
Abstract. – OBJECTIVE: The role of nitrates
and nitric oxide on platelet functions has ob-
tained an increasing attention with respect to
their potential effects on cardiovascular disor-
ders. In this study we aimed to analyze the effect
of sodium nitrite on platelet functions in human
platelets.

PATIENTS AND METHODS: This in vitro study
was designed to show the effect of sodium ni-
trite on platelet functions in seven healthy volun-
teers. Blood samples were centrifuged to pre-
pare platelet rich plasma and platelet poor plas-
ma. Platelet rich plasma was diluted with the
platelet poor plasma to have a final count of
300,000 ± 25,000 platelets. Platelet rich plasma
was incubated with six different increasing dos-
es (from 10 µM to 5 mM) of sodium nitrite for 1
hour at 37°C. Then stimulating agents including
collagen (3 µg ml-1), adenosine diphosphate (10
µM), and epinephrine (10 µM) were added to the
cuvette. Changes in light transmission were ob-
served for 10 minutes. In addition spontaneous
aggregation were performed in control group
with all aggregating agents separately.

RESULTS: Effect of sodium nitrite on agonist-
induced platelet aggregation depends on the
concentration of sodium nitrite. Compared with
control group, agonist-induced platelet aggrega-
tions were significantly suppressed by sodium
nitrite at the concentration of 5, 1.0 and 0.5 mM.

CONCLUSIONS: Our results suggested that
sodium nitrite has inhibitory effects in vitro on
platelet aggregation in a dose-dependent manner.
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Introduction

Platelets are non-nucleated blood cells, and
play an initial role in coagulation pathway by ad-
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hesing the injured endothelium and aggregating
with other platelets. For balancing procoagulant
and anticoagulant state, platelet activities is con-
trolled through various mechanism and mole-
cules. Adenosine di-phosphate (ADP) is one of
these stimulating molecules, which predominant-
ly show its effect via G-protein coupled recep-
tors. Collagen, which is one of the major compo-
nents of the vascular wall, is another major stim-
ulating molecule1. Epinephrine is another agonis-
tic molecule, which predominantly affects with
sensitizing the platelets to other activating
agents2.
Nitric oxide (NO), which is well known as the

bioactive form of nitrates, is considered as one of
the important inhibitors of platelet functions. NO
is mainly generated from L-arginine by enzymat-
ic reaction of nitric oxide synthase. Beside this
endogenous source, another alternative pathway
for NO production involves serial reductive path-
ways of nitrates3,4.
There are some studies demonstrating the in-

hibitory effects of nitrates on platelet functions in
the literature1,4-6. Most of these papers are fo-
cused on NO rather than nitrates. However, there
is limited information about the effects of sodium
nitrite. Furthermore, there is also a lack of infor-
mation about the concentration depended activi-
ties of testing molecule over platelet functions. In
this study we aimed to analyze in vitro effect of
sodium nitrite on platelet functions at wide range
of concentrations.

Patients and Methods

The study was performed in accordance with
the Helsinki Declaration. Blood samples were
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obtained from seven healthy volunteers following
informed consent and local ethics committee ap-
proval.

Study Population
All subjects were required to discontinue as-

pirin or other non-steroidal anti-inflammatory
agents at least 10 days. They also required not
consuming garlic or Chinese food within last 2
days, and no alcohol for last 24 hours. Patients
with medications, which have effects on platelet
functions, were excluded. Furthermore, patients
with history of abnormal platelet dysfunction,
thrombosis, abnormal bleeding, active neoplasia
or active inflammatory disorders were also ex-
cluded.

Blood Collection
Venous blood was collected under light tourni-

quet through 19 gauge needles into vacutainers.
Four tubes of blood collection were performed in
the morning after a light breakfast. All the sam-
ples were provided of testing within 2-4 h of col-
lection.

Blood Sample Preparation
Platelets were counted with an automated cell

counter device (ABX Pentra DX 120, Horiba,
France). Platelet aggregation was measured with
a platelet lumiaggregometer (Model 560CA,
Chrono-log Corporation, Havertown, PA, USA)
according to the manufacturer’s instructions.
Platelet-rich plasma (PRP) was separated from
3.2% citrate-anticoagulated blood as previously
described7,8. The remaining blood was cen-
trifuged within the next 10 minutes at 1250 g for
preparing platelet-poor plasma (PPP). PRP cali-
bration was made with PPP. Leukocyte or red
blood cell contamination was controlled with an
automated cell counter device (ABX Pentra DX
120, Horiba, France). Platelet counts was adjust-
ed to 300,000 ± 25,000 platelets L−9 for each PRP
samples. After preparation of samples, the aggre-
gation procedure was performed in computerized
aggregometer.

Study Protocol
PRP was incubated with increasing doses

(from 10 mM to 5 mM) of sodium nitrite for 1
hour at 37°C. Then stimulating agents (Chrono-
par reagents, Havertown, PA, USA) including
collagen (3 g ml−1), ADP (10 M), and epineph-
rine (10 M) were added to the cuvette. Changes
in light transmission were observed for 10 min-

utes. Maximal amplitudes of the aggregation
curves were used for quantitative analysis. In ad-
dition spontaneous aggregation were performed
in control group with all aggregating agents sepa-
rately.

Statistical Analysis
SPSS 15.0 (SPSS Inc. Software, Chicago, IL,

USA) statistical software was used for statistical
analyses. The data are shown as mean ± SEM of
independent measurements. Aggregation data
presented as mean ± SD. Two tailed, Mann-
Whitney U test was used consistently throughout
the study. p values less than 0.05 were consid-
ered significant.

Results

Effect of sodium nitrite on agonist-induced
platelet aggregation depends on the concentration
of sodium nitrite. Compared with control group,
agonist-induced platelet aggregations were sig-
nificantly suppressed by sodium nitrite at the
concentration of 5, 1.0 and 0.5 mM. Results of
the study were summarized and illustrated in
Table I and Figure I, respectively.

Discussion

Since first demonstration of the antiplatelet ef-
fects of nitrates in 1991, antiaggregan effects of
these molecules are obtained an increasing atten-
tion with respect to their potential benefits in car-
diovascular diseases5,9. Researchers were focused
on the antiplatelet mechanisms of nitrates to find
how these molecules influence platelet dependent
hemostasis. Several studies4,6,10,11 declared that
this inhibitory effect occurs through nitric oxide,
which is an active form of nitrite, and nitrates.
Physiologic nitric oxide generation is mainly de-
pended on two mechanisms. First bioconversion
of L-arginine to nitric oxide by endothelial nitric
oxide synthases; and second, reduction of exoge-
nous nitrates to nitric oxide6,11,12. Most of the
studies revealed that this reduction occurs in
pathophysiologic conditions. Actually, intrinsic
biological activity of nitrite is limited at physio-
logical states. Reduction of nitrite to nitric oxide
is dependent to deoxygenation or low oxygen
levels and it mainly occurs in hypoxic states like
chronic tissue ischemia or ischemia reperfu-
sion1,4,6,10. However, there is lack of evidence
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Collagen ADP Epinephrine
Stimulating agent (3 µg ml-1) (10 µM) (10 µM)

Control group 77.85 ± 10.38 62.14 ± 6.44 77.00 ± 14.60
Study Group 5 mM Agg. 13.40 ± 7.40 12.80 ± 6.97 12.40 ± 2.88
(sodium nitrite) p-value < 0.001 < 0.001 < 0.001

1 mM Agg. 17.40 ± 8.64 11.66 ± 6.59 14.60 ± 5.85
p-value < 0.001 < 0.001 < 0.001

0.5 mM Agg. 28.28 ± 11.87 36.85 ± 16.65 20.71 ± 10.71
p-value 0.012 0.007 0.001

0.1 mM Agg. 59.42 ± 18.72 45.85 ± 7.92 41.00 ± 22.39
p-value 0.238 0.615 0.073

0.05 mM Agg. 70.28 ± 13.76 50.57 ± 4.31 57.85 ± 10.25
p-value 0.404 0.095 0.571

0.01 mM Agg. 74.57 ± 6.94 54.28 ± 8.69 66.71 ± 6.80
p-value 0.232 0.502 0.313

Table I. Effects of sodium nitrite on human platelet aggregation, in vitro. The platelet aggregation was induced by addition of
collagen (3 µg ml-1), ADP (10 µM), epinephrine (10 µM), respectively.
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0.05 mM, 0.01 mM) and we found a statistically
significant inhibitory effect at 5 mM, 1 mM and
0.5 mM concentrations. Previous papers were all
studied with restricted-ranged concentrations of
sodium nitrite, which may directly affect the re-
sults.
We consider that there may be another expla-

nation for this discordance. All investigators de-
clared that nitrite anions have inhibitory effect on
platelets through nitric oxide. We hypothesized
that, there may be another pathway from platelet
aggregation to nitrite ions itself, and therefore ex-
ogenous nitrite uptake could inhibit platelet func-
tions directly or mediated. This could be impor-
tant and worth for future investigations.

Conclusions

Our findings suggested that sodium nitrite in-
hibits platelet aggregation in physiologic condi-
tions in vitro, although the exact mechanism is
not known. Although the well-known mechanism
is based on nitric oxide pathway, there may be
another pathway affects the platelet directly,
which may be not discovered yet. There should
be further molecular studies to clarify this issue.
We conclude that sodium nitrite could be used at
defined concentrations as a platelet inhibitor in
the treatment of cardiovascular disorders, after
extensive further investigations in the future.
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about the antiplatelet effects of sodium nitrite un-
der physiological conditions13.
Srihirun et al10 reported that nitrite anions in-

hibited platelet aggregation in the presence of de-
oxygenated erythrocytes, and declared that nitrite
anions show its inhibitory effects with only de-
oxygenated state through reduction of nitrite to
nitric oxide. Many other studies1,5,6 concordant
with Srihirun et al10, and they all declared the hy-
poxic state is the main factor for the conversion
of nitrites to nitric oxide.
Park et al4 claimed that, sodium nitrite signifi-

cantly inhibit platelet aggregation at deoxygenat-
ed state, while it has no effect at physiologic con-
centrations (0.1 mM, 1 mM, 10 mM) on PRP
stimulating with 1 mm arachidonic acid and 2
mm ADP. Similar to Park et al4, Srihirun et al10

also reported that sodium nitrite has no effect on
PRP (stimulated with 8 mm ADP and 2.5 mg/ml
collagen), at 0.01 mM, 0.1 mM, 1 mM, 10 mM
and 100 mM concentrations. They also observed
an inhibitory effect of sodium nitrite at 0.1 mM,
1 mM and 10 mM concentration on erythrocyte
enriched PRP (stimulated with ADP and collagen
at same concentrations).
Different from these studies, we added sodium

nitrite to PRP with stimulating agents, without
any erythrocyte and or deoxygenated state. How-
ever, we observed a significant inhibition of
platelet aggregation with several concentrations
of stimulating agents. From this point, our study
is different from previous studies.
This difference is originating from our study

protocol. We use six different concentrations of
sodium nitrite (5 mM, 1 mM, 0.5 mM, 0.1 mM,
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Figure 1. Comparison of maximal aggregation according to control group.
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