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Abstract

Background

Ethyl pyruvate (EP), the ethyl ester of pyruvate, has proven antiinflammatory and antioxida-
tive properties. Additionally, anticoagulant properties have been suggested recently. EP,
therefore, is a potentially antiatherosclerotic drug. We aimed to investigate whether EP pos-
sesses antiplatelet and anticoagulant properties particularly in the physiological environ-
ment of whole blood.

Methods

We investigated the effects of increasing concentrations of EP on platelet function, on the
course of clot development, and on standard coagulation times. Additionally, clot ultrastruc-
ture using scanning electron microscopy was analysed.

Results

EP exerted significant antiplatelet actions: i) Impedance aggregometry amplitudes (11.7 +
3.0 ohm, 0 ug/mL EP) dose dependently decreased (7.8 £ 3.1 ohm, 1000 ug/mL EP;
-33.3%). ATP exocytosis (0.87 £ 0.24 nM, 0 ug/mL EP) measured by the luminiscent
method dose-dependently decreased (0.56 + 0.14 nM, 1000 ug/mL; -35.6%). ii) Closure
times (104.4 £ 23.8 s, 0 ug/mL EP) using the Platelet function analyzer were dose-depen-
dently prolonged (180.5 + 82.5 s, 1000 pg/mL EP; +72.9%) using membranes coated with
collagen/ADP. iii) Surface coverage (15.9 + 5.1%, 0 yg/mL EP) dose-dependently
decreased (9.0 £ 3.7%, 1000 pug/mL EP; -43.4%) using the Cone and Platelet analyzer. EP
also exerted significant anticoagulant actions: Coagulation times (177.9 + 37.8, 0 ug/mL
EP) evaluated by means of thrombelastometry were dose-dependently prolonged (212.8 +
57.7 s, 1000 pg/mL EP; +19.6%). Activated partial thromboplastin times (31.5+ 1.8 s, 0 g/
mL EP) were dose-dependently prolonged (35.6 + 2.3 s, 1000 ug/mL EP; +13.0%).
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and platelet analyzer; CFT, clot formation time; CT,
coagulation time; EDTA, ethylene-diamine-
tetraacetic acid; EP, ethyl pyruvate; ETP,
endogenous thrombin potential; HPLC, high
performance liquid chromatography; INR,
international normalized ratio; MCF, maximum clot
firmness; LDL, low-density lipoprotein; LPS,
lipopolysaccharide; PBS, phosphate buffered
saline; PFA, platelet function analyser; PPP, platelet
poor plasma; PRP, platelet rich plasma; PT,
prothrombin time; SC, surface coverage; SD,
standard deviation; SEM, scanning electron
microscopy; TEM, thrombelastometry; TF, lipidated
tissue factor; WB, whole blood.

Prothrombin times (0.94 + 0.02 INR, 0 ug/mL EP) were dose-dependently prolonged (1.09 +
0.04 INR, 1000 pg/mL EP; +16.0%).

Conclusion

We found that EP possesses antiplatelet and anticoagulant properties in whole blood.
Together with its proven anti-inflammatory and antioxidative properties, EP is a potentially
antiatherogenic drug.

Introduction

Ethyl pyruvate (EP), the ethyl ester of pyruvate, is a compound with proven combined antiinflam-
matory and antioxidative effects [1-3]. Thus, it has been suggested that administration of EP can
provide therapeutic benefits in many clinical situations, such as sepsis/inflammation, haemorrhage
or atherosclerosis [4, 5]. For example, EP has been shown to be capable of attenuating the oxidation
of low-density lipoprotein (LDL), a crucial step in the development of atherosclerosis [6].

Several recent studies have demonstrated that EP also exerts anticoagulant effects. For
example: EP dose-dependently inhibits the expression and function of tissue factor (TF), the
main initiator of coagulation activation in lipopolysaccharide (LPS)-stimulated monocytes [7]
or is also capable to inhibit platelet aggregation [8].

However, most of the previous studies dealing with the effects of EP on the coagulation sys-
tem were not performed in humans but in animal models, in cell culture or in purified systems
containing washed platelets.

It was therefore the aim of our study to mainly examine the anticoagulant effects of EP in
whole blood (WB) samples of human origin containing all coagulation factors, monocytes and
platelets implicated in the coagulation process.

We investigated the effects of increasing concentrations of EP (0 up to 1000 pg/mL) on platelet
aggregation (impedance method), on the course of clot development (thrombelastometry, TEM),
on platelet function (platelet function analyser, PFA 200), and on platelet adhesion (cone and
platelet analyser, CPA) in WB samples. Additionally, standard coagulation times (activated partial
thromboplastin time, APTT; prothrombin time, PT) and thrombin generation curves (calibrated
automated thrombogram, CAT) were measured in platelet poor plasma (PPP) samples.

Particularly, when examining the effects of increasing concentrations of EP on clot develop-
ment and on thrombin generation curves, low amounts of TF were used in our experiments to
trigger the coagulation process. This allows a highly sensitive and close to the in-vivo situation
assessment of how increasing concentrations of EP may affect coagulation values [9]. Further-
more the influence of EP on exocytosis of ADP and ATP was examined by using HPLC [10] or
a luciferase test. Additionally, the effect of EP on clot ultrastructure was studied by scanning
electron microscopy (SEM) [11].

EP with its known anti-inflammatory and antioxidative properties together with antiplatelet
and antithrombotic effects studied here in WB may further implicate its possible benefit as a
drug in the setting of atherosclerosis, a disease well-known to be associated with inflammation,
oxidative stress and activation of the coagulation cascade [12, 13].

Material and methods
Subjects

After approval of the appropriate institutional ethics committee (Ethikkommission der Medi-
zinischen Universitdt Graz) and with written informed consent, a total of 43 healthy male
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volunteers aged between 27 and 47 years were recruited. This study was conducted in accor-
dance with the Declaration of Helsinki. All volunteers denied taking any medication which
might influence coagulation within the last two weeks. The volunteers did not suffer from
renal or liver disease or coagulation disorders.

Blood collection and preparation

A tube containing EDTA was first sampled in order to determine full blood count and to
exclude initial coagulation activation from venepuncture and venous stasis. Subsequently, 9
mL of blood from the antecubital vein were collected into pre-citrated Vacuette™ marked
tubes (Greiner Bio-one GmbH, Kremsmiinster, Austria) containing 3.8% sodium citrate.

WB measurements (impedance aggregometry, TEM, platelet function tests) were per-
formed within 3h of blood sampling. The remaining WB was centrifuged (room temperature,
20 min, 500g) in order to prepare PPP samples. Standard coagulation times and the time-
course of thrombin generation were evaluated in PPP samples.

Reagents

Purified EP was purchased from Sigma-Aldrich Handels GmbH (Vienna, Austria). A stock
solution was prepared by 1:50 dilution in PBS. EP levels were successively raised (0, 250, 500,
and 1000 pg/mL; this is equivalent to 0, 2, 4, and 8 mmol/L) by addition of increasing amounts
of purified EP stock solution (0-50 pL) to 1 mL of WB, PRP or PPP. Innovin® (recombinant
human TF thromboplastin) from Dade Behring Marburg GmbH (Marburg, Germany), was
used as a source of TF. The lyophilized product was dissolved in 10 mL of distilled water and
subsequently diluted at a ratio of 1:1000 in 0.9% saline solution (TF-stock solution).

Whole blood platelet aggregation assay

WB aggregation assessments were performed using a Chrono-Log Whole Blood Aggregometer
Model 590 from Probe & Go (Endingen, Germany), which is based on the impedance method
[14]. Impedance aggregometry results are expressed as amplitude (or maximum aggregation)
in ohm at six minutes after reagent addition and as lag time (or aggregation time) in seconds,
the time interval until the onset of platelet aggregation. The rate of platelet aggregation is
expressed as slope in ohm/min. Collagen (2 ug/mlL, final concentration), purchased from
Probe & Go (Endingen, Germany), was used as platelet agonist, as previously described [15].
ATP release, a measure for the extent of the aggregation provides evidence of normal or
impaired release from dense granule, was measured by a sensitive luminescent (firefly lucif-
erin-luciferase) assay for extracellular ATP [16]. Additionally, the aggregability of platelets was
assessed by quantitative determination of ATP and ADP exocytosis in platelet rich plasma
(PRP) samples using a HPLC method [17]. WB samples were centrifuged at 150g for 12 min in
order to obtain PRP samples. Platelet aggregation was induced by addition of collagen (2 pg/
mL, final concentration) to 500 pL of the PRP samples. After two minutes, the PRP samples
were centrifuged at 1500g for two minutes and proteins in the supernatant were precipitated
with 200 pL 0.4 mol/L perchloric acid. After centrifugation at 12000g 100 pL of the supernatant
were neutralized by addition of 10-12 pL of 2 mol/L K,COj3 at 4°C. The supernatant obtained
after centrifugation was used for HPLC analysis (injection volume: 40 uL). Separation of ade-
nine nucleotides was performed on a Hypersil ODS column (5 pm, 250 x 4 mm L.D., equipped
with a precolumn; Thermo Electron Corp. Runcorn, Cheshire, UK) using a L-2200 autosam-
pler, two L-2130 HT A pumps, and a L-2450 diode array detector (all VWR International, West
Chester, PA, USA) as previously described [18]. Detector signals (absorbance at 254 nm) were
recorded and the program EZchrom Elite (VWR) was used for data acquisition and analysis.
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Whole blood tissue factor-triggered TEM assay

The clot formation process was monitored using the TEM coagulation analyser (ROTEM *05)
from Matel Medizintechnik (Graz, Austria). The period of time from adding trigger to initial
fibrin formation is designated as the ‘Coagulation time’ (CT); the time until the amplitude
reaches 20 mm refers to the ‘Clot formation time’ (CFT). ‘Maximum clot firmness’ (MCF)
reflects clot stability and the ‘alpha angle’ indicates the velocity of fibrin built-up and cross-
linking. The final sample volume was 340 pL. Clot formation was initiated by addition of 40 uL
of ‘trigger solution’ containing TF and CaCl, (0.35 pmol/L and 3 mmol/L final concentration,
respectively) to 300 pL of citrated WB. This method has been described in detail previously by
Sorensen et al. [19].

Evaluation of primary haemostasis

Using the PFA 200, primary haemostasis is simulated with an in vitro quantitative measure-
ment of platelet adhesion and aggregation in WB. The system uses citrated WB (800 pL) that is
aspired under high shear stress rates through an aperture cut into a membrane coated with col-
lagen (a subendothelial protein generally believed to be the initial matrix for platelet attach-
ment) and either ADP or epinephrine. In response to the local shear stress and the agonists in
the membrane, platelets are activated, adhere to collagen in the membrane surrounding the
aperture, and aggregate until a stable platelet plug occludes the blood flow through the aper-
ture. This time period recorded by the instrument is designated as the closure time, represent-
ing a measure of platelet-dependent haemostasis, in particular platelet activation, adherence,
and aggregability [20].

Whole blood platelet adhesion assay

Platelet adhesion and aggregation was assessed by using a CPA (DiaMed, Linz, Austria) as
described previously [21]. Briefly, 130 uL of citrated WB was placed in polystyrene tubes and
allowed to flow (1300 s™") for two minutes using a rotating Teflon cone. Subsequently, the
wells were washed with PBS, stained with May-Griinwald solution and analyzed with an image
analysis system. Surface coverage (SC) and average size (AS) were determined to elucidate
platelet function. SC, representing platelet adhesion, is expressed as the percentage of total area
covered by platelets. AS, representing platelet aggregation, is defined as the average size of the
surface bound objects.

Automated fluorogenic measurement of thrombin generation

Thrombin generation curves were monitored using calibrated automated thrombography
(CAT) (Thrombinoscope BV, Maastricht, the Netherlands) [22]. The ability of a plasma sam-
ple to generate thrombin was assessed with respect to lag time preceding the thrombin burst
(Lag Time), time to peak (ttPeak), peak height (Peak), maximum velocity of thrombin forma-
tion (VelIndex) and endogenous thrombin potential (ETP), and the time point of free throm-
bin disappearance (StartTail). Measurements were carried out in the presence of five pM of TF
(final concentration). Measuring the formation of thrombin, the pivotal enzyme in haemosta-
sis, has been shown to be an appropriate method to assess the coagulability of a given plasma
sample [22, 23].

Standard coagulation tests

Haematocrit and blood cell counts were determined on a Sysmex KX-21 N Automated Hae-
matology Analyzer from Sysmex (Illinois, USA). Determinations of PTs, APTTs as well as of
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plasma levels of FII, FVII, and FVIII, were performed on a BM/Hitachi 917 from Roche
(Vienna, Austria).

Scanning electron microscopy (SEM)

WB was centrifuged (room temperature, 12 min, 150g) in order to prepare PRP samples con-
taining approximately 100 000 platelets/pL. Clot formation was initiated by addition of 40 L
of ‘trigger solution’ containing TF and CaCl, (3.5 pmol/L and 3 mmol/L final concentration,
respectively) to 300 puL of PRP. After overnight clot formation, the clot ultrastructure of
unfixed and carbon coated specimen was characterized via SEM, performed in a NOVA 200
dual beam microscope (Thermo fisher, USA). To minimize electron-beam related damage,
low primary energies (5 keV) and beam currents (98 pA) were used with shortest possible
image acquisition times [24].

Statistics

Statistical analyses were performed using the GraphPad 7.0 Prism package. The effects of
increasing concentrations of EP on coagulation values were analysed using linear regression,
expressed as slope + standard error [25]. All p-values of <0.05 were considered statistically sig-
nificant. Further statistical calculations were performed by IBM SPSS Statistics (version 26).
The normal distribution of the variables was tested using the Shapiro-Wilk test and the Kol-
mogorov-Smirnov test. Differences in the distributions of variables with differing EP concen-
trations were tested by a paired-samples t-test (in case of normally distributed variables) and
by a non-parametric Wilcoxon test (if variables were not normally distributed) [26]. *. ..
p<0.05, **. .. p<0.01, ***... p<0.001.

Results

Blood cell counts and plasma levels of FII, FVII, and FVIII were within the normal ranges for
adults [15, 27]. EP levels in WB, PRP or PPP samples were raised from 0 to 250, 500, or

1000 pg/mL (final concentration), which is equivalent to 0, 2, 4, and 8 mmol/L (final concen-
tration), by addition of increasing amounts of purified EP stock solution.

Effects of increasing concentrations of EP on impedance aggregometry
values

Significant antiplatelet effects of EP were observed by means of impedance aggregometry per-
formed in WB samples. In the presence of increasing concentrations of EP amplitudes and
ATP exocytosis measured by the luminescent method dose-dependently decreased (ampli-
tudes: slope: -0.003677 + 0.000766 ohm-mL/pg, p<0.0001; ATP exocytosis: slope:

-0.000312 + 0.000076 nM-mL/ug, p = 0.0002, respectively), shown in Fig 1A and 1B, respec-
tively. Lag times were dose-dependently prolonged by increasing EP concentrations (slope:
0.067689 + 0.009713 min-mL/ug, p<0.0001; Fig 1C). Slopes were not altered by increasing EP
concentrations (-0.001369 + 0.000635 ohm-mL/min-pg, p = 0.1637).

Measurement of adenine nucleotides in six PRP samples by HPLC revealed commensurable
results as obtained in WB samples using the luminescent method. ATP reduction as well as
declining ADP exocytosis from dense granules due to increasing concentrations of EP (ATP:
slope: -0.000232 + 0.000020 nmol-mL/pg-10%cells, p = 0.0074, Fig 1D; ADP: slope:

-0.000530 + 0.000044 nmol-mL/ug-10%cells, p = 0.0070, Fig 1E) were observed. This is also
demonstrated by the sum of these co-released adenine nucleotides (ATP + ADP: slope:
-0.000768 + 0.000054 nmol-mL/ug-10%cells, p = 0.0050, Fig 1F).
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Fig 1. Effects of increasing concentrations of EP on impedance aggregometry values. WB samples (n = 35) or PRP samples (n = 6) were
pre-incubated with 0 up to 1000 pg/mL EP for 5 min. Subsequently, platelet aggregation was triggered by addition of collagen (2 pg/mL final
concentration). (A) Amplitudes; (B), exocytosis of ATP in WB; (C) Lag times; (D) ATP exocytosis in PRP; (E) ADP exocytosis in PRP; (F)

sum of these co-released nucleotides are illustrated. Data represent mean + SD.

https://doi.org/10.1371/journal.pone.0240541.9001

Effects of increasing concentrations of EP on TEM values

CTs were dose-dependently prolonged in the presence of increasing concentrations of EP,
shown in Fig 2A (slope: 0.02928 + 0.012435 s-mL/pg, p = 0.0204). The remaining TEM values
were not changed by increasing EP concentrations as shown in Fig 2. CFT: slope:

0.012215 + 0.020045 s-mL/ug, p = 0.5436, Fig 2B; MCF: slope: 0.000017 + 0.001788 mm-mL/
ug, p = 0.9924, Fig 2C; alpha: slope: -0.001517 v 0.002484 [°]-mL/pg, p = 0.5426, Fig 2D.
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Fig 2. Effects of increasing concentrations of EP on TEM values. WB samples (n = 42) were pre-incubated with 0 up to 1000 pg/mL EP for
5 min. Subsequently, clot formation was triggered by addition of TF/CaCl, (0.35 pmol/L and 3 mmol/L final concentration, respectively). (A)
Coagulation times; (B) Clot formation times; (C) Maximum clot firmness; (D) alpha angles are illustrated. Data represent mean + SD.

https://doi.org/10.1371/journal.pone.0240541.9002

Effects of increasing concentrations of EP on platelet function (using PFA
200)

EP significantly blunted platelet function (i.e., platelet adhesion and aggregation) in WB sam-
ples using the PFA 200 device. Closure times were dose-dependently prolonged in the presence
of increasing concentrations of EP utilizing membranes coated with collagen/ADP (slope:
0.068894 + 0.014342 s-mL/ug, p<0.0001; Fig 3A) as well as utilizing membranes coated with
collagen/epinephrine (slope: 0.132049 + 0.019182 s-mL/ug, p<0.0001; Fig 3B).

Effects of increasing concentrations of EP on platelet adhesion (using CPA)

EP significantly attenuated platelet adhesion in WB samples using the PFA 200 device. Both
SC (Fig 4A) as well as AS (Fig 4B) dose-dependently decreased in the presence of increasing
concentrations of EP (SC: slope: -0.006526 + 0.001720%-mL/pg, p = 0.0006; AS: slope:
-0.024797 % 0.008374 um*-mL/pg, p = 0.0056, respectively).

Effects of increasing concentrations of EP on standard coagulation times

EP exerted significant anticoagulant action, shown in Fig 5. Both APTTs as well as PTs
(expressed as international normalized ratio INR) were dose-dependently prolonged in the
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Fig 3. Effects of increasing concentrations of EP on primary haemostasis (PFA 200). WB samples (n = 28) were
pre-incubated with 0 up to 1000 ug/mL EP for 5 min. (A) Closure times using membranes coated with collagen/ADP
and (B) Closure times using membranes coated with Collagen/epinephrine are illustrated. Data represent mean + SD.

https://doi.org/10.1371/journal.pone.0240541.9003
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Fig 6. Effects of increasing concentrations of EP on thrombin generation (CAT). PPP samples (n = 10) were pre-incubated with 0 up to
1000 pg/mL EP for 5 min. (A) Peak; (B) Vellndex; (C) ttPeak; and (D) StartTail are illustrated. Data represent mean + SD.

https://doi.org/10.1371/journal.pone.0240541.9006

presence of increasing concentrations of EP (APTT: slope: 0.004296 + 0.000999 s-mL/pg,
p = 0.0002, Fig 5A; PT: slope: 0.000150 + 0.000013%-mL/pg, p<0.0001, Fig 5B).

Effects of increasing concentrations of EP on thrombin generation (CAT)

Lag times (slope: 0.000010 + 0.000154, p = 0.9529) and ETP (slope: 0.2267 + 0.1302,

p = 0.2237) were not changed by different EP concentrations. However, four CAT values indi-
cated increasing thrombin generation in the presence of increasing concentrations of EP,
shown in Fig 6. Peak (slope: 0.084850 + 0.01469 nM-mL/ug, p = 0.0287, Fig 6A) and Vellndex
(slope: 0.026780 + 0.002683 nM-mL/min-ug, p = 0.0099, Fig 6B) dose-dependently increased
and ttPeak (slope: -0.001655 + 0.000278 min-mL/pg, p = 0.0271, Fig 6C) and StartTail (slope:
-0.005886 + 0.000978 min-mL/pg, p = 0.0265, Fig 6D) dose-dependently decreased in the pres-
ence of increasing concentrations of EP.

Effects of EP on clot ultrastructure (SEM)

In the absence of EP a compact clot was formed when PRP (100 000 platelet/uL) was incubated
with an initiator solution containing TF/CaCl, (3.5 pmol/L and 3 mmol/L final concentra-
tion). When clot formation was initiated in the presence of 1000 ug/mL EP, the clot structure
was less compact and contained intrinsic pores at sizes between 3 and 5 um (Fig 7).
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Fig 7. Effects of EP on the clot ultrastructure evaluated by means of SEM. Clot formation was induced by addition
of TF/CaCl, (3.5 pmol/L and 3 mmol/L final concentration, respectively) in the (A) absence or (B) presence of

1000 ug/mL EP. Clots from three individuals were analysed, a representative experiment is shown. An intrinsic pore is
marked in (B).

https://doi.org/10.1371/journal.pone.0240541.9007
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Discussion

The present study indicates that EP is a potentially antiplatelet and anticoagulant compound.
To the best of our knowledge, by utilizing impedance aggregometry, we for the first time show
that EP dose-dependently inhibits platelet aggregation and ATP release in the physiological
environment of WB. We observed a delayed onset and a decreased maximum aggregation,
associated with decreased ATP exocytosis (fluorescent method), in the presence of increasing
amounts of EP. This is in principal in good agreement with results from a previous study in
which PRP or washed platelets of human and murine origin were used [8]. Whereby, choosing
WB samples for platelet aggregation analysis apparently better reflects the in-vivo situation
than PRP/washed platelets. WB not only contains a majority of the coagulation factors impli-
cated in the coagulation process but also phospholipid bearing cells, e.g., leukocytes, which, by
interacting with platelets, have been shown to be of importance during coagulation and fibri-
nolysis [28-30]. We additionally studied the release of adenine nucleotides in six PRP samples
under increasing concentrations of EP by an HPLC method. In good agreement with the
results from the luminescent method, we found that ATP as well as ADP release dose-depen-
dently decreased with increasing concentrations of EP. The two extracellular signalling mole-
cules ATP and ADP interact with the platelet P2 receptors to amplify ongoing platelet
activation. Recent advances in the understanding of the P2Y receptor physiology have rein-
forced the concept of these receptors as useful targets for antithrombotic therapy [31]. Thus,
EP might be a suitable drug to attenuate ATP/ADP-induced platelet activation.

In addition to the impedance aggregometry results, both PFA 200 and CPA measurements
also indicated significant antiaggregatory actions of EP: Closure times (evaluated by means of
the PFA 200) were dose-dependently prolonged and AS (evaluated by means of a CPA) dose-
dependently decreased in the presence of increasing concentrations of EP.

The present study also indicates that EP is capable of inhibiting platelet adhesion in WB
samples: the SC, examined by means of a CPA, dose-dependently decreased in the presence of
increasing concentrations of EP. This, again, is in good agreement with the study performed
by Li et al. [8]. Using washed platelets preincubated with increasing amounts of EP, they also
observed that platelet adhesion, i.e., SC, was decreased by EP. They have shown that EP is
capable of inhibiting phosphatidylinositol 3-kinase/Akt and protein kinase signalling, com-
mon pathways involved in platelet activation.

Administration of EP might be more suitable for the prevention and therapy of coronary
and other atherosclerotic vascular diseases than aspirin, the most extensively studied and
administered antiplatelet agent: In contrast to aspirin, EP is capable of attenuating the expres-
sion of platelet activation markers, i.e. CD40L [32]. This marker has been shown to promote
the recruitment of leukocytes to endothelial cells with subsequent inflammation, development
of atherosclerosis, followed by thrombo-ischemic events leading to myocardial infarction and
ischemic stroke [33-36]. Our study also indicates that EP is a potentially anticoagulant drug.
For the first time we show that both APTTs and PTs, evaluated in PPP samples, were dose-
dependently prolonged in the presence of increasing concentrations of EP.

Only a few studies exist to date dealing with the effects of EP on standard coagulation times
[3,7, 37]. These studies, performed in animal models or in monocytic cell culture, also indicate
that EP is an anticoagulant drug; the effects of haemorrhage or of administration of either LPS
or resuscitation fluid on the PT have been shown to be reversed by EP. This anticoagulant
action of EP has been attributed to its capability to suppress the formation of TF, the main ini-
tiator of coagulation [37]. However, these findings cannot directly be transferred to our pres-
ent study in which the effects of EP on standard coagulation times were examined in PPP
samples lacking TF-producing cells.
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To our knowledge no data at present exist reporting on the effects of EP on the clot forma-
tion process. Results from our SEM measurements revealed alterations in the three-dimen-
sional construction of the clot apparently caused by EP. However, future studies are urgently
required to elucidate the mechanisms by which EP affects the clot formation process. Com-
mensurably, EP was capable of prolonging CTs, evaluated by means of TEM, indicating a
decelerated clot formation process.

Noteworthy, results from our CAT measurements indicate that EP also possesses procoagu-
lant properties. For example, the (thrombin) peak dose-dependently increased in the presence
of increasing concentrations of EP. On the other hand, we found that EP had no effect on the
ETP, indicating that EP does not alter the total amount of thrombin being formed in a given
plasma sample [38]. Thus, the procoagulant activities of EP might be of minor physiological or
clinical significance.

A further mechanism through which EP might exert anticoagulant action in our experi-
ments is its capability to chelate Ca** ion. However, this effect becomes significant only in the
presence of high concentrations of EP exceeding 1000 ug/mL [39]. In conclusion, our study
shows that EP possesses, besides its well-known antiinflammatory and antioxidative proper-
ties, also antiplatelet and anticoagulant properties in WB.

However, in a clinical trial of patients undergoing surgery short-term administration of EP
failed to improve the outcome. Furthermore, the inflammatory reactions usually accompa-
nying cardiac surgery were not blunted by EP [40]. Therefore, chronic administration of EP
(and not short-term administration) might be a more suitable tool for this pluripotent agent.
Due to its antiinflammatory, antioxidative, antiplatelet, and anticoagulant properties EP is pre-
sumably capable of preventing the formation of atherosclerotic plaques on several levels. EP
has been shown to be capable of i) ameliorating endothelial cell injury in various inflammatory
conditions due to its anti-inflammatory properties [5], ii) blunting the oxidation of LDL due
to its antioxidative properties [6], and, as shown in the present study, iii) attenuating platelet
adhesion/aggregation and thereby preventing activation of the coagulation cascade in case of
plaque disruption which can lead to the life-threatening formation of a blood clot.

In conclusion, this study demonstrates significant anticoagulant properties of EP in the physio-
logical environment of WB. EP is apparently a pluripotent pharmaceutical agent which can pro-
vide therapeutic benefits in many clinical situations such as sepsis/inflammation, haemorrhage or
atherosclerosis. It has to be stated that the anticoagulant action of EP might not be beneficial in
some clinical situations, e.g., in patients with inherited bleeding disorders (hemophilia A and B,
Willebrand disease), as well as in patients suffering trauma. Moreover, most effective anticoagu-
lant action was observed in our study in the presence of 1000 pg/mL (~8 mM) of EP. However,
no clinical data exist to date reporting whether these high plasma levels of EP can be reached and
maintained chronically in the patients and whether untoward side effects are associated with such
high EP levels. Furthermore, since EP might undergo spontaneous hydrolysis to form pyruvic
acid and ethanol, the resultant chronic ethanol exposure could be considered a limitation [4].
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