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To study the effects of different reactive oxygen species (ROS) on the resting tension of porcine cor-
onary artery rings and to identify the effects of genistein (GEN), resveratrol (RES) and 17b-estradiol
(EST) on ROS-elicited vasoconstriction, porcine coronary rings were prepared and mounted in an
organ bath and, after an equilibration period, the changes induced by the drugs were observed. Rings
with intact endothelium showed an obvious but slow contraction after treatment with xanthine
(100 mM)/xanthine oxidase (20 mU � mL�1) (X/XO) whereas endothelium-denuded rings showed no
effects. H2O2 (200 mM) induced a fast and transient contraction in endothelium-denuded rings and
failed to do so in intact-endothelium rings. Like superoxide dismutase (SOD, 200 U � mL�1), GEN
(1 mM) and RES (1 mM) significantly inhibited contractile response evoked by X/XO, however in con-
trast to GEN and RES, EST (1 mM) had no obvious effect. GEN (30 mM) and RES (30 mM), like cata-
lase (CAT, 800 U � mL�1), markedly attenuated the contraction elicited by H2O2. The results demon-
strate that GEN and RES have distinct inhibitory effects on vasoconstriction induced by O2

.� generated
by X/XO and H2O2, and their actions are clearly greater than to that of EST.

1. Introduction

Some published studies have shown that reactive oxygen
species (ROS) can stimulate signal transduction cascades,
i.e., activation of transcription factor, gene expression, mus-
cle contraction, cell growth, chemotaxis and apoptosis
(Dalton et al. 1999; Shen et al. 1999), and ROS are prob-
ably mediators of physiological functions via their action as
second messengers (Suzuki et al. 1997; Rhee et al. 1999).
Also, there is evidence that ROS can contract blood vessels
and increase the tension of blood vessels such as rat and
rabbit aorta, canine and bovine coronary arteries, rat and
bovine pulmonary arteries, human placental arteries, etc
(Shen et al. 1999; Rodriguez et al. 1998; Mehta et al. 1991).
ROS may therefore have very important effects in the regu-
lation of vascular tone, but some unresolved questions still
exist; for example, the precise physiological functions of
ROS remain obscure. Moreover, generation of ROS can be
triggered by various extracellular stimuli, which may have
direct or indirect effects on cell functions (Finkel 1998).
Some effects induced by ROS are harmful to the human
body, and are believed to be associated with the pathogen-
esis of many diseases, particularly cardiovascular diseases
(Shen et al. 1999). Therefore, it is very important to look
for natural products which have a protective effect on the
cardiovascular system and to study the relationship of their
actions with ROS.
Genistein (GEN) and resveratrol (RES) are naturally oc-
curring, plant-derived compounds, which are structurally

and functionally similar to mammalian estrogens (EST).
Many papers have reported that GEN, RES and EST
can eliminate free radicals and display a strong antioxi-
dant action (Leonard et al. 2003; Kim et al. 2002; Wei
et al. 1993; Dantas et al. 2002). However, to date the ef-
fects of phytoestrogens and 17b-estradiol on reactive
oxygen species-mediated vasoconstriction have not been
reported. Therefore, the purpose of this work was to in-
vestigate the effects of GEN, RES and EST on arterial
contractile response evoked by H2O2 and O2

.� and the me-
chanisms underlying their actions.

2. Investigations and results

X/XO (X, 100 mM; XO, 20 U � mL�1) caused a slow but
obvious contraction in coronary arterial rings with intact-
endothelium, the maximul tension was 678 � 136 mg at
30 min after treatment with X/XO (p < 0.001, n ¼ 16, Fig. 1
and Fig. 2),whereas endothelium-denuded rings showed no
change.
Like SOD (200 U � mL�1), GEN (1 mM) or RES (1 mM)
were capable of inhibiting contractile responses induced
by X/XO (100 mM), but EST (1 mM) had no evident effect
(Fig. 2).
H2O2 (200 mM) induced a fast and transient contraction in
endothelium-denuded rings. The maximum tension was
462 � 71 mg (p < 0.001, n ¼ 12, Fig. 3), However the tone
of intact-endothelium rings only increased by 40 � 10 mg
after incubation with H2O2 (p > 0.05, n ¼ 10).
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Like CAT (800 U � mL�1), GEN (30 mM, Fig. 3) and RES
(1 mM and 30 mM, Fig. 4) respectively were able to re-
markably inhibit contractile responses induced by H2O2

(200 mM) (p < 0.01, n ¼ 12). However, GEN (1 mM,
Fig. 3) and EST (1 mM and 30 mM, Fig. 5) had no obvious
effect.

3. Discussion

Superoxide anion (O2
.�) can be generated from a system

consisting of xanthine and xanthine oxidase, added to the
bath solution simultaneously (Kimura et al. 2002; Elmosel-
hi et al. 1994; Grover and Samson 1987), and, accord-
ingly, our experiment adopted this system as an O2

.� do-
nor. Some workers have reported that O2

.� increases the
arterial tone; however, it is not entirely clear if vessel con-
traction induced by O2

.� is related to endothelium (Gryg-
lewski et al. 1986). In our present study, the results
showed that the contractile effect induced by O2

.� was de-
pendent on endothelium. We know, that the endothelium
system is the biggest paracrine organ, releasing the en-
dothelial-derived relaxing factor nitric oxide (NO), as well
as the endothelial-derived contracting factor serotonin,
both of which are thought to regulate the tone of blood
vessels. O2

.� can reduce the production of prostaglandin in
endothelial cells, intensify thromboxane synthesis, elimi-
nate NO, and cause arterial contraction (Peacock
et al. 1990). At the same time, it may be pointed out that
not only can O2

.� reduce the effect of NO but also that the
reactive products of the combination of O2

.� and NO can
cause multiple toxicity effects. Therefore, the proportion
of NO and O2

.� is crucial in controlling vessel physiologi-
cal functions. Some workers consider that a high concen-
tration of O2

.� contracts blood vessels, or directly damages
them, consequently induces piecemeal necrosis or vacuole
necrosis and makes the activities of arterial rings lost
(Miller et al. 1998; Kimura et al. 2002).
H2O2 can permeate membranes, stimulate the production
of IP3, and cause Ca2þ release from the endoplasmic reti-
culum. When the level of intracellular Ca2þ increases,
contraction of vascular smooth muscle may occur. Studies
have reported that H2O2 triggers vasoconstriction via the
ATP receptor P2 which includes two subtypes P2c and P2U
(Shen et al. 2000; Michael et al. 1998). P2c, a chemically-
gated channel, distributes on the cellular membrane of vas-
cular smooth muscle. It can open non-sensitive positive ion
channels, make cells depolarized, then open voltage-depen-
dent Ca2þ channels (VDCC) and elicit arterial contraction
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Fig. 1: Actual tracings to indicate the influence of xanthine/xanthine oxi-
dase (X/XO, X: 100 mM; XO: 20 mU � mL�1) on resting tension of
porcine coronary arteries
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Fig. 2: Bar chart showing effects of genistein (GEN, 1 mM), resveratrol
(RES, 1 mM) and 17b-estradiol (EST, 1 mM), superoxide dismutase
(SOD, 200 U � mL�1) on xanthine/xanthine oxidase (X/XO, X:
100 mM; XO: 20 mU � mL�1) induced-contraction in porcine coron-
ary arteries. Data are expressed as tension change (mg)
(mean � se, n ¼ 12 � 18). ** p < 0.01 vs X/XO data
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Fig. 3: Bar chart showing effects of genistein (GEN) and catalase (CAT)
on H2O2 (200 mM) induced-contraction in porcine coronary ar-
teries. Data are expressed as tension change (mg) (mean � se,
n ¼ 12 � 18). ** p < 0.01 vs H2O2 data
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Fig. 4: Bar chart showing effects of resveratrol (RES) and catalase (CAT)
on H2O2 (200 mM) induced-contraction in porcine coronary ar-
teries. Data are expressed as tension change (mg) (mean � se,
n ¼ 12 � 18). * p < 0.05, ** p < 0.01 vs H2O2 data
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Fig. 5: Bar chart showing effects of 17b-estradiol (EST) and catalase
(CAT) on H2O2 (200 mM) induced-contraction in porcine coronary
arteries. Data are expressed as tension change (mg) (mean � se,
n ¼ 12 � 18). ** p < 0.01 vs H2O2 data



which is not related to Gi/o protein and prostaglandin. On
the other hand, P2U distributes on endothelium cells, and
can not only couple with non-sensitive pertussis toxin sen-
sitive (PTX) G protein, but also cause a vasorelaxant ef-
fect when it is activated by ATP (Michael et al. 1998). In
the present study, it was found that there was a slight
change in tension after treatment with H2O2 in arterial
rings with endothelium. This phenomenon resembles re-
sults of Liu and Wang (2000) who found that 100 mM
ATP failed to affect arterial tension in isolated rat aortic
arteries with endothelium. Since ATP acts on P2c and P2U
simultaneously, each subtype can cause oppsing changes
in force which may counteract each other. Because H2O2

can act on either P2c or P2U receptors, it suggests that the
same mechanisms probably mediate the effects of H2O2

and ATP on blood vessels.
GEN, RES and EST all have phenolic hydroxyl groups in
their molecular structures, whose hydrogen atoms can
break away from the oxygen atoms, forming hydrogen
ions, exert deoxidization effects, and terminate chain reac-
tions generated by free radicals. Furthermore, their ability
to purge ROS is correlated with their content of phenolic
hydroxyl group (Zhang et al. 2002) according to analysis
of structure-activity relationships. Like SOD and CAT,
GEN and RES can inhibit O2

.� and H2O2 induced vasocon-
striction, which is supported by an experiment by Wei
et al. (1995) who found that GEN had a strong inhibitive
effect on X/XO system since GEN (20 mM) can comple-
tely inhibit the X/XO system’s ability to produce O2

.�.
Therefore it is easy to understand that GEN may not only
cut down O2

.� production, but also in time scavenge O2
.�.

RES is a lipid-soluble micromolecular substance which
can pass through cellular membranes and scavenge intra-
cellular ROS, and can also block the generation of ROS
inside cells (Belguendouzl et al. 1998). Furthermore, RES
(10 mg/ml) can increase endogenous SOD activity to
200.2%, which demonstrates that RES can possibly alter
the intracellular oxidation-reduction status (Zhu
et al. 2002). The above mechanisms may account for the
inhibitory effects of the phytoestrogens GEN and RES on
the contractile response induced by X/XO.
Antioxidant action may play an important role in the inhi-
bitory effect of GEN on contractile responses to H2O2.
Also, there is some evidence to indicate that there is phos-
phorization of tyrosine-receptors in H2O2-elicited vasocon-
striction. A tyrosine-protein kinase inhibitor (AGI478) sig-
nificantly reduced contraction induced by H2O2 in rat
aortic rings (Yong-liang et al. 2002). The findings demon-
strated that tyrosine-protein kinase system mediated con-
tractile responses to H2O2. It is well known that GEN is
an inhibitor of tyrosine-protein kinase (TPK), and there-
fore the present result of an inhibitory effect of GEN on
H2O2-induced vasoconstriction may be related to its char-
acteristic as a tyrosine-protein kinase inhibitor. Unfortu-
nately there is a lack of direct evidence of the suppressing
effect of RES on ROS-induced vasoconstriction, but in
tumor investigations, RES shows a potent antitumour ef-
fect via TPK inhibition (Jayafilake et al. 1993; Meishiang
et al. 1997). In addition, Slater et al. (2003) and Stewart
et al. (1999) reported that RES was an inhibitor of protein
kinase C (PKC). In view of the above discussion, one
might speculate that RES probably reduced ROS-induced
vasoconstriction via the inhibition of TPK and PKC, and
its ROS scavenging characteristic.
In the present experiment, EST failed to affect the contrac-
tile responses elicited by X/XO and H2O2, which is prob-
ably accounted for by its lack of TPK inhibitory characteris-

tic and the structural differences between EST, GEN, and
RES, because the EST molecule only contains two phenolic
hydroxyl groups, but the detail mechanisms involved are
not completely understood yet, and need to be elucidated
further. In conclusion, GEN and RES can decrease O2

.� and
H2O2 mediated-contractile responses, possibly by scaven-
ging ROS, inhibiting their formation or on anti-oxidation
effect; and therefore the phytoestrogens GEN and RES play
a protective role in the cardiovascular system.

4. Experimental

4.1. ROS-generating systems and drugs

O2
.� was generated from a system consisting of xanthine (X, 100 mM) and

xanthine oxidase (XO, 20 mU � mL�1), which were added to the bath solu-
tion simultaneously. The following drugs or chemicals were purchased
from Sigma Chemical Co: genistein (GEN), 17b-estradiol (EST), resvera-
trol (RES), superoxide dismutase (SOD), catalase (CAT), xanthine (X),
xanthine oxidase (XO), prostaglandin F2a (PGF2a) and bradykinin. GEN,
RES and EST were dissolved in dimethylsufoxide. Xanthine was dissolved
in 5% NaOH solution, and then was titrated to an appropriate pH.

4.2. Tissue preparation

Hearts were collected from a local abattoir in cold, modified Krebs-Hense-
leit solution (composition in mM: 120 NaCl, 4.76 KCl, 1.18 MgSO4,
1.25 CaCl2, 25 NaHCO3, 1.18 NaH2PO4 and 5.5 glucose). Left anterior des-
cending coronary arteries were dissected free of fat and connective tissue
and cut into 4 mm ring segments. Ring samples were then mounted on
two stainless steel hooks in 5 ml organ baths at 37 �C, bubbled with
95% O2

.� and 5% CO2. Isometric tension generated by vascular smooth
muscle was measured using a force transducer (JH-2) and recorded using
the BL-420þ Experimental System of Biological Function (TME, China)
with an IBM computer.

4.3. Methods and protocols

Resting tension was set to 0.5–1.0 g in the preceding hour and 1.5 g dur-
ing the following 30 min. After 1.5 h equilibration, rings were contracted
with KCl (30 mM) in order to test their activities, and this viability test
was repeated for each ring. In some rings, the endothelium was removed
by gentle rubbing with a cotton cloth. Endothelial integrity was assessed
pharmacologically by the ability of bradykinin (1 mM) to produce relaxa-
tion of tissues precontracted with PGF2a (10 mM) (Li et al. 2006). The solu-
tion was changed every 20 min. After equilibration had stabilized, the ex-
periments were performed as follows: (1) Intact-endothelium and
endothelium-disrupted rings were subjected to H2O2 (200 mM) or X/XO
(X, 100 mM; XO, 20 U � mL�1), and then tension changes were observed.
(2) After intact-endothelium rings were treated with GEN (1 mM), RES
(1 mM), EST (1 mM ) or SOD (100 U � mL�1) separately, X/XO (X,
100 mM; XO, 20 U � mL�1) was added to the bath, then changes of arterial
tension were observed. (3) Endothelium-denuded rings were treated with
GEN (1 mM and 30 mM), RES (1 mM and 30 mM), EST (1 mM and 30 mM)
or SOD (800 U � mL�1) separately, then H2O2 (200 mM) was added to the
bath, and the changes of arterial tension were observed.

4.4 Statistical analysis

All of the data are expressed as mean � se. Contractile responses induced
by ROS are expressed as the value of tension (mg). Statistical analysis was
performed using Student’s t-test and analysis of variance (ANOVA). A
probability level (P value) of less than 0.05 was considered significant.
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