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Human platelets, i.e thrombocytes are the smallest non-nucleated blood cells, which are highly reactive components 
of the circulatory system and play a key role in many pathophysiologic processes, such as thrombosis, hemostasis, 
inflammation, host defense, tumor biology, as well as in maintenance and regulation of vascular tone. The platelets 
aggregation process and the formation of platelet plugs are a fundamental part of the blood clotting process and prevent 
bleeding from capillaries, small arterioles and venules. However, thrombosis disorders are one of the reasons for 
complications in surgical procedures. Abciximab and Eptifibatide are efficient antiplatelet drugs used during and after 
coronary artery treatments, such as angioplasty, in order to prevent platelets from sticking together and causing 
thrombus formation inside the coronary artery. 

The aim of this work was the comparison of different methods for preparation and immobilization of blood platelets 
on a glass or mica bedding in terms of suitability for the investigation of Abciximab or Eptifibatide interaction with 
platelets by Atomic Force Microscopy (AFM). AFM is a very useful tool for the observation of the topography of 
biological structures. The investigation was performed on dry mica, dry glass and in a buffer solution. 

On mica, changes in the shape and size of inactive and activated platelets can be observed, as well as their 
aggregation with fibrinogen. Abciximab and Eptifibatide, deposited onto the mica sheet, form ‘twig-crystal’ structures. 
Surprisingly, the smaller Eptifibatide molecules form a bigger structure than that of Abciximab. This is probably caused 
by Eptifibatide molecular aggregation.  

Platelet-inhibitor complex adhesion on mica or glass sheets was observed. The low number of activated platelets 
was observed after incubation of a sample with both drugs. These drugs surrounded the platelets as a result of 
interaction with glycoprotein GP IIb/IIIa. Frequently, whole platelets were surrounded with drugs. Each image shows 
the aggregation process in a different phase with a characteristic platelet filopodia. Each procedure can be used for the 
observation of platelets and their changes under the influence of different agents, for example drugs. 
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INTRODUCTION 

Human blood platelets (PLT), i.e thrombocytes 
are the smallest non-nucleated blood cells. They are 
tiny and discoid in shape, with dimensions of 
approximately 2.0–4.0 µm. Platelets are produced in 
the bone marrow and arise from megakaryocyte. 
The circulating life time of a platelet is 7–10 days 
[1]. A normal platelet count in a healthy person is 
150 000–450 000 cells/mm3 of blood (www.lab-
testsonline.org). They are highly reactive com-
ponents of the circulatory system and play a key 
role in many pathophysiologic processes, such as 
thrombosis, hemostasis, inflammation, host defense, 
tumor biology, maintenance and regulation of 
vascular tone [2]. 

Human blood platelets contain granules (alpha, 
dense, lysosomes), mitochondria and an endoplasm-
matic reticulum [3]. Alpha and dense granules con-
tribute to the very important function of platelets in 
hemostasis. The alpha granules play a primary role 
in hemostatis, while dense granules in the aggre-
gation [1]. The aggregation process and the forma-
tion of a platelet plug are a fundamental part of the 
blood clotting process and they prevent bleeding 
from capillaries, small arterioles, and venules. This 
is a two-phase process. At first, single platelets bind 
to the site of the wound – this is the adhesion 
process. Next, the platelets are activated. During 
activation, the platelets are drastically changing 
shape. They undergo change from a discoid form to 
a flat spread form, 7–10 µm in diameter [4]. 
Activation can be stimulated by substances released 
by these cells (for example: adenosine diphosphate, 
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serotonin and thromboxane) and by components, 
which circulate in the blood (for example the Von 
Willebrand Factor, thrombine). The result of these 
two processes is the aggregation of platelets. 

Platelets play an increasing role in vascular and 
endovascular procedures. Thrombosis disorders are 
one reason for complications in surgical procedures. 
Many agents, for example specific drugs, foods, 
spices and vitamins could impair platelet function 
[5]. Today, there is a number of drugs that inhibit 
platelet function [6]. The classic inhibitor of platelet 
function is aspirin (acetylsalicylic acid). Aspirin 
prevents blood from clotting by blocking the 
production of thromboxane A–2.  

Thromboxane A-2 is produced in platelets and 
causes them to clump. Aspirin inhibits the enzyme 
cyclo-oxygenase-1 (COX-1) that produces thromb-
oxane A-2 [1, 5, 6]. Clopidogrel is a potent oral 
antiplatelet agent often used in the medical treat-
ment of coronary artery disease, peripheral vascular 
disease, and cerebrovascular disease. The mecha-
nism of action of clopidogrel is the irreversible 
blockade of the adenosine diphosphate (ADP) 
receptor on platelet cell membranes [7]. A number 
of new drugs, inhibitors of fibrinogen, preventing 
platelet aggregation by binding to glycoprotein 
IIb/IIIa, has been recently studied. Three of them: 
abciximab (ReoPro), eptifibatide (Integrilin) and 
tirofiban (Aggrasrat) have been registered as effi-
cient antiplatelet drugs [8, 9]. Abciximab is a 
human-murine chimeric Fab fragment of the mono-
clonal antibody c7E3 directed against the glyco-
protein IIb/IIIa [10]. Eptifibatide is a cyclic hepta-
peptide containing six amino acids and one mer-
captopropionyl (des-amino cysteinyl) residue [11]. 
Tirofiban is a synthetic, nonpeptide inhibitor acting 
on glycoprotein (GP) receptors, type IIb/IIIa, in 
human thrombocytes. These inhibitors are mainly 
used during and after coronary artery procedures, 
such as angioplasty to prevent platelets from 
sticking together and causing thrombus (blood clot) 
formation inside the coronary artery [12]. 

There are many methods for studying platelet 
properties. Platelet functions are studied by the 
measurement of key biochemical markers that can 
show changes in platelet activation. There are two 
principal assay systems: ELISA and flow cytometry 
[13–15]. Markosyan et al. [16] used a laser photo-
meter to study platelet shape and aggregation. The 
elastic properties of cells have been measured using 
a mechanical indenter called a cell poker [17], 
optical tweezers [18], scanning acoustic microscopy 
[19] or fine glass needles [20]. Electron microscopy 
and an Atomic Force Microscope have been used [4, 
21] to study the architecture of the cytoskeleton and 

changes in the platelet during activation [22], as 
well as to diagnose platelet disorders [23]. The 
interaction between platelet receptor and ligand (for 
example fibrinogen) in the presence of platelet 
inhibitors (abciximab, tirofiban, eptifibatide) has 
been studied using fluorescence laser-scan micro-
scopy [24], confocal microscopy [25], laser 
tweezers [26], electron microscopy [27], fluor-
escence and differential interference contrast micro-
scopy [28]. 

The aim of this work was the comparison of 
different methods for the preparation and immobi-
lization of blood platelets on a different bedding, in 
terms of the suitability for investigation of the 
interactions between anticoagulant drugs (abciximab 
or eptifibatide) and platelets by the Atomic Force 
Microscopy (AFM). More precisely, the aim was 
the observation of changes in platelet topography on 
dry mica bedding and on a glass bedding, both dry 
and from an aqueous buffer solution.  

EXPERIMENTAL 

AFM measurements 

The AFM measurements were performed with a 
commercial Ntegra Prima scanning probe micro-
scope (NT-MDT, Russia) using a “Tapping mode” 
for “in air imaging” and a contact mode for in 
“liquid and air imaging”. A scanning head for mea-
surements in liquid and air (100 mkm scanner) was 
equipped with capacitive position sensors, which 
allow the removal of the hysteresis of piezodrivers. 
CSG01 probes with a force constant of 0.01–0.08 
N/m were used for the contact mode and NSG03 
probes with resonance frequency 90–116 kHz were 
used for the tapping mode. All measurements were 
done at room temperature. 

Chemicals 

Acetone, sodium hydrogen carbonate NaHCO3, 
sodium dihydrogen phosphate NaH2PO4, sodium 
chloride NaCl, potassium chloride KCl, magnesium 
chloride MgCl2 (all analytical purity grade, POCH, 
Gliwice, Poland), Tyrode buffer (12 mM, 4 mM, 
137 mM, 2.6 mM, 1 mM, pH = 7,3), abciximab 
(REOPRO, Centocor B.V. Holland), eptifibatide 
(INTEGRILIN, Glaxo Group Ltd, Great Britain). 
Water was deionized with a MilliQ (Millipore) 
apparatus.  

Platelet preparation 

Blood samples, taken from healthy adult subjects 
were supplied by the Blood Donor Centre in Bialy-
stok. The blood was treated with sodium citrate as 
an anticoagulant. 
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Next, the platelet rich plasma was separated by 
centrifuging the blood amount 130 g for 8 min at 
room temperature. This platelet rich plasma was then 
centrifuged at 2200 g for 10 min to obtain a platelet 
bottom. The supernatant was removed. The platelet 
bottoms were washed twice with isotonic saline.   

Sample preparation for AFM measurement 

a). On the mica sheet. After the last washing, the 
platelets were resuspended in acetone to a solid 
concentration of ~10–5 g/l. 100 µl of platelet suspen- 
sion in acetone was dropped onto a freshly cleaved 
mica sheet. The mica sheet was dried in air for at 
least 4 h.  

b). On the glass cover slip. Platelets were also 
prepared from the freshly drawn blood of one of the 
team. 100 µl of blood were deposited onto a glass 
cover slip. After 30 s, the sample was vigorously 
rinsed with Tyrode buffer to separate all blood cells 
from the activated platelets that had adhered 
strongly to the glass. The glass cover slip with 
platelets was left in air to dry.  

For AFM measurements in the buffer solution, 
the glass slides with platelets were deposited in a 
special cell.  

c). With abciximab and eptifibatide. The drugs 
were dissolved in acetone and immobilized on the 
mica in accordance with the procedure described in 
a) or were dissolved in aqueous buffer in 
accordance with the procedure described in b). 

The interaction between drugs in therapeutic 
concentration (abciximab – 3.57 µg/ml of blood and 
or eptifibatide – 2.57 µg/ml of blood) and platelets 
was studied after incubation of blood or isolated 
platelets for 1 hour at 37ºC. The procedure of plate-
let preparation was the same as before (see Platelet 
preparation). 100 µl platelet solution was deposited 
onto a glass cover slip or mica sheet. After vigorous 
rinsing, the samples were observed by AFM.  

RESULTS AND DISCUSSION 

In order to investigate the opportunity to observe 
immobilized human platelets by the AFM tech-
nique, platelets were immobilized on the mica sheet. 
This was performed by putting a suspension of 
platelets in acetone on the mica surface and drying. 
The sample contains both inactive platelets and 
those at different stages of activation. Both inactive 
and activated platelets, immobilized on mica can be  
 

observed by the AFM. Fig. 1 shows AFM images of 
human platelets in different activation phases. 
Changes in the shape and size of inactive and 
activated platelets can be observed (compare Fig. 
1A–C). The glycoprotein receptors located on the 
platelets surface change their 3D configuration 
under the influence of activating factors, causing 
them to lose their granular structure. This involved a 
change in platelet shape. Before these changes, 
platelets exhibit a regular shape and dimensions [4]. 
Their diameter is 2.25 µm and their thickness is 170 
nm (Plot Fig. 1A). The activated platelet’s shape 
becomes irregular. Figure 1b shows the platelet 
having a diameter of 4.5 µm and a thickness of 250 
nm (Plot Fig. 1B), while Fig. 1c shows the platelet 
having a diameter of 4.25 µm and a thickness of 
only 30 nm (Plot Fig. 1C). The next stage of change 
is filopodia formation (see Fig.1C). The filopodia 
formation is the morphological effect of platelet 
activation. Simultaneously, a release reaction occurs 
i.e. the platelet releases substances activating the 
next platelets and their GPIIb/IIIa receptors. The 
glycoprotein (GPIIb/IIIa) fibrinogen receptor is 
composed of two subunits, αIIb and β3, which form a 
complex. GPIIb/IIIa is specific for platelet surfaces 
and binds to adsorbed protein ligands, including 
fibrinogen, the von Willebrand factor and fibro-
nectin. The fibrinogen plays a fundamental role in 
forming bridges between platelets and causes 
aggregation. Due to receptor activation, platelets 
join together with fibrinogen. Fibrinogen bridges are 
formed between platelets (see Fig. 2A). This process 
is responsible for platelet aggregation. The deposi-
tion procedure, of platelets from the acetone 
suspension on the mica sheet enables good and fast 
adhesion in different activation platelet phases. 

Fig. 2 shows AFM pictures obtained after 
applying three different ways of platelet deposition: 
i) on the mica sheet from the acetone suspension 
(shown in picture A), ii) on the glass slide from the 
fresh unprocessed blood, after washing and drying 
(shown in picture B), iii) on the glass slide from an 
aqueous buffer solution (shown in picture C). The 
first two were dry probes and the third one was 
measured from an aqueous solution.  

Each image shows the aggregation process in a 
different phase with a characteristic platelet filo-
podia. Each procedure can be used for the obser-
vation of platelets and their changes under the 
influence of different agents, for example drugs. 
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 A  D
  

 B E
  

 C  F
Fig. 1. Human platelets on the mica sheet imaged with the AFM and  cross-sectional plots showing along the lines 

shown in images respectively (A, D) inactivity platelet; (B, E) activation process; (C, F) activated platelet. 

In Fig. 3, two anticoagulant drugs, deposited 
onto the mica sheet, can be observed (A for 
abciximab and B for eptifibatide). A ‘twig-crystal’ 
structure is observed in both cases. Similar effects 
were observed with samples immobilized on a glass 
bedding. Abciximab is a bigger molecule and its 
special structure is more apparent. In the case of 
eptifibatide, larger structures are apparent in the 
pictures than in the case of abciximab, despite the 

fact that eptifibatide is a smaller molecule. The 
formation of these larger structures is probably 
caused by the eptifibatide molecule aggregation. 
Both drugs are platelet aggregation inhibitors due to 
fibrinogen receptor blocking. Abciximab (molecular 
weight of 48 kD [29]) is a human-murine chimeric 
Fab fragment of the monoclonal antibody c7E3. 
Moreover, abciximab shows a very high affinity to 
platelets. This molecule joins to the receptor αIIbβ3 
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with an antibody fragment, hindering the joining of 
fibrinogen, and in this manner inhibits platelet 
aggregation due to steric hindrance. Two amino 

acids sequences: RGD and KQAGDV are 
responsible for bonding of abciximab to this 
receptor [30]. 

 
A B C 

Fig. 2. AFM image of human platelets deposited onto mica-cluster of aggregate platelets (A), glass sheet-separate 
platelet (B), glass sheet in buffer solution-separate platelets (C). 

 

A B 
Fig. 3. AFM images of anticoagulant drugs deposited onto mica sheet: A - eptifibatide;   B - abciximab. 

 
Eptifibatide (molecular weight of < 1 kD [29] is 

a cyclic heptapeptide containing six amino acids 
with a characteristic amino acids sequence Lys-Gly-
Asp (KGD). It is a specific blocker of receptor αIIbβ3, 
due to the recognition of a specific amino acid 
sequence (KGD) [11]. In this manner, eptifibatide 
blocks the fibrinogen junction to the platelet receptor. 
It is likely that eptifibatide forms the same steric 
structure as N-terminal region γ-fibrinogen chains 
and in this way inhibits ligand binding. On the mica 
sheet these drugs form “twig-crystal” structures.  

These inhibitors do not influence the adhesion of 
platelets, as this process is caused by another plate-
let receptor. This is why it is possible to observe 
platelet-inhibitor complex adhesion on the mica or 
glass sheets by AFM (see Fig. 4, picture A and B, 
respectively). The low number of aggregated plate-
lets is observed after incubation period of a sample 

with both drugs. These drugs surround the platelets 
as a result of interaction with glycoprotein (Fig. 4).  

Frequently, whole platelets are surrounded by the 
drug. On the surface of each platelet there are 
approximately 50000 GPIIb/IIIa receptors [31]. 
Abciximab also binds to other platelet receptors, 
such as the vintronectin receptor αVβ3. The platelet 
shapes are deformed, especially those adsorbed on 
glass. This effect may be caused both by the inter-
action with the drug, as well as by interaction with 
the glass surface. Abciximab and eptifibatide block 
the active centre in glycoprotein GPIIb/IIIa. There-
fore, the interaction of the platelet with fibrinogen is 
impossible. 

The described experiments show that the fastest 
method for sample preparation prior to AFM 
measurements is the immobilization of platelets by 
just putting a blood drop on the glass. In spite of 
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visible biological pollution, the best images were 
observed for samples immobilized on mica. On the 
other hand, the observation of interactions from the 

aqueous buffer solution, although technically 
difficult, enables kinetic measurements.  

 

A B 

C D 

E F 
Fig. 4. AFM images of human platelets in absence anticoagulant drugs: after blood incubation with abciximab on mica 
and glass (A, C); after platelets incubation with abciximab on mica (B); after blood incubation with eptifibatide on mica 

and glass (D, F); after platelets incubation with eptifibatide on mica (E).  
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(Резюме) 

Тромбоцитите са най-малките безядрени кръвни клетки, които са силно реактивоспособни компоненти на 
системата на кръвообращението и взимат участие в много патофизиологични процеси като тромбоза, хемо-
стаза, възпаление, защита, биология на туморите, в поддържането и регулирането на тонуса на кръвоносната 
система. Процесът на агрегиране на тромбоцитите и образуването на тромбоцитни запушалки са основна част 
от процеса на съсирване на кръвта и предовратяват течението от капилярите, малките артериоли и венулите. 
Нарушения в съсирването на кръвта обаче, са една от причините за усложнения при хирургичните процедури. 
Абсиксимаб и Ептифибатид са ефикасни антитромбоцитни лекарства, използвани по време или след процедури 
върху коронарни артерии, като ангиопластия, с цел да се предоврати събирането на тромбоцити и образуването 
на тромби в коронарната артерия. 

Целта на настоящата работа е сравнение на различни методи за подготовка и имобилизиране на кръвни 
тромбоцити върху стъкло или слюда с оглед изследване на взаимодействието на тромбоцитите с Абсиксимаб и 
Ептифибатид чрез атомно силова микроскопия (АСМ). АСМ е много полезен инструмент за наблюдение на 
топографията на биологични структури. Изследването е проведено върху суха слюда, сухо стъкло и в разтвор 
на буфер. 

Върху слюда могат да се наблюдават промени във формата и размера на неактивните и активираните 
тромбоцити, както и тяхното агрегиране с фибриноген. Абсиксимаб и Ептифибатид, поставени върху слюда, 
образуват структури “клонест кристал”. Изненадващо, по-малките молекули Ептифибатид образува по-големи 
структури околкото Абсиксимаб. Това, вероятно, се дължи на молекулно агрегиране на Ептифибатид. 

Наблюдавана е адхезия на комплекса тромбоцит-инхибитор върху слюда или стъкло. Наблюдаван е малък 
брой от активирани тромбоцити след инкубация на пробата и с двата медикамента. Тези медикаменти 
заобикалят тромбоцитите като резултат от взаимодействие с гликопротеин GP IIb/IIIa. Често целите 
тромбоцити са заобиколени с медикамента. Отделните снимки показват процеса на агрегиране в различна фаза 
с характеристична филоподия на тромбоцита. Всяка процедура може да се използва за наблюдение на 
тромбоцитите и техните изменения под влияние на различни агенти, напр. лекарства. 


