
tration of 140 µM. Following anesthesia, the animals
were placed on an operating table heated to 37°C.
One hundred microliters of the inhibitor or placebo
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(buffered physiological saline) was administrated via

the vena cava in 25 µl aliquots every 2.5 min. Blood
samples were collected 15 min after infusion and
“washed blood” was prepared as described above. In
total, 10 animals were used for this in vivo experi-
ment.

Statistical analysis

Data were expressed as the mean ± SD or as median
and interquartile range (Me; LQ [25%] – UQ [75%]).
Data normality was verified using the Shapiro-Wilk
test. Homogeneity of variance was evaluated using
the Leven’s test. Data with established normality and
homogeneity of variance were then analyzed using
parametric tests, and those with distributions depart-
ing from normality and/or heteroscedastic were log-
transformed (for right-skewed distributions) or ana-
lyzed using non-parametric tests. The statistical sig-
nificance of differences between homogenous groups
with normal distributions was estimated using one-
way or two-way ANOVA, followed by Student’s
t-tests with Bonferroni correction for post-hoc multi-
ple comparisons. For heterogeneous variances, the
non-parametric Kruskal-Wallis test followed by the
non-parametric all-pairwise post-hoc Conover-Inman
test for multiple comparisons or Mann-Whitney U test
with Bonferroni’s correction were used. All statistical

calculations were performed using STATISTICA.PL
v.9 (StatSoft) and Stats Direct (StatsDirect Ltd.) soft-
ware.

Results

Selection of antibodies

Two commercially available antibodies from different
manufacturers for platelet gating were tested. Platelets
were gated for CD41 antigen (using Becton Dickin-
son antibodies) or the antigen complex CD41/61 (us-
ing Emfret Analytics antibodies). Our results demon-
strated that anti-CD41/61 antibodies from Emfret
Analytics allowed for much better discrimination be-
tween platelet-positive and platelet-negative blood
cell subpopulations than the anti-CD41 antibody from
Becton Dickinson (Fig. 1a, b vs. 1c, d). We therefore
decided to use the CD41/61 antibodies (Emfret Ana-
lytics) in further experiments. Figure 2 shows the gat-
ing of platelets using the fluorescence attributed to the
common platelet-specific marker CD41/CD61 (Fig.
2a, b) and based on FSC/SSC (Fig. 2c, d). The scatter
dot plot in Figure 2c shows the gating of platelet-like
objects according to FSC/SSC, while Figure 2d is the
relevant fluorescence dot plot, the grey dots represent-

874 Pharmacological Reports, 2013, 65, 870�883

Fig. 1. Fluorescence dot plots of rest-
ing and thrombin-activated mouse
platelets labelled with FITC-conju-
gated anti-CD41 or anti-CD41/61 gat-
ing antibodies and with PE-conjugated
JON/A (anti the active complex of
aIIbb3) antibodies. Blood platelets
were processed according to the
“washed blood” protocol and incu-
bated with 0.25 U/ml human thrombin
(15 min, RT). Grey dots represent the
CD41- or CD41/CD61-positive objects
in samples of resting (a, c) and acti-
vated (b, d) cells stained with anti-
CD41 (a, b) or anti-CD41/CD61 (c, d)
antibodies



ing all the objects gated according to FSC/SSC scat-
ter, including both platelets and non-platelets. In fact,
most of the objects in the grey area are real blood
platelets, with some non-platelets. The former are lo-
cated in the region characteristic for platelets (as-
signed to ‘the grey dot’ area according to specific
CD41/CD61 gating) (Fig. 2d compared to 2b), while
the others are located where platelets should not be
found, i.e., in the region of black dots (Fig. 2d). Fur-
thermore, while the population of platelet aggregates
is visible in the images of fluorescence-gated plate-
lets, it does not appear in the images of the scatter-
gated samples. Overall, therefore, we used the CD41/61
antibodies for specific gating of platelets in further
experiments.

Selection of anticoagulant and blood

preparation method

Different protocols for preparation of blood, collected
using various anticoagulants from the inferior aorta of
mice anesthetized with ketamine and xylazine, were
compared in a separate experiment. In “washed
blood”, 3.2% sodium citrate exerted an undesirable
activating influence on resting platelets since we ob-
served significantly greater increases in the expres-
sion of P-selectin (CD62P) (Fig. 3a) and the active

form of aIIbb3 (Fig. 3e) than in blood samples antico-
agulated with either LMWH or UFH. Likewise,
P-selectin (Fig. 3a) and the active form of aIIbb3
(Fig. 3e) were more highly expressed in whole cit-
rated blood than in blood withdrawn on fractionated
or unfractionated heparin (UFH), suggesting that anti-
coagulation with citrate results in artefactual platelet
activation in both “washed blood” and “whole blood”.
Interestingly, the data for citrated blood were very
variable; the data were least variable for blood antico-
agulated with LMWH. This variability is a measure of
the precision achieved when the raw data from sam-
ples withdrawn on these two anticoagulants are col-
lected. In the “washed blood” procedure in the resting
state of platelets, UFH was associated with elevated
P-selectin expression and the lowest expression of
GPIba (Fig. 3a, c), while no significant differences
between UFH and LMWH were evident for “whole
blood”.

To verify the effect of blood preparation and the
anticoagulants used, we monitored platelet reactivity
in response to three commonly-used platelet agonists:
collagen, ADP and thrombin. Regardless of the ago-
nist used, we observed very good discrimination of
the surface membrane expressions of both P-selectin
and the active aIIbb3 complex in “washed blood”
platelets, but very poor or even zero discrimination
for “whole blood” platelets, which disqualified the
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Fig. 2. Fluorescence and scatter dot
plots of thrombin-activated mouse
platelets labelled with FITC-conju-
gated anti-CD41/61 and PE-conju-
gated anti-CD62P antibodies. Blood
platelets were processed according to
the “washed blood” protocol and incu-
bated with 0.25 U/ml human thrombin
(15 min, RT). Grey dots represent the
CD41/CD61-positive objects in “wash-
ed blood” (blood platelets) (a, b) or the
objects referred to as “blood platelets”
gated on the basis of the FSC/SSC
scatter (c, d)



“whole blood” unwashed platelet protocol from our
further investigations, especially with respect to
thrombin (Fig. 3b, f). Illustrative fluorescence dot
plots demonstrating a poor response of P-selectin ex-
pression to thrombin in the “whole blood” protocol
and a good one in “washed blood” are presented in
Figure 4. In addition, the best discrimination and the
least dispersion of raw data were obtained using blood

anticoagulated with LMWH, while sodium citrate
gave the poorest outcomes: unexpectedly high expres-
sions of activation markers in resting platelets and
their moderate elevation upon in vitro activation, re-
gardless of the blood preparation procedure (Fig. 3a, e
for resting platelets and 3b, f for activated ones).
These tendencies were much alike for the surface an-
tigen GPIba (CD42b), which becomes internalized
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Fig. 4. Fluorescence dot plots of
thrombin-activated mouse platelets
prepared according to “whole blood”
or “washed blood” protocols. Platelets
incubated with 0.25 U/ml human
thrombin (15 min, RT) were labelled
with FITC-conjugated anti-CD41/61
and PE-conjugated anti-CD62P anti-
bodies. Grey dots represent the gated
CD41/CD61-positive objects that ex-
pressed CD62P in “whole (unwashed)
blood” (a) or “washed blood” (b) col-
lected in LMWH (10 U/ml)

Fig. 3. Expression of P-selectin,
GPIba, and the active form of aIIbb3 in
resting and thrombin-activated mouse
platelets in “whole (unwashed) blood”
or “washed blood” anticoagulated with
citrate, UFH or LMWH. Results are pre-
sented as median (horizontal line) with
lower to upper quartile range (rectan-
gle) for CD62P- (P-selectin), CD42b
(GPIa) or JON/A-positive (the active
form of aIIbb3) objects in “whole
blood” (white, left bars) or “washed
blood” (grey, right bars) resting (a, c,
e) and 0.25 U/ml thrombin-activated
(15 min, RT) (b, d, f) platelets in blood
anticoagulated with sodium citrate
(3.2%), UFH (20 U/ml) or LMWH
(10 U/ml) (n = 7). The significances of
the differences, estimated by Kruskal-
Wallis and post-hoc Conover-Inman
tests, were: for P-selectin, (a) in resting
platelets: * p < 0.01 vs. LMWH; w p <
0.01 and p < 0.05 vs. LMWH and UFH,
respectively; + p = 0.01 vs. LMWH,
and (b) in thrombin-activated platelets:
* p < 0.01 vs. UFH in washed blood
procedure, w p < 0.001 vs. LMWH and
p < 0.01 vs. UFH; for GPIba, (c) in rest-
ing platelets: + p < 0.001 vs. LMWH,
w p < 0.05 vs. LMWH and UFH, and (d)
in thrombin-activated platelets: w p <
0.01 vs. LMWH and p < 0.05 vs. UFH;
for the activated aIIbb3 complex: (e) in
resting platelets: * p < 0.001 vs.
LMWH, w p < 0.001 vs. LMWH and
UFH, and (f) in thrombin-activated
platelets: * p < 0.01 vs. UFH, w p <
0.001 vs. LMWH and UFH, + p = 0.05
vs. LMWH



upon platelet activation (Fig. 3c, d), however they
were less pronounced: in “whole blood” platelets,
CD42b gave no discrimination; in “washed blood”
platelets the poorest discrimination between resting
and thrombin- activated cells was observed for cit-
rated blood, and the best for blood withdrawn on
LMWH. As shown in Table 1, similar results were ob-
tained using platelets activated with collagen or ADP.

Selection of blood sampling (withdrawal)

method

In order to differentiate among various methods of
blood withdrawal (sites of blood sampling), four pro-
tocols were compared, as described in the ’Materials
and Methods’ section. Our results indicate that none
of the methods used has advantages over the others.
None of the methods led to excessive artefactual acti-
vation of blood platelets, when the “washed blood”

procedure was used, as deduced from the expressions
of P-selectin, GPIba and the active form of aIIbb3. In
platelets stimulated under in vitro conditions with col-
lagen, ADP or thrombin there were no significant dif-
ferences between the used methods of blood with-
drawal with regard to alterations in the expressions of
P-selectin, GPIba or the active form of aIIbb3 (data
not shown).

Selection of the method of anesthesia

Comparing the two methods of anesthesia, we found no
significant differences in either the extent of the activa-
tion of circulating platelets or the platelet response to
agonists under in vitro conditions, as indicated by the
expressions of platelet surface membrane antigens, f.i.
P-selectin (3.8 ± 2.4%(intramusc) vs. 2.5 ± 1.1% (inhal) for
resting platelets, n.s., and 58.5 ± 6.1% (intramusc) vs. 57.9
± 10.9% (inhal) for thrombin-activated platelets, n.s.),
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Tab. 1. Expression of P-selectin (CD62P), GPIba (CD42b), and the active form of aIIbb3 in resting and collagen- or ADP-activated platelets in
“whole (unwashed) blood” or “washed blood” anticoagulated with citrate, UFH or LMWH

Procedure Anticoagulant Surface antigen Resting Collagen-activated p* ADP-activated p*

“whole blood”

sodium citrate P-selectin (CD62) 5.0; 2.9–15.0 13.7; 8.9–18.3 0.03 7.5; 4.6–18.7 n.s.

[3.2%] GPIba (CD42b) 95.7; 93.7–96.5 83.1; 20.2–94.2 0.04 93.3; 89.0–94.5 n.s.

a
IIb

b
3

complex 13.9; 4.7–19.6 26.5; 12.8–48.2 0.06 77.2; 75.4–87.2 n.s.

UFH P-selectin (CD62) 2.8; 1.5–4.6 6.8; 4.1–8.5 0.003 4.3; 3.0–5.7 0.08

[20 U/ml] GPIba (CD42b) 97.3; 96.5–97.7 95.6; 94.2–96.0 0.002 94.1; 93.1–95.6 0.01

a
IIb

b
3

complex 0.7; 0.4–1.1 39.2; 11.0–64.7 0.003 65.7; 50.1–72.6 0.0001

LMWH P-selectin (CD62) 1.9; 0.9–2.8 8.0; 6.1–9.6 0.0001 3.4; 2.2–5.8 0.09

[10 U/ml] GPIba (CD42b) 97.2; 96.0–97.7 94.5; 94.4–96.1 0.002 93.7; 90.0–95.6 0.008

a
IIb

b
3

complex 0.7; 0.2–0.8 14.3; 5.8–33.0 0.01 65.4; 39.9–70.3 0.0001

“washed blood”

sodium citrate P-selectin (CD62) 10.0; 4.0–16.5 13.5; 9.8–25.8 n.s. 7.3; 4.2–37.2 n.s.

[3.2%] GPIba (CD42b) 91.6; 89.9–92.9 88.3; 86.1–91.3 0.02 92.1; 91.4–94.1 n.s.

a
IIb

b
3

complex 27.3; 5.8–86.5 45.1; 14.3–73.2 n.s. 86.4; 65.1–89.4 0.03

UFH P-selectin (CD62) 5.3; 2.9–8.4 23.8; 16.2–36.6 0.002 5.7; 3.5–9.5 n.s.

[20 U/ml] GPIba (CD42b) 86.2; 77.0–86.4 84.4; 75.3–85.3 n.s. 84.9; 77.6–87.0 n.s.

a
IIb

b
3

complex 4.3; 3.2–7.2 15.9; 10.2–25.4 0.004 31.6; 17.1–62.8 0.005

LMWH P-selectin (CD62) 2.7; 1.6–3.3 16.2; 8.4–17.4 0.002 3.0; 1.4–3.6 n.s.

[10 U/ml] GPIba (CD42b) 91.8; 88.9–94.1 88.9; 80.5–90.5 0.02 91.5; 89.1–93.7 n.s.

a
IIb

b
3

complex 0.8; 0.6–4.2 10.5; 6.2–20.1 0.004 41.7; 13.8–59.7 0.006

* vs. resting platelets. Data are presented as median and interquartile range (lower, 25% to upper, 75% quartile; Me; LQ – UQ) of the percent-
age fractions of CD62P (P-selectin), CD42b (GPIa) and JON/A-positive (the active form of aIIbb3) objects. Blood samples, prepared by either
the “washed blood” or “whole blood” procedure, were activated with collagen (20 µg/ml) or ADP (20 µM) (for details see ‘Materials and Methods’
section). Significance of differences was estimated by Kruskal-Wallis and multiple comparisons post-hoc all pairwise Conover-Inman tests



GPIba (89.5 ± 8.2% (intramusc) vs. 94.9 ± 3.9% (inhal) for
resting platelets, n.s., and 79.2 ± 13.1% (intramusc) vs. 75.6
± 12.3% (inhal) for thrombin-activated platelets, n.s.) and
active the form of aIIbb3 complex (10.9 ± 9.5% (intramusc)

vs. 3.0 ± 3.3% (inhal) for resting platelets, n.s., and 80.1
± 12.5% (intramusc) vs. 77.5 ± 15.2% (inhal) for thrombin-
activated platelets, n.s.) in “washed blood” (data for
platelets stimulated with ADP or collagen not shown).

Cell fixation

The different protocols of fixation considerably af-
fected the expressions of platelet surface membrane
antigens in “washed blood”. When blood samples
were fixed prior to staining with antibodies, the ob-
jects gated as “platelet-positive” were not recognized
at all in a flow cytometer at a titre sufficient for analy-
sis. In comparison to the “reference” protocol of un-
fixed blood cells, antigen expression was markedly
and significantly lower in cells fixed after staining:
post-staining fixation significantly influenced the ex-
pression of P-selectin in platelets stimulated with ei-
ther collagen (p = 0.004) or thrombin (p = 0.007)
(Tab. 2).

The effects of cangrelor on the expression of

platelet activation markers

To study the effects of cangrelor on platelet activation
and reactivity we focused on the active form of the
aIIbb3 complex (platelet receptor for fibrinogen). In

vitro, cangrelor suppressed the expression of this sur-
face membrane activation marker in platelets stimu-
lated with ADP (p < 0.001), although not after activa-
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Tab. 2. Expression of P-selectin (CD62P), GPIba (CD42b), and the active form of aIIbb3 in resting and collagen-, ADP- or thrombin-activated
platelets in unfixed and fixed blood samples

Surface antigen Fixation Resting platelets Collagen-activated ADP-activated Thrombin-activated

P-selectin unfixed 2.1; 1.2–3.6 15.4; 11.0–17.4 2.8; 2.1–4.3 51.1; 35.9–61.2

fixed 1.6; 0.8–5.9 9.4; 6.7–11.4 2.1; 1.2–4.4 27.4; 10.6–42.6

n.s. p < 0.005 n.s. p < 0.01

GPIba unfixed 95.1; 91.8–97.2 92.9; 90.0–95.6 95.8; 86.9–96.8 80.3; 62.2–89.0

fixed 94.3; 93.9–97.0 95.4; 91.7–96.5 95.4; 94.2–97.5 80.0; 60.2–88.0

n.s. n.s. n.s. n.s.

Activated a
IIb

b
3

unfixed 1.2; 0.5–3.3 11.6; 5.2–19.7 54.4; 28.4–73.8 90.2; 78.8–96.1

fixed 1.6; 0.6–4.2 9.1; 5.5–12.0 50.6; 18.1–62.7 94.6; 83.4–96.2

n.s. n.s. n.s. n.s.

Data are presented as median and interquartile range of the percentage fractions of CD62P- (P-selectin), CD42b (GPIa) and JON/A-positive
(the active form of aIIbb3) objects. Blood samples, prepared according to the “washed blood” procedure, were activated with collagen
(20 µg/ml) or ADP (20 µM) (for details see ‘Materials and Methods’ section). Samples were fixed with 1% paraformaldehyde (BD CellFix) for 2 h
at RT. Significance of differences was estimated by Mann-Whitney U test

Fig. 5. In vitro and in vivo effects of cangrelor on the expression of the
active form of aIIbb3 complex in mouse platelets stimulated with ADP.
Results are presented as median (horizontal line) with lower to upper
quartile (rectangle) of JON/A-positive objects for the in vitro incuba-
tion of blood with cangrelor (white) and in vivo administration of can-
grelor to mice (grey). The cangrelor concentration in the incubation
mixture was 140 µM; the dose administered to the animals was
7.8 mg/kg b.w. Blood was anticoagulated with 10 U/ml LMWH and
processed according to the “washed blood” protocol prior to staining
of unfixed platelets with anti-CD41/CD61-FITC and JON/A-PE (for the
active form of aIIbb3). Significances of differences, estimated by Stu-
dent’s t-test, were p < 0.001 for blood incubated with cangrelor vs.
control (physiological saline) (n = 17) and p < 0.001 for mice treated
with cangrelor vs. the animals given placebo (physiological saline),
as estimated by a Mann-Whitney U test (n = 5)



tion by collagen or thrombin. The effects of cangrelor
on the expressions of other surface membrane activa-
tion antigens (P-selectin and GPIba) in agonist-
stimulated platelets were statistically insignificant.

In vivo, cangrelor inhibited the expression of active
aIIbb3 in resting platelets (p < 0.05) and in cells stimu-
lated in vitro with ADP (p < 0.001) (Fig. 5). P-selectin
and GPIba expressions were not significantly influ-
enced by cangrelor in either resting platelets or cells
activated in vitro with collagen, ADP or thrombin.
The activations of circulating (resting) platelets and
the cangrelor-mediated inhibitions of the in vitro

blood platelet response to ADP did not differ signifi-
cantly between the models of in vitro incubation with
the agent and in vivo administration to mice (38.5 ±
16.7% vs. 42.7 ± 11.9%, respectively, for active aIIbb3
expression in resting platelets, n.s.; and 7.2; 2.3–8.9%
vs. 6.6; 5.8–16.8%, respectively, for active aIIbb3 ex-
pression in ADP-activated platelets; n.s. by Mann-
Whitney test).

Discussion

Considerable diversity of available genetic strains, fa-
vorable breeding facility, high reproductive capacity,
and close relevance to humans are characteristics con-
tributing to the attractiveness of a mouse model for
pathophysiological or pharmacological studies [9,
15]. However, the mouse model has limitations and
constraints (mentioned earlier) when some phenom-
ena or processes are studied. Flow cytometry allows
some of these shortcomings (such as the availability
of biological material) to be minimized in the study of
platelet function [7, 24], but several steps in the proto-
col need to be optimized individually if mouse plate-
let activation and reactivity are to be monitored relia-
bly. No uniform flow cytometry protocol is recom-
mended in the literature for studying mouse platelets
[8, 13], which could discourage novice researchers
approaching this issue. A typical example is the opti-
mal method of gating platelets in mouse blood. Gat-
ing by anti-CD61 or anti-CD41 antibody staining is
very seldom used [14, 26]; FSC/SSC images have
been used much more commonly to gate platelets
from other blood cells [36]. This raises the problem of
distinguishing properly among platelet cohorts, since
the cells not only form their own population but also
occur in complexes with leucocytes [21]. In general,

the well-established protocols for flow cytometric
analysis of human platelets can hardly be extrapolated
to mouse cells, so the many crucial steps in the cy-
tometric protocol need to be individually adapted to
establish a reliable protocol for mouse platelets. There
are several serious methodological limitations in flow
cytometry protocols for mouse platelets, which can
affect the expected outcomes and seldom appear in
studies on human platelets. Different markers of
platelet activation, such as P-selectin released from a

granules, more abundant and activated surface glyco-
proteins, circulating platelet-leukocyte aggregates
and/or the enhanced generation of microparticles, can
occur in both the in vivo and ex vivo approaches fol-
lowing platelet stimulation. Regrettably, there are still
very few comprehensive and multiparametric studies
on resting and stimulated mouse platelets that could
allow us to select the optimal and least artefact-prone
procedures, including animal anesthesia, blood with-
drawal and blood preparation and anticoagulation.

In order to assign and compare the effects of can-
grelor reliably in the in vivo and in vitro approaches,
we first aimed to optimize the flow cytometric proto-
col for mouse platelets for further use in studying
platelet activation and reactivity.

First, we found that various commercially available
antibodies are not equivalent in binding to target
platelet surface membrane antigens. In our hands, the
antibodies manufactured by Emfret Analytics bound
with acceptable specificity to the examined mem-
brane antigens and allowed resting platelets and cells
activated by the agonists with increasing stimulatory
potency to be reliably discriminated.

Second, we demonstrated that platelet gating on the
basis of staining with anti-CD41/CD61 antibodies
works much better than platelet identification by
FSC/SSC images. First of all, it enables “normoplate-
lets” to be distinguished much more reliably from
other objects (small aggregates or microparticles,
dust, etc.). Moreover, platelets can be visualized in
different cohorts, such as single platelets and aggre-
gates with other blood cells (leukocytes, erythro-
cytes). Overall, our findings clearly indicate that the
gating of blood platelets based on FSC/SSC instead of
common platelet-specific markers can lead to the in-
creased risk of collecting artefacts, i.e., objects resem-
bling blood platelets in size and/or light scattering.
Also, platelets that occur in aggregates with other
blood cells could be overlooked, when relying on the
FSC/SSC images.
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Third, we showed that plasma in blood samples in-
cubated with antibodies interferes considerably with
the labelling procedure and largely prevents efficient
binding of the antibodies to the target platelet surface
membrane antigens.

Using the “whole blood” procedure we could not
detect the activation of platelets stimulated with
thrombin, even in blood samples supplemented with
GPRP, though we observed the response of platelets
to collagen or ADP. In contrast, thrombin caused
much greater activation of platelets than collagen and
ADP when we used the “washed blood” protocol,
which mimics the tendency reported for human plate-
let studies using flow cytometry. Hence, the “washed
blood” protocol seems more universally usable, as it
allows to monitor various surface antigen markers of
activation in platelets responding to various agonists.
Overall, mouse blood samples devoid of plasma
(“washed blood” samples) can be labelled much more
specifically, i.e., platelets can be distinguished clearly
from other blood cells and resting and activated plate-
lets can be reliably differentiated.

Further, when the effects of different blood antico-
agulants on the outcomes of flow cytometric analysis
were compared, we demonstrated that citrated blood
was inferior to heparinized samples. Heparin [2] and
citrate [5] are the anticoagulants most widely used in
investigations of mouse blood samples, but we found
that their effects on artefactual platelet activation
were quite dissimilar. While sodium citrate can cause
artefactual activation of resting platelets, this does not
occur in blood withdrawn on UFH, or especially on
LMWH, which makes the latter the most recom-
mended anticoagulant for flow cytometric analysis of
mouse platelets. Opposed to this finding is the report
by Nemzek et al. claiming there was no evidence that
different anticoagulants affected platelet activation in
either the resting or the stimulated state [22].

While working on optimizing the flow cytometry
protocol, we also revealed that mouse blood fixation
seriously influences the expressions of the platelet ac-
tivation markers analyzed. In general, cell fixation
prior to labelling with antibodies was a complete fail-
ure in our hands because the antibodies used did not
recognize their target antigens on the platelet surface,
although they are recommended not only for flow cy-
tometry but also for immunohistochemistry (acetone-
fixed samples). On the other hand, the fixation of la-
belled cells led to considerable suppression of P-

selectin and the active aIIbb3 complex in platelets
stimulated with thrombin and ADP, which are re-
garded as crucial hallmarks of platelet activation.
Fixed samples of blood or platelets have been exam-
ined in numerous studies of platelet activation by flow
cytometry, whereas reports considering living plate-
lets are scarcer [3, 4]. Fixation preserves cell structure
and freezes the functional state of the platelets, but the
condition is obviously far from physiological. It
changes the conformation of membrane proteins, so
numerous target membrane antigens might become
unrecognizable by the antibodies used in flow cy-
tometric analysis. In our hands, fixation strongly af-
fected the binding of the antibodies used to mouse
platelets, so the protocol in which measurements were
made immediately after platelet activation and stain-
ing with antibodies worked best and was preferential.

In this study, we found that the animal anesthesia
protocol had no significant effect on the recorded
hallmarks of mouse blood platelet activation and reac-
tivity. In line with our observations, the type of anes-
thesia of laboratory mice used for studying platelet
function can differ according to the researcher’s pref-
erences. Occasional reports in the literature concern-
ing this subject are not consistent with our findings.
Jirouskova et al. demonstrated that parenteral anesthe-
sia reduced platelet aggregation and platelet secretion
responses in humans and different animal species, but
there are few studies of mice concerning this issue
[15]. For most species examined, the inhalation pro-
cedure using isoflurane has much less effect on plate-
let function than other methods of anesthesia such as
intraperitoneal administration [22]. However, in most
studies, either inhalation [33] or injected anesthesia
[9] have been utilized regardless of the effect of either
method on artefactual platelet activation.

When we investigated how the site of blood collec-
tion might affect platelet function, we demonstrated
that none of the alternative methods compared in this
study appeared inferior with regard to artefactual
platelet activation. These results support many other
reports concerning the procedures for mouse platelet
reactivity, in which blood sampling either from retro-
bulbar venous plexus [29], cardiac puncture [1], tail
bleeding [28] or the vena cava [17] have alternatively
been used. Considering the above, we chose to sample
the blood from the inferior aorta in our further experi-
ments; this enables a relatively large volume of blood
to be withdrawn. On the other hand, our results do not
agree with the report by Nemzek et al., who showed
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that blood withdrawal from the retro-bulbar venous
plexus and inferior vena cava resulted in the least ar-
tefactual activation of platelets compared to blood
collected from the heart, jugular vein, carotid artery,
lateral saphenous vein or tail vessels. These authors
also suggest that the site of blood sampling might in-
fluence the platelet count in mice [22].

Using the elaborated optimized protocol we were
able to examine the effect of cangrelor on the antago-
nizing of mouse platelets in the in vitro or in vivo ap-
proach. We demonstrated that cangrelor reduces the
expression of the active form of aIIbb3 in ADP-
stimulated platelets, regardless of whether it is tested in

vitro or in vivo. This observation is in line with the re-
port by Nergiz-Unal et al. [23], who also used flow cy-
tometry to demonstrate near-complete inhibition of the
expression of the active form of aIIbb3 in response to
ADP in blood from mice infused with cangrelor. Al-
though cangrelor is an antagonist of platelet P2Y12 re-
ceptors for ADP, a functional link between P2Y12 and
aIIbb3 complex has been confirmed [25]. We are aware
that blocking the P2Y12 receptor with cangrelor results
in a marked inhibition of ADP-induced conformational
changes in the active aIIbb3 complex. The inhibitory ef-
fect of cangrelor administered to mice, also observed in
resting platelets, could indicate artefactual activation of
platelets following in vivo injections of either the drug
or placebo. In line with our expectations, we demon-
strated agreement between the extents of cangrelor-
mediated inhibition in vivo and in vitro, which testifies
that the in vitro and in vivo approaches are exchange-
able in flow cytometric studies monitoring platelet in-
hibition with cangrelor in the mouse model.

In conclusion, the principal aim of this study was to
compare the inhibitory effect of cangrelor on platelets
in a mouse model using two opposing approaches: in

vivo study and in vitro experiments. In approaching
this objective we confronted another challenge: how
to monitor the activation and reactivity of mouse
platelets reliably and critically using flow cytometry.
In order to establish a validated protocol we examined
various factors that could potentially affect the plate-
let activation and reactivity data, and we encountered
some defined obstacles ranging from anesthesia of the
animal to cytometric analysis of samples. We estab-
lished that some of these factors were critically im-
portant (blood preparation, anticoagulation, staining,
fixation, sample analysis), while others were not
(method of anesthesia, site of blood collection). Some
of our findings could be highly relevant to the meth-

odology of platelet studies in small rodents. Thus, the
optimal blood preparation procedure, careful choice
of blood anticoagulant, appropriate choice of specific
antibodies and correct algorithm of gating the objects
of interest could be crucial for minimizing the risk of
artefacts, when recording the natural (native) physio-
logical or pathophysiological images of mouse plate-
lets. For example, the choice of fractionated heparin
rather than other agents, seems to be justified by its
minimal effect on the artefactual activation of plate-
lets. Further, the “washed blood” is preferable to the
“whole blood” protocol, especially for studying
mouse platelet activation by thrombin. On the other
hand, the choice of anesthetic does not need to be dic-
tated by the risk of undesirable effects on platelet acti-
vation. Using such an optimized protocol to study
platelet function by flow cytometry, we clearly dem-
onstrated that inhibition by the antiplatelet agent can-
grelor could be reliably investigated by both the in

vivo and in vitro approaches. Even if this experience
can be simply “extrapolated” to investigations of
other antiplatelet agents in a mouse model, it requires
further investigation.

In summary, our study confirms the usefulness of
flow cytometry as a technique for determining platelet
function in a mouse model and supports the use of
laboratory mice in studies on blood platelets. Using
such a newly elaborated protocol for mouse platelets,
we have confirmed that the effects of cangrelor moni-
tored by flow cytometry do not differ significantly be-
tween the in vivo and in vitro approaches.
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