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Background: Platelets play a pivotal role in coagulation, inflammation andwound healing. Suitable animalmodels
that have the potential to mimic human platelet function are limited. The objective of the current study was to
compare platelet aggregation response in the whole blood of baboons and humans using impedance
aggregometry.
Methods: Blood was drawn from 24 anesthetised male baboons and 25 healthy volunteers. The platelet aggrega-
tion response was determined by impedance aggregometry (Multiplate®). Platelets in the hirudinised whole
blood samples were stimulated with four different activators: adenosine diphosphate (ADP), collagen (COL),
thrombin receptor activating peptide-6 (TR1AP), and activation of PAR-4 thrombin receptor subtype (TR4AP)
at standard concentrations. Higher than standard concentrations were tested in a subgroup of the animals.
Results: The cell counts showed no differences between baboons and humans. The platelet aggregation response
was significantly lower in baboons compared to humans when stimulated with the platelet agonists ADP
(p b 0.0001), COL (p = 0.021) and TR4AP (p b 0.0001). TR1AP did not stimulate platelet aggregation in the ba-
boon blood. Doubling the concentration of ADP and of TR4AP significantly increased the AUC compared to the
standard concentration. In contrast, increased COL levels did not further increase the AUC.
Conclusion: The current study revealed that testing the platelet function in baboon blood by impedance
aggregometry is feasible with ADP, COL and TR4AP, but not with TR1AP. Compared to humans, the aggregation
response is lower in baboons. Considering the limitations in accordance to these results, baboonsmight represent
a potential species for further platelet research.

© 2016 Published by Elsevier Ltd.
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1. Background

Platelets play a pivotal role in coagulation, inflammation andwound
healing [1]. Thrombocytes are activated by sub-endothelial collagen,
which causes changes in platelet morphology, promotes the expression
of glycoprotein receptors on their surface and stimulates the release of
platelet granule content [1,2]. This complex mechanism facilitates the
initial adhesion of platelets to the damaged sub-endothelium and the
subsequent platelet aggregation. Moreover, platelets provide a matrix
for the assembly of coagulation proteins, resulting in a significant
thrombin burst [3]. Furthermore, platelets have been identified as
drivers of vascular inflammation. Platelets recruit leucocytes to the in-
jured vessel wall and promote the release of microvesicles and cyto-
kines with inflammatory properties [4–9]. Thus, platelets are involved
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in both haemostasis and inflammation [6–9]. There is growing interest
in the crucial role that platelets play in many physiological and patho-
physiological processes [9].

Platelet function testing is essential to diagnose inherited and ac-
quired platelet disorders [10,11]. Among the various techniques to de-
tect and monitor platelet reactivity, impedance aggregometry by
Multiplate® (multiple platelet function analyzer) has earned increasing
interest over the last decade [12–15]. Multiplate® was initially devel-
oped as a point of care device for the rapid assessment of platelet aggre-
gation in whole blood [13]. This method allows for the evaluation of
platelet function under low shear conditions; thus, platelets can interact
with other blood cells [16,17].

For investigators, it is of fundamental interest to have adequate ex-
perimental animal models available that allow for the translation of re-
sults of animal studies into the context of the human environment.
However, there are substantial differences in the physiological and
pathophysiological mechanisms of different species e.g., rodents or
pigs, compared to human subjectswith respect to their platelet function
[18,19]. Non-humanprimates, such as baboons, represent an interesting
species that is genetically closely related to humans. Recent researchhas
revealed close similarities between humans and baboons in terms of
both platelet function and visco-elastic test results [20,21]. However,
also significant differences have been observed [22].

The aim of the current study was to investigate whether using
Multiplate® to measure the platelet aggregation following stimulation
with different platelet agonists delivers comparable results between
humans and baboons.

2. Methods

The experimental protocol was approved as part of another study by
the Institutional Interfaculty Animal Ethics Committee at Free State Uni-
versity (Bloemfontein 9300, South Africa) under protocol number 03/
2010. All of the experiments were performed under the conditions de-
scribed in the Guide for the Care and Use of Laboratory Animals as de-
fined by the National Institutes of Health. Data from twenty-four
healthymale Chacma baboons of the strain Papio ursinuswere included
in the study. The animals were quarantined for 3 months before the
study to ensure that theywere exposed to high quality living conditions.
The primates received no food overnight before experiments but had
free access to water.

2.1. Premedication, anaesthesia and instrumentation of the animals

The animals received premedication by intramuscular injection of
6–8 mg/kg BW ketamine (Ketalar®, Pfizer, Vienna, Austria). The ba-
boons were placed in the supine position, and the right cubital vein
was cannulated. Anaesthesia was delivered as a 5 mg/kg BW sodium
pentobarbital (Sandoz GmbH, Kundl, Austria) injection. Afterwards,
the trachea was intubated, and the animals were attached to a respira-
tor and ventilated in a pressure-controlled mode (Evita 2, Dräger,
Lübeck, Germany). Anaesthesia wasmaintained by continuous infusion
of 0.8 mg/kg/h sodium pentobarbital, 0.8 μg/kg/h sufentanil (Janssen,
Vienna, Austria), and 1 mg/kg/h rocuronium (Organon, Oss, Nether-
lands). The fraction of inspired oxygen was kept at 30%, and the arterial
partial pressure of CO2wasmaintained at 35–45mmHg. The body tem-
perature was maintained at 37 °C. The cephalic vein was used for fluid
therapy. An arterial catheter was inserted into the right femoral artery
for blood pressure monitoring.

2.2. Blood sampling from animals

After establishing stable haemodynamic conditions, baseline blood
samples were drawn from the cubital vein. The first 2 mL of blood
drawn were discarded. For the blood cell counts (haematocrit [Hct],
haemoglobin [Hb] concentration and platelet count [Plt]), blood was

collected in 3 mL K3EDTA tubes containing 1.6 mg/mL ethylenedi-
aminetetraacetic acid (EDTA; Vacuette®, Greiner Bio-One GmbH, Linz,
Austria). The blood samples for platelet aggregation analyses were col-
lected in hirudin-coated 3 mL tubes (Roche Diagnostics International
Ltd., Rotkreuz, Switzerland).

2.3. Blood sampling from human controls

Following the approval from the Ethics Committee of the Austrian
Worker's Compensation Board (application number 15/2013), 25
healthy Caucasian volunteers were included in the study after signing
informed consent. Only subjects without any history of bleeding or ve-
nous thromboembolism and those not receiving any anticoagulant or
antiplatelet medication within the last 14 days were selected as blood
donors. Blood samples were drawn after minimum stasis from the
cubital vein, and the first 2 mL of were discarded.

The same blood collection systems were used for humans as de-
scribed for baboons.

2.4. Cell count measurements

The blood cell counts were measured with a Cell-Dyn 3700® Hema-
tology Analyzer (Abbott GmbH und Co. KG, Abbott Diagnostics Europe,
Wiesbaden, Germany).

2.5. Impedance aggregometry (Multiplate®) measurements

Impedance aggregometry was performed using multiple electrode
aggregometry (Multiplate®, Roche Diagnostics International Ltd.,
Rotkreuz, Switzerland).

Human and baboon platelets were stimulated simultaneously with
four different activators: adenosine diphosphate (ADP), collagen
(COL), thrombin receptor activating peptide-6 (TRAP) for PAR-1 recep-
tor, and a PAR-4 thrombin receptor subtype (PAR4) agonist. The TRAP-6
agonist provided by the company is a specific agonist that strongly acti-
vates the PAR-1 receptor, while the PAR-4 receptor agonist is selective
for the PAR-4 receptor only. For easier understanding, we named the
TRAP-6 agonist Thrombin-receptor-1-activating-peptide (TR1AP), and
the PAR-4 receptor agonist Thrombin-receptor-4-activating-peptide
(TR4AP). The baboon blood samples were collected in hirudin-contain-
ing tubes. For the human controls, the recommended agonist concentra-
tion was used. For the baboons, we used the standard concentration,
and in some animals, we used 1.5-fold and 2-fold increased concentra-
tions for the ADP and COL. Thus, the final concentrations for the ADP
were 6.5 μM, 9.75 μMand 13 μM. For COLwe used bovine-type-collagen
I. Collagen type I is a triple helix consisting of one alpha-2 chain and two
alpha-1 chains, alpha-1 is 139 kDa and alpha-2 is 129 kDa. So the tri-
meric form is ~400 kDa. The final concentration was 3.2 μg/mL, this
means that expressed in molarity we used a concentration of 8 nM,
12 nM and 16 nM. After themeasurement of samples from six baboons,
standard thrombin-receptor-1-activating peptide (TR1AP) testing was
terminated as it did not result in platelet activation. For the remaining
18 baboons, we initiated the activation of the PAR-4 thrombin receptor
subtype by a selective PAR-4 receptor agonist (TR4AP).We investigated
four different concentrations of PAR-4 agonists: TR4AP with 397 μM
(the company's recommended concentration), with twice the concen-
tration (794 μM), with 4 times the concentration (1588 μM), and with
8 times the concentration (3176 μM). All of the reagents were obtained
from Verum Diagnostica GmbH, Munich, Germany.

To ensure adequate resting time, the Multiplate® measurements
were performed approximately 30 min after the collection of the
blood samples. All of the analyses were performed according to the
manufacturer's recommendations. Normal saline 0.9% solution was
used to dilute the agonists to their final concentration. The platelet func-
tionwas assessed in single-use test cells that incorporated two indepen-
dent sensor units, on which the platelet aggregation occurred. After
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