
Haematologica 1998; 83:112-117 original paper

Abstract

Cytoskeletal reorganization after preparation of platelet concentrates,
using the buffy coat method, and during their storage
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Background and Objective. The use of platelet
transfusions has risen considerably in the last
years. Changes occur in platelet biochemical and
membrane properties during storage. We have ana-
lyzed the effect of platelet preparation and storage
of platelet function through the evaluation of
platelet cytoskeletal reorganization.

Methods. A blood sample was obtained from the
donor and platelets were separated as standard
platelet-rich plasma (PRP) (120 g, 20 min) (PRE
sample). Aliquots were also collected immediately
after preparation using buffy coat procedure of
platelet concentrates (day 0) and after 1, 3 and 5
days of storage. Cytoskeleton composition in both
low- and high-speed cytoskeletal fractions of deter-
gent-lysed platelets was analyzed by gradient SDS-
polyacrylamide gel electrophoresis (SDS-PAGE).
Presence of each contractile protein was quanti-
fied by densitometry.

Results. The method used to prepare platelet con-
centrates induced actin polymerization (actin
increased to 163.5±4.8%, mean±SEM, n=8,
p<0.001, considering actin values in PRE sample
as 100%) with a concurrent increase in the associ-
ation of actin-binding protein (ABP), myosin and a-
actinin to the low-speed cytoskeletal fraction.
During the first 24 hours of storage, cytoskeletal
assembly was partially reversed (134.8±2.6% of
actin, p<0.001) and actin polymerization increased
gradually to 144.3±5.8% and 153.2±5.1% at days
3 and 5, respectively (p<0.001 for both days).
ABP, myosin and a-actinin showed similar tenden-
cies to those referred for actin. Conversely, during
platelet preparation and storage, the contractile
proteins associated with the high-speed cytoskele-
tal fraction decreased, due to reorganization of the
contractile proteins to the low speed fraction.

Interpretation and Conclusions. The method used
to prepare platelet concentrates (buffy coat proce-
dure) induced cytoskeletal polymerization. This
activating effect was partially reversed after 1 day
of storage, although it increased progressively
after 3 days of storage. The storage lesion may
lead to defective cytoskeletal assembly in
response to further stimulus. Analysis of cytoskele-
tal assembly is a sensitive method for detecting

platelet activation caused by the concentrate
preparation method and the storage conditions.
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The main objective of platelet transfusions is to
provide thrombocytopenic patients with a
sufficient concentration of functionally active

platelets. Platelets play an essential role in primary
hemostasis. To promote hemostasis, transfused
platelets should preserve adhesive and cohesive
properties that allow them to interact with dam-
aged vessels. The use of platelet transfusions has
risen considerably in the last few years and indica-
tions for future requirements are continually
increasing, linked particularly to new intensive ther-
apeutic regimes associated with prolonged periods
of bone marrow aplasia.1,2

In recent years the buffy coat method has
become an alternative process for preparing
platelet concentrates, particularly in Europe.3,4 It
has been suggested that this method causes less
platelet activation and damage during platelet
preparation.5 During preparation and storage
platelets are exposed to a variety of mechanical and
chemical influences that may lead to their activa-
tion.6-8 Besides signs of activation like disc-to-
sphere transformation, extension of pseudopodes
and loss of storage granules, platelets may display a
swollen open canalicular system and changes in the
structure of their a-granules. The resulting morpho-
logical, biochemical and functional alterations that
occur in stored platelets have been defined under
the term storage lesion.

Platelet activation involves shape change,
increased levels of cytosolic Ca++ and polymeriza-
tion of actin.9 Platelet cytoskeleton contains two
actin filament-based components: the cytoplasmic
cytoskeleton, which fills the cytoplasm and medi-
ates contractile events, and the membrane skele-
ton, which underlies the plasma membrane and
regulates its shape and stability. The membrane
skeleton plays a major role in the distribution of



glycoproteins in the plasma membrane.10,11 In the
unstimulated platelet, only 30-40% of actin is poly-
merized into filaments. When platelets are activat-
ed, dramatic changes in the organization of the
cytoskeleton take place. Pre-existing actin filaments
become cross-linked.12 There is an increased poly-
merization of actin monomers13,14 onto filaments at
the periphery of the platelets that fill the developing
filopodia.15,16 The network of filaments binds
myosin,17,18 and this interaction generates the ten-
sion required for the centralization of granules and
the retraction of filopodia with their externally
bound fibrin clots. Some actin filaments modulat-
ing proteins, such as profilin and gelsolin, control
linear actin assembly in response to activation,
while others such as actin-binding protein (ABP)
and a-actinin establish the three dimensional archi-
tecture of the assembled filaments and connect
them to the extracellular receptors.

The objective of the present study was to analyze
the effect of the preparation method and storage
conditions of platelet concentrates on the function-
al state of platelets, through evaluation of platelet
cytoskeletal reorganization by gradient SDS-poly-
acrylamide gel electrophoresis (SDS-PAGE).

Materials and Methods

Preparation of platelet concentrates
Blood was obtained from healthy blood bank

donors and collected with citrate-phosphate-dex-
trose into a quadruple-bag with an integral PL-1240
platelet storage pack and a plasma container.
Blood cells were sedimented by centrifugation at
2650g for 10 min. Platelet poor plasma (PPP) and
the buffy coat were transferred to auxiliary bags by
an automated process (Compomat®, NPBI, Amster-
dam, The Netherlands). Platelets were recovered
from the buffy coat, as a platelet-rich plasma (PRP)
by a second centrifugation at 280g for 3 min and
collected into the storage bag (PL-1240)(Baxter
Fenwalt®, Valencia, Spain). Platelet concentrates
(n=8) were stored with continuous agitation on a
flat-bed agitator, at 22°C for a maximum of 5 days.

Blood sampling and platelet washing
A sample of blood was obtained from each donor

(n=8) and platelets were separated as standard
platelet rich plasma (PRP) (120g, 20 min) (PRE
sample). Aliquots were also collected immediately
after platelet concentrates preparation and after 1,
3 and 5 days of storage. Platelets from PRP and
aliquots from different days of storage were washed
three times with equal volumes of citrate-citric acid-
dextrose (93 mM sodium citrate, 7 mM citric acid
and 140 mM dextrose), pH 6.5, containing 5 mM
adenosine and 3 mM theophyline. The final pellet
was resuspended in a Hanks’ balanced salt solution
(136.8 mM NaCI, 5.3 mM KCI, 0.6 mM Na2HPO4,

0.4 mM KH2PO4, 0.2 mM NaH2PO42H20) and
incubated for 20 minutes at 37°C.

Obtaining cytoskeletal proteins
Platelet cytoskeletons were obtained according to

the procedure described by Jennings et al.19 with
minor modifications.20 Platelet suspensions were
adjusted to 1.23109 plts/L. Samples were treated
with an equal volume of a Iysis buffer containing 2%
Triton X-100, 100 mM Tris-HCI, 10 mM ethylene
glycol bis (b-aminoethylether)-N,N,N’,N’-tetraacetic
acid (EGTA) and 4 mM ethylenediaminetetraacetic
acid (EDTA) (pH 7.4), 2 mM phenylmethylsulfonyl
fluoride (PMSF), 1 µg/mL leupeptin and 1 mM ben-
zamidine. Triton-insoluble residues, corresponding
to the low-speed cytoskeletal fraction, were isolated
by centrifugation at 12,000g for 5 min at 4°C in a
microfuge. Supernatants were collected and cen-
trifuged at 100,000g for 3h using polycarbonate
tubes in a Beckman Ultracentrifuge (using a Ti 70
rotor) to obtain residues corresponding to the high-
speed cytoskeletal fraction. Both low- and high-
speed cytoskeleton fractions were washed twice
with a washing buffer without Triton X-100 at 4°C,
then solubilized with washing buffer containing 2%
sodium dodecylsulfate (SDS) and heated at 100° C
for 5 min. Samples were frozen at –40°C until a 7-
12% gradient SDS-polyacrylamide gel electrophore-
sis (SDS-PAGE)21 was performed.

Densitometric analysis of cytoskeletal proteins
Proteins in profiles from both low- and high-

speed cytoskeleton fraction were stained with
Coomassie brillant blue R250, and densitometrical-
ly quantified.22,23 In our study, stained protein
bands were densitometrically analyzed using digital
video technology provided by a computerized image
analyzer running specific software (Lecphor; Biocom
200, Les Ulis Cedex, France).24 Bands were manually
selected on the monitor screen of the system. The
software automatically scanned the selected lane for
protein bands, analyzed the color density of each
protein band and integrated areas beneath densito-
metric peaks. To facilitate comparisons between
gels, the quantification of protein bands was per-
formed under standard conditions. In cytoskeletal
proteins, the area of each protein peak in the lane
containing cytoskeletons extracted from PRE sample
was calculated and considered one hundred per-
cent. The association of the main cytoskeletal pro-
teins after preparation and during storage was
determined and expressed as a relative value with
respect to proteins in PRE profiles.

Statistics
Data from 8 different experiments were expressed

as mean±SEM and paired t-test was applied for sta-
tistical analysis considering protein values in PRE
profiles as references. A p level < 0.05 was consid-
ered statistically significant.
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Results

Analysis of proteins associated with the low-
speed cytoskeletal fraction

Figure 1 shows SDS-PAGE profiles corresponding
to the low-speed cytoskeletal fraction from aliquots
of the blood unit (PRE sample: lane 1), after
platelet concentrates preparation (day 0: lane 2)
and after 1, 3 and 5 days of storage (lanes 3, 4 and
5, respectively). Profiles correspond to an equal
number of platelets.

Actin-binding protein (ABP), myosin, a-actinin
and actin were the major cytoskeletal proteins
recovered at the low-speed cytoskeletal fraction.
Incorporation of these proteins was densitometri-
cally analyzed using digital video technology. Values
of the different cytoskeletal proteins in PRE profiles
were determined and expressed as one-hundred per-
cent. Incorporation of the contractile proteins to
this fraction in samples obtained after preparation
and during storage of platelet concentrates were
expressed as relative values (Figure 2).

Preparation of platelet concentrates (by buffy
coat procedure) induced a statistically significant
increase in the incorporation of actin to the low-
speed cytoskeletal fraction (increase of 63.5±4.8%;

mean±SEM, n=8, p<0.001). After the first 24 hours
of storage, cytoskeletal polymerization was partially
reversed (actin increased of 34.8±2.6%, over its cor-
responding value in PRE profiles). During storage,
the actin filaments formation increased gradually
44.3±5.8% and 53.2±5.1% at days 3 and 5, respec-
tively. Increases in actin polymerization during the
whole period of storage were statistically significant
(p<0.001).

Figure 2 shows bar diagrams representing incre-
ments in ABP, myosin and a-actinin recovered in the
low-speed cytoskeletal fraction during the study per-
formed. Incorporation patterns for the major con-
tractile proteins, ABP, myosin and a-actinin, showed
similar tendencies to those referred for actin.
Differences among data in profiles from days 0, 1, 3
and 5 versus PRE profiles reached statistical signifi-
cance for the proteins studied (**p<0.001 and
*p<0.05, as shown in Figure 2). Thus, results indi-
cate that the obtainment method (day 0) and long
periods of storage induced polymerization of the
cytoskeleton which may reflect platelet activation.

Proteins associated with the high-speed
cytoskeletal fraction

Profiles shown in Figure 3 correspond to proteins
associated with the high-speed cytoskeletal fraction
of samples before (lane 1), after preparation of
platelet concentrates (lane 2) and during 1, 3 and 5
days of storage (lanes 3, 4 and 5, respectively). As in
Figure 1, profiles correspond to equal number of
platelets. After preparation of platelet concentrates
(lane 2) there was a decrease in the density of the
proteins associated with this fraction. This decrease
was related to the increased amount of cytoskeletal
proteins observed in the corresponding profiles from
the low-speed cytoskeletal fraction (Figure 1, lane
2). This observation was also extensible to profiles
from days 3 (lane 4) and 5 (lane 5).

Densitometric evaluation of the actin present in
the high-speed cytoskeletal fraction was performed.
Actin in profiles from a PRE sample was considered
as 100% and values in profiles from samples 0, 1, 3
and 5 were expressed as relative values with respect
to PRE sample.

Results indicated that the presence of actin in the
high-speed fraction decreased in profiles from sam-
ples 0 (decrease of 23±2%). After one day of storage
the cytoskeletal organization had a tendency to
recover the unstimulated state (decrease of actin of
4.2±1.2%). During 3- and 5-day storage, the pres-
ence of actin in the high-speed cytoskeletal fraction
decreased 14.1±2.3% and 17.2±5.7%, respectively.

During platelet preparation and storage, the con-
tractile proteins associated with this fraction
decreased due to cytoskeletal assembly proteins
reduced to the low-speed cytoskeletal fraction.

Figure 1. Effect of the preparation procedure and storage
conditions on cytoskeletal reorganization. Coomassie blue
stained SDS-PAGE profiles corresponding to the low-speed
cytoskeletal fraction of platelets before (lane 1), after
preparation (lane 2) and at 1 (lane 3), 3 (lane 4) and 5
(lane 5) days of storage. Preparation of platelet concen-
trates induced an incorporation of contractile proteins to
the low-speed fraction. It was partially reversed after 1
day of storage and increased gradually after 3 and 5 days.



Cytoskeletal changes during platelet storage 115

Discussion
This study was designed in an attempt to analyze

the effect of the preparation procedure and stor-
age, under blood bank conditions, on platelet func-
tion, through evaluation of platelet cytoskeletal
organization. The method used to prepare platelet
concentrates induced polymerization of contractile
proteins. Storage for up to 3 days resulted in an
increased cytoskeletal assembly. According to our
data, analysis of cytoskeletal reorganization was a
sensitive method to detect platelet activation due
to the method used to prepare platelet concen-
trates and to the storage conditions.

Platelet concentrates are currently stored at 22°C
for up to 5 days under continuous agitation.25 The
storage period is limited to 5 days since longer stor-
age is known to increase the risk of bacterial conta-
mination. During storage the continuos agitation is
considered necessary5 for adequate gas diffusion
through permeable plastic bags. Maintenance of a
satisfactory pH level, between 6.4 and 7.4,
improves postransfusional viability. However, agita-
tion has some deleterious effects on stored platelets
causing activation and structural damage.
Considerable morphologic, biochemical and func-
tional changes of platelets during storage have
been documented. Studies using an electron-micro-
scope revealed a loss of organelles and progressive

Figure 3. Coomassie blue-stained SDS-PAGE profiles corre-
sponding to the high-speed cytoskeletal fraction of
platelets before (lane 1), after preparation (lane 2), and at
1 (lane 3), 3 (lane 4) and 5 (lane 5) days of storage. After
preparation of platelet concentrates and at days 3 and 5
there was a decrease in the density of proteins associated
with this fraction, due to reorganization of contractile pro-
teins to the low-speed cytoskeletal fraction.

Figure 2. Bar diagrams represent the major cytoskeletal proteins (actin-binding protein, a-actinin, actin, myosin) recovered
at the low-speed cytoskeletal fraction. Values for the different cytoskeletal proteins in PRE profiles were determined and
expressed as 100%. Incorporation of the contractile proteins to this fraction in samples after preparation of platelet concen-
trates (day 0) and during storage for 1, 3 and 5 days were expressed as relative values (mean±SEM). Experiments were per-
formed in 8 different platelet concentrates (n=8). **p<0.001 and *p<0.05; ABP = actin-binding protein.



destruction of cell membranes.26 These alterations
probably lead to functional impairment of stored
platelets.

Results obtained from our studies confirmed that
storage of platelet concentrates, under standard
blood bank conditions, at 22°C with continuous
agitation to 5 days, induces a storage lesion which
can be detected by electrophoretic analysis of
platelet cytoskeleton. Unstimulated platelets
rearrange their cytoskeletal components after acti-
vation. Platelets possess two well differentiated
cytoskeletons, the membrane and the cytoplasmic
skeletons.10,12,27 Actin is the major constituent of
both of them. The molecular assembly of actin into
a filament network and the organization of other
structural proteins of the cytoskeleton are of critical
importance for platelet shape change and internal
contraction.16,28 During these events, the contractile
proteins that constitute both membrane and cyto-
plasmic cytoskeletons rearrange themselves through
poly and depolymerization processes.

Our studies demonstrate that the platelet prepa-
ration method induced cytoskeletal assembly with
actin polymerization. This observation would
reflect that during preparation of concentrates,
platelets are exposed to centrifugation and, there-
fore, to shear stress which results in a certain
degree of activation. After 1 day of storage, the
activation caused by the platelet concentrates
preparation method was partially reversed, as
shown by a decreased incorporation of contractile
proteins to the cytoskeleton, suggesting that these
platelets may be more active functionally than after
immediate isolation. Storage periods longer than 3
days induced cytoskeletal polymerization. In rela-
tion to changes in actin polymerization, our results
would be in agreement with other authors’ work in
which the DNAse inhibition assay9 was applied to
detect changes in globular actin. The cytoskeletal
and structural changes observed may imply func-
tional alterations in stored platelets.

During storage of platelet concentrates there are
various changes including secretion and loss of the
granules content. This reaction would lead to modi-
fications in the expression of glycoproteins at the
platelet surface. Flow cytometric methods have
been applied to assess changes in glycoprotein
expression. While these methods are accurate for
detecting changes in activation-dependent antigens,
their value on assessing modifications of major gly-
coproteins (especially GPlb) is more limited. Most
studies on the expression of surface glycoproteins
have found that GPlb remains relatively constant or
decreases slightly, while GPIIb/IIIa increases during
platelet storage.29,30 However, these changes are
moderate and no relationship has been found with
the adhesive and cohesive properties of platelets, as
demonstrated by perfusion studies: while platelet
adhesion increases or remains equal, platelet aggre-

gation decreases dramatically.31 Moreover, shape
changes, fragmentation of platelets and cellular
interaction of platelets with leukocytes may impair
the detection of activation markers.2 Considering
these facts, the analysis of cytoskeletal changes may
be a more sensitive method to follow the platelet
state during storage.

After 5 days of storage, analysis of the high-speed
cytoskeletal fraction showed diffuse protein pro-
files. In fact, it has been previously found that with
increasing storage time, a Ca++-dependent proteoly-
sis of actin leads to functional defects in the mem-
brane skeleton.32 This fact would result in an
impaired stabilization of the lipid bilayer with frag-
mentation of the plasma membrane, as has been
shown by electron microscopy.26

Cytoskeletal assembly plays a critical role in bind-
ing and localizing signaling molecules. Since repeat-
ed activation of platelets may result in alternate
cycles of poly- depolymerization of cytoskeletal pro-
teins causing platelet refractoriness, signal trans-
duction processes may be impaired in stored
platelets. This fact would lead to a insufficient
platelet response. Further studies need to be per-
formed to elucidate this question.
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