
ROMANIAN JOURNAL OF NEUROLOGY – VOLUME IX, NO. 1, 2010 13

INTRODUCTION

Microparticles (MP) are considered to be mem-
brane nano-fragments with 0.05-1 μm diameter 
with intact vesicular appearance. The smaller par-
ticles derived from endoplasmatic membranes are 
named exosomes, and larger particles which con-
taining nuclear material (>1.5 μm) are known as 
apoptotic bodies. MPs are produced by various cir-
culating cells and by endothelial cells after their 
activation or apoptosis. On their membranes exists 
oxidised phospholipids and specifi c proteins com-
mon which are common with those founded on 
their origin cells. MPs, including the platelet mic-
roparticles (PMP) are bioactive because of their 
procoagulant activity, activation of infl ammation 
mechanism, and activation of angiogenesis (1). 

Electronic microscopy studies revealed that 
their structural and architectural properties are wide 
heterogeneous their size and composition been very 
variable. The later methods, enzyme-linked immu-
nosorbent assay (ELISA), and fl ow cytometry 

shows that their structural properties depend on 
their cells of origin and this is very useful for their 
identifi cation by specifi c expressed antigens. The 
most used methods for microparticles assessment 
are electronic microscopy, enzyme-linked immu-
nosorbent assay (ELISA), and fl ow cytometry. Oth-
er methods like measurement of total phosphate to 
establish phospholipids concentration or immuno-
electrophoresis has been used, but the results can-
not be directly compared with fl ow cytometry 
method (the most accurate for quantitative MP as-
sessment)(2). 

The composition of MPs depends also by the 
stimulus that triggers their formation and release. 
There are different composition types of MPs in the 
case of activation stimuli or apoptotic stimuli (3). 

In 1967 Wolf described for the fi rst time plate-
let’s membrane fragments originated from activat-
ed platelet called “platelet dust” (4). Since then, 
numerous studies have reported in vitro release of 
vesicles from activated or apoptotic cells called 
later platelet microparticles (PMP). In 1985 Sandberg 
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revealed the procoagulant properties of PMP. He 
showed that the activated platelet factor 1 (PF1) 
and platelet factor 3 (PF3) are found both in colla-
gen activated platelet and PMP (electron micros-
copy study). He also demonstrated that the activat-
ed platelet can generate two types of PMP different 
in size (small PMP with 80-200 nm and large PMP 
with 400-600 nm). Both types of PMP have been 
connected to procoagulant properties (5). In 1991 
Bode discovered that the PMP are releasing also 
during the aging process. In this study membranous 
microparticles (MP) appearing in the supernatant 
plasma of stored platelet concentrates (PC) were 
analyzed by fl ow cytometry (6). 

MICROPARTICLES FORMATION AND 
RELEASING MECHANISMS

The mechanisms of in vivo microparticles for-
mation and release are not entirely known. The in-
formation concerning these processes are derives 
from in vitro studies on isolated or cultured cells 
which demonstrated both activation and cell’s 
apoptosis may lead to microparticle formation and 
releasing. In 2007 Boulanger was made an in vivo 
correlation between endothelial circulating mic-
roparticles and shear stress (SS). This study dem-
onstrates for the fi rst time the relation between in 
vivo circulating endothelial MPs and mechanic 
hemorheological parameters in hemodialyzed pa-
tients, depicting SS as a major determinant for en-
dothelial cell injury and vesiculation (7). 

In the fi rst step, in the generating cell the plasma 
membrane asymmetry occur leading to the forma-
tion of membrane vesicles. This process requires 
the cytoskeleton protein reorganisation as a conse-
quence of intracellular calcium increases. The pro-
venience of intracellular calcium is from intracel-
lular sources (dense tubule) and by increase of 
intracellular calcium infl ux. The increase of intra-
cellular calcium lead to calcium-dependent en-
zymes activations and the result is an exposure of 
phosphatidylserine on the outer leafl et. The level of 
intracellular calcium is the main factor which can 
lead to release or not the formatted MP. The releas-
ing of MP is also conditioned by disruption of pro-
tein cytoskeleton organisation (8). The MP releas-
ing from endothelial cells, monocytes, erytrocytes 
may be induced by proinfl ammatory cytokines as 
IL-1 and TNF alpha, by bacterial lipopolysaccha-
rides, the complement complex C5b-9, the calcium 
ionophore A23187, the reactive oxygen species, 
the aging process (during storage). Increase of the 

intracellular calcium seems to be the critical step 
for all types MP release (9,10). 

Microparticle formation in platelets and their re-
lease occurs as a result of activation by various 
stimuli (epinephrine, adenosine diphosphate, col-
lagen, thrombin, A23187) and during storage (6,11). 
Other stimuli connected with PMP releasing were 
complement complex C5b-9 or high shear stress. 
The PMP releasing under high shear stress in re-
lated to platelet adhesion to von Willebrand factor 
(12-14). 

Increased platelet MP formation has been docu-
mented in a variety of clinical conditions that are 
associated with platelet activation (15). Platelet-de-
rived MPs that express surface glycoproteins and 
antibodies to CD41, CD42, and CD61 have been 
used to detect platelet-derived MPs (16,17).

The release of PMP in related to activation of 
calpain (calcium dependent enzyme which is impli-
cated in the cellular cycle and apoptosis). Calpain 
induces cytoskeleton conformational changes 
trough activation of various intermediate enzymes. 
The increase of intracellular calcium is necessary 
for calpain activation. If the hemodynamic stress is 
increased the activation of protein C is mandatory 
for calpain activation and consequently releasing of 
PMP (18). 

Other important enzyme implicated in PMP re-
lease is caspase-3 (an important enzyme in apopto-
sis process). The platelets caspase-3 activation ap-
pears to be triggered by platelets agonists like 
collagen, thrombin, and calcium ionophore A23187. 
Under the infl uence of these platelet agonists a 
platelet subpopulation generates PMP. This process 
begins with the exposure of the phosphatidylserine 
in the external membrane layer, and the next step is 
the moesin cleaving (a specifi c platelet cytoskele-
ton protein). The phosphatidylserine exposure was 
inhibited by specifi c antagonists of caspase-3, since 
the specifi c antagonists of calpain do not inhibits 
this process. Form these reasons, is considered that 
mechanism of PMP releasing under the calpain or 
caspase-3 activation is different (19). 

Gelsolin is also specifi c for PMP releasing be-
cause gelsolin is found only in platelets. Is a spe-
cifi c enzyme which is induced by increased cyto-
solic calcium and produce the remove of the capping 
protein at the end of the actin fi laments of the plate-
let cytoskeleton. Consequently platelet contraction 
occurs (20).

 Other important enzyme for PMP formation 
and releasing is aminophospholipid translocase 
which have the role of phosphatidylserine transport 
from the outside to the inside of the platelets. The 
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intracellular calcium increasing inhibits this en-
zyme and activates other enzyme named scrambla-
se. Consequently the asymmetry of membrane’s 
phospholipids occurs and phosphatidylserine re-
main on the outside layer of platelets membrane 
(21). 

The signifi cance of MP formation and releasing 
is unknown, but may be assume that the cells at-
tempt to reverse the apoptotic process by getting 
rid of unwanted signalling molecules. The MP re-
lease would also allow cells to escape phagocytosis 
by removing signal-molecules like phosphatidyl-
serine. Alternatively was proposed that the MP re-
lease is a defence mechanism because of MP par-
ticipation in intercellular communications, he mostasis, 
infl ammation, immune process, and angiogenesis. 
When the MP releasing is a physiological or patho-
physiological process remain under research (22). 

PLATELET MICROPARTICLES INVOLVEMENT 
IN HEMOSTASIS

Adhesion facilitation 
The GP Ib exposure on the PMP surface lead to 

adhesion facilitation. Like platelets the PMP may 
adhere to von Willebrand factor on the endothelial 
cells. The both P-selectin and GP Ib facilitate the 
PMP-neutrophil collaboration. In this way the ad-
hesion process is associated with PMPs-leukocytes 
interactions. The release of arachidonic acid from 
PMP leads to direct activation of P-selectin and E-
selectin on the endothelial cells surface. These 
properties supporting that the PMP are important in 
cell-cell communication process (23-25). 

Aggregation facilitation
The platelet membrane vesiculation for PMP 

formation and releasing necessitate the intact GP 
IIb/IIIa fragment. From this reason, on the PMP 
surface always have an intact GP IIb/IIIa which 
leads to increase of PMP aggregation (intermediate 
by fi brinogen molecule. Even in some conditions 
the GP IIb/IIIa is dissociated on the MPM surface, 
in the presence of platelet agonists the reassocia-
tion of dissociated GPIIb and GPIIIa occurs (26-
27). 

Procoagulant properties
The PMP exhibits passive and active procoagu-

lat properties. The passive procoagulant properties 
are revealed by the presence of factorV/Va on their 

surface and by ability of surface phospholipids for 
assembly of tenase and prothrombinase complexes. 
These procoagulant properties are passive because 
by this process the PMP may support coagulation 
but not themselves initiate coagulation (28). 

Tissue factor exposure on the PMP surface is co-
nected to active procoagulant properties. Tissue 
factor exposure occurs not only on PMP surface but 
on other MP type surface. The PMP tissue factor 
may activate the tissue factor production by various 
cells like endothelial cells and monocytes (29). 

The procoagulant properties are important be-
cause PMP were found to be increased in associa-
tion with various vascular disease as myocardial 
infarction, peripheral arterial disease, cardio-pul-
monary bypass, and stroke (30-31). 

Anticoagulant properties
In some circumstances the PMP may have anti-

coagulant properties by acting on protein C system. 
In normal subjects PMP support low levels of 
thrombin generation which is will bound to throm-
bomodulin leading to activation of protein C and 
thus inactivation of FVa and FVIIIa. PF4 (found on 
the PMP surface) is also involved in regulation of 
coagulation through activation of protein C system. 
Thus, in normal condition, PMP are involved in the 
control of normal hemostasis. Further studies are 
needed to fi nd when the PMP are involved in ac-
celerating or inhibiting coagulation (32-33). 

PLATELET MICROPARTICLES AND ISCHEMIC 
CEREBROVASCULAR DISEASE

The platelet activation is an important pathoge-
netic process in ischemic cerebrovascular disease. 
Because the formation, release and level of circu-
lating PMP reveal the platelet activation they be-
came an interesting research subject in various 
ischemic vascular diseases. In 1984 Bulboaca ob-
served (by electronic microscopy) the microvesi-
cles released by activated platelets of patients with 
ischemic stroke (after in vitro activation by epi-
nephrine) (34) (Fig. 1, 2). This phenomenon was 
not observed in the health subjects.

Several clinical studies were made in the attempt 
to fi nd if the circulating PMP level is associated 
with some pathological conditions, and if they may 
constitute a marker for endothelial dysfunction. A 
potential pathophysiological link between stroke 
and PMP number in peripheral blood were the fi rst 
time reported in patients with prosthetic heart 
valves (35). The research in this fi eld, particularly 
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in cerebrovascular diseases is in the beginning and 
just a few data are available. 

The PMP were founded increased in both acute 
and chronic phase of cerebral infarction. In 2003 
Cherian and col, were founded a correlation be-
tween the elevated blood PMP and endothelial dys-
function markers like P-selectin and E-selectin in 
acute phase of cerebral infarction. There was a 
strong, graded, and independent (of age, sex, and 
vascular risk factors) association between increas-
ing blood concentrations of E-selectin during the 
acute phase and all etiological subtypes of ischemic 

stroke, particularly ischemic stroke caused by large-
artery atherothrombosis (36). 

Kuriyama and col. revealed a high level of PMP 
in blood (ELISA assessment) during acute phase of 
cerebral infarction. The elevated PMP level was 
signifi cantly correlated with concomitant intima-
media thickness and with concomitant intracranial 
stenosis of carotid arteries. The level of PMP was 
also signifi cantly elevated in the patients with cere-
bral infarction in anterior, posterior, middle cere-
bral arteries, and lacunar stroke in contrast with the 
group of the patients with cardioembolic stroke. 
This difference of the PMP number between car-
dioembolic and thrombotic stroke may be useful 
for differential diagnosis. They demonstrated also a 
signifi cant direct correlation between the elevated 
level of PMP and the elevated levels of C reactive 
protein and fi brinogen. These evidences are strong-
ly support that the level of blood PMP may be con-
sidered as an important marker for biological eval-
uation of atherosclerotic plaques from both points 
of view morphological and pathophysiological (37). 

The PMP remain elevated also in chronic phase 
of cerebral infarction and they are not infl uenced by 
some specifi c antiplatelet therapy (aspirin com-
bined with cilostazol – a phosphodisetrase inhibitor 
with antiplatelet and vasodilatator properties)(38). 
On the contrary in TIA patients the antiplatelet 
therapy (a combination between aspirin and Clopi-
dogrel) produce the decrease of PMP in peripheral 
blood (39). 

Because the levels of PMP remain unchanged in 
chronic phase of ischemic stroke comparative with 
acute phase of ischemic stroke, the PMP measure-
ment in ischemic stroke may constitute a specifi c 
biomarker for cerebral atherosclerotic plaque as-
sessment under the increased shear stress. From 
these reasons the PMP assessment in ischemic 
stroke reveals not only platelet activation but also 
an endothelial dysfunction and may be important as 
a prognostic parameter. Is a researchable theory if 
the stroke occurrence is based on previous increased 
PMP. Further study would be necessary for evalua-
tion of relationship between the PMP levels, active 
atherosclerotic plaques and recurrence rate of isch-
emic stroke. More than that is researchable whether 
an antiplatelet therapy (which dose or combina-
tions) can reduce the PMP levels or their procoagu-
lant features. 

FIGURE 2. Dendritic platelet (epinephrine activation) 
with pseudopodia, membrane vesiculation, and mic-
roparticles (ischemic stroke patients); electronic micros-
copy – 10000 magnifi cation, negative stain with phos-
photungstic acid.

FIGURE 1. Spread platelet (contact activation) with a lot 
of microparticles on the surface and around (ischemic 
stroke patients); electronic microscopy – 10000 magnifi -
cation, negative stain with phosphotungstic acid.
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