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Generation of active oxygen species by bovine blood platelets was examined by the electron spin resonance
(ESR) spin trapping technique with 5,5-dimethyl-1-pyroline-1-oxide (DMPO). The hydroxyl spin-trapped
adduct S,5-dimethyl-2-hydroxy-1-pyrolidinyloxy (DMPO-OH) was formed in the presence of platelets,
indicating the generation of hydroxyl radicals (- OH) by the platelets. Generation of - OH was observed
even with platelets in the resting state, but was markedly enhanced when the platelets were activated with
stimulants. Stronger stimulants such as the calcium ionophore ionomycin, induced greater radical gener-
ation than the weaker stimulant ADP. When the platelets were stimulated by thrombin, generation of - OH
was greatest after 1.5min, and depended on the dose of the stimulant. It was inhibited by inhibitors of
platelet activation such as forskolin and phenolic antioxidants.
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ABBREVIATIONS: DMPO, 5,5-dimethyl-1-pyroline-1-oxide; DMPO-OH, 5,5-dimethyl-2-hydroxy-1-
pyrolidinyloxy; PGG,, prostaglandin G,: PGH,, prostaglandin H,.

INTRODUCTION

The generations of active oxygen species are involved in various biological reactions
and various kinds of diseases.' Neutrophils are known to generate superoxide anion
radicals (O; ) as the result of activation of an NADPH-oxido-reductase* and these
radicals play an important role in the function of these cells. Blood platelets have also
been shown to generate active oxygen species when activated by various stimulants
and these active oxygens have been suggested to be involved in injury of arteries and
asthma.>’ However, little is known about the characteristics of generation of active
oxygen species by blood platelets. Moreover, there have been no studies on the
generation of active oxygen species by the ESR spin-trapping technique, by which a
variety of free radical species can be distinguished.® Therefore, in this work we
examined the generation of active oxygen species in blood platelets by the ESR
technique with 5,5-dimethyl-1-pyroline-1-oxide (DMPO) as a spin trapping agent.

* Correspondence: Shuji Kitagawa, Ph.D. Niigata College of Pharmacy, Kamishin’ei-cho 5-13-2, Niigata
950-21, Japan.
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MATERIALS AND METHODS

Platelet-rich plasma of bovine (Holstein) blood was obtained as described previously.’
The plasma was centrifuged at 1,000 x g for 10 min, and the platelets separated were
suspended in a solution of sodium/potassium-Tris medium (137mM NaCl/5.4 mM
KCl/11mM dextrose/25mM Tris-HC] adjusted to pH 7.4). Spontaneous platelet
aggregation during preservation was prevented by adding 129 mM citrate (adjusted to
pH 7.4) to this suspension at a volume ratio of 1:9.

After addition of diethylenetriamine-N,N,N’,N”,N”-pentaacetic acid at 0.1 mM, a
stimulant was added. DMPO was added to this suspension at a final concentration
of 0.45 M. The final platelet concentration was 4.4 x 10°cells/uL. ESR spectra were
measured with a JEOL JES-FE1XG (X-band) spectrometer with 100 kHz field modu-
lation frequency and 1 G modulation amplitude at an out-put power of 8 mW. Mn(II)
in MnO was used as a standard. All experiments were done at room temperature
(21°C).

Platelet aggregation induced by thrombin in the presence of 0.2mM CaCl, was
examined in a RAM-11 aggregometer (Rikadenki Kogyo, Tokyo, Japan). Initial
aggregation rates were measured as reported previously.'

RESULTS

First we measured the ESR spectra of resting and activated platelets. Resting platelets
gave signals of low intensity, as shown in Figure 1(a). After addition of a stimulant
such as ADP, thrombin or ionomycin, the signal intensities increased markedly
(Figure 1(b)-(d)). The intensity ratio of the signals was 1:2:2: 1, which is typical for
the hydroxyl spin-trapped adduct, DMPO-OH, indicating the generation of hydroxyl
radicals (- OH) by the platelets. These results provide first ESR evidence on the
generation, which are consistent with the speculation by Larsen et al. from a lumi-
nescence study that - OH radicals are generated in thrombin-activated platelets.’

With stronger stimulants, such as thrombin and the calcium ionophore ionomycin,
the ESR signals due to DMPO-OH were stronger than those in the presence of a
weaker stimulant ADP (Figure 1). The generation of - OH also depended on the
concentration of the stimulant: As shown for thrombin in Figure 2, the generation of
+ OH increased with increase in thrombin concentration to a plateau with thrombin
at 4 unit/ml. This dose-dependency of the radical generation is consistent with that of
platelet function, as shown in the same figure for aggregability by thrombin. More-
over, the generation of - OH was inhibited by an inhibitor of platelet activation, such
as forskolin (Figure 1(e)). These results suggest that generation of - OH radicals
occurs during the process of activation of platelets. We furthermore investigated the
effects of phenolic antioxidants on the radical generation. As shown in Table I, - OH
generation was inhibited by catechol compounds and hydroquinone.

To clarify the characteristics of the generation of - OH, we investigated the effect
of the time of preincubation of the platelets with stimulants on radical generation.
When platelets were activated by thrombin, the generation of - OH was greatest
1.5min after addition of the stimulant (Figure 3), whereas when ADP was used as a
stimulant, the generation of the radicals reached a maximum more quickly (data not
shown). This difference may reflect a difference in the activation rates by different
stimulants.!
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FIGURE | ESR spectra of active oxygen species generated in platelets with no stimulant (a), 50 uM ADP
(b), 2 unit/ml thrombin (c), 4 uM ionomycin (d) and 2 unit/ml thrombin with 50 uM forskolin (¢). Spectra
were measured 1.5min after addition of stimulants. Signals on either side of each ESR spectrum are the
third and fourth signals (AH, , = 86.9 Gauss) due to standard magnanese (II) ion doped in MgO powder.
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FIGURE 2 Effects of thrombin concentration on signal intensity due to DMPO-OH and aggregation
rate of platelets. ESR spectra were recorded 1.5 min after addition of thrombin and signal intensities were
measured. The aggregation rate with 8 unit/ml thrombin was defined as 1.0. Data are means + S.D. for

three experiments.

DISCUSSION

The present results show that - OH radicals are generated in platelets, and that their
generation is accelerated by activation of the platelets. The generation of - OH seems
to be carried out during some enzymatic processes which regulate platelet functions.
Since active oxygen species are suggested to be generated during arachidonate
metabolism'>"* which regulates platelet activity, it is possible that + OH radicals are

TABLE I
Effects of 1 mM dihydric phenols on signal intensity
due to DMPO-OH in bovine platelet suspension acti-
vated by 2 unit/ml thrombin

Compound Percent Signal Intensity
None 100
Pyrocatechol 408 + 7.0
Hydroquinone 75.6 + 12.6
Protocatechuic acid 38.8 + 5.8

Data are means + S.D. for three experiments.
Signal intensities were measured after 1.5min incuba-
tion of platelets with the phenolic compounds and

thrombin.
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FIGURE 3 Effect of incubation time of platelets with 2 unit/ml thrombin on signal intensity due to
DMPO-OH. Data are means + S.D. for three experiments.

generated in platelets during this enzymatic process. Consistent with this idea, phenolic
antioxidants, which inhibit cyclooxygenase and lipoxygenase,'*'* markedly inhibited
the generation of -+ OH as shown in this work. The exact mechanism of generation of
» OH is still unknown, but they are likely to be formed during peroxidase-induced
reductisons of various hydroperoxy acids such as during conversion of PGG, and
PGH,.

Oxygen free radicals such as O; and - OH have been suggested to cause various cell
injury."*"” Experiments in vivo and in vitro have shown that stimulation of platelets
leads to injury and detachment of endothelial cells. Therefore, the results revealed
here suggest that - OH radicals generated by platelets play an important role in the
endothelial cell injury. Together with other released biological active materials from
platelets such as thromboxane A, and 5-HT, these radicals may also play an essential
role in the incidence of pathogenesis of allergic inflammatory disorders such as
asthma.®

Although enhancement of platelet function by oxygen free radicals is suggested,'?
it is still unknown how - OH radicals are involved in the processes regulating platelet
functions. Moreover, although the hydroxyl spin-trapped adduct DMPO-OH was
observed, O; formed may actually be the active oxygen species generated in platelets,
because rapid conversion of the superoxide spin-trapped adduct 5,5-dimethyl-2-
hydroperoxy-1-pyrrolidinyloxy (DMPO-OOH) to DMPO-OH has recently been sug-
gested.'”” Further studies on this subject are in progress.
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