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Platelets isolated by albumin gradient retain
normal activation pathways* *
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Isolated platelets from samples with low counts produce technical problems.
Albumin gradient (AG) has been shown to be useful for this purpose, preserving the
aggregating response of these cells. The influence of this method in the enzymatic
pathways that regulate the platelet activation is studied. Platelets were isolated by
either AG or conventional centrifugation methods and labelled with C-14-arachi-
donic acid (C-14-AA). Isolated platelets were activated with thrombin (5 U/ml) and
lipids were extracted according to Bligh and Dyer. Platelet phospholipids and
prostanoids were resolved by TLC. The incorporation of C-14-AA by platelets was
similar by both methods (31.7 ± 18 % versus 47.2 ± 6.9 %), as well as the distribu
tion of C-14-AA in the five major platelet phospholipids. Formation of radioactive
thromboxane B2, hydroxyheptadecatrienoic acid and hydroxyeicosatetraenoic acid
by activated platelets was also similar by both methods. These findings suggest that
platelet isolation by albumin gradient preserves the enzymatic pathways responsible
for the activation of these cells.
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Studies of platelet metabolism are usu
ally performed in plasma free medium.
Isolation of these cells produces technical
problems in samples with low platelet 
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counts. Albumin gradient has been shown
to be useful for concentrating these cells,
maintaining the platelet availability to
aggregate in response to physiological
agonists (15). We have studied the genera
tion of active metabolites in platelets iso
lated by this procedure to evaluate
whether this method preserves the func
tion of these metabolic pathways.
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Materials and Methods

Thin-layer chromatography (TLC)
plates (Silica gel 60) and solvents were
supplied by Merck (Darmstadt, Ger
many). C-14-Arachidonic acid (C-14-
AA) was obtained from New England
Nuclear (Southampton, U.K.). Phospho
lipid standards and bovine albumin were
purchased from Sigma. ADP and collagen
were supplied by Stago (Asnieres,
France), calcium ionophore A23187 and
arachidonic acid (AA) were obtained from
Menarini (Firenze, Italy).

Blood was collected from six healthy
volunteers in silicone-coated tubes con
taining trisodium citrate 3.8 %. Samples
were centrifuged at 150 x g for 15 min to
obtain platelet rich plasma (PRP). Resid
ual blood was centrifuged at 1500 x g for
15 min to obtain platelet poor plasma
(PPP). Albumin gradient was performed
according to WALSH (15). For this pur
pose 9 ml of PRP were layered over 1 ml
of 50 % bovine albumin in a 10 ml plastic
tube. Tubes were centrifuged at 2700 x g
for 15 min. A platelet band of 0.5 cm just
above the albumin layer was carefully
removed.

For aggregation studies, PRP or albu
min-isolated platelets were adjusted to
300 x 109/L with autologous plasma. The
aggregation tests were carried out in an
aggrecorder II PA-3220 (Kyoto, Japan)
according to BORN (4). The final concen
tration of aggregating agents were AA 1.4
mM, ADP 5 pM, collagen 10 pg/ml and
ionophore A-23187 5 pg/ml.

For metabolic studies, PRP was added
to EDTA 5 mM (final concentration).
After 10 min samples were divided into
two aliquots, and platelets were processed
by albumin gradient or isolated by cen
trifugation at 1200 x g for seven min (sam
ples of 3 ml). Both, the platelet pellet and 

the albumin-isolated platelets were
washed three times in Tris-saline-glucose-
EDTA (Tris 15 mM, sodium chloride
0.134 M, glucose 5 mM, EDTA 1 mM, pH
7.4). Washed platelets were resuspended
in Tris-saline-glucose albumin 1.5 % and
incubated with 0.5 pCi of C-14-arachi-
donic acid (C-14-AA 880 mCi/mmol) for
1 h at 37 °C. Labelled platelets were
washed three times and resuspended in
tris-saline-glucose at 800 x 109/L. Finally,
samples of 1 ml were incubated at 37 °C
with saline solution or thrombin (5 U/ml)
for 10 min. The incubation was terminat
ed adding iced chloroforrmmethanol 1:2
(v/v) and lipids were extracted according
to Bligh and Dyer (5). Platelet phospho
lipids (PLs) were resolved by a two
dimensional thin-layer-chromatography
(TLC) as described (6). This method
resolves phosphatidylethanolamine (PE),
phosphatidylcholine (PC), sphingomyelin
(SM), phosphatidylinositol (PI) and phos
phatidylserine (PS). Prostanoids were
chromatographed on single TLC as previ
ously reported (6). Spots were visualized
by iodine or autoradiography. Statistic
analyses were made by the Student’s
paired-t-test (n = 6).

Results

Platelets isolated in albumin gradient
retained the aggregating response for all
agonists even though there was a diminu
tion in the increase of transmittance with
respect to the conventional procedure
(table I). Minor changes were observed in
C-14-AA incorporation by platelets iso
lated by albumin gradient with regard to
the conventional isolated cells (31.7 + 18
% versus 47.2 ± 6.9 % of total radioactiv
ity respectively, p < 0.05). There were no
changes in the distribution of C-14-AA in
platelet phospholipids between both
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Table I. Platelet aggregation by agonists.
Platelet rich plasma or platelets obtained by
albumin gradient were adjusted to 300 109/L with
autologous plasma for aggregation studies.
Data indicate increased of light transmittance

(mean ± S.D., n = 6).

•p < 0.01; **p< 0.001.

Albumin
Gradient

Platelet
Rich Plasma

Arach. acid, 1.4 mM 59.5 ± 12 77.3 ± 14
ADP, 5 pM 44.6 ± 7 73.0 ± 11*
Collagen, 10 pg/ml 45.6 ± 6 83.0 ± 10**
Ionophore, 5 pg/ml 58.3 ± 16 77.0 ± 11

Table II. C-14-AA incorporation in platelet phos
pholipids of rest platelet.

Washed platelets were resuspended in Tris-
saline-glucose albumin 1.5% and incubated with
0.5 pCi of C-14-arachidonic acid for 1 h at 37 °C.
Platelet phospholipids were resolved by two
dimensional thin-layer chromatography. Results
indicate % of total radioactivity (mean ± S.D.,

n = 6).

Albumin Conventional
Gradient isolated cells

Phosphatidylserine 3.9 ± 1.0 3.6 ± 0.2
Sphingomyelin traces traces
Phosphatidylcholine 67.5 ± 1.8 67.6 ± 2.4
Phosphatidylinositol 12.6 ±3.1 11.9 ± 1.9
Phosphatidylethanolamine 16.0 ±3.1 16.9 ± 1.9

Table III. Prostanoid synthesis by thrombin-stimu
lated platelets.

Samples of 1 ml contained 800 x 109 platelets
were incubated with thrombin (5 Ul/ml) for 10 min
at 37 °C. Results are expressed as percentage of

radioactivity (mean ± S.D., n = 6).

Albumin
Gradient

Conventional
Isolated cells

TxB2 1.0 ±0.9 1.6 ±0.5
HHT 1.1 ± 0.9 1.5 ±0.4
HETE 2.0 ± 0.5 3.5 ± 2.2

methods (table II). The generation of
radioactive metabolites by thrombin stim
ulated platelets was similar by both proce
dures (table III).

Discussion

Results of the aggregation test of
platelets obtained by albumin gradient are
in agreement with the normal range of
aggregation although they were lower
than those obtained by conventional
methods and those described by WALSH
for this procedure (15). We did not wash
the platelets after the albumin gradient for
aggregation tests. This circumstance prob
ably caused the presence of residual albu
min in the samples which could decrease
the platelet response to agonists (9). C-14-
AA is mainly incorporated in platelet
phospholipids by both acylation and
transacylation pathways (3,10,14). Minor
differences were observed in the platelet
incorporation of C-14-AA between both
methods which probably results from the
binding of arachidonic acid to residual
albumin. However the distribution of
radioactivity in platelet phospholipids was
similar by both methods and it was in
agreement with others (10). Activated
platelets release C-14-AA from mem
brane phospholipids by two routes, 1) the
consecutive action of phospholipase C
(which generates diacylglycerol) and glyc
erol lipases (1, 7,11, 13); and 2) the activa
tion of phospholipase A-2 which cleaves
the position 2 of platelet phospholipids
(2). C-14—AA is further converted to
thromboxane or 12-L-hydroxy-5,8,10-
heptadecatrienoic acid (HHT) by
prostaglandinsynthethase and thrombox
ane synthetase (8), or to a 12-hydroxy-
5,8,10,14-eicosatetraenoic acid (HETE)
by lipoxygenase (12). Formation of these 
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metabolites by platelets isolated by albu
min gradient was normal, indicating a
normal function of these pathways. Sum
marizing, this study suggests that gradient
albumin is a useful method to perform
metabolic studies of platelets in samples
with low counts.

A. M. VECINO, J. L. NAVARRO, y J. M.
CESAR. Plaquetas aisladas por gradiente de
albumina mantienen las vias de activation nor-
tnales. J. Physiol. Biochem. (Rev. esp. Fisiol.),
52 (1), 45-48, 1996

La presencia de trombopenia plantea pro-
blemas tccnicos en la obtencion de plaquetas
para estudios funcionales. El gradiente de
albumina (AG) permite la concentracion de
estas celulas y cs util para realizar pruebas de
agregacion. Se estudia aqui la eficacia de este
metodo en las vias enzimaticas que regulan la
activacion plaquetaria. Las plaquetas se afslan
por AG o por metodos convencionales y se
marcan con C-14-acido araquidonico (C-14-
AA). Las plaquetas se activan con trombina (5
U/ml) y los h'pidos se extraen por el metodo de
Bligh y Dyer. Los fosfolipidos y los pros-
tanoides se separaran por cromatografia de
capa fina. La incorporacion de C-14-AA es
similar por ambos metodos (31,7 ± 18 % res-
pecto de 47,2 ± 6,9 %), asi como la distribucion
de la radioactividad en los principales fosfolipi-
dos plaquetarios. No se observan cambios en la
generacion de metabolites del C-14-AA. Estos
resultados indican que la separacidn en gra
diente de albumina es util para estudios bio-
qufmicos plaquetarios.

Palabras clave: Gradiente de albumina, Separacion
de plaquetas.
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