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Introduction

Platelets play a key role in primary haemostasis
and therefore are a target of major interest in the
investigation. Since platelets were first identified in
the 1870s, there has been a continuous and recent-
ly accelerating progress in our basic understanding of
the platelet function. Despite this great progress and
the fact that platelets are so readily accessible for
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Summary: In order to investigate the potential use of pla-
telets activation parameters as routine quality control indi-
cators during liquid storage, 27 PC-BC units were kept at
22 oC for up to 5 days. Routine parameters, including a
platelet count, mean platelet volume and the parameters of
activity: mean platelet component concentration, platelet
component distribution width, mean platelet mass, platelet
mass distribution width and number of platelet clumps were
measured on the Bayer ADVIA 120 hematology analyzer.
The platelet surface antigen CD62P was investigated using
monoclonal antibodies on the flow cytometer Coulter-Epics
XL and the platelet factor 4 and b-thromboglobuline, the
main components of the a-granules, were also measured.
The reduction in MPV, MPC, PCDW and MPM and the
simultaneous increase in PF4, b-TG and CD62P expression
reflected the PLT degranulation and activation. Minimizing
cell damage during collection and storage is imperative for
obtaining the PLT adequate in number and viability.
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Kratak sadr`aj: U cilju ispitivanja mogu}nosti upotrebe
aktivacionih parametara trombocita kao indikatora i marke-
ra njihovog kvaliteta, ispitali smo 27 jedinica koncentro-
vanih trombocita izdvojenih procesiranjem iz jedinica cele
krvi, »buffy coat-a« (KC-BC), skladi{tenih 5 dana na tempe-
raturi 20±2 oC. Ispitivani su rutinski parametri, koji uklju-
~uju ukupni broj trombocita i srednji volumen trombocita,
kao i parametri aktivacije trombocita: srednja koncentracija
komponenti trombocita, distribucija {irine komponenti trom-
bocita, srednja masa trombocita, distribucija {irine mase
trombocita  i broj trombocitnih klampova, na Bayer ADVIA
120 hematolo{kom analizatoru. Trombocitni povr{inski anti-
gen CD62P ispitivan je anti-CD62P monoklonskim antite-
lom na »flow« citometru Coulter-Epics XL, a tako|e su ispi-
tani  PF4 i  b-TG kao glavne sekretorne komponente a-gra-
nula. Redukcija u MPV,  MPC, PCDW i MPM, uz simultano
pove}anje koncentracije PF4, b-TG i ekspresije CD62P,
ukazuje na degranulaciju i aktivaciju trombocita. To uka-
zuje na neophodnost minimiziranja }elijskog o{te}enja to-
kom sakupljanja i skladi{tenja uzoraka kao na imperativ za
dobijanje trombocita adekvatnog broja i vijabilnosti.

Klju~ne re~i: trombociti, aktivacija trombocita, funkcija
trombocita, skladi{teni trombociti, vijabilnost trombocita
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study compared with non-circulating human cells,
there is a remarkable paucity of clinically useful tests
of platelet function. Tests of platelet function have
included measurements of the ability of platelets to
adhere, aggregate, and/or activate.

It has become a standard practice to assess the
viability of platelets concentrates (PC) after storage
for transfusion (1). In this paper we report outstand-
ing results in such an experiment, using platelets
stored for 5 days.

Murphy and Gardner (2) studied storage of
platelet-rich plasma (PRP) obtained from whole blood
donations to show that in vivo recovery and survival of
platelets were best preserved at 22 oC, rather than at
4 oC. They suggested losing of platelets viability and
resembled platelet life span in vivo (3).  

Both platelet morphology and function may be
affected by processing and storage and they may thus
be less effective when transfused than fresh platelets.
To be effectively transfused, platelets must be ade-
quate both in number and viability. A wide size range,
rapid shape changes and a tendency of the platelets
to clamp in vitro make platelet counting less reliable
compared to other blood cells. There are several
methods for quality control of platelet components
including platelet counting, but the latter includes
morphology, extent of the shape change and markers
for platelet activation (4, 5).  Traditional cell counters,
which use impedance, contribute to this relatively
poor result, especially in the thrombocytemic or
thrombocytopenic range. Murphy (6), however, sug-
gested that a reevaluation using newer counters was
needed because simultaneously measuring the vol-
ume and density of platelets on a cell-by-cell basis
using two angles of laser light scatter, provides not
only a more accurate platelet count, but also new
parameters including the mean platelet component
concentration (MPC), platelet component distribution
width (PCDW), mean platelet mass (MPM) and
platelet mass distribution width (PMDW) as indicators
of platelets activity (7, 8). 

Activation of thrombocytes is followed by an
increased expression of P-selectin (CD62P) on the
thrombocyte membrane, which correlates with the
level of thrombocyte activation and is an indirect
marker of their activation (9, 10). The values of this
protein, as well as of the platelet factor 4 (PF4) and
b-thromboglobuline (b-TG), the main components of
the a-granules secreted from the granules during the
release reaction induced by ADP, epinephrine, colla-
gen and thrombin, almost doubled after the storage
(11, 12).  

The aim of this study was to characterize the
quality of platelet activation parameters changes du-
ring liquid storage at 20±2 °C of platelet concen-
trates derived from a buffy-coat (PC-BC) by evalua-
tion of its morphological and functional changes and

to investigate the possibility of its use as a routine
quality control indicator in the preparation and stor-
age of platelet components. 

Patients and Methods

Testing included 27 PC-BC samples, prepared
from blood units taken from randomly selected vo-
lunteers (aged from 18 to 65) who had not taken
preparations containing acetylsalicylic acid (during
last 7 days). The samples were adequately stored at
the temperature of 22±2 oC for up to 5 days, includ-
ing constant stirring, and platelet parameters were
measured on day 1 (control group, group 1), 3
(group 2) and 5 (group 3).

Blood samples from volunteers for testing con-
centrations of a CD62P, PF4 and b-TG were collected
from the vein of the opposite arm in view of the arm
from which the donor’s blood is normally taken, with-
out using a ligature and using a needle the diameter
of which was 19–20 gauge. Commercial test tubes
with Na-citrate (Venoject® II Terumo) were used.
Sample preparation was made so that the platelet
poor plasma (PPP) was separated from the test tube
by centrifuging at 1000g during 10 min at 4 °C, i.e.
from the  PCBC samples into a plastic test tube. The-
se samples were stored until being tested by the
quantitative enzymoimmune test (Human sP-selectin
ELISA, Bender MedSystemsTM Diagnostics GmbH,
Vienna, Austria) and values were expressed in mg/L.
Detection of PF4 and b-TG was performed by an anti-
body-based PF4 Behring ELISA kit, according to the
manufacturer’s instructions and PF4 and b-TG were
measured by the Beckman Du-8 spectrophotometer.
Platelet morphological parameters were determined
using the haematology system ADVIA 120, the pla-
telet surface antigen CD62P using a flow cytometer
Coulter-Epics XL. For comparison of results, a paired
t-test was used. All results were given as the mean
ones ± SD. A P level of < 0.05 was considered sig-
nificant.

Results

As it is shown in Table I, by comparing the num-
ber of thrombocytes, stored at ambient temperature
(20 ± 2 °C) in the course of five days, there was no
statistically relevant decline in the samples from
group 2  (420.8 ± 230.3, p>0.05), nor from group
3 (410.7 ± 222.0, p>0.05) in relation to the aver-
age values in the control group (471.4 ± 273.9). 

There were significant changes in MPC, PCDW
and PMDW. By comparing MPC (g/L), a statistically
relevant decline of concentration was found in the
thrombocyte samples from the groups 2 (201.9 ±
9.37, p<0.05) and 3 (197.1 ± 9.2 p<0.05) in rela-
tion to the average values in the control group (216.4
± 11.6). PCDW (g/L) gradually decreased from
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70.0 ± 9.6 in the control group to 56.6 ± 6.1 in
group 3, and PMDW and clamps showed significant
increase from 0.63 ± 0.06 to 0.81 ± 0.07 and from
37 ± 21 to 41 ± 20 respectively.

By comparing the concentrations of a CD
62P(%) between the thrombocytes stored at ambient
temperature in the course of five days, a statistically
relevant increase of the concentration of P-selectin in
the thrombocyte samples was found in the groups 2
(31.000 ± 11.958, p<0.05), and group 3 (52.714
± 28.546, p<0.05), in relation to the average values
in the control group (29.428 ± 6.604).

There was no statistically relevant increase in
the concentration of PF4 (mg/L)  in the samples of
the same donor after the day 3 (group 2) (438.3 ±
244.0, p<0.05), but there was a statistically relevant
increase in the concentration of PF4 after the day 5
(group 3) (1385.0 ± 383.1, p<0.05) in relation to
the average values in the control group (group 1)
(128.1 ± 34.8). b-TG (IU/mL) shows a statistically
relevant increase of concentration in the thrombocyte
samples from the same donor after the day 3 (760.0
± 294.7, p<0.05) and after the day 5 (1345.8 ±

249.2, p<0.05) in relation to the average values in
the control group – fresh thrombocytes (151.6 ±
81.2). 

Discussion

Thrombocyte transfusions in patients with
thrombocytopenia can significantly reduce mortality
caused by bleeding, and the therapeutic use of con-
centrated thrombocytes (CT) enabled the use of
higher radio and chemotherapeutic doses in curing
malign chemopathies and solid tumors or in the treat-
ment of thrombocytopenic conditions, such as a
dilute thrombocytopenia during an operation on the
open heart (13). Production of thrombocytes has
been increasing over the recent years mainly due to
the reduced activation of thrombocytes, a lower num-
ber of leukocytes and a better preserved function of
platelets (14, 15). 

Platelet parameters including a platelet count,
distribution width, mean platelet volume and platelet-
crit can be obtained conventionally, but these para-
meters give no information about the activation state
of platelets. We analyzed the newly introduced para-
meters MPC, PCDW, MPM and PMDW, which provide
new insight into the activation procedure (16, 17). 

A number of studies confirmed that storage of
thrombocytes during five days does not produce a sta-
tistically significant fall in the number of thrombocytes.
In our study there is a substantial decrease of approxi-
mately 11% in the group 2, and 13% in the group 3,
when compared with the control group (group 1).

The Bayer Diagnostic developed tests for the
automated flow cytometric detection of activated pla-
telets include the MPC and PCDW. The MPC is de-
pendant on determining a platelet refractive index,
which is linearly related to platelet density, and acti-
vated platelets degranulate reducing MPC. The
PCDW measures variations in platelet density and
granularity. In this study there was a significant reduc-
tion in MPC and PCDW.  Gradually decreased, they
showed a significant difference between groups refle-
cting a storage time and shape change, which occurs
as an early event during the platelet activation and
leads to a surface receptor redistribution that can
alter the role which then could acquire prothrombo-
tic properties. The extent of the shape change has
been reported to be a sensitive marker and predictor
of platelet viability, even more sensitive than the
platelet CD62P expression.

CD62P, and platelet a-granule component, are
known to be redistributed to the plasma membrane
during the platelet activation and degranulation.
Examining the P-selectin at the stored thrombocytes
by means of a flow cytometry technique before trans-
fusion provides direct evidence of its changes and the
activation of thrombocytes (18). These changes cor-

Table I The mean values ± SD of platelet (PLT) parameters
on ADVIA 120 according to the storage time.

* p<0.05  
Group 1: Platelets obtained 24 h after blood collection
Group 2: Platelets obtained 3 days after blood collection 
Group 3: Platelets obtained 5 days after blood collection

Group 1 2 3

PLT (× 10 9/L) 471.4 ±  273.9 420.8 ± 230.3 410.7 ± 222.0

MPV (fL) 9.0 ±  0.63 8.68 ±  0.79 8.75 ± 0.67

PDW (%) 49.9 ± 5.05 50.7 ± 6.0 50.2 ± 5.06

PCT (%) 1.7 ± 0.12 1.6 ± 0.13 1.6 ± 1.09

MPC (g/L) 216.4 ± 11.6 201.9 ± 9.37* 197.1 ± 9.2*

PCDW (g/L) 70.0 ± 9.6 85.9 ± 11.9* 56.6 ± 6.1*

MPM (pg) 1.7 ± 0.12 1.6 ± 0.13 1.6 ± 1.09

PMDW (pg) 0.63 ± 0.06 0.62 ± 0.07 0.81 ± 0.07*

Plt clumps 
(Number of clumps)

37 ± 21 39 ± 21 41 ± 20*

* p<0.05  
Group 1: Platelets obtained 24 h after blood collection
Group 2: Platelets obtained 3 days after blood collection 
Group 3: Platelets obtained 5 days after blood collection

Table II The mean values for platelet a-granules parame-
ters and CD62P expression during storage time.

Group 1 2 3

PF4 (mg/L) 128.2 ± 34.8 438.4 ± 244.0 1385 ± 383*

bTG (IU/mL) 151.6 ± 81 760.0 ± 294* 1345 ± 249*

CD62P (%) 29.4 ± 6.6 31.0 ± 11.9* 52.7 ± 28.5*
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relate with the changes in the thrombocyte morpho-
logy. That is why it has been suggested by some
authors that the activated (P-selectin positive) throm-
bocytes have a shortened period of survival and re-
covery after transfusion, and that measuring the P-
selectin at the thrombocyte surface in PCBC can pre-
dict in vivo survival and/or the function (19). We de-
termined the CD62 expression as a measure of pla-
telet activation over time and increasing in CD62P, in
accordance with the statement given by Macey (20),
that MPC is inversely correlated with CD62P expres-
sion. There are technological limitations associated
with the method of measuring CD62P, the fluores-
cence flow cytometry, and using new platelet activa-
tion parameters, which do not require a platelet acti-
vation specific receptor, may circumvent this prob-
lem. For instance, in some patients in vivo activated
platelets lose their granules and receptors, continue
to circulate and function, but are not detected by the
fluorescence methodology. It is therefore anticipated

that MPC will provide a convenient and cost-effective
measure of the activation status and storage lesion of
platelets for transfusion. The MPV and MPM were
decreased, but not significantly, indicating changes in
volume and a loss of mass and granule release, both
of which occur during the platelet activation. The va-
lues of PF4 and b-TG are doubled after the fifth day
of storage and indicate the platelets release.

Our data and experience of the previous study
suggest that new and specific platelets activation
parameters may be used by laboratories as a sensitive
test to assess the viability and storage lesion of pla-
telets. It would be helpful for the patient if explicit
standards for the percentage of recovery and survival
of platelets could be evolved against which future
innovations could be compared as it has been done
for erythrocytes. However, this research has brought,
developed and confirmed improvements in the col-
lection AND storage of thrombocytes. 
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