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Abstract. To investigate the effect of hypoxia or hypoxia/reoxygenation on vascular smooth
muscle function, mechanical response of monkey coronary artery without endothelium was studied
under normoxia, hypoxia, and hypoxia/reoxygenation. Hypoxia or hypoxia/reoxygenation impaired
the relaxation by nitroglycerin or isosorbide dinitrate but not that by 8-bromoguanosine-3',5'-cyclic
monophosphate or isoproterenol. Tempol restored the impaired relaxation by nitroglycerin or iso-
sorbide dinitrate, but superoxide dismutase had no effect. Apocynin, an NADPH oxidase inhibitor,
improved the nitroglycerin-induced relaxation under hypoxia, but not under reoxygenation. Under
combined treatment of apocynin with oxypurinol (xanthine oxidase inhibitor), rotenone (mito-
chondria electron transport inhibitor), or both, hypoxic impairment of vasorelaxation was restored
more effectively. Similarly, impairment of the nitroglycerin-induced vasorelaxation under hypoxia/
reoxygenation was restored by combined treatment with three inhibitors, apocynin, oxypurinol,
and rotenone. Increase in superoxide production under hypoxia tended to be inhibited by apocynin
and that under hypoxia/reoxygenation was abolished by combined treatment with three inhibitors.
These findings suggest that increased intracellular superoxide production under hypoxia or hy-
poxia/reoxygenation attenuates vasodilation mediated with a nitric oxide/soluble guanylyl cyclase,
but not adenylyl cyclase, signaling pathway. The main source of superoxide production under hy-
poxia seems to be different from that under reoxygenation: superoxide is produced by NADPH oxi-
dase during hypoxia, whereas it is produced by xanthine oxidase, mitochondria, or both during
reoxygenation.

[Supplementary Figure: available only at http://dx.doi.org/10.1254/jphs.11031FP]
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Introduction

part, on smooth muscle (1, 2). Nitric oxide (NO), synthe-
sized in and released from endothelial and neuronal cells,

The coronary artery plays an important role in supply-
ing fresh nutrients and oxygen to the myocardium and in
maintaining the cardiac function. The vascular tone is
modulated by several substances released from vascular
endothelium and autonomic nerve endings, which act, in
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activates soluble guanylate cyclase (sGC) in smooth
muscle cells to generate cGMP, which in turn promotes
vasorelaxation (3). On the other hand, activation of G-
protein—coupled receptors (GPCRs) such as p-adre-
noceptor or prostacyclin (PGL) receptor also induces
vasorelaxation by stimulating adenylate cyclase (AC),
which catalyzes the increased production of cAMP (3).
These two pathways can act synergistically and also
serve as backup systems for each other in the case of in-
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jury to one side.

The performance of coronary vessels during hypoxia
or hypoxia/reoxygenation is of great importance in clini-
cal conditions like angina pectoris and atherosclerosis. It
is well known that prolonged hypoxia impairs vascular
function due to several factors (4). Although the best way
to minimize the risk of injury is to supply oxygen, some
investigators report reoxygenation leads to further injury
(5). In this process of hypoxia/reoxygenation injury, both
vascular endothelium and smooth muscle may be af-
fected differently in degree. In fact, previous studies have
shown that endothelium-dependent relaxation is attenu-
ated in coronary arteries by hypoxia (6, 7) or hypoxia/
reoxygenation (8, 9). On the other hand, the influence of
these conditions on coronary smooth muscle function is
controversial. Some investigators have demonstrated that
NO donor—induced relaxation is unimpaired under the
hypoxic (7) or hypoxic/reoxygenated condition (8). In
the report by Mingone et al., however, relaxation caused
by an NO donor was augmented by hypoxia (9). In addi-
tion, findings from the f-receptor—mediated vasorelax-
ation under hypoxia are also somewhat contradictory:
one study showed that hypoxia impairs the relaxation
induced by f-receptor agonists (10), while others have
implicated that the hypoxic condition enhances the relax-
ation (11). Therefore, these discrepancies still remain to
be clarified.

A crucial feature of the response to hypoxia or hypoxia/
reoxygenation is to produce reactive oxygen species
(ROS) in the vascular wall. Numerous studies suggest
that ROS are central mediators of the adverse events that
occur during hypoxia (12) or after hypoxia/reoxygenation
(13). Superoxide, the most reactive ROS, is generated in
several types of cells including vascular cells. Not only
inflammatory cells but also smooth muscle cells in direc-
tional coronary atherectomy specimens have been re-
ported to generate superoxide (14). In addition, the re-
search group of Wolin et al. has demonstrated that
superoxide production is increased by hypoxia (15) or by
hypoxia/reoxygenation (16) in isolated endothelium-
denuded bovine coronary arteries.

This study was undertaken to investigate whether hy-
poxia or hypoxia/reoxygenation affects smooth muscle
function in primates by analyzing the drug-induced re-
laxation in isolated endothelium-denuded monkey coro-
nary arteries and whether superoxide may contribute to
any observed response.

Materials and Methods
Animals

Sixteen Japanese monkeys (Macaca fuscata) of either
sex, weighing 6 — 12 kg, were used for the present study.

The Animal Care and Use Committee at Shiga University
of Medical Science approved the use of monkey materi-
als along with the experimental protocols in this study.

Preparation

Under deep general anesthesia with ketamine (15 mg/
kg, .m.) and sodium pentobarbital (30 mg/kg, i.v.), each
monkey was sacrificed by bleeding from the common
carotid arteries. The heart was rapidly removed, and coro-
nary arteries (1.0 — 2.5-mm outside diameter) were iso-
lated, the surrounding tissues cleaned off of them, and
each cut helically into strips with special care being taken
to preserve the endothelium. Endothelial denudation of
the strips was accomplished by gently rubbing the intimal
surface with a ball of cotton wool. The strips were then
fixed vertically between hooks in a muscle bath (10-mL
capacity) containing modified Ringer-Locke solution
with the following composition: 120 mM NaCl, 5.4 mM
KCl, 2.2 mM CaCl,, 1.0 mM MgCl,, 25.0 mM NaHCO;,
and 5.6 mM dextrose. The solution was bubbled with a
gas mixture of 95% O, and 5% CO- (pH 7.4), and tem-
perature was maintained at 37 + 0.3°C. The hook anchor-
ing the upper end of the strip was connected to the lever
of a force-displacement transducer (Nihon Kohden
Kogyo Co., Tokyo). The resting tension was adjusted to
1.0 g, which is optimal for inducing the maximum con-
traction. Before starting the experiments, all of the prepa-
rations were allowed to equilibrate in the bathing medium
for 60 — 90 min, during which time the solution was re-
placed every 10 — 15 min.

Mechanical responses

Isometric contractions and relaxations were displayed
on a pen recorder. The contractile response to 30 mM K”
was first obtained, and the arterial strips were washed 3
times with control media and equilibrated. The strips
were partially contracted with prostaglandin F», in a
concentration range of 0.1 — 10 M. Endothelial integrity
was determined by relaxations induced by 10° M acetyl-
choline (ACh). Although it is known that relaxations
caused by NO donors are potentiated by endothelium
denudation in rodent arteries, the phenomenon has not
been observed in monkey arteries (17). In fact, the poten-
tiation of vasorelaxing action of nitroglycerin (NTG) did
not occur in monkey coronary artery (Supplementary
Fig. 1: available in the online version only). Conse-
quently, the present study was performed with endothe-
lium-denuded arteries to focus attention on the smooth
muscle function. Concentration—response curves for
NTG, isosorbide dinitrate (ISDN), isoproterenol (ISO),
and 8-bromoguanosine-3’,5'-cyclic monophosphate
(8-Br-cGMP) were obtained by adding the drug directly
to the bathing media in cumulative concentrations. At the
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end of each experiment, 100 uM papaverine was added
to induce the maximal relaxation, which was taken as
100% for relaxations induced by the agonists. After the
response to the agonist under the normal condition (nor-
moxia) was obtained, preparations had been exposed for
about 60 min to the bathing media with 95% N, and 5%
CO; (hypoxia) or then returned to 95% O, and 5% CO,
for about 30 min (reoxygenation), before the response to
the vasodilator agent was obtained at each condition. The
partial O, pressure in the solution exposed to normoxia,
hypoxia, and reoxygenation were in a range of 431 — 524,
58 — 71, and 476 — 532 mmHg, respectively. The effects
of superoxide dismutase (SOD) (200 U/mL), tempol (3
mM, membrane-permeable SOD mimetic), apocynin
(100 uM, NADPH oxidase inhibitor), oxypurinol (100
uM, xanthine oxidase inhibitor), rotenone (10 xM, mito-
chondrial electron transport inhibitor), and each combi-
nation on the response of the strips treated for 10 — 30
min was also evaluated. The concentration of each in-
hibitor was determined based on the previous works
(18 —20).

Assessment of ex vivo tissue superoxide production and
NADPH oxidase activity

Superoxide production in coronary artery segments
was measured using the lucigenin-enhanced chemilumi-
nescence method as described previously (18). Segments
of the endothelium-denuded coronary artery were placed
in the modified Krebs/Hepes buffer (pH 7.4) and the
chemiluminescence value was measured. The vessel was
dried at 90°C for 24 h and then the dry weight was
measured.

To measure the vascular NADPH oxidase activity, the
endothelium-denuded coronary vessel was homogenized
in a glass homogenizer after the addition of 500 xL ho-
mogenizing buffer (pH 7.8), and the homogenate was
subjected to centrifugation (3000 x g) for 10 min. A 20-
1L aliquot of the supernatant was then added to glass
scintillation vials containing lucigenin (50 M) and
NADPH (100 #M) in 2 mL homogenizing buffer and the
chemiluminescence value was obtained.

Drugs

The following drugs were used: ACh (Daiichi Co.,
Tokyo); NTG (Nihonkayaku Co., Tokyo); 8-Br-cGMP,
ISDN, ISO, SOD, oxypurinol, and rotenone (Sigma
Chemical Co., St. Louis, MO, USA); tempol (MP
Biomedicals, Aurora, OH, USA); apocynin (Calbiochem,
San Diego, CA, USA); PGF,, (Pharmacia-Upjohn,
Tokyo); ketamine (Sankyo, Tokyo); sodium pentobarbi-
tal and papaverine hydrochloride (Dainippon-Sumitomo
Pharma Co., Osaka). Sodium hydroxide (1 N) was used
as a solvent for oxypurinol. Ethanol was used as the

solvent for rotenone and apocynin. PGF,, was dissolved
in sodium bicarbonate buffer (pH 9.2). These solvents at
the concentrations used in the present study had no sig-
nificant effect on the vascular response. Distilled water
was used to dissolve all other drugs and to prepare serial
dilutions, as required, from stocks on the day of the
experiment.

Statistics

All values are expressed as the mean + S.E.M. Statisti-
cal analyses were made by Student’s unpaired ¢-test for
two groups and by Tukey-Kramer multiple comparisons
test after one-way analysis of variance for three or more
groups. Differences were considered significant at
P <0.05.

Results

Influence of hypoxia or hypoxia/reoxygenation on the
agonist-induced vasorelaxation

The addition of NTG at concentrations of 107'° — 10°°
M produced a dose-dependent relaxation in coronary
arteries without endothelium (Fig. 1A) in which ACh did
not produce any relaxation (data not shown). The maxi-
mal response was significantly reduced under hypoxia
(77.0 £ 2.3%) or under hypoxia/reoxygenation (79.2 +
2.4%) as compared with that under normoxia (88.5 +
1.8%). The dose—response curve was also shifted to the
right under hypoxia or under hypoxia/reoxygenation
(Fig. 1A). Similar results were also obtained for the re-
laxation induced by ISDN among the three conditions
(Fig. 1B). The potencies of impairment for NTG and
ISDN were not obviously different between under hy-
poxia and under hypoxia/reoxygenation. On the other
hand, hypoxia or hypoxia/ reoxygenation did not affect
the relaxation induced by 8-Br-cGMP (Fig. 1C) or ISO
(Fig. 1D).

Influence of hypoxia or hypoxia/reoxygenation on the
NO donor—induced vasorelaxation in the presence of
SOD or tempol

In coronary arteries without endothelium that were
preincubated with SOD, the relaxant response to NTG
was less potent under hypoxia or under hypoxia/reoxy-
genation compared with that under normoxia (Fig. 2A),
as seen in the absence of SOD. On the other hand, in the
presence of tempol, the magnitudes of relaxation by NTG
did not significantly differ among these three conditions
(Fig. 2B). Similar results were also obtained in the case
of ISDN (Fig. 2: C and D).
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Fig. 1. NTG (A)-, ISDN (B)-, 8-Br-
c¢cGMP (C)-, and ISO (D)-induced relax-
ation of endothelium-denuded monkey
coronary arteries under normoxia (white
circle), hypoxia (gray circle), and hypoxia/
reoxygenation (black circle). Each point
and bar represents the mean = S.E.M. of
5 —7 experiments with arteries from dif-
ferentmonkeys. *P < 0.05and **P < 0.01,
compared with normoxia.

Fig.2. NTG- and ISDN-induced relax-
ation of endothelium-denuded monkey
coronary arteries in the presence of SOD
(A and C) or tempol (B and D) under
normoxia (white circle), hypoxia (gray
circle), and hypoxia/reoxygenation (black
circle). Each point and bar represents the
mean + S.E.M. of 5 experiments with ar-
teries from different monkeys. *P < 0.05
and **P <0.01, compared with normo-
xia.
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Fig. 3. NTG-induced relaxation of en-
dothelium-denuded monkey coronary ar-
teries in the presence of apocynin (A), ro-
tenone (B), oxypurinol (C), apocynin plus
rotenone (D), apocynin plus oxypurinol
(E), or apocynin plus rotenone plus oxy-
purinol (F) under normoxia (white circle),
hypoxia (gray circle), and hypoxia/reoxy-
genation (black circle). Each point and
bar represents the mean + S.E.M. of 6 — 7
experiments with arteries from different
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Influence of hypoxia or hypoxia/reoxygenation on the
NTG-induced vasorelaxation in the presence of various
inhibitors

As shown in Fig. 3A, apocynin, an NADPH oxidase
inhibitor, improved the impaired relaxation by NTG un-
der hypoxia but not that under reoxygenation. On the
other hand, the single-agent treatment of rotenone, a
mitochondrial electron transport inhibitor, or oxypurinol,
a xanthine oxidase inhibitor, had no obvious influence on
it (Fig. 3: B and C). As compared with apocynin alone,
more effective restorations against the impairment both
under hypoxia and under hypoxia/reoxygenation were
observed in a combined pretreatment of apocynin with
rotenone or oxypurinol, respectively (Fig. 3: D and E). In

monkeys. *P<0.05 and **P<0.01,
compared with normoxia; P <0.05,
compared with hypoxia.

NTG (log M)

addition, a combined treatment of these three inhibitors
more potently reversed the impairment (Fig. 3F).

Superoxide production in endothelium-denuded coronary
arteries

As shown in Fig. 4, superoxide production under hy-
poxia was clearly but not significantly higher than that
under normoxia. This increase in superoxide production
under hypoxia was inhibited by apocynin pretreatment.
On the other hand, reoxygenation further increased su-
peroxide production as compared with that under hy-
poxia, and production of superoxide was significantly
higher under hypoxia/reoxygenation than that under
normoxia. This was completely suppressed by a com-
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Fig. 4. Superoxide production in endothelium-denuded monkey
coronary arteries. Each column and bar represents the mean + S.E.M.
of 4 — 5 experiments with arteries from different monkeys. “P<0.01,
compared with normoxia. P < 0.01, compared with no addition.

bined pretreatment of apocynin with rotenone and oxy-
purinol, while treatment with apocynin alone produced a
partial inhibition.

NADPH oxidase activity in endothelium-denuded coro-
nary arteries

Superoxide production derived from NADPH oxidase
(n =5, per group) in coronary arteries was significantly
higher under hypoxia (4104 + 1015 cpm/mg protein)
than that under normoxia (1435 + 362 cpm/mg protein).
Apocynin inhibited the NADPH oxidase activity and
completely attenuated the superoxide production under
hypoxia (1728 = 395 cpm/mg protein).

Discussion

The major findings in the present study are as follows:
1) hypoxia or hypoxia/reoxygenation affects vasodilation
mediated with the NO/sGC signaling pathway but not
that with the AC signaling pathway in the isolated en-
dothelium-denuded monkey coronary artery; 2) vascular
intracellular superoxide is responsible for this impair-
ment of vasodilation both under hypoxia and under hy-
poxia/reoxygenation; 3) NADPH oxidase is a key source
of its superoxide production under hypoxia, whereas
xanthine oxidase or mitochondrial electron transport or
both is a key source under reoxygenation.

Several signaling pathways contribute to control of
coronary vascular tone. Elevation of intracellular con-
centrations of second messengers such as cGMP and
cAMP is a major target of a variety of vasoactive ago-
nists, such as NO, PGs, and f-adrenergic agents. These

second messengers are produced in the smooth muscle
cells by different stimuli through activation of GC or AC
and induce relaxation of the smooth muscle cells by ac-
tivating specific protein kinase PKG or PKA, respectively
(3). In the present study using the isolated endothelium-
denuded monkey coronary artery, relaxation induced by
NO donors was attenuated by hypoxia or hypoxia/reoxy-
genation, while f-agonist-induced relaxation was not
affected. Although many investigators have reported the
influence of hypoxia or hypoxia/reoxygenation on the
relaxation of coronary artery smooth muscle, the results
are not always similar. For example, in contrast with our
present data, other researchers have shown that vasore-
laxation by NO donors is unimpaired (pig and rat coro-
nary artery) (7, 8) or augmented (bovine coronary artery)
(9) by hypoxia or hypoxia/reoxygenation. Previously, we
reported that reactivity of coronary artery to vasoactive
agents is different among animal species (21, 22). Con-
sequently, we consider that one possible reason for this
discrepancy may be due to animal species used in the
study (non-primate vs. primate). Anyway, as far as we
know, this is the first report that hypoxia or hypoxia/re-
oxygenation impairs vasorelaxation through the pathway
mediated by intracellular cGMP but not by cAMP in
monkey coronary arteries. In addition, attenuation of the
NTG-induced relaxation by hypoxia or hypoxia/reoxy-
genation has also been seen in monkey renal artery (M.
Tawa et al., unpublished observation), suggesting that
the phenomenon may be unique in the primate arteries.

Superoxide is suggested to be involved in the patho-
genesis of vascular disorders in several diseases. It is
well known that hypoxia or hypoxia/reoxygenation pro-
motes superoxide generation in several arterial smooth
muscles. The research group of Wolin et al. has demon-
strated that superoxide production is increased by hypoxia
(15) or by hypoxia/reoxygenation (16) in isolated en-
dothelium-denuded bovine coronary arteries. These
findings are consistent with our current result that the
tissue level of superoxide increases in hypoxic and fur-
ther in reoxygenated endothelium-denuded monkey coro-
nary arteries. In addition, hypoxia- or hypoxia/reoxygen-
ation-induced impairment of vasodilation with NO
donors was inhibited by treatment with tempol but not
with SOD, suggesting that intracellular, but not extracel-
lular, superoxide increased by hypoxia or hypoxia/reoxy-
genation plays an important role in the impairment of
vasodilation.

Superoxide easily reacts with NO to form peroxynitrite
(ONOOQ") and other nitrogen species, thereby causing an
effective reduction in NO bioavailability (23). In the
present study, vasorelaxation induced by the cGMP ana-
log 8-Br-cGMP was unaffected by hypoxia or hypoxia/
reoxygenation, indicating that the sites affected by these
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conditions lay upstream of PKG. Thus, we hypothesize
that the mechanism of impairment of NO donors—induced
vasodilation under hypoxia or hypoxia/reoxygenation is
due to excessively generated superoxide which scavenges
NO. However, there are increasing evidences indicating
that superoxide directly regulates the sGC activity or
expression of sSGC. The report by Wu and de Champlain
has noted an inhibitory effect of superoxide on cGMP
formation in vascular smooth muscle cells (24). Other
investigators have also reported that exposure of smooth
muscle cells to superoxide generating agents causes a
decrease in sGC expression and attenuates cGMP forma-
tion induced by NO donors (25). In addition, NO-donors
used in this study require enzymatic catalysis by mito-
chondrial aldehyde dehydrogenase 2 (ALDH2) or by
P450 in the endoplasmic reticulum to release NO (26). In
this regard, recent studies have implicated that ROS like
superoxide and peroxynitrite modulate the activity of
ALDH2 or P450 (27, 28). Therefore, we cannot rule out
the possibility that superoxide has influence on the step
of enzymatic catalysis. Further studies are required to
demonstrate which steps are critical for the impairment
of NO donors—induced vasodilation by superoxide gen-
eration under hypoxia or under hypoxia/reoxygenation in
endothelium-denuded monkey coronary arteries.
Various potential sources of vascular superoxide gen-
eration such as NADPH oxidase, xanthine oxidase, cy-
clooxygenase, uncoupled NO synthase, and the mito-
chondrial electron transport chain have been identified
(29). Among them, the main source of superoxide pro-
duction in the vascular smooth muscle is thought to be
NADPH oxidase or the mitochondrial electron transport
chain (15, 30). However, it has been also shown that
xanthine oxidase is localized in vascular smooth muscle
cells (31) and plays an important role in hypoxia/reoxy-
genation injury (32). Although it is controversial whether
or not NADPH oxidase and xanthine oxidase generates
superoxide intracellularly, some reports have indicated
these enzymes as possible sources of intracellular super-
oxide production (33 — 35). Therefore, we have taken
particular note of these three sources and examined the
individual contribution by using inhibitors of various
superoxide-generating enzymes. As the result, the im-
pairment of vasorelaxation by NTG was drastically re-
versed by the NADPH oxidase inhibitor apocynin.
Moreover, hypoxia-induced increases in the tissue level
of superoxide and NADPH oxidase activity are potently
suppressed by apocynin. As the support of our results,
Marshall et al. have shown that hypoxia increases super-
oxide production caused by NADPH oxidase in bovine
arterial smooth muscle (36). Rathore et al. have also
demonstrated that hypoxia significantly increases
NADPH oxidase activity by translocation of the cytosolic

subunit to the plasma membrane in smooth muscle cells
(37). Considering these findings, NADPH oxidase mainly
contributes to hypoxia-induced superoxide generation
and impairment of vasorelaxation with NO donors in the
current study. However, apocynin alone did not com-
pletely reverse the impairment of NO donor—induced
vasorelaxation by hypoxia. There is an investigation
demonstrating that another source is also involved in the
hypoxia-induced increase in superoxide generation in
smooth muscle (15). In fact, more effective inhibition
against hypoxic impairment of the vasorelaxation was
observed by combining apocynin with the xanthine oxi-
dase inhibitor oxypurinol, the mitochondria electron
transport inhibitor rotenone, or both, while neither of
these two inhibitors obviously influenced the impaired
relaxation when administered alone. However, the pos-
sibility that the blockage of one or more sources could
result in a compensatory activation of other sources can
be easily predicted. Realistically, that is why it is hard to
identify the specific source stimulated by hypoxia. None-
theless, it is clear that NADPH oxidase is a key source
but not the only source of hypoxia-induced superoxide
generation in endothelium-denuded monkey coronary
arteries.

In contrast to the case of hypoxia, apocynin did not
recover the impairment of NTG-induced vasorelaxation
under reoxygenation. Additionally, the significant in-
crease in the superoxide production by hypoxia/reoxy-
genation was only partially suppressed by apocynin.
These findings indicate that superoxide is also generated
from sources other than NADPH oxidase when reoxy-
genation occurs. Although reoxygenation is widely rec-
ognized to increase the superoxide generation in several
types of cells, little has been reported about its source in
smooth muscle cells under this condition. In the present
study, impairment of the NO donor—induced vasorelax-
ation under reoxygenation was reversed by combination
of apocynin with oxypurinol or rotenone. Moreover, the
significant increase in superoxide production was also
dramatically inhibited by a combined treatment with
three inhibitors. Therefore, it is clear that reoxygenation-
induced superoxide generation through mitochondria or
xanthine oxidase or both also contributes to the impair-
ment of vasorelaxation with NO donors. However, as
mentioned above, it is very difficult to specify the source
responsible for the superoxide generation under reoxy-
genation.

Several isoforms of the catalytic subunit of NADPH
oxidase have been described. This family of NADPH
oxidase consists of seven members termed Nox/Duox
that differ in their tissue expression profiles, modes of
activation, and physiological functions (38). Among
these seven members, four have been identified as central
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sources of superoxide generation in the vascular smooth
muscle cells: Nox1, Nox2, Nox4, and Nox5 (38). Addi-
tionally, activity or expression of these isoforms has been
shown to increase within coronary artery smooth muscle
cells under several conditions (39 —42). On the other
hand, recent study has shown that the isoform regulated
by hypoxia is Nox4 in pulmonary artery smooth muscle
(43). Unfortunately, however, we cannot suggest which
isoform is related to the hypoxia-induced superoxide
generation in monkey coronary artery smooth muscle at
this time. Further study is required to clarify this point.
In conclusion, the present study suggests that increased
intracellular superoxide generation evoked by hypoxia or
hypoxia/reoxygenation affects vasodilation mediated by
the NO/sGC signaling pathway but not by the AC signal-
ing pathway in the primate. The source responsible for
the superoxide generation under hypoxia seems to be
different from that under reoxygenation: the key source
under hypoxia is NADPH oxidase while that under re-
oxygenation is xanthine oxidase, mitochondria, or both.
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