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The effects of granulocyte colony stimulation factor (G-CSF)
at concentrations of 0.08, 0.8 and 8 mg/ml on reactive oxygen
species (ROS) generation and lipid peroxidation induced by
cisplatin in pig blood platelets were investigated. The level of
reactive oxygen species (O2

.7, H2O2, singlet oxygen and
organic radicals) generated in platelets was measured by the
chemiluminescence method. Lipid peroxidation was deter-
mined by the thiobarbituric acid technique and was ex-
pressed as thiobarbituric acid reactive substances. G-CSF at
the concentration of 0.08 mg/ml had a strong inhibitory effect
(about 60% inhibition) on the production of ROS in the
isolated pig platelets. This cytokine also significantly
reduced lipid peroxidation in control platelets and platelets
treated with cisplatin (p50.05). In the presence of G-CSF in
the incubation medium (0.8 mg/ml) cisplatin-induced genera-
tion of ROS was also reduced (p50.05). This study
demonstrates that G-CSF has a protective effect against
the oxidative stress in blood platelets caused by cisplatin. [#
2000 Lippincott Williams & Wilkins.]
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Introduction

Cisplatin (cis-diamminedichloroplatinum II) is an im-
portant chemotherapeutic agent; however, the clinical
applications of cisplatin are restricted by severe side-
effects including hematological toxicity.1,2

Cisplatin can affect blood platelet function in vitro.
It has an inhibitory effect on platelet activation.3±6 The
detailed molecular mechanism by which this drug can
interfere with blood platelet function is not entirely

understood, though it has been established that
cisplatin induces oxidative stress.7,8 We showed that
cisplatin caused platelet lipid peroxidation concomi-
tant with the inhibition of the antioxidative enzyme
system in these cells.7,9,10 This drug also inhibited the
enzymatic peroxidation of platelet endogenous arachi-
donate.9,10 Our previous results also revealed that
granulocyte colony stimulating factor (G-CSF) reduced
the inhibitory action of cisplatin on the thrombin-
induced arachidonate pathway in platelets.11

G-CSF is a glycoprotein which regulates the produc-
tion and release of functional neutrophils from the bone
marrow. Chemotherapy with administration of G-CSF
induced mobilization of peripheral blood progenitor
cells, and accelerated both neutrophil and platelet
recovery after high-dose chemotherapy.12±16 The stu-
dies in vitro and in vivo have indicated that combina-
tion with cytokines before or during anticancer drug
treatment can reduce the toxic effect of cytostatic
drugs.17±19 Some cytokines also have anti-tumor proper-
ties against a variety of cancers.20±23 We studied the
effects of G-CSF alone and in combination with cisplatin
on the generation of reactive oxygen species (ROS)
(O2

.7, H2O2, singlet oxygen and organic radicals) and
lipid peroxidation in isolated pig blood platelets.

Materials and methods

Chemicals

Cisplatin, thiobarbituric acid and luminol were pur-
chased from Sigma (St Louis, MO). G-CSF was obtained
from Roche (France) as Neupogen. Stock solution
(3000 ng/ml) was stored at 48C. The final concentra-
tions of G-CSF used were 0.08, 0.8 and 8 mg/ml of
platelet suspension. All other chemicals were of AR
grade from POCh (Gliwice, Poland).
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Blood platelet preparation

Pig blood was put into ACD solution (citric acid/
citrate/dextrose) 5:1 v/v. Platelets were isolated by
differential centrifugation of the blood. Blood was
centrifuged for 20 min at 200 g and the platelet-rich
plasma was then centrifuged for 20 min at 1000 g to
sediment platelets. The resulting pellet was washed
twice by centrifugation in modified Ca2+-free Tyrode's
buffer (containing 154 mM NaCl, 10 mM Tris±HCl
and 5 mM glucose, pH 7.4) and was gently suspended
in the same buffer. The platelet suspensions (5 mg of
platelet protein/ml) were incubated (5±30 min at
378C) with (i) G-CSF alone at final concentrations of
0.08, 0.8 and 8 mg/ml, (ii) cisplatin at the final
concentration of 20 mM, and G-CSF plus cisplatin.

Lipid peroxidation and ROS generation in
blood platelets

Lipid peroxidation. The process of lipid peroxida-
tion in control platelet suspensions and platelets after
treatment with G-CSF, cisplatin or G-CSF plus
cisplatin was determined by the thiobarbituric acid
technique24 and was expressed as thiobarbituric acid
reactive substances (TBARS). After incubation of
platelets with the tested drugs, samples of platelets
were transferred to an equal volume of 20% (v/v) cold
trichloroacetic acid in 0.6 M HCl and centrifuged at

12 000 g for 15 min. One volume of clear supernatant
was mixed with 0.2 volumes of 0.12 M thiobarbituric
acid in 0.26 M Tris at pH 7.0 and immersed in a
boiling water bath for 15 min. Absorbance at 532 nm
was measured and results were expressed as nmol of
TBARS.24

Chemiluminescence measurements. The level of
ROS (O2

.7, H2O2, singlet oxygen and organic radicals)
in control blood platelets and platelets incubated with
G-CSF, cisplatin or G-CSF plus cisplatin was recorded
using the chemiluminescence method as described by
KroÂl et al.25 The chemiluminescence signals were
evaluated by means of a Berthold LB950 automatic
luminescence analyzer after the addition of 20 ml of
2 mM luminol solution in buffered saline. Results were
expressed as the integral over the total measuring time
(per 15 min) and presented as percentage of control
values obtained for control platelets.

Platelet protein

Platelet protein was determined by the modified
Lowry method.26

Statistical analysis

Statistical analysis was done using the Student's t-test
for paired data.
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Figure 1. The effect of G-CSF at concentrations of 0.08, 0.8 and 8 mg/ml (5 min, 378C) on the ROS level in pig blood platelets
measured by the chemiluminescence method. Results, expressed as percent of control, are means+SD of four experiments,
p50.05 (compared with the control).
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Results

Our study demonstrates that G-CSF had a strong
inhibitory effect (about 60% inhibition) on the
generation of ROS in platelets measured by the
chemiluminescence method (Figure 1). The inhibi-
tory action of G-CSF on the level of ROS in platelets
was dose dependent (p50.05, R2=0.9658, n=4)
(Figures 1 and 2). The addition of cisplatin (20 mM)
to pig platelets caused rapid generation of ROS (n=4)
(Figure 3). After the incubation of platelets with
20 mM cisplatin together with 0.8 mg/ml G-CSF
(5 min, 378C), the generation of ROS was decreased
about 45% (p50.05, n=4) (Figure 3). The presence
of G-CSF in incubation medium also significantly
reduced generation of ROS in control blood platelets
(Figure 3).

In another set of experiments we measured the lipid
peroxidation in control blood platelets (spontaneous
activation) and in platelet suspensions incubated with
G-CSF and cisplatin.

Treatment of pig blood platelet suspensions with G-
CSF reduced the level of TBARS in a dose-dependent
manner (Figures 2 and 4). The inhibitory effect on
TBARS production was observed after 5 min action of
G-CSF and then slightly increased due to an increase of
G-CSF concentration (Figure 2). Cisplatin (20 mM)
caused platelet lipid peroxidation (p50.01) (Figure 5)
and incubation of these cells with G-CSF (30 min) at a
concentration of 0.8 mg/ml had an inhibitory effect on
TBARS production (Figure 5).

Discussion

Oxidative stress induced by chemotherapy may con-
tribute to initiation and/or propagation of numerous
alterations of blood platelet function. We determined
the role of G-CSF in oxidative stress in blood platelets
induced by cisplatin. This study provides evidence that
G-CSF has a benefical effect on blood platelets. The
exact mechanism of G-CSF action on blood platelets
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Figure 2. The dose-dependent inhibitory effects of G-CSF (0.08, 0.8 and 8 mg/ml; 5 min, 378C) on the TBARS (p50.05) and
chemiluminescence (p50.05). Results, expressed as percent of control, are means+SD of four experiments.
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remains unclear. Our preliminary results indicate that
metabolism of arachidonate plays an important role in
the interaction of G-CSF with platelets. This cytokine
reduced thromboxane A2 biosynthesis in thrombin-
stimulated platelets when G-CSF was added to the
whole blood. In combination with cisplatin, G-CSF
decreased the inhibitory action of cisplatin on platelet
endogenous arachidonate metabolism.11 Our previous
studies showed that, due to its reaction with free thiol
groups, cisplatin induces the production of superoxide
radicals in platelets.5 It seems highly probable that the
inhibitory action of G-CSF on free radical generation in
blood platelets seen in our experiments (Figures 1 and
2) may correlate with the reduction of the endogenous
arachidonate metabolism. In this study we demon-
strate that G-CSF in vitro has an antioxidative effect on
platelets and protects these cells against oxidative
stress induced by spontaneous activation as well as by
anticancer drug treatment (Figures 3 and 5). The level
of free radicals seen in control platelets (in the absence
of stimuli) was significant and seems to be caused by
partial platelet activation during the isolation proce-
dure. The pathway by which free radicals are

Control Cisplatin G-CSF Cisplatin+G-CSF

180

160

140

120

100

80

60

40

20

0

C
he

m
ilu

m
in

es
ce

nc
e 

(%
 o

f c
on

tr
ol

)

Figure 3. Production of ROS in control platelets and in
platelets incubated with cisplatin alone (20 mM, 5 min, 378C),
G-CSF alone (0.8 mg/ml; 5 min, 378C) and G-CSF together
with cisplatin. Results, expressed as percent of control, are
means+SD of four experiments, *p50.05, cisplatin-treated
platelets versus control platelets, **p50.01, G-CSF-treated
platelets versus control platelets; ***p50.05, cisplatin
together G-CSF-treated platelets versus cisplatin-treated
platelets.
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Figure 4. Dose- and time-dependent effects of G-CSF (0.08, 0.8 and 8 mg/ml; 5, 15 and 30 min, 378C) on lipid peroxidation in
pig isolated blood platelets. Results, expressed as percent of control, are means+SD of six experiments, p50.05 (compared
with the control).
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generated in blood platelets is not yet understood
either. We noticed an increased level of superoxide
radicals in activated platelets.8 The results of Jahn and
Hansch27 have demonstrated that addition of exogen-
ous arachidonic acid to platelets caused production of
superoxide radicals during eicosanoid metabolism in
the lipoxygenase pathway or via the phospholipase-
dependent cleavage of platelet phospholipids. ROS
may be also produced in the glutathione cycle.
Formation of free radicals correlates with platelet
activation. Oxidant species may behave as second
messengers and participate in different steps of
platelet activation (adhesion and aggregation).28±32

The toxic effects of cisplatin on the cells appear to
be mediated in part by free radicals.33 Our results
indicate that cisplatin in platelets induces free radical
generation, which is responsible for lipid peroxida-
tion (Figures 3 and 5). G-CSF has a protective effect
against cisplatin-induced changes in platelet metabo-
lism (Figures 3 and 5) and may play a role as an
antioxidant factor during spontaneous platelet activa-
tion. Moreover, it can prevent platelets being
activated by cancer cells. Platelets from patients with
cancer exhibit a variety of functional abnormalities.
Many tumor cells can activate platelets via released
ADP or generated thrombin.34±36 Platelets participate
not only in hemostasis, but are also involved in

inflammation and metastasis. Activated platelets may
initiate and propagate inflammation through the
release of different biologically active substances
such as PAF, serotonin, thromboxane A2, cytokines
and growth factors.34±36 On the other hand, the
changed platelet function in patients with cancer
may result from anticancer drug treatment (cispla-
tin).5,11 The presence of G-CSF during chemotherapy
can protect blood platelets against the oxidative stress
induced by drug treatment and reduce the toxic side
effects of drugs on blood cells. G-CSF may have
modulatory effects on oxidative stress induced by
cancer cells in platelets. The potential clinical
significance of G-CSF, its safety and its efficacy in
chemotherapy are still unclear, and there is little
information concerning its optimal dosage when used
alone or in combination with chemotherapeutic
agents. With the increased knowledge of multiple
effects of G-CSF on different cells including blood
platelets, it is expected that in the future carefully
monitored clinical trials will provide more information
regarding the benefits of G-CSF in cancer patients
receiving cytotoxic chemotherapy. The efficacy of G-
CSF therapy (related to the dosage) in protecting
against changes of the hemostatic function of blood
platelets in cancer patients caused by chemotherapeu-
tic agents requires far greater investigation.
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Figure 5. The effects of cisplatin alone (20 mM; 30 min, 378C), G-CSF alone (0.8 mg/ml; 30 min, 378C) and cisplatin together
with G-CSF on lipid peroxidation in pig blood platelets. Results, expressed as percent of control, are means+SD of six
experiments, *p50.05, cisplatin-treated platelets versus control platelets, **p50.01, G-CSF-treated platelets versus control
platelets, ***p50.05, cisplatin together G-CSF-treated platelets versus cisplatin-treated platelets.
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