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1. Introduction

Haemostasis is a very complex and well regulateocqss, which is
designed to maintain blood in a fluid state undeyspologic conditions, but it is
primed to react to vascular injury in an explosimanner to stem blood loss by
sealing the defect in the vessel wall. The thremaditional” components of
haemostasis are the endothelium, the plateletstlamdcoagulation system. The
participation of platelets in haemostasis is a &medntal component of this
physiologic process. The reactions involved incladbesion to the cut end of a
blood vessel, spreading of adherent platelets erexiposed subendothelial surface,
secretion of stored platelet constituents, and &ion of large platelet aggregates.
In addition, platelet membrane sites become aMailalor adsorption and
concentration of clotting factors, and plasma cdetgan is accelerated, resulting in
the formation of a fibrin network that reinforcdsetotherwise friable platelet plug.
The firm platelet-fibrin clot subsequently retraatso a smaller volume, a process
that is also platelet-dependent [1]. These two nzaimponents of haemostasis —
platelets and plasmatic proteins - are interdepemnddne importance of leukocytes
in coagulation and fibrinolysis has also been dstiadd [2,3]. The platelet adhesion
process is different under different shear condgjdor example at high shear rates
plasma von Willebrand factor (VWF) and glycoproté®P) Ib/IX are required,
while at low shear rates other proteins are swficfor the adhesion of platelets.

Several laboratory assays have been designed tsunedaaemostasis. First,
simple haemostatic tests, like bleeding time arabatation time were used, which
were mainly made for the detection of hemorrhag@thgéses. Then plasma-based
global haemostatic assays were developed, likevadetl partial thromboplastin
time (APTT) and prothrombin time (PT), which coldd automated and are now
widely used in routine laboratories. However, thiests are robust, unable to detect
mild defects and to show the location of the disordVith the development of
single factor determinations this problem was tlndug be have been solved, but
clinical experience showed that certain haemostabisormalities could not be
diagnosed by them. Additionally, single factor detmations without good

screening assays are very costly. As we get modenaore information about



physiological haemostasis, there is a tendencegteldp methods, which can better
model the physiological conditions, such as flomditons and shear, and the use
of whole blood is preferred. The methods using whblood testing are good

candidates for point of care testing, so the tastle used even in acute situations.

1.1. Epidemiology and importance of haemostatic almmmalities

Haemostasis is the consequence of balanced intaractf cellular and
molecular components responsible for the maintemaf@n intact circulation [4].
Dysfunction of cells or proteins participating imethaemostasis system may result

in thrombophilia or a haemorrhagic diathesis.

1.1.1. Bleeding disorders

Haemostatic imbalance may be inherited or acquifedwild range of
inherited bleeding disorders have been describgdinating from an inadequate
function of the platelets as seen in Glanzmannseale and the Bernard Soulier
syndrome, or caused by deficiency in procoagulaotems such as fibrinogen or
coagulation factor IlI, V, VII, VIII, 1X, X, XI andXlll. Some bleeding disorders
such as inherited FV and FX deficiency are rareuomg only in one per million
inhabitants. Other bleeding disorders, such as bphbilla A are more common,
occurring in 1:10000 [1].

1.1.2. Thromboembolic disease

Hypercoagulable states can present themselves tasialaror venous
thromboembolic disease.

The major cause of death and disability in the tgpexl world is arterial
vascular disease. Its main etiological factor ifhertsclerosis, along with
embolisation mainly of cardiac origin. Dependingtba affected part of the arterial
branch, we can talk about cardiovascular, cerelsaar, aortic, peripheral and



renal vascular diseas8ymptoms develop when growth or rupture of the yxaq
reduces or obstructs blood flow; symptoms vary \hth affected arteries.

In recent years, age-related mortality attributabide atherosclerosis has been
decreasing, but in 2005, cardiovascular diseasesnaply coronary and
cerebrovascular atherosclerosis still caused al®@i63t000 deaths in the US (more
than cancer and almost 9 times more than injufgs)Atherosclerosis is rapidly
becoming more prevalent in developing countries]) as people in developed
countries live longer, incidence will further inese. By 2020, atherosclerosis
among cardiovascular diseases is expected to beletding cause of death
worldwide.Eastern European countries sashthe Ukraine, the Russian Federation,
Hungary, and the Cze&tepublic have among the highest and increasing G\&s

in the world, which is in marked contrast to most exuitally stable European
countries where declines in CVD mortality rates/e been experienced over the

past 30 yearf5].

Deep vein thrombosis (DVT) and pulmonary embolispresent different
manifestations of the same clinical entity, which referred to as venous
thromboembolism (VTE). The incidence rate of atfirsnous thrombosis is 1 to 2
eventsper 1000 patient-years [7]. According to populat&tmdies, the average
annual incidence rates of VTE was 117 per 100 0O&&gm-years [8]. Venous
thromboembolism is predominantly a disease of cédgr. Incidence rates increase
markedly with age for both men and women and fah lieep vein thrombosis and
pulmonary embolism [8,9]. The overall age-adjusitetildence rate is higher for
men than women (male:female sex ratio is 1.2:1) Blilmonary embolism
accounts for an increasing proportion of VTE witlereasing age for both genders
[8]. Venous thromboembolism recurs frequently; @b80% of patients develop
recurrence within the next 10 years [10]. The hdzdrrecurrence varies with the
time since the incident event and is highest withafirst 6-12 months.

At least 1 out of 5 of the venous thromboembolisases is fatal, although
available autopsy data suggest that this figure pisbably a significant

underestimation of actual mortality. In Hungarye tmortality rates of venous



thromboembolism were 10.8, 19.8 and 10.7 per 1000B@&bitants in the years
1970, 1990 and 1999, respectively [11,12]. Morepvaulmonary embolism
accounts for 5-10% of deaths in hospitalized p&diemaking VTE the most
common preventable cause of in-hospital death [13].

Morbidity is also associated with two long-term qaimations: chronic
thromboembolic pulmonary hypertension and postrtotic syndrome. Chronic
pulmonary thromboembolism with pulmonary hypertensis seen in up to 5% of
patients as a result of the incomplete resolutiba thrombus [14]. These patients
are functionally limited because of progressivergaeal dyspnoea, chest pain,
syncope, and lower extremity oedema. Post-throralsyindrome is characterized
by leg pain, oedema, other signs of venous insaffy, and eventually leg
ulceration as a result of prolonged venous hypsiten At least 30% of patients
with venous thromboembolism develop this chronigilitating disease [15].

In some cases, risk factors for both venous aneriartdisease may be

present, making the clinical picture more comptex] [

1.2. The role of haemostatic investigations in artel thrombotic disease

Thrombosis plays a central role in the pathogenes$isacute coronary
syndrome (ACS); this is supported by the preserfcthrombi at the site of a
ruptured coronary plaque at autopsy, in atherectspgcimens from patients with
unstable angina, and on angioscopy and angiographyatients with unstable
angina. Indirect evidence of ongoing thrombosisAGS is provided by the
elevation in levels of markers of platelet actigatiand fibrin formation.
Additionally, a marked improvement in the clini@altcome of patients with ACS
is achieved with specific antithrombotic therapyngsacetylsalicylic acid (aspirin),
heparin, platelet GP llb/llla inhibitors and clopgtel. Because of the central role
of platelets in the pathophysiology of ACS, antiplet therapy is one of the
cornerstones of therapy and is directed at decrgatie formation of TxA
(aspirin), inhibiting the adenosine diphosphate PADeceptor pathway of platelet
activation (ticlopidine and clopidogrel), and ditlganhibiting platelet aggregation

(GP lib/llla inhibitors) [1]. The efficacy of varis antiplatelet agents in preventing



cardiovasculaand thrombotic complications has been establisinethrige-scale
clinical trials. Composite data from such studiesndt to maskindividual
responsiveness to the drugs beimgestigated. In fact, antiplatelet drugs that are
effectiveand safe in one individual may be ineffective amfial in another [17].

According to laboratory measures of platelet atiivaand aggregation a
large proportion of people fail to respond in thei@pated manner when treated
with aspirin, they are thus termed “aspirin resistf18,19]. The clinical relevance
of aspirin resistance was recently demonstrateal study of stable patients with
cardiovascular disease where found to have a greater than threefold ineréas
the risk of major adverse events during long-testtow-up comparegith those on
aspirin who exhibited normal inhibition of platedgfgregation [20].

The thienopyridines ticlopidine and clopidogrel ilih plateletfunction by
irreversibly blocking the binding of ADP to its P2Yplatelet receptor. Both of
thesedrugs are inactive and require conversion to thetive platelet-inhibitor
metabolites by the hepatic cytochrome P450 systewivo. Clopidogrehas a more
favourable side effect profile and a more rapidebogaction than does ticlopidine
[21,22]. Interindividual variabilityin platelet inhibition by clopidogrel and the
occurrence ofclopidogrel resistance" has been recently docuetkfity several
groups [23-26]. Although not conclusively demontgtda onestudy suggested that
clopidogrel resistance increases the oskoronary stent thrombosis [26]. It is also
becoming increasingly clear theétere is considerable intrinsic variability in the
responsivenesef individuals to antiplatelet agents, which is mipsyenetically
determined. There is growing evidence that diffeesnin the effect of not only
aspirin, but also clopidogrel is of clinical impamice [26-31].

This widespread use of antiplatelet therapy in icaabcular medicine and
evidence suggesting a clinically relevant drugstesice have created a demand for
simple assays to determine the effectivity of datglet treatment. Point-of-care
platelet function testing in acusettings and rational pharmacogenomic approaches
would permit more individualized treatment, in some cases regidosing
changes or the use of alternate drugs to optimmtiplatelettherapy. The clinical
value of the so far known point-of-care technolsgiguch as the platelet function
analyzers PFA-100 (Dade-Behring) and VerifyNow (Aoetrics), remains to be



proved convincingly [32]. Optical platelet aggreggny is still accepted as gold
standard, but this is not a standardized methodl [BBanalytical interferences
related to blood sampling and complicated samplecgssing add substantial
technical imprecision to the already large biolagiovariability of platelet

aggregation. Optical aggregometry requires expersgnnel and time-consuming
centrifugation steps to obtain platelet-rich andtgkt-poor plasma. Aggregation
correlates with the increase of light transmittaimcplatelet-rich plasma (PRP) after
addition of a platelet agonist. However, PRP iadificial milieu deficient in giant

platelet subspecies as well as erythrocytes arkbtgtes, which are regarded as
critical modulators of platelet function in vivo4B Thus, whole blood platelet
aggregometry has several advantages. We were tbie tfi describe a new,
promising whole blood aggregometry, called multikectrode aggregometry

(MEA) and thus prepare it for further studies.

1.3. The role of haemostatic investigations in vens thromboembolism

Venous thromboembolism is now recognized as a cexnphultifactorial
disease, involving both environmental exposures @inical risk factors) and both
genetic and environmental interactions [35]. Enwnentalrisk factors include
immobilization, surgery, malignanciepregnancy, puerperium, and exogenous
female hormones [36]. Genetibnormalities increasing the risk of a thrombotic
event havdeen known for several decades and include detigsrof thenatural
anticoagulants antithrombin (AT), protein C (PO)dgoroteinS (PS). Additional
biochemical risk factors for a thrombotic eveme factor V Leiden (FVQ506),
prothrombin (FIl) G20210A, high levels of factdrdll, 1X, or XI, homocysteine,
and fibrinogen [37-43]. A certain combination ofkifactors is necessary, each
adding to the thrombotic event potential, to excdedthrombosis threshold and put
an individual at risk.

In order to improve survival, avoid recurrence,verg complications, and
reduce health care costs, the occurrence of VTE briseduced. To reduce VTE
incidence, persons at risk for VTE must first bentified. Thrombophilia (the

tendency to develop thrombosis) can be inheritequiged, or both. Recent family
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based studies indicate that VTE is highly inheté¢adnd follows a complex mode
of inheritance involving environmental interactipfd-46]. Still, many cases of
venous thromboembolism remain ,idiopathic”.

Studies hold the potential for further stratifyimglividual patients into high-
and low-risk for incident and recurrent VTE, taiggtprophylaxis to those who
would benefit most, and ultimately, reducing thewcence of VTE [35]. However,
extensive testing for the presence of a thrombapsiate is quite costly. Screening
should be reserved for patients who sustain tivsirévent prior to 50 years of age,
have a history of recurrent events, or who havesttdegree relative with a venous
thromboembolic event that also occurred prior ®odbe of 50 [47].

According to the “Guidelines of the Ministry of H&a The prevention and
treatment of thromboembolism”, thrombophilic steéa be divided into two types:

A. Mild thrombophilia: negative family history, thiest VTE occurs after
45 years of age. In this case the recommended estions are: activated protein C
(APC)-resistance, FVQ506 and FIIG20210A mutatiargus anticoagulant (LA),
fasting homocysteine level. The occurrence of mpldtgenetic defects is 1-2%.

B. Severe thrombophilia: the first VTE event occon®r to 45 years of age,
recurrent VTE, have a first-degree relative witlvemous thromboembolic event
that also occurred prior to the age of 45. In taise the recommended examinations
are: AT, PC, PS activity, APC-resistance, FVQ508 BHG20210A mutation, LA,
fasting homocysteine level. The occurrence of mpldtgenetic defects is ca. 10%.

In a group of patients with a history of VTE onl§-420% has an underlying
thrombophilia (depending on the inclusion criteriliscan be explained from the
existence of not yet identifigorothrombotic abnormalities, which hold the same
thrombotic event potential as the known prothrombotic abnoitreal or the
presence of acquired risk factors.

Additionally, the diagnosis of the various haembistalisorders using
routine laboratory tests and single factor deteatnams is time consuming and/or
expensive. There is no single haemostasis labgraést that has the capacity to
accurately illustrate the clinical effects of pragolant or anticoagulant
interventions up to now, and is capable of diagmpsiverall hypocoagulation or

hypercoagulation states of blood. ThrombelastograpWwhich is a global
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haemostatic method, is potentially capable of dsgrg thrombophilic states in the
most natural environment: whole blood. We will diss the applicability of rotation

thrombelastography in detection of thrombophili&/iFE patients.
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2. Multiple electrode aggregometry

2.1. Introduction

The study of the role of platelets in the pathogenef ischemic vascular
diseases and the monitoring of anti-platelet difeces in patients with cardio- and
cerebrovascular diseases require reliable platefettion tests. Several techniques
are in use to measure platelet aggregation.

The most commonly used method is light transmisaggregometry (LTA,
“Born” aggregometry) employing citrated or hepased PRP [48]. Disadvantages
of this technique include the need of centrifugatio separate other blood cells
from platelets, which are also known to influentatgiet function [49,50]. Besides,
PRP does not contain every blood platelet. Theelgatecovery rate is only 61 to
90% of total, depending on the separation methsdsd (51,52]. This usually leads
to the loss of giant platelets which may be botpdiyand hyperactive [53]. All
these factors may artificially alter the measur&dgbet aggregation response. For
these reasons, novel methods have been introdaceédsure platelet aggregation
in whole blood.

Single platelet counting (SPC) is one of these ough which is
characterized by the measurement of the loss dklpta after stimulation of
anticoagulated blood by using conventional haerogtohnalyzers, which has been
described in detail in [54], and is widely used-F#. Single platelet counting,
however, does not differentiate between micro- amghcroaggregates.
Measurements of aggregation kinetics are laboriosiace it requires the
measurement of platelet count for each time point.

Another method to measure platelet aggregation imolev blood is
impedance aggregometry, which was introduced byli@alr and Flower [60]. It is
based on the attachment of platelets on two platielectrodes, which results in an
increase of electrical resistance between thereldes. The change of resistance
(called “impedance” as an alternating current igligd in order to prevent
electrolysis) is continuously recorded. This isgodional to the amount of platelets

sticking to the electrodes. Riess et al. compardablev blood impedance
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aggregometry with LTA of PRP [61]. They found thia¢re was a good correlation
between the two techniques when aggregation was@tby ADP or collagen. As

compared with PRP, impedance aggregometry in whloled was more sensitive to
the aggregating effect of thrombin, ristocetin, amchidonic acid, or to the

inhibitory effect of prostacyclin or aspirin [61Platelet function in lipemic blood

can also be evaluated by impedance aggregometrly H@vever, impedance

aggregometry, as realized in commercial instruméntg Chrono-log®) has some
problems. The re-usable electrodes have to be ediebhatween analyses, which is
impractical and a possible source of error.

For these reasons, a novel instrument to measatelgll aggregation in
diluted whole blood by impedance aggregometry hasnbdeveloped. This
instrument uses disposable test cells with dugicgapedance sensors. The method
is called multiple electrode aggregometry (MEA) d&ese it uses 4 electrodes per

test cell.

2.2. Aims of the study with multiple electrode aggggometry

1. Validating this novel impedance aggregometryhoétby using platelet
agonists ADP and collagen, considered as the mmgortant agonists in
atherosclerotic conditions and furthermore thrombaceptoractivating peptide
(TRAP)-6, which powerfully mimics the effects ofrtimbin exerted on proteinase

activated receptor 1 (PAR-1).

2. Examining the in vitro effect of two anticoaguist the commonly used

sodium citrate (12.9 mmol/l) and the direct throminihibitor hirudin.

3. Comparing MEA to another sensitive method faatglet aggregation:

single platelet counting, using the same agonists.

4. Evaluating the in vitro platelet aggregationilmtory effects of aspirin

and the ADP scavenger enzyme apyrase as measuMBAwnd SPC.
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5. Investigating the contribution of the two plateADP receptors (P2Y
and P2Y>) in platelet aggregation by using the R24hd P2Y, antagonists, i.e.
MRS2179 and AR-C69931MX.

6. Testing MEA'’s ability to detect the aggregatiohibitory effect of per os
clopidogrel treatment ex vivo, exhausting the sgrstic effect of prostaglandin;E
(PGR).

2.3. Materials and methods

2.3.1. Materials

ADP, epinephrine, apyrase (grade VII), the ADP ptoeP2Y, antagonist
MRS2179 and PGEcame from Sigma (Taufkirchen, Germany), acetytghd
acid from Fluka. Collagen (Horm) was obtained frblyjcomed Pharma (Munich,
Germany), tri-natriumcitrate dihydrate was from ®le(Darmstadt, Germany). The
ADP receptor P2Y¥, antagonist AR-C69931MX (2-trifluoropropyltio-N-(2-
(methylthio)ethyl)B,8dichloromethylene ATP) was a gift from AstraZeadét& D
Charnwood (Loughborough, United Kingdom). As hinydiecombinant lepirudin
(Refludan, Schering AG, Germany) was used. TRABBLLRN-OH, thrombin
receptor activating peptide-6) was obtained fromnd@lyte Medical (Munich,
Germany). Clopidogrel was Iscover from Bristol-MyeBquibb Pharma EEIG
(Uxbridge, UK).

2.3.2. Preparation of blood

Blood was collected from healthy volunteers usirkPas needle and plastic
syringe containing either 1/10 volume recombinanidin (final concentration in
blood ~200 U/ml; 13 pug/ml) or 1/10 volume sodiurtrate (final concentration in
blood 12.9 mmol/l) or using 5 ml Vacutainer tubeshwuffered citrate with the
same final concentration of sodium citrate aftéoimed consent was obtained. All
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volunteers denied taking any medication which mafifiect platelet function in the
two weeks preceding the experiments.

For some experiments, acetylic salicylic acid (ASiAal concentration in
blood 1 mmol/l) was dissolved in the sodium citratdution or saline solution
before addition of hirudin, to achieve total dissshent. In case of the ex vivo
experiments, blood was taken from six healthy vidars before and 3, 6 and 78
hours after administration of the first dose ofpittogrel (300 mg loading dose on
day 1 and 75 mg on day 2, 3 and 4) and at lease&ksvafter the last drug
ingestion. Measurements were performed betweera®dSmaximal 4 hours after
venipuncture. The blood was kept in closed polyletis tubes at room temperature

during the experiment.
2.3.3. Measuring platelet aggregation by multipéeteode aggregometry

Whole blood aggregation was determined using a rgameration
impedance aggregometer (Multipf@tanalyser, Dynabyte Medical, Munich). The
device has 5 channels for parallel tests, and glesinse test cell with duplicate
impedance sensors, each consisting of 2 straigtretle wires (blood contacting
area: 3 mm length, 0.3 mm diameter for each semse). The impedance change
determined by each sensor is recorded independ@niby to the use of 2 duplicate
electrodes per test cell the technique is calledltiple electrode aggregometry”
(MEA). The instrument is called “Multiplaté, short for “multiple platdet function
analyzer”, indicating the multiplicity of channedéxd sensors per channel of the
device. During the analysis the sample-reagenturexs stirred using a discardable
PTFE (poly-tetra-fluoro-ethylene) -coated magnedicrer (800 U/min) (Figure
2.1)).
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Figure 2.1. Picture of the Multipldteanalyzer (left) and a discardable test cell
(right).

In order to prepare a 1:1 dilution of whole blodidst preheated (37° C)
saline (288 pl) was placed into the test celldo the saline we added 12 pl of the
appropriate dilutions of inhibitors or other testbstances; the ADP scavenger
apyrase (final concentration 10 U/ml), the RX¥ceptor inhibitor MRS2179 (final
concentrations from 0.1 pumol/l to 200 umol/l), tA&Y;, receptor inhibitor AR-
C69931MX (final concentrations from 0.1 nmol/l t0® nmol/l), the prostaglandin
PGE (final concentrations 6 or 10 nmol/l, dependingtib@ anticoagulation used),
CaCl for recalcification of citrated blood (final comteation 2 mmol/l) or 12 ul
saline for control tests to reach 300 pl volumeteAfards we added 300 pl of
anticoagulated whole blood - with or without agpiras described above (Figure
2.2)).
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288 ul saline

12 pl of either of: 300 ul of whole blood 12 pl of either of
apyrase : the agonists:
anticoagulated by
MRS2179 hird ® ADP

citrate or hirudin
AR-C69931MX °
collagen
PGE1 (* aspirin) J
. cacl2 ® TRAP-6
« saline ® saline

Figure 2.2. Algorythm of the MultiplateIj measurements.

In one experimental series, a special version Mialt#’ apparatus with a
different stirring device was tested in order t@lsme the effect of turbulence on
platelet aggregation. In this apparatus, the stisi@s turned alternately to the right
and left by 180°. In order to attain sufficient\lon the cup a larger (6x3 mm vs.
4x2 mm) stirrer was applied.

After 3 minutes of incubation and stirring at°@7 the measurements were
started by adding 12 pl of the appropriate agosadtition or saline to the 1:1
diluted blood. The impedance change caused by dheszoon and aggregation of
platelets on the electrode wires was continuoustgated. The results registered by
the two sensors provided two aggregation curves. tho curves typically did not
differ much; if they did, the measurement was abei®d to be faulty and was
repeated. This difference was only roughly estiohdiet only occurred in less than
5% of the tests. In this way the duplicate senserse as an internal control. The
mean values of the two determinations are expresseatbitrary “aggregation
units” (AU). The test time was typically 5 minut@he area under the aggregation
curve (AUC) was used to express the aggregatiqgporese over the measured time
(AU*min) (Figure 2.3.).
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Figure 2.3. Schematic picture of platelet aggregatin the surface of the electrodes
(above, left) and an electronmicroscopic pictureaoplatelet aggregate (above,
right, from [63]). A typical test curve (down) wittvo parallel aggregation curves
and the measured parameters. (*1 Ohm equals apmaitedy 8 AU.)

Aggregation was triggered using ADP, collagen orAPR6. Platelet
aggregation did not alter from 30 to 240 minuteterafenipuncture (data not
shown) when measured by MEA. The method’'s reprdulityi (intra-assay
variability) was found to be 6+£3% (mean coefficieft variations [%CV] +SD,
n=8).

The maximal aggregation (AU) and the area underatjgregation curve
(AUC) showed a linear correlation in case of ADRI aiRAP-6 -induced platelet
aggregation. The correlation was exponential in tlase of collagen-induced

platelet aggregation.
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2.3.4. Single platelet counting

Single platelet counting (SPC) was performed asipusly described by
Fox et al., and Haseruck et al. [54,59], with tixeeption that diluted blood (1:1
dilution with saline) was used in order to make rtggults comparable with those of
the MEA measurements. Aliquots of diluted blood (Wb were removed from the
Multiplate® test cells just before adding the agonist or salar at different times
after addition of the agonist, and transferred iatdixation buffer (30 pl). The
fixation buffer consisted of NaCl (150 mmol/l), NdDTA (4.6 mmol/l), NaHPO,
(4.5 mmol/l), KPO, (1.6 mmol/l) and formaldehyde (0.16 w/v%) (pH 7.4ixed
samples were counted using the Sysmex Platelet t€@o@t-100 (TOA Medical
Electronics, Kobe, Japan). In the counter, the dlparticles (diluted according to
the instructions) pass through the small apertéitbeotransducer where an electric
signal is produced. The size of this signal isalyeproportional to the size of the
particle. After counting and a subtraction procéiss,number of the particles of the
size of a single platelet is arrived at. Percentaggregation was calculated as
percentage loss of single platelets compared telibascount. All platelet counts

were done in duplicate.

2.3.5. Manual platelet counting

To measure platelet concentration in blood fromividdial donors,
anticoagulated blood (2@) was diluted with 2 ml Thrombo Plus (Sarstedt,
Germany) haemolysis buffer and platelets were @aumh a Neubauer chamber
according to the manufacturer’s instructions.

Platelet concentrations of blood from different dmnranged between 164
and 395 GJ/I. Platelet aggregation induced by ADPu(bol/l) (Figure 2.4.) or
collagen (2.5 pg/ml) (not shown) seemed to be iaddpnt of the platelet
concentration in the normal range, regardless ddthdr blood was anticoagulated

with citrate or hirudin.
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Figure 2.4. Independence of platelet aggregatiom fthrombocyte concentration.

Maximal platelet aggregation induced by 5 pmol/IABas measured by multipls

D

electrode aggregometry in citrated (A, n=22) ohirudin-anticoagulated (B, n=16

blood. Statistical analysis was performed by linegression analysis.

2.3.6. Phase contrast microscopy

In some cases, after an aggregation reaction wagleted, the Multiplat®
electrodes with the adherent thrombocytes werefudgravashed 3-4 times with
PBS buffer and then fixed with 3.7 % formaldehya® 10 minutes at room
temperature. After a PBS wash, the electrodes warefully cut off, placed on a
glass slide and covered with Moviol and a glassecoslip. Phase contrast
microscopy was performed using an inverse Zeissaswope (Axiovert 200 M)

and the corresponding Axiovision software.

2.3.7. Statistical analysis

Results are reported as meanSD from 4-8 experiments conducted on
different blood samples. Intra-assay, intra- anrindividual variabilities were
expressed as %CV (coefficient of variations, calted as SD/mean x 100). Intra-
assay variability was determined in two independkmtors by assaying the same
blood 4 times simultaneously. Half maximal effeetisoncentrations (&g) were
generated manually from every single dose-respouse, based on the following

equation: %o=(YmaxYmin)/2+Ymin, the fitting Xso was read from the graph (where
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Y s0. half of maximal aggregation,y. maximal aggregation (AUC))4: control,
without platelet stimulus AUC). Subsequently, thé&sfs were statistically
evaluated (mean + SD, t-tests). Half maximal irtoityi concentrations (I§g) were
determined correspondingly. Statistical comparisaihsamples were performed by
paired and unpaired Student's t-test or linearessjon analysis using Microsoft
Excel 2000. Differences were considered significgimén p was < 0.05.

2.4. Results

2.4.1. Spontaneous platelet aggregation and ADitggen- and TRAP-6-induced

platelet aggregation as measured by multiple @atgjgregometry

To evaluate the method, we measured spontaneoteleplaggregation,
platelet aggregation induced by a ,weak” platelgbrast ADP, and two ,strong”
platelet agonists, collagen and the PAR1 recepgoniat TRAP-6. In multiple
platelet aggregometry a small, but considerable umih@f spontaneous platelet
aggregation was found, which ranged from 0-123 AUWFfmduring the
measurements. However, when turbulent stirring aygdied (alternate movement
of the stirrer to right and left by 180°, as delsed above) spontaneous aggregation
was much higher (28208 AU*min, meaeSD, n=6 in hirudin-anticoagulated
blood) as compared to normal, circular stirring€23 AU*min, mea&SD, n=8,
p<0.05) (Figure 2.5.).
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Figure 2.5. The effect of turbulent stirring on sfameous platelet aggregation.
Spontaneous platelet aggregation was measuredruiditianticoagulated blood
while being stirred turbulently (the stirrer wasrted alternately to the right and left
by 180°) and normally for 5 minutes in a Multipfatest cell. Data are mean+SD

(n=6). Asterisks indicate statistical significar{p&0.05).

ADP induced a moderate platelet aggregation ircaagulated whole blood
in a time- and dose-dependent manner (Figure 2.6. Maximal platelet
aggregation induced by ADP was highly variable leetvdifferent donors (Figure
2.7. A, B), it ranged from 27 AU*min to 900 AU*miWhen ADP-induced platelet
aggregation was assessed for the same two donod#fferent days over a time
period of 4 months, platelet aggregation was fagbnstant. For donor “A” it
ranged from 276 to 435 AU*min (365+68, meantSD, n€%/: 18%), and for
donor “B” it ranged from 413 to 483 AU*min (448+4&ean+SD, n=3, CV: 11%).
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Figure 2.6. Kinetic of platelet aggregation indutsdADP (A), collagen (B) and
TRAP-6 (C) measured by MEA. Each measurement by MEgults in two
independent aggregation curves measured by duplgesors located in each

test cell. Data are representative of at leasipgements.

Collagen induced platelet aggregation obtained witlmpedance
aggregometry started after a timelag, which changed dose- and donor-
dependent manner (Figure 2.6. B). The maximal aggi@en induced by collagen
(2.5 pg/ml) in citrate- and hirudin-anticoagulateldod varied between different
donors (Figure 2.7. C, D). It ranged from 225 t@ @J*min. Maximal aggregation
after collagen-stimulation varied less than aft@FAstimulation of blood (compare
with Figure 2.7. A, B).
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Figure 2.7. Distribution of ADP- and collagen-inédc platelet aggregatior

-

measured by MEA. Platelet aggregation induced pynsl/l ADP in citrated (A) or
in hirudin-anticoagulated blood (B), and 2.5 pghkollagen in citrated (C) or in
hirudin-anticoagulated blood (D) of 29, 21, 20 atl different healthy donors

respectively, assessed by multiple electrode aggneyy.

With phase contrast microscopy we observed thalevdallagen resulted in
a higher platelet aggregation signal than ADP wimerasured by MEA, it induced
more platelet layers to adhere to the electrodes thDP (Figure 2.8.). Platelet
aggregates could be seen only on one side of teetrefle. In the case of
spontaneous platelet aggregation we saw no appplatgiet aggregation using
phase contrast microscopy, whereas using fluorescemcroscopy some adhered
platelets and red blood cells could be recognisethe surface of the electrode (not
shown).
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Figure 2.8. Phase contrast microscopy of three Muttiplate® electrodes. A
represents an electrode after a 5 minute run withgonist (control), B ADP (5

pmol/l) - induced platelet aggregation, and C a@la (2,5 pg/ml) — induced

platelet aggregation.

TRAP-6-induced platelet aggregation was charaadrizy a rapid initial
response without a lag phase and a rapidly reanfedmal aggregation (Figure
2.6. C). The maximal aggregation induced by TRAR® pumol/l) in citrate- and
hirudin anticoagulated blood varied between diffiémonors and ranged from 230
to 1028 AU*min. The interindividual variation of ggegation was less after TRAP
stimulation than after stimulation with ADP (datat shown).

When measured by MEA, spontaneous platelet aggoegaid not correlate
with stimulus-induced platelet aggregation of ¢#raor hirudin- anticoagulated
blood. ADP-, collagen- and TRAP-6-induced maximiakglet aggregation showed
a linear correlation with each other in blood apdigulated with citrate or hirudin
(Figure 2.9. and data not shown). The half maxiefédctive concentrations for
ADP, collagen and TRAP-6 are represented in Taldle(Bage 26.).
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Figure 2.9. Correlation between collagen- and ABiced maximal platelet
aggregation (PA). Platelet aggregation induced byndol/l ADP or 2.5ug/ml
collagen was measured by multiple electrode aggnetyy in citrated blood

(n=17). Statistical analysis was performed by Iimegression analysis.

2.4.2. Effect of different anticoagulation techregu

Citrate, the most commonly used anticoagulant inent@stasis
measurements, complexes divalent cations, lowdhegmillimolar concentration
of ionized calcium into the micromolar range (Iésan 5 pmol/l) [64]. Calcium is
an important participant in coagulation, and it nadgo affect platelet aggregation.
Hirudin, which prevents clotting by inhibiting thaction of thrombin, has the
advantage of preserving the physiological concéntraof ionized calcium and
magnesium [65,66]. Thus to investigate the efféa@mdicoagulation, we measured
platelet aggregation parallelly in both citrate-danirudin-anticoagulated whole
blood. We found differences in spontaneous aggi@gaagonist-induced platelet
aggregation, and also the effect of different irtbiis.

Spontaneous platelet aggregation was higher iratedr blood than in
hirudin-anticoagulated blood. In hirudin-anticoagjedd blood, but not in citrated
blood, pre-treatment with apyrase significantly ueed spontaneous platelet
aggregation. Aspirin had no effect on spontanedatglpt aggregation when either

anticoagulants were used (Figure 2.10).
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Figure 2.10. Effects of anticoagulation and inhdwtby apyrase and aspirin 0O
spontaneous platelet aggregation. Spontaneousleplaggregation measured b

multiple electrode aggregometry in citrated (opemsp or hirudin-anticoagulate
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blood (closed bars) after 5 minutes of stirringtdare mean+SD (n=8). Asteris
indicates statistical significance of the effedctapyrase (10 U/ml, APY) or aspirin
(2 mmol/l, ASA) as compared to control (*p<0.05)ro€s indicates statistical
significance of the difference between citrated dmaidin-anticoagulated blood
(p<0.05).

In the case of agonist-induced platelet aggregatvenobserved that all
agonists induced higher aggregation in hirudineamatgulated blood as compared to
citrated blood. Maximal platelet aggregation indlibgy ADP was lower in citrated
blood (304+136 AU*min) than in hirudin-anticoagwddtblood (483+224 AU*min,
meanzSD; n=20; p<0.00001) (Figure 2.7. A, B). Fegi.11. shows that this
difference could be observed for all ADP concerdrat used, but was not apparent

when measured by single platelet counting.
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Figure 2.11. ADP-induced platelet aggregation trate and hirudin-anticoagulated
blood. Dose — response curves of ADP assessed biplmelectrode aggregometr
(A) and single platelet counting (B). Data are nm¥&D (n=5). Asterisks indicate
statistical significance of the difference betwé&@mdin- and citrate- anticoagulated
blood (*p<0.05).
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The maximal aggregation induced by collagen wasnalgaver in citrate-
than in hirudin-anticoagulated blood (Figure 2.7.0). The values (meantSD)
were 421+128 AU*min and 674+£110 AU*min, respectiwéb<0.00001, n=19, see
also Figure 2.15. C, D). The f»f collagen was lower in citrated than in hirudin-
anticoagulated blood, indicating that the plateletsre more, rather than less,
sensitive to collagen-stimulation in citrate- bloasl compared with hirudin-blood
(Table 2.1., p<0.01). TRAP-6-induced platelet aggt®n was higher in hirudin-
anticoagulated blood than in citrated blood meakie MEA. The meantSD was
691+184 AU*min and 531+194 AU*min in hirudin- andtrate-anticoagulated
blood, respectively (p<0.0001, n=15).

2.4.3. Comparison of multiple electrode aggregoynatid single platelet counting

Spontaneous platelet aggregation during stirrindiloted whole blood was
observed by both single platelet counting (Figude3 and MEA (Figure 2.10.).
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Figure 2.12. Spontaneous platelet aggregation inlevblood assessed by single
platelet counting was not significantly affecteddgyrase (10 U/ml, APY), aspirin
(Immol/l, ASA) or the type of anticoagulation usgdtrated blood: open bars

hirudin-anticoagulated blood: closed bars). Dataraean+SD (n=8).

By comparing the time-course of ADP-induced pldteggregation
measured by single platelet counting or MEA, it whserved that maximal platelet
aggregation was reached more rapidly accordingnigies platelet counting. Also,
platelet aggregation induced by 1 pumol/l ADP wasdlpaeversible according to

single platelet counting (Figure 2.13), which wad abserved with MEA (Figure
2.6. B).

S = 10 pumol/l
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Figure 2.13. Time course of ADP induced platelegragation measured by single
platelet counting. Data are representative of ®egrgents.
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The dose-response curves for ADP were similar ith boethods (Figure

2.11). However the Efg of ADP measured by single platelet counting tentdele

lower than when measured by MEA (Table 2.1).

Table 2.1. Half maximal effective concentration<C{§} of different agonists for
platelet aggregation measured by single plateleintbog (SPC) or multiple
electrode aggregometry (MEA) in citrate- or hirudinticoagulated blood.

ADP (pumol/l) Collagen (pg/ml) TRAP (umol/l)
EGo p EGo p EGo Y
_ SPC | 0.98+0.58 (4) 0.13+0.03 (4) 3.28+0.26 (4)
Citrate 0.051 0.011 0.85
MEA | 1.57+0.80 (4) 0.33+0.08 (4) 3.43+1.28 (4)
. SPC| 0.70+0.21 (4) 0.16+0.04 (4) 5.10+2.33 (5)
Hirudin 5

MEA

1.00+0.56 (4)

0.
0.6310.17 (4)

4.48+2.49 (5)

Note: Data are mean£SD (n in parenthesis). Thésstall significance (p-values

was assessed between the data of single plateleticg and MEA.

The collagen dose-response curves were differenbath methods of

aggregation measurement (see also Figure 2.15, pdge The half maximal

effective concentration (&g of collagen to induce platelet aggregation was

significantly lower when aggregation was measurgaihgle platelet counting as

compared to MEA, both in citrate- and hirudin-aaéigulated blood (Table 2.1.).

TRAP-6, as a strong platelet aggregation-inducingeng caused irreversible

aggregation at all examined concentrations as medshy MEA. The dose-

response curves of TRAP-6 were similar in both meésh of aggregation

measurement (see also Figure 2.16.) shown by casopaof the EG, values

(Table 2.1.). No significant effect of the type articoagulation was found when

ADP-, collagen-, or TRAP-6-induced maximal platelggregation was assessed by

single platelet counting.
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2.4.4. Evaluation of the in vitro platelet aggregatinhibitory effects of aspirin and

apyrase

In clinical settings, the two most commonly usedtglet aggregation
inhibitors target the cyclooxygenase-1 (COX1) eneyand the ADP receptor
P2Y1.. We used the COX inhibitor aspirin and the ADPveceer enzyme apyrase
in vitro to test MEA’s ability to detect their ach in comparison with single
platelet counting.

As already mentioned above, spontaneous platelgreggtion was
significantly reduced by pre-treatment with apyrdsé not with aspirin in hirudin-
anticoagulated blood. No effect of apyrase or aspom spontaneous platelet
aggregation measured by MEA in citrated blood orsimgle platelet counting in
citrated or hirudin-anticoagulated blood was fo(iRidure 2.10. and Figure 2.12.).

On the other hand, when turbulent stirring was igdplalternate movement
of the stirrer to right and left by 180°) the highontaneous platelet aggregation
could be reduced by aspirin and by apyrase whidltates a role of TxAreleased
from activated platelets and ADP released fromvattid platelets and/or damaged
red blood cells (Figure 2.14.).
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Figure 2.14. Effects of apyrase (10 U/ml, APY) aaspirin (Lmmol/l, ASA) on

spontaneous platelet aggregation induced by tunbslaring. Spontaneous platele

11%

t
aggregation was measured in hirudin-anticoaguldtleddd while being stirred
turbulently (the stirrer was turned alternatelythe right and left by 180°) for 5
minutes in a Multiplaf® test cell. Data are mean+SD (n=6). Asterisks imugic
statistical significance of the effects of apyrgd® U/ml, APY) or aspirin (1
mmol/l, ASA) as compared to control (*p<0.05).

The collagen-induced platelet aggregation meashyesingle platelet counting or
MEA was partially inhibited by the ADP scavengeryme apyrase (10 U/ml) and
aspirin (1 mmol/l). The inhibitory effect of aspiriwas more pronounced when
aggregation was measured by MEA in comparison mgleiplatelet counting.

Inhibition by apyrase was most pronounced in himeahticoagulated blood when
aggregation was measured by MEA (Figure 2.15.).
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Figure 2.15. Collagen-induced platelet aggregaiocitrate- (A, C) or hirudin- (B,

D) anticoagulated blood. Dose — response curvesltdgen assessed by SPC (A

B) or MEA (C, D). Data are meanzSD (n=4). Asterigkglicate the statistical
significance of the effect of 10 U/ml apyrase (AP&f) 1 mmol/l aspirin (ASA)
(*p<0.05 or $p<0.01).

Aspirin did not inhibit TRAP-6-induced platelet aggation according to
single platelet counting or MEA in citrate- or inrddin-anticoagulated blood.
Apyrase slightly inhibited platelet aggregatiorvatious TRAP-6 concentrations in
both single platelet counting and MEA (Figure 2)16.
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Figure 2.16. TRAP-6 induced platelet aggregationcitnate- (A,C) or hirudin-
(B,D) anticoagulated blood. Dose — response cuof€BRAP-6 assessed by SPC
(A,B) or MEA (C,D). Data are meantSD (n=4). Astkssndicate the statistical
significance of the effect of 10 U/ml apyrase (AR¥)<0.05).

2.4.5. Investigating the contribution of the twatelet ADP receptors (P2Yand
P2Y1,) in platelet aggregation

2.4.5.1. Evaluation of the effective inhibitory centrations of the ADP receptor
antagonists MRS2179 and AR-C69931MX on ADP-indplzdlet aggregation

ADP-induced platelet aggregation measured by ME/A wancentration
dependently inhibited by the ADP receptor R2vhibitor MRS2179 and the P2Y
inhibitor AR-C69931MX. The aggregation was comghetamhibited by certain
concentrations of the antagonists (>100 pmol/l MR&2and >100 nmol/l AR-
C69931MX) (Figure 2.17.).
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Figure 2.17. Concentration dependency of inhihittd ADP (5umol/l) -induced
platelet aggregation by AR-C66931MX (A) or MRS21(B) measured by multiple
electrode aggregometry in hirudin-anticoagulatealetblood. Control represent

spontaneous platelet aggregation without an adudadiior. Data are representativ,
of at least 5 experiments.
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We determined the half maximal effective inhibitargncentrations (1€g)
of platelet aggregation induced by 5 umol/l ADPtlué antagonists using different
anticoagulation techniques. Thes§Gralues for AR-C69931MX were 3 nmol/l in
hirudin-anticoagulated blood and 4 nmol/l in cigitblood, while for MRS2179
they were 1.5 pmol/l in hirudin-anticoagulated l@and 6 pmol/l in citrated blood
(Figure 2.18).

Very low concentrations of MRS2179 (0.1 pmol/l) reeel to enhance
platelet aggregation to some extent (by 20%). Basethese findings 1 pmol/l or
(in case of the ex vivo experiments) 100 nmol/l aariration of AR-C69931MX
and 100 pmol/l of MRS2179 were chosen in ordernvaduate the role of the ADP

receptors in spontaneous platelet aggregation atelpt aggregation induced by
different agonists.
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Figure 2.18. Inhibition of platelet aggregation ucdd by 5 pmol/l ADP by AR-
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anticoagulated (B) blood. Data are me&b (n=>5).
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2.4.5.2. Inhibition of spontaneous platelet aggtega by MRS2179 and AR-
C69931MX

The spontaneous platelet aggregation as measuredMBA was
significantly inhibited by both ADP receptor antaggis in hirudin-anticoagulated
blood; there was no detectable additive effect betwthe two antagonists when
added together. Spontaneous platelet aggregatis¥8 AU*min, 17.0 AU*min,
15.2 AU*min and 13.9 AU*min for control, with theddition of 1 pumol/l AR-
C69931MX, 100 pmol/l MRS2921, or both, respectiv@lsults are mean + SD).
These results indicate that spontaneous platelgteggtion by trace amounts of
ADP in stirred hirudin-blood is mediated by actieat of both the P2Yand P2Y>
receptor.

In citrated blood, however, only the PgYantagonist MRS2179 had
statistically significant inhibitory effect (it reded spontaneous platelet aggregation
by 40%) (Figure 2.19), indicating that only P2Yactivation is required.
Spontaneous platelet aggregation was 36.2 AU*mircdmtrol, 32.4 AU*min, 21.7
AU*min and 18.9 AU*min, with the addition of 1 pumblAR-C69931MX, 100
pmol/l MRS2921, or both, respectively (results rmean + SD).

~
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Figure 2.19. Effects of AR-C69931MX (1 pmol/l, ARGnd MRS2179 (100
pmol/l, MRS) on spontaneous platelet aggregatiasitrate- (open bars) or hirudin:
anticoagulated blood (closed bars). Data are afeBn(n=9). Asterisks indicate
statistical significance of the effects of AR-C6288X or MRS2179 (*p<0.05) as
compared to control.
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2.4.5.3. Inhibition of collagen—induced plateletgaggation by MRS2179 and AR-
C69931MX

Both ADP receptor antagonists showed approximattedy same effect if
hirudin anticoagulation was used. MRS2179 (100 pinohhibited platelet
aggregation induced by collagen (0.5-1-2.5 pg/nyl) 71..6-49.1-39.8 (8.1-24.9-
17.3) %, respectively and AR-C69931MX (1 pumol/l) &8.0-55-30 (20.8-10.7-9.9)
%, respectively (data are mean (SD)). MRS2179léssl effect in citrated blood,
which difference was statistically significant, whaggregation was induced by 1 or
2.5 pg/ml collagen. The combination of both antasgsnshowed synergism in
inhibition of collagen induced platelet aggregat{bigure 2.20.).

If we relate all aggregation data to the collagaiuced platelet aggregation
achieved in hirudin blood without adding an antagip(1.00%), it is apparent that
the relative amount of the residual platelet aggtieg was about the same in
citrated and hirudin-anticoagulated blood afteriagicdan ADP receptor antagonist,

and this reduction was enhanced when they weredaddether (Figure 2.21.)
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Figure 2.20. Effects of MRS2179 (100 pmol/l, MRS)daAR-C69931MX (1
pmol/l, ARC) on platelet aggregation induced bylagén (0,1-2,5 pg/ml) in
citrate- (a) or hirudin-anticoagulated blood (bpt® are meatSD (n=5). Symbols
indicate statistical significance of the effects AR-C69931MX or MRS2179
(*p<0.05) as compared to control, or interactionwsen AR-C69931MX or
MRS2179 (£p<0.05).
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Figure 2.21. Inhibitory effect of MRS2179 (100 phdVRS) and AR-C69931MX
(2 umol/l; ARC) on platelet aggregation induced®y pug/ml collagen in citrate-
(open bars) or hirudin-anticoagulated blood (clodmmts) as related to the

aggregation induced by Ogy/ml collagen in hirudin-anticoagulated blood witihg

added antagonists. Data are mBld (n=5). Symbol indicates statistica

significance (*p<0.05) between the two differentiemagulants.

2.4.5.4. Inhibition of TRAP-6-induced platelet aggation by MRS2179 and AR-
C69931MX

There was a clear inhibition of AR-C69931MX in bahticoagulants used
on TRAP-6-induced platelet aggregation, to abouB@% of control aggregation.
The higher the TRAP-6 concentrations, the lesshitibn of aggregation could be
achieved with AR-C69931MX. MRS2179, however did mdtibit the TRAP-6-
induced platelet aggregation in citrated blood,tle@ other hand, it significantly
enhanced the aggregation induced by tfol/l TRAP-6 (Figure 2.22. A). In
hirudin-anticoagulated blood however, MRS2179 wike @0 inhibit 3.75umol/l
TRAP-6-induced platelet aggregation to the samergxas AR-C69931MX, but
this inhibitory potential declined with the increas the TRAP-6 concentration.
Despite of the loss of the inhibitory effect of MRISY9, a synergism between the
antagonists could be observed even at higher TR&BRGentrations (Figure 2.22.
B).
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Figure 2.22. Effects of MRS2179 (100 pmol/l, MRS)daAR-C69931MX (1
pmol/l, ARC) on platelet aggregation induced by THRA (2,5-20 pmol/l) in
citrate- (A) or hirudin-anticoagulated (B) bloodata are meatSD (n=4). Symbols
indicate statistical significance of the effects AR-C69931MX or MRS2179
(*p<0.05) as compared to control, or interactiortwsen AR-C69931MX and
MRS2179 (£p<0.05).
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2.4.6. Clopidogrel responsiveness measured by MB#dod (ex vivo studies)

Control ("spontaneous”) platelet aggregation seenwdo be affected by
clopidogrel intake. Inhibition of ADP (hmol/l)-induced platelet aggregation 3h to
3 days after clopidogrel intake was dependent ervtthunteer tested (Figure 2.23.).
In hirudin-anticoagulated blood, 2 persons (P1 &2) showed more than 90%
inhibition of aggregation (clopidogrel responsiwefereas 2 persons (P3, P5) were
clopidogrel-resistant (<10% inhibition). Two persoifP4, P6) were partially
responsive to clopidogrel (49 and 57 % inhibitioile maximal effect could be
seen already 3 hours after the administration ef ldading dose (300 mg) of
clopidogrel, and the effect was fairly constanptighout the experiment. Addition
of AR-C69931MX (100 nmol/l) to the test cells irtrei maximally inhibited ADP-
induced platelet aggregation before and after diogriel-intake in all volunteers,
thereby indicating the functional P2Yreceptor reserve after clopidogrel-intake
(i.e. clopidogrel could not inhibit platelet aggation completely). Similar
observations were made, when citrate was used ta®agulant. However, ADP-
induced aggregation was again lower in citratentiva hirudin-anticoagulated
blood, and the inhibition by clopidogrel was theref less detectable (data not
shown).

Addition of PGE (10 nmol/l in case of hirudin anticoagulated blp&d
nmol/l in case of citrated blood) itself inhibitpthtelet aggregation by 30-50%, and
enhanced the clopidogrel induced platelet inhihitioom ~40% to ~60-85% in
hirudin blood. Except of P1 and P2, whose ADP-irdliplatelet aggregation was
completely inhibited by clopidogrel, the relativ@hibition was higher when using
additional PGEthan ADP alone (Figure 2.24. and Figure 2.23).

As expected from the results of incomplete inhdmtiof TRAP- and
collagen -induced platelet aggregation by AR-C69881 TRAP-6 and collagen-
induced aggregation was only slightly affected raffepidogrel intake. Collagen-
induced platelet aggregation remained practicalhchanged after clopidogrel
intake (data not shown). Two weeks after the l&gpidogrel intake, aggregation
values returned to the previous levels (Figure 2.24
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Figure 2.23. Effects of per os clopidogrel treattn@nvitro added PGEand AR-

C69931MX (100 nmol/l, ARC) on platelet aggregatioduced by ADP (5 pumol/l
in hirudin-anticoagulated blood on 6 healthy indivals. Lines and symbol
indicate the inhibitory rate (%) of clopidogrel tifa) or without (A) the addition
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without (A) the addition of PGE respectively.
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Figure 2.24. Effects of per os clopidogrel treatim@md in vitro added PGEand

AR-C69931MX (100 nmol/l, ARC) on platelet aggregatiinduced by ADP (5
pmol/l) in citrate (A) and hirudin-(B) anticoagutak blood of 6 healthy individuals.
Data are meatD (n=6). Symbols indicate statistical significardeghe effects of
clopidogrel (*p<0.05) as compared to the aggregatiefore clopidogrel intake, or
the effect of PGEor AR-C69931MX (1p<0.05).
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2.5. Discussion

We were the first to introduce a new technique fehole blood
aggregometry based on the impedance method. Themethwod applies duplicate
impedance sensors each consisting of two straigictrede wires. Based on the
application of a total of 4 electrodes for the s, the method is called “multiple
electrode aggregometry” (MEA). By the applicatioh am electrical signal, the
measurement is independent of optical variablethéensample (e.g. lipemia) [62].
Each analysis provides a kinetic signal which iarabterized by the area under the
curve (AUC, expressed as AU*min). We found that th&trument was easy to
handle and the results were highly reproducible.

In whole blood aggregometry, unlike light transrossaggregometry, there
is no possibility to adjust the platelet concembrat Therefore we investigated the
correlation between whole blood platelet concemmatand the maximal
aggregation responses to different agonists. PuslyjpSharp et al. showed a strong
correlation between whole blood platelet count aABP-induced platelet
impedance changes [67]. Our data, however, didshotv a dependency of the
aggregation induced by collagen, ADP and TRAP an ilatelet concentrations
within the normal range of platelet counts in Healvolunteers (Figure 2.4.).
According to our observations with phase contrastescopy, the greater amount
of platelets aggregated on the surface of the redet the higher signal was
detected by the instrument.

We observed a great interindividual variability moth spontaneous and
agonist-induced platelet aggregation when meadayedEA, and the variability of
platelet aggregation was most pronounced afterustition with ADP. A linear
correlation was shown between the aggregationscadlby different agonists. No
correlation was observed, however, between spootsnplatelet aggregation and
stimulated platelet aggregation.

All of the investigated agonists elicited signifitly higher platelet
aggregation responses measured by MEA in hirudilceagulated blood than in
citrated blood, confirming previous findings of Wil et al. [64]. Interestingly,

spontaneous platelet aggregation according to MBA less in hirudin-blood than
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in citrated blood (7% vs. 16% of maximal aggregatioespectively), which
excludes the possibility of an artefact caused bgudm. However, since
spontaneous aggregation was not inhibited in eidrablood by apyrase or by
aspirin, consequently neither ADP nor TXAontributed to the more pronounced
spontaneous aggregation. The higher spontaneousegagi@n in citrate-
anticoagulated vs. hirudin-anticoagulated bloodiddne explained by small traces
of active thrombin possibly present in blood ardigolated with citrate.

MEA was compared to single platelet counting, orfettee standard
techniques of platelet aggregation analysis in @holood. We found that the
results obtained by MEA compared, in general, welih the single platelet
counting method in diluted blood.

Some spontaneous platelet aggregation by stirrfndiloted whole blood
was observed using both single platelet counting BHEA. Armstrong et al.
reported spontaneous aggregation determined biegohgfelet counting which was
inhibited by the membrane stabilizer chlorpromazj8]. In our experiments,
spontaneous aggregation determined by single ptatebunting was not
significantly inhibited by apyrase or aspirin. lirddin-blood spontaneous platelet
aggregation was significantly inhibited by apyrageen measured by MEA, which
suggests a role of ADP that could be released refttoen red blood cells or
platelets. We found that the use of a different MiEAtrument causing more
turbulence due to uneven stirring resulted in s$iggntly higher spontaneous
platelet aggregation. This can be explained by ltbéhrelease of ADP and the
formation of TxA from activated platelets, since under these cimmdit
spontaneous aggregation could be inhibited by apymase and aspirin.

Besides the good agreement of platelet aggregeggponses determined by
SPC and MEA, differences between the two method® wakso observed. Single
platelet counting was more sensitive in the detactif platelet aggregation induced
by low concentrations of ADP (non-significant) aocdllagen (significant), while
there was no difference in sensitivity towards TR&mMduced platelet aggregation.
These differences are probably due to the factdimafie platelet counting method
measures recruitment of platelets into plateleregmtes which can be as small as

two platelets, while impedance aggregometry is deget on firm attachment of

a7



platelets onto the metal sensors. Accordingly,ebétaggregation measured by the
single platelet counting method was more rapid thbhan measured by MEA. The
reversible phase of aggregation induced by ADP neasdetectable by impedance
aggregometry. However, the normal blood cation eatration seems to be
important for platelet spreading and platelet aggtien as measured by impedance
aggregometry, since the ADP-, collagen- and TRARwed platelet aggregation
was lower in citrate-anticoagulated blood when mess by MEA, but it did not
affect platelet aggregation measured by SPC.

The sensitivity of impedance aggregometry towaows dlosages of aspirin
has previously been shown by Sathiropas et al.if68% vivo experiments. Riess et
al. showed that the anti-platelet effect of a ngfal dose of aspirin on collagen-
induced platelet aggregation could be detectedaftwnger period by impedance
aggregometry than by the turbidimetric method [8@]the MEA device, aspirin
had a significant inhibitory effect even at thettegt concentration of collagen used
(2.5 pg/ml) in contrast to inhibition measured lygke platelet counting. Using
impedance aggregometry Wallén et al. also found thhibition of platelet
aggregation by aspirin was more pronounced intetirdlood compared to hirudin
treated blood [64]. However, this could not be aonéd by our study.

When comparing platelet inhibition of the ADP saager apyrase in citrate-
and hirudin-anticoagulated blood, we found thatbitton - as measured by both
methods - was more pronounced in hirudin-anticagtgdl blood. These findings
are in accordance with the observations of Stotegl.eon the effects of ADP
receptor antagonists in hirudin-anticoagulated @loeeasured by single platelet
counting [70].

Adenosine diphosphate is generally known as a vegginist of platelet
aggregation. However, it plays an important rolethe amplification of platelet
aggregation induced by several “strong” agonist®PAbinds to two G-protein-
coupled purinoceptors on platelet surface, the A8deptor P2Y and P2Y,. The
P2Y: is linked to a G protein, and its activation leads to the activatiof
phospholipase-C (PLC), and this accounts for mbéghe elevation in cytosolic
C&”* induced by ADP, via formation of inositol triphdspie (IR) and release of

Cc&”* from intracellular stores [71,72]. This receptasiformerly known to initiate
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the platelet aggregation induced by ADP [73,74). and Kunapuli demonstrated
that also the Gprotein P2Y, is needed for platelet aggregation, reducing cycli
AMP levels via inhibition of adenylate cyclase [75]

The fact that the ADP scavenger enzyme apyrasbiiatithe spontaneous,
collagen-induced, as well as TRAP-6-induced platafggregation proves the role
of ADP released during platelet activation. Henae inwestigated the role of the
two platelet ADP receptors, P2¥and P2Y; in the contribution of the effect of
released ADP.

Aleil et al. showed, that inhibition of P2¥receptor in citrate-PRP results in
a decreased, reversible platelet aggregation wheaswoned by turbidimetric
method, which cannot be diminished by increasing dhtagonist concentration
[76]. Storey at al. however reported that the pof2Y;, receptor inhibitor AR-
C69931MX (now in phase Il drug developing studke®wn as cangrelol) in the
same concentration completely blocked platelet eggfion, when measured by
turbidimetry, while in single platelet counting mansient, reversible aggregation
could be observed [77]. However, they used hiradiiticoagulation, which may be
an explanation for the difference, as it is knowhat low divalent cation
concentration enhances the release reaction iatetr blood [78]. MRS2179
abolished platelet aggregation using either of tinethods, when hirudin
anticoagulation was used.

When determining the effective concentrations oé tADP receptor
antagonists on ADP induced platelet aggregationMiyA, regardless of the
anticoagulation used, we did not observe this sk phase of aggregation and at
a certain AR-C69931MX concentration the aggregati@s completely inhibited.
The same was observed when using MRS2179. Theskndgs suggest that
activation of both receptors is essential to the fattachment of platelets to the
MEA electrodes, and perhaps therefore to otherpigsiological surfaces such as
atherosclerotic plaques.

The inhibitory effect of the used antagonists wascentration dependent, in
accordance with findings observed by turbidimetr st &SP phosphorilation [76],
single platelet counting [77], PAC-1 expressioneassd by whole blood flow
cytometry [79]. 1Go values of AR-C69931MX were similar in hirudin- aoidrate-
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anticoagulated blood, whereas MRS2179 was morectefée in hirudin-
anticoagulated blood. This finding suggests thattimted blood, the P2Yreceptor
or its transduction pathways are already impairebably due to the low cation
concentration.

We have shown that spontaneous platelet aggregates inhibited by
apyrase only in hirudin-anticoagulated blood. Addially we observed that both
ADP receptor antagonists inhibited spontaneouselgiataggregation in hirudin
anticoagulated blood. Surprisingly, spontaneoutef@aaggregation was inhibited
by MRS2179 also in citrated blood, despite MRS2béhg more effective in
hirudin blood.

Both ADP receptor antagonists inhibited collagerduced platelet
aggregation, suggesting that the secondarily reteADP is important in collagen
induced platelet aggregation. Penz et al. demdesirdnat collagen structures in
human atheromatous plaques play a central rolehmontbus formation by
activating the platelet glycoprotein VI (GP VI) [[BOAccording to the current
models, the binding of collagen to GP VI resultghia activation of phospholipase
C y2 isoform (PLGR) and a raise in the free cytosolic*Caoncentration and the
activation of protein kinase C (PKC) [81]. The aation does not directly involve
Gag or Go; activation, but results in release reaction, acttvation of other cell-
surface receptors, including integam, s anda2p1 due to inside-out signalling. It
is also known, that only a small portion of platelare directly activated by
collagen, even at high collagen concentration, @ibbpbbecause of its bulky nature.
Thus the secondarily released agonists play an riaporole in collagen-induced
platelet aggregation.

The effect of the two antagonists was inverselypprbional to the collagen
concentration, suggesting that the released ADP rhase importance at low
collagen concentrations, but at higher collagenceotrations other mechanisms
come to the front, although even at Agml collagen both antagonists still had a
significant inhibitory effect on platelet aggregatimeasured by MEA. Compared
to single platelet counting, multiple electrode @ggmetry appears to be more
sensitive to detect the ADP receptor inhibitiomcsi Storey et al. used the same
type of collagen (Horm) to demonstrate the effédR-C69931MX and MRS2179
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on collagen-induced platelet aggregation as medsdoyesingle platelet counting,
and in hirudin anticoagulated blood there was nabitory effect of the ADP
receptor antagonists aug/ml collagen [70].

We observed that MRS2179 had a markedly lessectéfiecitrated blood
than in hirudin blood, but the overall residualtplat aggregation was about the
same in both anticoagulants. On the other handyldtelet aggregation obtained in
citrated blood was decreased related to the aggpegabtained in hirudin-
anticoagulated blood. These findings suggest thaidecrease in aggregation is due
to the impairment of a P2Ydependent pathway because of the not physiological
divalent cation concentrations in citrated blood.tAis effect could not be detected
in citrated blood before by single platelet cougt{measuring microaggregation),
we suppose, that the P2Yreceptor dependent pathway is responsible for
macroaggregate formation, thus the formation ofgdar stable haemostatic
aggregates in vivo, which are essential for haeasostby strong platelet plugs,
paving the way for clot retraction [82].

TRAP-6 is a synthetic peptide ligand of the thromigceptor PAR-1, a
member of the G-protein coupled receptors foundptatelets. We found, that
TRAP-6 induced platelet aggregation can be paytiatibited by P2Y, receptor
blockade; however, the PZ2Yinhibitor MRS2179 has little effect on platelet
aggregation. These findings are consistant with fdwt, that activated PAR-1
directly activates @, protein, and secondarily enhances the releasdioradhe
released ADP promotes the platelet aggregation lyndire to the P2¥ receptor,
since the P2Y receptor-linked @, is already activated. The effect of the
antagonists, just like at collagen-induced aggiegatvas inversely proportional to
the TRAP-6 concentration, suggesting that the sel@aADP is of greater
importance at low TRAP-6 concentrations. This iatordance with the findings
of Nylander et al., who investigated platelet intidm by single platelet counting
and by the platelet activation marker PAC-1 expogsgantibody recognizing the
active conformation odyg3) with flow cytometry [79].

In hirudin anticoagulated blood, however, when widg platelet
aggregation with low TRAP-6 concentrations we obsérmarked inhibition by

MRS2179. One possible explanation for this is #matow TRAP-6 concentrations
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do not completely activate og thus released ADP can activate the other part.
However, this effect could not be observed in tarieblood.

After we had demonstrated, that MEA had the abibtgetect the inhibition
factor of ADP receptors, we started to investighte ex vivo platelet aggregation
inhibitory effect of clopidogrel, which, along witkspirin, is one of the most widely
used ADP receptor antagonists in the secondaryeption of ACS. Through its
active metabolites formed in the liver, it irrevietg inhibits the platelet ADP
receptor P2Y,, resulting in decreased platelet aggregation.nlrexgperiment on a
small population of healthy individuals we demoat#d, that when measured by
MEA, the currently clinically recommended clopidebrdose (saturation dose
followed by a sustaining dose) significantly desexh the ADP induced platelet
aggregation as early as three hours after the itage. A large variation in the
extent of decrease could be observed among thatealts. Amongst our test group
2/6 persons showed clopidogrel resistance and 4#&ops had clopidogrel
responsiveness when we compared inhibition to thtelpt aggregation measured
before clopidogrel intake. This indicates that widhe volunteers were regarded as
clopidogrel resistant, in two volunteers we detéatemplete, in other two partial
inhibitory effects. As we concluded, clopidogreledonot develop a full inhibition
of the platelet ADP receptor P2x since in vitro added AR-C69931MX could
increase the inhibitory effect. It has been presipushown, that the effects of
P2Y;, antagonists are enhanced by natural prostaglanslich as PGE as
prostaglandins increase the intracellular cAMP eorations and PKA activation,
thus interfering with P2 receptor activation lowering the cCAMP concentnatio
activated platelets [83]. It has also been showai VASP phosphorilation was
more effective in detecting the clopidogrel effetADP was combined with PGE
or iloprost [76,84]. In our study, PGHEenerally enhanced the inhibitory effect of
clopidogrel, as seen in the increased inhibitorte ran Figure 2.23., with the
exception that the already low platelet aggregadifber the addition of PGE1 in P1
and P2 could not be inhibited in the same propostias the other volunteer's
platelet aggregation. In short, ADP induced platedggregation of hirudin-
anticoagulated blood together with PGioved to be the best combination when

using multiple electrode aggregometry to detectdlopidogrel effect in healthy
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volunteers. TRAP-6 or collagen induced plateletraggtion was not suitable for
recording the clopidogrel effect. To define theitilmetween responders and non-
responders, larger studies would be required bottealthy populations and among
ACS patients. In our study, the maximal plateléibitory effect of clopidogrel was
already detectable after 3 hours of drug ingestrdmch is in accordance with the
result of previous studies [85].

There are some remaining questions. The very highalbility among
individuals raises difficulties in establishing @ference interval for the different
tests and inhibitions by different drugs. Thus, ¢x¢ent of inhibition may only be
calculated if we have values before the inhibitaggent was used. Otherwise, this
high variability raises the question, whether ot high platelet aggregation also
observed in a young, healthy group of volunteditsats high platelet reactivity and
SO acts as a risk factor for ACS or stroke, whidymresent themselves later in
their life. Manoharan et al. in a prospective stuthmonstrated that impedance
aggregometry is able to distinguish between platielgo- and hyperactivity in
myeloproliferative disorders, which was also betiafiin considering therapeutic
options [86]. Optical aggregometry has been shorenipusly to be inadequate in
detecting platelet hyperactivity [87,88]. Theseaaralso need further investigation.

Based on our study, several, practically imporiaaéstigations have been
made. For example, Sibbing et al. analyzed theelglateactivity of 149 patients
scheduled for coronary angiography after clopidbtieatment, and demonstrated
that ADP-induced platelet aggregation measured MR decreased significantly
after clopidogrel treatment. Platelet aggregatioreasured with LTA and
simultaneously in whole blood with MEA correlatagrsficantly [63]. Afterwards,
this group demonstrated that patients, who werenel@f as clopidogrel low
responders (n = 323) according to their MEA resalter a clopidogrel loading
dose of 600 mg,a@npared with normal responders (n = 1,285), haigrafeantly
higher risk of definite early drug-eluting stentdimbosis within 30 days (2.2% vs.
0.2%; odds ratio (OR): 9.4; 95% confidence inter(@l): 3.1 to 28.4; p < 0.0001).
Mortality rates were 1.2% in low versus 0.4% inmal responders (OR: 3.2; 95%
Cl: 0.9to 11.1; p < 0.07) [89].
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In conclusion, by using different agonists we destated that MEA is a
fast, convenient platelet function testing methbat tenables the measurement of
platelet aggregation in diluted whole blood evenpimint-of-care form. Using
hirudin for blood anticoagulation proved to be eetthan citrate. Aggregation
measurements were convergent to those obtainethgle platelet counting. MEA
was able to detect the inhibitory effect of aspirapyrase and ADP receptor
inhibitors in vitro and also ex vivo at differerdrecentration of agonists, and thus is
a good candidate for testing even the early effettsntiplatelet drugs in various

clinical settings.
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3. The use of rotation thrombelastography in the dignosis
of thrombophilia

3.1. Introduction

Citrated plasma has been used predominantly inin@utoagulation
analysis, for several decades. The initial fornmat fibrin can easily be detected
photometrically, and employing activated partialothboplastin time (APTT) and
prothrombin time (PT) methodologies, plasma hasnbeelely utilized in the
diagnosis and monitoring of patients with major guidation abnormalities. New
understanding of the biochemistry of physiologibaemostasis, in particular the
tissue factor-dependent generation of thrombindii@sed our view of the clotting
process [90,91]. The importance of thrombin gem@matpatterns in various
coagulation abnormalities has been establishe@3y2Moreover, a significant role
of the platelets in promoting thrombin generaticas tbeen widely appreciated
[94,95]. While plasma contains the majority of tteagulation factors implicated in
the coagulation process, whole blood includes phaolgpd bearing cells and
platelets with an important ability to support cokdion. Recent studies have
pointed to the importance of the functions of pktte and leukocytes during
coagulation and fibrinolysis [2,3]. Thus, choosingpole blood for coagulation
analysis appears more favourable compared to siiglasma coagulation by PT-
and APTT — based methods that include excessiveation. Furthermore, often
unphysiological phospholipids are included in tlssays to substitute for natural
cell surface phospholipids. Moreover, since 95%hefcoagulation takes place after
the initiation of clot formation, continuous pra&d of coagulation may provide
additional information on the entire haemostatimcgss [4,96,97].

In 1948, Hartert introduced the trombelastograptiimciple (TEG) that
records viscoelastical changes during coagulati®8]. [ Thrombeleastographic
analysis of coagulation can be carried out on péasis well as on whole blood.
Initially, thrombelastography attracted most ingéren research laboratories.
Although the time course of thrombin generationplasma and the endogenous

thrombin potential (ETP) may be useful coagula@mameters, clotting involves
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components other than thrombin (e.g. plateletsyinfdgen). The continuous
coagulation profiles of thrombelastography may pteva more accurate reflection
of in vivo biology, covering initiation, developmieand final clot strength during
whole blood clot formation [99].

Today, thrombelastography is utilized in variousnichl settings, e.g.
monitoring liver transplantation and cardiac suygéi00], it has also been used to
investigate hypocoagulation (in haemophilia A [@8,]1 rare coagulation disorders
[102], anticoagulant therapy and dilutional coagalby [103-105],
hypercoagulation [106-112] and the ex vivo testoighaemostatic interventions
[113]. Thrombelastography has been shown to reftaet clinical efficacy of
activated prothrombin complex concentrate (aPCQJ ecombinant activated
factor VII (rFVlla) in patients with haemophilia #ith inhibitors and in patients
with acquired haemophilia [101,114]. Although théEds ability to detect
hypercoagulability of whole blood has been provadyeand extensively in various
situations, there are only sporadic reports aboetdetectability of thrombophilia
by the method [107,112].

Recently a newly developed portable TEG instrumdROTEG®
Coagulation Analyzer, Pentapharm Co., Munich, Geyhahas been marketed
[115]. In this TEG, data are continuous, digitahdaretrievable for further
calculations. It proved to be a convenient methad overall patient-near
haemostatic profiling [116,117].

In our study we investigated 55 patients with cially opposed
thrombophilia and compared their ROTE@arameters to those of 66 healthy
volunteers. Our aims were to investigate the appllity of rotation
thrombelastography in differentiating between thibophilia patients and healthy
subjects, and to differentiate between hereditay acquired thrombophilias. We
additionally investigated the effect of LMWH-s angender on ROTE®

parameters.
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3.2. Aims of the examination of ROTE® method in various

thrombophilia conditions

1. Examining the applicability of rotation thromasiography to detect
hypercoagulation state in patients with venousntr@embolism, using different

assays.

2. Evaluating the value of rotation thrombelastphsain the diagnosis of
thrombophilia.

3. Comparing the coagulability of the two gendérmeasured by rotation
thrombelastography.

4. Testing the sensitivity of two assays, INTEG aMATEG to sodium-
heparin and low molecular weight heparin.

3.3. Materials and methods

3.3.1. Subjects and preparation of blood and plasangles

Blood (10 ml) was collected from 66 healthy volere (age: 34.9+10.7
years; male:female=32:34) and 55 consecutive patiéage: 37.6+12.6 years;
male:female=12:43) with personal history of venabsomboembolic disease
referred to our Haemostasis Outpatient Clinic ugsiri® G needle and 10 ml native,
silicone coated glass Vacutainer tubes and 5 miutéawer tubes with buffered
citrate (final concentration of sodium citrate ilodd 12.9 mmol/l) after informed
consent was obtained. All healthy subjects dera&thg any medication that might

affect platelet function or coagulation, in the tweeks preceding the experiments.
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Patients with thromboembolic disease on oral aagatant therapy were converted
to a prophylactic dose LMWH (typically 0.01 ml naegarine/kg or 1 mg

enoxaparine/kg once daily) at least 14 days befergpuncture. Blood was only
taken at least 3 months after the last VTE evelter 42 h fasting, in morning

hours, 24 hours after the last dose of LMWH. ROPEGeasurements, routine
haemostatic tests (PT, aPTT, fibrinogen, TT) wendgomed typically between 0.5-
4 hours after venipuncture, except for the natikd samples which were tested
immediately after venipuncture. The blood was keptlosed Vacutainer tubes at
room temperature during the experiment. Plasma lesmfor specific factor

determinations were centrifuged at 2000 g for 20ut@s, aliquoted and kept frozen

at -70 C° until the tests were performed.

3.3.2. Haemostatic assays and thrombophilia fatgterminations

Haemostatic assays

Prothrombin time, fibrinogen, activated partial aimboplastin time,
thrombin time, antithrombin, protein C, protein &tiaty and APC ratio were
measured using an ACL 200 coagulation instrumert Hn (Instrumentation
Laboratory, Milano, lItaly) reagents or kits accoglito the manufacturer’s
instructions.

The prothrombin time and the fibrinogen level wasedmined using the IL
PT-Fibrinogen kit, which contains a recombinantiabssue factor relipidated in a
synthetic phospholipid blend and combined with icatc chloride, buffer and
preservatives. In the PT-test, the addition of thagent to the patient plasma
initiates the activation of the extrinsic pathwakhis results ultimately in the
conversion of fibrinogen to fibrin, with formatioof a solid gel. Fibrinogen is
guantitated by relating the absorbance of lighttecaluring clotting to a calibrator
[118-120].

The APTT was determined using the IL T&¥SAPTT Lyophilized silica kit
containing bovine cephalin and micronized silicaaasontact activator, which is

used to stimulate the production of factor Xlla psoviding a surface for the
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function of high molecular weight kininogen, kalgn and FXlla. This contact
activation is allowed to proceed at°87for a specific period of time. Calcium is
then added to trigger further reactions and the trequired for clot formation is
measured. Phospholipids are required to form caxeglevhich activate factor X
and prothrombin [121,122].

The thrombin time was measured using IL T8sEhrombin Time Kit. The
addition of thrombin to the plasma samples regultthe conversion of fibrinogen
to fibrin, with the formation of solid gel. The tarbetween addition of thrombin to
the plasma sample and clot formation is thromlmret[123].

Antithrombin activity was measured by using the Alntithrombin Kit,
which is an assay based on a synthetic chromogsulbstrate and on FXa
inactivation. The measurement contains two stafjedncubation of the plasma
with the FXa reagent in presence of an excess jpdrire 2. Quantification of the
residual FXa activity with a synthetic chromogesigbstrate. The paranitroanilin
released is monitored kinetically at 405 nm andnigersely proportional to the
antithrombin level in the test sample [124].

Protein C functional activity was determined with Test™ ProClot kit
based on the prolongation of an APTT assay in tkegnce of activated protein C.
The anticoagulant effect of activated protein Gl to its sensitivity to FV and
FVIII levels. APC in plasma samples is generatedPbytac’, a rapid in vitro PC
activator derived from the venom of the copperhsaake Agkistrodon contortrix
contortrix [125].

Protein S functional activity was determined withTlest™ Protein S assay
by measuring the degree of prolongation of a pouttinin time in the presence of
bovine thromboplastin, calcium ions and activateatggn C. The protein S activity
is proportional to the prolongation of the PT opmtein S deficient plasma to
which diluted sample has been added. ActivatedeproC is generated by
activation of PS deficient plasma with Prafafd 26].

APC resistance was determined using the IL Te&PC™ Resistance V
kit. Sample plasma is prediluted with Factor V Re@dgPlasma and incubated with
the APTT reagent for a standard period of time. dD¢stion is triggered by the
addition of CaCl in the absence and presence of APC and the timelobf
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formation is recorded. The APC ratio is calculateth the following formula: APC
ratio=APTT with APC/APTT without APC [127].

For the determination of lupus anticoagulants (lw¢ used HemosIL™
LAC Screen and LAC Confirm tests. In LAC Screent tassimplified diluted
Russell’'s Viper Venom Test (DRVV) reagent is useddreen for the presence of
lupus anticoagulants. In LAC Confirm test a phodiparich DRVV reagent is
applied to confirm the presence of lupus anticoagpsl Russell’s viper venom, in
the presence of calcium, directly activates fagt@in the test sample). LAC Screen
and LAC Confirm are therefore unaffected by confactor abnormalities, factor
VII, VIII and IX deficiencies or inhibitors [128].

Immunologic assays

For the measurement of the antithrombin and prafeentigen levels anti-human
antithrombin polyclonal antibody (DAKO) and antishan protein C polyclonal
antibody were used on rocket electrophoresis sysémwording to Laurell,
respectively [129,16].
The free protein S antigen level in the samples detsrmined using the Coaliza
Protein S Free kit (Chromogenix), which is basedaoprocedure described by
Dahlback and colleagues. The microplate wells azeqated with C4BP, which has
a very high affinity for binding free protein S ay@n in plasma. After the sample
and conjugate incubation, unbound material is wéstveay and bound protein S, in
complex with C4BP is detected with the additionaoubstrate-chromogen. The
amount of color in the wells, when expressed inoabte logarithmic scale, is
directly proportional to the amount of free prot@rantigen in the plasma sample
[130].

Plasma homocysteine level determinations were padd by IMx
homocysteine immunoassay on IMx Analyzer (Abbott) the Department of

Laboratory Medicine, Faculty of Medicine, Univeysdf Pécs, Hungary.
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Molecular genetics

FV:Q506 mutation analysis was performed according Zbller and

Dahlbaeck, FII G20210A mutation analysis accordiogPoort and co-workers

publication [131,132].

3.3.3. Rotation thrombelastography

We analyzed the blood samples by using modifiedntimelastograph

coagulation analysis (ROTEG Pentapharm Co., Munich, Germanyhich is
based on the thrombelastogr@psystem (TEG) after Hartert [133]. Technical

details of the ROTE® coagulatioranalyzer are described in the literature [134-

136]. TEG measures shear elastic modulus duringfotonation and subsequent

fibrinolysis (Figure 3.1.)

Rotating axis
(*+-4.75 )

Light source

Detector

Ball bearing
Plastic pin

Cuvette with blood

Fibrinstrandsand
platelet aggregates
between surfaces

Heated cuvetteholder

Figure 3.1. Basic elements of rotation thrombelgstphy.
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Figure 3.2. Parameters of ROTEG

ROTEG® shows good correlation with conventional TE@etermination
[137], and an excellent reproducibility and precision [[L3B the literature,
inconsistent references exist on the stability amgbroducibility of TEG
measurements after sample storage at room temperaepending on the
references [139-141], TEG measurements producedratec and reproducible
results within 30 min up to 4 hours. The automaijetting system makes the
ROTEG® coagulation analyzer easyhandle in daily routine. ROTEQuses a ball-
bearing systemfor power transduction, which makes it less susbkptto
mechanicaktress, movement, and vibration. Furthermore, ttiwaionof the test
samples accelerates the measurement proceseams to enhance reproducibility
when compared with convention®EG analysis [142]. The main variables of
ROTEG® analysis aréclotting time" (CT, time from start of measurememtil the
start of clot formation) corresponding to the reactime (rtime) in a conventional
TEG, "clot formation time" (CFT, time from the beging of clot formation until
an amplitude of 20 mm is reach&daccordance with the coagulation time (k time),
"maximum clot firmness" (MCF, which represents thaximum firmness which

the clot has reached in this measurement, it isri@w@mal vertical expansion of the
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thrombelastograph), which is equivalent to the mmaxn amplitude, and the alpha-
angle (this parameter is given by the angle betwkercentre line and a tangent to
the curve through the 2 mm amplitude point, whiepresents the kinetics of clot
formation), and the maximum lysis (ML, which remets the maximum
fibrinolysis detected during the measurement. #taBned as the difference between
the MCF and the lowest amplitude after reaching MIQFfng the measurement and
is given as <% of MCF>) (Figure 3.2.).

The following measurements were performed:

1. Native TEG (nNATEG): native whole blood was pladetb the test cell
immediately after venipuncture and the test wadestavithout delay.

2. Non-activated TEG (NATEG): Just before running #ssay, citrated
blood samples were recalcified with 20 uL of CaGl2 M (Start-TEG;
Pentapharm Co., Munich, Germany) and the test teaited without an
added activator.

3. Intrinsic TEG (INTEG): NATEG + activation using $ace activator
(partial thromboplastin from rabbit brain, 20 pL b-TEG reagent,
Pentapharm Co., Munich, Germany) for monitoring ititensic system
(factors XII, X1, IX, VIII, X, 1l, | and plateletk

4. Extrinsic TEG (EXTEG): NATEG + activation using gise
thromboplastin  (rabbit brain extract; 20 pL of EEG reagent,
Pentapharm Co., Munich, Germany) for monitoring éR&insic system
(factors VII, X, V, Il, | and platelets).

In some cases, 16 uL of appropriate dilutions afroparine were added to

the test cells before starting the measurement.

3.3.4. Statistical analysis

Results are reported as mearSD from the measurements conducted on
different subgroup of patients or healthy volunseeBtatistical comparisons of
samples were performed by paired and unpaired Btigdietest or linear regression
analysis using Microsoft Excel 2000. Differencegeveonsidered significant when

p was < 0.05.
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3.4. Results

3.4.1. Comparison of patients with a history obthboembolic disease and control

subjects

55 consecutive patients with personal history afiotes thromboembolic
disease referred to our Haemostasis OutpatienicGhiere tested. In the group of
patients with thromboembolic anamnesis the CT iTHS assay, the CFT in
INTEG and EXTEG assays were significantly shorteg MCF in INTEG and
EXTEG assays and the alpha angle in INTEG and EXT&sSays were
significantly higher when compared to the controbup. (Figures 3.3. and 3.4.)
There were no significant differences between the groups in NATEG assay
(Figure 3.5.). Surprisingly, when using NnNATEG ass&FT proved to be
significantly longer and MCF and alpha angle sigaifitly lower compared to the

healthy volunteers (Figure 3.6.).

180 - INTEG

E control m *p<0.05 *
I * o 80 4 -
T [0 TEpatients £
£ 8 L
E120 ©
o -
5 2 70 A
@ " © *
8 T s
i 60 ! g :
% 60 |
= T 601
(6] Q
=
0 50
CT CFT MCF o - angle

Figure 3.3. Comparison of ROTEGarameters of healthy volunteers (filled bars)
and VTE patients (open bars) in INTEG test (recat@d anticoagulated whole

blood with contact activator) (data are mean+SD).
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Figure 3.6. Comparison of ROTE®@arameters of healthy volunteers and VTE
patients in NNATEG test (native whole blood) (date meanzSD).
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3.4.2. Comparison of patients with positive andatieg thrombophilia results

Out of the examined 55 patients 34 (61%) provedetthrombophilia (ThP)
negative, 21 (39%) were ThP positive (13 FV Leiteterozygotes, 2 FV Leiden
homozygotes, 2 FI120210 heterozygotes, 1 lupusaagulant positive, 1 protein C
deficient, 2 hyperhomocysteinaemia patients). Whencompared the results of
ThP negative and positive patients, we found naitgant differences; although
the CT and CFT values were still significantly loviiecompared to the controls in

case of the INTEG assay (Figure 3.7.).
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Figure 3.7. Comparison of ROTEG parameters of healthy volunteefs,

S

thrombophilia positive and negative VTE patients INMiTEG test (recalcinate(

anticoagulated whole blood with contact activatdgta are mean+SD).

3.4.3. Effect of low molecular weight heparin omdil coagulation measured by

ROTEG®

Regarding the confusing results in nNATEG test, ogeried out some
additional experiments. As most of the VTE patiaetseived LMWH prophylaxis
during this period, we hypothesized a disturbinfpatf of LMW-heparin to the
results. We tested the sensitivity of two ROTE&says (INTEG and nNATEG) to
nadroparine, a commonly used low molecular weigédanin in vitro. We found,
that nadroparine impairs whole blood coagulatioa those dependent manner. The
assay NNATEG was much more sensitive to low dotesdroparine than INTEG

(ICsgs for clotting time were 0.65 and 15 U/ml, respeadiy) (Figure 3.8.).
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3.4.4. Effect of gender on blood coagulation mezginy ROTES

Observing that the male to female ratio was sigaiftly different between
patients and controls, we investigated, if there walifference between the genders
in the control group. The results showed that tmexee no significant differences in
NNATEG, NATEG and INTEG parameters between male fanghle controls. In
EXTEG, however, CT and CFT were significantly skartMCF and alpha-angle

were higher in women compared to men (Figure 3.9.).
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Figure 3.9. Effect of gender on blood coagulatiorEXTEG assay. Male data are
represented in open bars, female data in closesl Bata are meantSD (n=58).
Asterisk indicates statistical significance (*p<®).0
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3.5. Discussion

The knowledgeof the risk of a thrombotic event recurrence arsl it
determinantss relevant to clinical policy regarding screenifog thrombophilia,
duration of anticoagulant treatment, and prophydastrategiesn circumstances of
increased risk.

The profile of whole blood coagulation by thromlsttggraphy can be
considered as an indirect measure of thrombin géinar One of the main features
of classical TEG without added activators or arggidants was to maintain the
physiologic conditions as much as possible. The ngsneration rotation
thrombelastograph allies the naturality of cladsidaG with the advantages of the
modern medicine. Activated ROTEGassays provide results much faster than
conventional assays, and due to the mechanicalficatthns, described earlier, it
can be used as point of care coagulation testing.

In our study, we compared 66 healthy volunteersh vib consecutive
patients with personal history of venous thromboelinbdisease referred to our
Haemostasis Outpatient Clinic using the standasdyasof the recently developed
rotation thrombelastography. We demonstrated, tpatients with previous
thromboembolic disease were more hypercoagulablenvwdompared to controls,
using either by tissue factor or by contact activaictivated assays. Previously
TEG has shown a promising ability to detect knowestiablished hypercoagulable
states during pregnancy and postpartum [143-145jnd the presence of cancer
[146,147] and in association with surgery [148].

Although the high sensitivity of TEG to hypercoaghility has been
described in numerous studies, clear associatidwele® TEG parameters and
thrombophilia has not been established. O’'Donneadleexamined thrombophilia
patients, and concluded, that TEG cannot be usedsade initial screening test in
patients referred for thrombophilia testing, afails to identify 43% of underlying
thrombophilic traits. TEG maybe a useful adjunctiest, particularly in patients in
whom the regular thrombophilia screen proves unrkaide [112].

A study by Traverso et al. [149] included 100 g@ats undergoing elective

abdominal surgery, and in the patients randomizedeteive no postoperative
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heparin thromboprophylaxis, TEG maximal amplitudéAj value showed the
ability to predict the occurrence of DVT with a s#ivity of 72.2% and specificity
of 69%. Finally, Wilson et al. performed TEG evetyer day in 250 patients who
had undergone proximal femoral fracture repair simolwed that patients suffering
from postoperative DVT had a significantly highewél of hypercoagulability as
measured by TE®than did those who did not suffer DVT [150]. Pqemative
TEG® MA values in the hypercoagulable range are askmtiaith a higher risk of
postoperative thrombotic complications includinglnponary embolism, DVT,
myocardial infarction, and ischemic stroke [108].

Miall et al. demonstrated that in a group of pregnaomen there was a
significant correlation between TEG parameters RMdAPTT and AT level, and
mid trimester loss, but not with other thrombophiliefects [109]. Schreiber et al
showed correlation between hypercoagulability aeteed by TEG after serious
injury and female gender [110].

Since the clinical parameters of patients and otsttiffered significantly in
the male to female ratio, and previously a sigaificdifference between ROTEG
profiles of genders was observed [140], we compala between males and
females. Females proved to be more hypercoaguthble males in case of tissue
factor activated ROTE® Interestingly, Sorensen et al. described thaTHGs
activated by minute amounts of tissue factor, fematxpressed a higher clot
formation velocity as compared to males, whichassistent with our findings. On
the other hand, the other assays (i.e. NATEG, INTEHEATEG) were not affected
by genders. So despite the imbalance between théege in our study, we can
conclude that the results of the contact activattivated thrombelastography seem
to be reasonable. After all, our findings of tissuactor activated
thrombelastography are in accordance with thoseHuwitfeldt et al., who
investigated 34 venous and 42 arterial TE patienth activation by minute
amounts of tissue factor, and found that patiertis ahistory of venous or arterial
thromboembolism had a significantly greater hypagedant whole blood
coagulation as defined by a shortened clotting tiogether with an accelerated
maximum velocity of clot propagation [107].
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In the nNATEG test, oddly, the VTE patients protede hypocoagulable
when compared to the control group. As most ofgagents received LMWH as
VTE prophylaxis during the investigation, we sudpddhat the heparin had a role
in this effect. Although we did not have the oppaity of measuring heparin
concentration (anti-Xa activity) in these samplbg high sensitivity of nNATEG
(it was almost 100 times more sensitive than INTE&)oth low molecular weight
and unfractionated heparin could explain the apypadescrepancy of the results.
However, using activated assays can eliminate ibwurbling effect of heparin
traces.

Surprisingly, we did not find significant differees between the parameters
of patients with thrombophilia proven by laborataigsts and those with no
thrombophilia trait, although most of the foundeld$ are not considered as severe
thrombophilia. This and the relatively small casenber may mask the differences
detectable by ROTE®G However, since the tested patients were clinjicall
considered to have thrombophilia, the lack of défece between the two groups
can also be explained by the existence of not gentified prothrombotic
abnormalities, which hold the same thrombetient potential as the known ones.

Although the differences between the thrombosis thedcontrol group are
small, and thus the assay is per se not capabl@&eoftifying patients with
thrombotic tendency, there is a possibility of depeng more sensitive assays
based on rotation thrombelastography.

In conclusion, our study indicated that rotatiorothbelastography, first of
all INTEG assay was able to detect hypercoagutgbili patients with venous
thromboembolism, which was independent of the mpreseof laboratorially

detected thrombophilic traits.
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4. Summary

In this study, we have investigated two whole bld@emostasis methods to

promote the research and treatment of cardiovasdidease and thrombophilia.

As described in the first part of the work, we w#re first to introduce a newly
developed whole blood platelet function analyzehikeque, thanultiple platelet

aggregometry.
Our main results are:

1. We indicated that MEA is a reliable, reprodueilplatelet aggregation
method. Different platelet agonists induced platelggregation in donor-, time-,
and dose dependent manner, which was not affegtqulatelet count within the
normal platelet count range.

2. We showed that when measured by MEA, as cisatams to inhibit
platelet aggregation, the use of the direct thraminhibitor lepirudin as an
anticoagulant is preferable to the use of trinatriitrate.

3. Comparing MEA to SPC we found, that results laghly comparable,
while SPC was much more time consuming than MEA.

4. We concluded that MEA is able to detect the etgubinhibitory effect of
aspirin and apyrase to a greater extent than SPC.

5. MEA could detect the inhibitory effect of seleet ADP receptor
antagonists in vitro.

6. MEA was also capable of the ex vivo testing lopogrel effectivity.
MEA may be a good candidate for further studieslamge populations of

cardiovascular patients.
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In the second part, we investigateatation thrombelastography in the
detection of thrombophilia.

Our main results are:

1. Rotation thrombelastography was proved to debeotnbotic tendency in
patient with former thromboembolism.

2. We were the first to investigate the applicépibf the most commonly
used ROTEG tests (nNATEG, NATEG, INTEG, EXTEG) in thromboghil and
found that INTEG especially has the ability to @eteypercoagulable state.

3. There was no difference between the ROTPB@rameters of TE patients
with or without thrombophilic trait. This suggedtsat clinically both groups of
patients had the same tendency to thrombosis, plpkae to an underlying, so far
unknown factor.

4. In the group of healthy volunteers the womenmsskto have a higher
tendency to thromboembolism, when compared to the, nvhen we used the tissue
factor activated test.

5. Sodium-heparin and LMWH both inhibited the cdagan when
measured by native or contact factor activatedyasea former being much more

sensitive to both kinds of heparins.
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