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Dipyridamole enhances inhibitory effect of adenosine on neutrophils
in human peripheral blood
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Abstract

 Objective: It was known that neutrophils play an important role in ischemic-reperfusion injury. In this study we tested the effect and
its mechanism of dipyridamole on neutrophils. Methods:Hydrogen peroxide(H2O2) production by neutrophils was determined using
luminol amplified chemiluminescence and the percentage of activity was calculated by observing the uninhibited peak height. Results:
Dipyridamole per se produced a concentration-dependent inhibition of H2O2 by formyl-MetleuPhe(fMLP)-stimulated neutrophils. Dipy-
ridamole at a low concentration(0.3μmol·L-1) that per se affected neutrophils only slightly, enhanced markedly the effects of
adenosine on neutrophils. On the other hand, dipyridamole did not alter the inhibitory effect of NECA(5’-N-ethylcarboxamidoadenosine)
on neutrophils. However, propentofylline, a known inhibitor of adenosine uptake, also gotten the same result. Conclusion:Dipy-
ridamole inhibited the production of H2O2 by fMLP-stimulated neutrophils. Dipyridamole at a low concentration enhanced the inhibi-
tory effect of adenosine on neutrophils. The mechanism involved is probably due to the effect of dipyridamole on adenosine uptake.
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INTRODUCTION
 Neutrophils are the most abundant circulating leu-
kocytes and are the first cells to arrive at an infected or
inflamed site. Activated neutrophils phagocytize
bacteria, debris, bactericidal oxygen metabolites and
lysosomal enzymes. Generally the neutrophils play a
protective role in host defense in appropriate neutrophil
activation. However, the poor selectivity in the target
tissue allows neutrophils to attack everything surround-
ing them when they are activated. The migration and
accumulation of neutrophils at the site of tissue injury
may exacerbate the potential for tissue destruction. The
growing body of evidence suggests that infiltrating
polymorphonuclear may contribute to ischemia and
reperfusion injury[1,2]. Therefore drugs may exert ben-
eficial effects secondary to an action on neutrophils,
either to prevent their migration or to inhibit their func-
tion[3,4]. Dipyridamole has been used in several clinical

and experimental studies due to its action on platelets,
endothelial cells, macrophages and neutrophils. It was
shown that this drug inhibited platelet aggregation,
induced coronary vasodilation, and inhibited leukotriene
B4 as well as O2

- generation by neutrophils[3,5]. In this
study we tested the effect and mechanism of dipy-
ridamole on neutrophil H2O2 production.
MATERIAL AND METHODS
Neutrophil preparation
 Human peripheral blood neutrophils were separated
by one-step peroll technique[2]. Contaminating eryth-
rocytes were lysed by explosion to 2 ml of distilled water
for 30 s. Cells were centrifuged at 200 g and then resus-
pended to the desired cell concentration in HBSS(Hank’s
balanced salt solution). The final preparation was over
95% neutrophils by Giemsa stain and 98% was viable
by trypan blue exclusion.
Measurement of H2O2 production
 H2O2(hydrogen peroxide) production by neutrophils
was determined using luminol amplified chemilumi-
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nescence[2]. 100μl of neutrophil suspension(1× 106

cells) was added to 850 ml of the test solution. The mix-
ture was incubated with either 40μl control or ago-
nists at different concentration for 5 minutes in a plastic
cuvette. 10μl of 1μmol·L-1 fMLP(formylmethionyl-
leucyl-phenylalanine) was given to the cuvette and
luminol amplified chemiluminescence was measured by
a luminometer(Chrono-log Corporation, USA) and the
percentage of H2O2 production was calculated by
observing the uninhibited peak height.
Statistical analysis
 All results were given as mean± SD. Results were
compared by one-way analysis of variance or Student’s t-
test using the Primer program on a Macintosh computer.
RESULTS
 Dipyridamole per se produced a concentration-
dependent inhibition of  fMLP-stimulated oxidative
burst(Fig. 1). The effect was minimal(less than 20%)
up to 0.3 μmol·L-1(no difference P > 0.05) but was
pronounced thereafter, reaching more than 80% at
3 μmol·L-1, P > 0.001. Dipyridamole at a low con-
centration(0.3 μmol·L-1) that per se only slightly
affected neutrophils, enhanced the inhibitory effects of
adenosine on H2O2 production(Fig. 2, P < 0.001). On
the other hand, dipyridamole(0.3 μmol·L-1) did not
alter the inhibitory effect of NECA on H2O2 production
(Fig. 3, P > 0.05). This is to be expected if dipyridamole
acts as an uptake inhibitor because NECA is not elimi-
nated by the transport system that removes adenosine.
In order to test further whether uptake inhibition could
potentiate the effect of adenosine on neutrophils,  we
examined the effect of a known inhibitor of adenosine
uptake, propentofylline[5]. As with dipyridamole,
propentofylline per se reduced the effect of fMLP-acti-
vated neutrophil H2O2 production. The inhibitory
effect of adenosine on fMLP-activated neutrophil H2O2
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 Dipyridamole(0.3μmol·L-1) was added with adenosine 5 min
before fMLP(1μmol·L-1). The data showed the means and standard
errors of four experiments from different donors. Values represented %
of 0 concentration. Control and dipyridamole were adenosine alone and
adenosine with dipyridamole(0.3μmol·L-1), respectively. P < 0.001
compared between two groups.
Fig. 2 The effect of adenosine on H2O2 production in the pres-

ence or absence of dipyridamole
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 Dipyridamole was added 5 min before fMLP(1μmol·L-1). The data
showed the means and standard errors of four experiments from differ-
ent donors. Values represented % of control.
Fig. 1 The effects of dipyridamole alone on H2O2 production
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production was also markedly enhanced by the con-
centration of propentofylline(100 μmol·L-1), (Fig. 4,
P < 0.001). However, the ability of NECA to inhibit
fMLP-induced neutrophil H2O2 production was unaf-
fected by propentofylline(Fig. 5, P > 0.05).
DISCUSSION
 Dipyridamole is an antithrombotic drug that has been
shown to influence not only platelet function but also
some aspects of leukocyte activation[5]. Dipyridamole
was found directly inhibiting active oxygen metabolites
generated by human PMN(polymorphonuclear
leukocyte) at therapeutic concentration[6]. Preoperative
treatment with oral dipyridamole significantly reduces
both neutrophil superoxide anion generation and extent
of neutrophil adhesion to endothelial cells after coro-
nary bypass grafting procedures with cardiopulmonary
bypass[6]. In a recent report, dipyridamole has shown
the marked hepatoprotective effects against severe
ischemia and reperfusion injury in canine livers. Dipy-
ridamole is a promising agent for liver surgery and
transplantation[7]. But the effective mechanism of dipy-
ridamole on neutrophil leukocytes was not understood.
In agreement with previous reports, we found that dipy-
ridamole per se produced a dose-dependent inhibition
of fMLP-induced oxidative burst[5,8,9]. The novel find-
ing is that dipyridamole significantly enhanced the
inhibitory effect of adenosine on H2O2 by stimulated
neutrophils. On the other hand, it did not enhance the
effect of the adenosine analogue NECA(5‘-N-
ethylcarboxamidoadenosine). The mechanism involved
is probably the effect of dipyridamole on adenosine
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 Dipyridamole (0.3μmol·L-1) was added with NECA 5 min before
fMLP(1μmol·L-1). The data showed the means and standard errors
of four experiments from different donors. Values represented % of 0
concentration. Control and dipyridamole were NECA alone and NECA
with dipyridamole(0.3μmol·L-1), respectively. No difference between
two groups.
Fig. 3 The effect of NECA on H2O2 production in the presence

or absence of dipyridamole
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 Propentofylline(100μmol·L-1) was added with adenosine 5 min
before fMLP(1μmol·L-1). The data showed the means and standard
errors of four experiments from different donors. Values represented %
of 0 concentration. Control and propentofylline were adenosine alone
and adenosine with propentofylline(100μmol·L-1), respectively. P <
0.001 compared between two groups.
Fig. 4 The effect of adenosine on H2O2 production in the pres-

ence or absence of propentofylline

uptake[10,11]. As propentofylline, a known inhibitor of
adenosine uptake, has achieved the same results as dipy-
ridamole in our study. In addition, adenosine deaminase
(which metabolize adenosine to inactive product) pre-
vents the effects of dipyridamole on superoxide anion
generation and on the expression of procoagulant
activity by leukocytes[6].
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 Propentofylline(100μmol·L-1) was added with NECA 5 min
before fMLP(1μmol·L-1). The data showed the means and standard
errors of four experiments from different donors. Values represented %
of 0 concentration. Control and propentofylline were NECA alone and
NECA with propentofylline(100μmol·L-1), respectively. No differ-
ence between two groups.
Fig. 5 The effect of NECA on H2O2 production in the presence

or absence of propentofylline




