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Abstract
Water extracts from 20 medicinal plants, traditionally used for postmenopausal symptoms in Korea, were exam-

ined for their vasorelaxant activity in isolated rat thoracic aorta rings precontracted with norepinephrine (NE). 
Among the 20 medicinal plants, Cornus officinalis (CoEx, 0.3 mg/mL), Schisandra chinensis (ScEx, 0.3 mg/mL), 
Erythrina variegate (EvEx, 0.3 mg/mL), and Epimedium koreanum (EkEx, 0.3 mg/mL) showed rapid relaxation 
of endothelium-intact aorta (69±4%, 40±3%, 25±2%, and 23±3% of active tone induced by NE, respectively). 
In contrast, the extracts of Erythrina variegata (EvEx), Angelica gigas (AgEx), Pueraria thunbergiana (PtEx), 
and EkEx lead to gradual (i.e., long-term) relaxation to baseline in endothelium-intact vessels. The time to com-
plete relaxation was 20～40 min. These 6 plant extracts were selected for the investigation of possible underlying 
mechanisms. The CoEx-, ScEx-, or EkEx-induced rapid relaxations were virtually abolished by endothelium denu-
dation, and were significantly inhibited by pretreatment with nitric oxide (NO) synthase inhibitor NG-nitro-L-argi-
nine (L-NNA, 10 μM), indicating that increased formation of NO might contribute to the endothelium-mediated 
relaxation. In long-term responses, the endothelium denudation did not affect PtEx-induced relaxation, whereas 
it delayed responses by EvEx and AgEx, and significantly inhibited the effect of EkEx. Among EvEx, AgEx, 
and PtEx, EvEx attenuated the CaCl2-induced vasoconstriction in high-potassium depolarized medium, implying 
that EvEx is involved in inhibition of the extracellular calcium influx to smooth muscle through voltage dependent 
calcium channels. These results provide the scientific rationale for the interrelationships between the use of 20 
medicinal plants and their effects on cardiovascular health in estrogen deficient conditions. 
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INTRODUCTION
Medicinal plants have been used as traditional rem-

edies in Asian countries for hundreds of years. Current 
research efforts are narrowing the knowledge gap be-
tween the traditional and scientific use of plants in treat-
ing various health conditions. Asian clinical pre-
scriptions are usually composed of a combination of me-
dicinal plants to provide synergistic pharmacological ef-
fects for greater efficacy than a single plant used alone. 
The following 20 plants: Acanthopanax sessiliflorus, 
Aconitum carmichaeli, Angelica gigas, Astragalus mem-
branaceus, Cnidium monnieri, Cornus officinalis, Cuscuta 
chinensis, Dioscorea japonica, Dipsacus asper, Epime-
dium koreanum, Erythrina variegata var. orientalis, 
Glycyrrhiza uralensis, Panax ginseng, Panax noto-
ginseng, Polygonatum odoratum var. pluriflorum, Pol-
ygonatum stenophyllum, Polygonum multiflorum, Psoralea 
corylifolia, Pueraria thunbergiana, Schisandra chinensis, 
have an extensive history of medicinal use as ingredients 

in various prescriptions for managing menopause-related 
symptoms in Korea (1,2). Despite their clinical use for 
alleviating menopausal symptoms, there is limited in-
formation available on their mechanism of action.

Phytoestrogens, a large family of plant-derived com-
pounds, are similar in structure and function to estrogen 
(3). Phytoestrogens are believed to be important for the 
prevention of cardiovascular disease like estrogen (4), 
presumably due to their vasoprotective effect (5). In vitro 
experiments on vascular tissues have revealed that phy-
toestrogens produce endothelium-dependent or-independent 
relaxation, or both (6-8). Each of the 20 plants selected 
may provide phytoestrogens, which have a vasopro-
tective effect, based on its traditional uses in Korea. 
However, there has been no scientific data yet to show 
that they act on vascular tissues as phytoestrogens. The 
aim of this study was to examine the vasorelaxant effects 
in isolated aortic rings and possible mechanisms of ac-
tion of 20 medicinal plants applied in various herbal pre-
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Table 1. Botanical names, family, plant parts, voucher specimen number, and ethnomedical uses of twenty medicinal plants

Botanical names Family Plant parts Voucher
specimen No. Ethnomedical use

Acanthopanax sessiliflorus (RUPR
  et MAX.) SEEM
Aconitum carmichaeli DEBX
Angelica gigas NAKAI
Astragalus membranaceus BUNGE
Cnidium monnieri (L.) CUSSON
Cornus officinalis SIEB. et. ZUCC
Cuscuta chinensis LAM
Dioscorea japonica THUNB
Dipsacus asper WALL
Epimedium koreanum NAKAI
Erythrina variegata var.
  orientalis (L.) MERR
Glycyrrhiza uralensis FISCH
Panax ginseng C.A.MEY
Panax notoginseng BURK

Polygonatum odoratum var.
  pluriflorum (Miq.) OHWI 
Polygonatum stenophyllum MAXIM
Polygonum multiflorum THUNB
Psoralea corylifolia LINNE
Pueraria thunbergiana (SIEB. et
  ZUCC) BENTH
Schisandra chinensis (TURCZ.)
  BAILL

Araliaceae

Ranunculaceae
Umbelliferaceae
Leguminosae
Umbelliferae
Cornaceae
Convolvulaceae
Dioscoreaceae
Dipsacaceae
Berberidaceae
Leguminosae

Leguminosae
Araliaceae
Araliaceae

Liliaceae

Liliaceae
Polygonaceae
Leguminosae
Fabaceae

Schisandraceae

Cortex

Radix
Radix
Radix
Fruit
Fruit
Semen
Rhizoma
Radix
Herb
Corex

Radix
Radix
Radix

Rhizoma

Rhizoma
Radix
Fruit
Radix

Fruit

AsEx-001

AcEx-001
AgEx-001
AmEx-001
CmEx-001
CoEx-001
CcEx-001
DjEx-001
DaEx-001
EkEx-001
EvEx-001

GuEx-001
PgEx-001
PnEx-001

PoEx-001

PsEx-001
PmEx-001
PcEx-001
PtEx-001

ScEx-001

Antirheumatics or drugs for relieving 
  rheumatic conditions
Drugs for dispelling internal cold
Tonics for blood
Tonics for Qi
Tonics for Yang-energy
Astringents
Tonics for Yang-energy
Tonics for Qi
Tonics for Yang-energy
Tonics for Yang-energy
Drugs for relieving rheumatic
  conditions and articular pain
Tonics for Qi
Tonics for Qi
Drugs for blood stagnation and
  bleeding
Tonics for Yin-energy

Tonics for Yin-energy
Tonics for blood
Tonics for Yang-energy
Drugs for relieving spasmodic

Astringents

scriptions for managing menopause-related symptoms in 
Korean women.

MATERIALS AND METHODS

Preparation of plant extracts
All of the dried medicinal plants (Table 1) were pur-

chased from a local market (Kyungdong Mart), and au-
thenticated by Professor Yong Ki Park, Department of 
Oriental Medicine, College of Oriental Medicine, Dong-
guk University (Gyeongju, Korea). The 20 medicinal 
plants (100 g) were extracted consecutively under reflux 
with water (1 L) for 1 hr, evaporated under reduced pres-
sure at low temperature (37～40oC) and lyophilized. The 
solid was stored at -20oC until use. A solution was pre-
pared with distilled water at a concentration of 100～300 
mg/mL on the day of the experiment. Each voucher 
specimen was deposited at the Korea Food Research 
Institute, Gyeonggi-Do, Korea (Table 1). 

Preparation of rat aortic rings 
Male Sprague-Dawley rats (200～250 g) were sacri-

ficed by stunning and exsanguinations. The thoracic aor-
ta was dissected free from the surrounding connective 
tissues and cut into rings 2～3 mm in length. The rings 
were then transferred to 4-mL horizontal-type muscle 
chambers, and bathed in physiological salt solution (PSS) 

containing (mM/L) NaCl (136.9), KCl (5.4), CaCl2 (1.5), 
MgCl2 (1.0), NaHCO3 (23.8), glucose (5.5), and EDTA 
(0.01) at 37oC, in an atmosphere of 95% O2 and 5% 
CO2. The rings were mounted on stainless-steel hooks 
connected to a force-displacement transducer (FT 03; 
Grass, West Warwick, RI), connected to a polygraph sys-
tem (RPS 212; Grass), and a computer analyzer (Power 
Laboratory 400, MacLab; AD Instruments, Castle Hill, 
Australia). A basal tension of 1 g was applied. Some 
segments were stripped of endothelium by gentle rub-
bing with a moistened swab. The functional state of the 
endothelium was verified by previous challenge of pre-
contracted arteries with carbachol (1 μM) (9). Each ex-
periment was performed on rings prepared from different 
rats. All studies were performed according to the Guiding 
Principles for the Care and Use of Laboratory Animals 
of the Ethics Committee of the Korea Food Research 
Institute. 

Measurement of vascular reactivity of aortic rings
All rings were equilibrated for 60 min under a resting 

tension of 1 g and then exposed repeatedly to 72 mM/L 
KCl PSS until the responses stabilized. A control con-
traction was then produced by addition of 300 nM nor-
epinephrine (NE). After sustained tension (60% of the 
maximal contraction in response to 72 mM KCl PSS 
in endothelium-intact rings) was obtained, test solutions 
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Table 2. Two phases relaxant effects of twenty medicinal plants

Botanical names Water extracts
(Abbreviated name)

Vasorelaxant effect (%)
Rapid Long-term

Acanthopanax sessiliflorus (RUPR et MAX.) SEEM
Aconitum carmichaeli DEBX
Angelica gigas NAKAI
Astragalus membranaceus BUNGE
Cnidium monnieri (L.) CUSSON
Cornus officinalis SIEB. et. ZUCC
Cuscuta chinensis LAM
Dioscorea japonica THUNB
Dipsacus asper WALL
Epimedium koreanum NAKAI
Erythrina variegata var. orientalis (L.) MERR
Glycyrrhiza uralensis FISCH
Panax ginseng C.A.MEY
Panax notoginseng BURK
Polygonatum odoratum var. pluriflorum (Miq.) OHWI 
Polygonatum stenophyllum MAXIM
Polygonum multiflorum THUNB
Psoralea corylifolia LINNE
Pueraria thunbergiana (SIEB. et ZUCC) BENTH
Schisandra chinensis (TURCZ.) BAILL

AsEx
AcEx
AgEx
AmEx
CmEx
CoEx
CcEx
DjEx
DaEx
EkEx
EvEx
GuEx
PgEx
PnEx
PoEx
PsEx
PmEx
PcEx
PtEx
ScEx

19±5
14±4
17±3
 －
 －

69±4
 －

10±5
 －

23±3
25±2
17±3
 －
 －
 －
 －
 －

 7±1
 －

40±3

 26±13
   －
100±1
   －
   －
   －
   －
   －
   －
100±1
100±1
 30±19
   －
 45±20
   －
   －
   －
 50±10
100±1
   －

were added to the bath solution. The high-potassium sol-
ution was prepared by replacing the NaCl in PSS with 
an equimolar amount of KCl (10). 

In experiments using nitric oxide synthase inhibitor, 
inhibitors were added 20 min before precontraction. The 
inhibitor of extract-induced endothelium-dependent re-
laxation tested was NG-nitro-L-arginine (L-NNA, 10 μM/ 
L). To examine the effects of the extracts on calcium 
influx, the endothelium-denuded arteries were washed 
three times at 10 min intervals with calcium-free medium 
containing EGTA (1 mM). Then, the arteries were stimu-
lated with calcium-free 72 mM KCl medium (with or 
without plant extracts) and increasing concentrations of 
CaCl2 (0.3～10 mM) were added. For comparison, the 
L-type calcium channel blocker nicardipine (5 and 10 
nM), instead of plants extracts, was evaluated in a sepa-
rate series of experiments (11). 

Reagents
Carbachol, L-NNA, nicardipine, and NE were pur-

chased form Sigma Chemical Co. (St. Louis, MO, USA). 
Other chemicals used for the measurement of vascular 
reactivity were all reagent grades, and were dissolved 
in PSS.

Data analysis
All results are expressed as means±SEM. The num-

ber of rings obtained from different rats is represented 
by n. Relaxation is expressed in terms of the percentage 
decrease in maximal contraction caused by NE (300 
nM). One-way ANOVA and the Student Newman Keul 
test were used for statistical analyses of differences be-

tween groups and p values<0.05 were regarded as stat-
istically significant.

RESULTS AND DISCUSSION

Vasorelaxant effect of water extracts of 20 plants in 
endothelium-intact rat aortic rings

The water extracts of 20 plants were assessed for ef-
fects on two phases relaxation in endothelium-intact rat 
aorta precontracted with NE (300 nM). A rapid relaxa-
tion, which occurred within seconds following admin-
istration of the plant extracts, was seen in CoEx (69± 
4%), ScEx (40±3%), EvEx (25±2%), and EkEx (23 
±3%) at 0.3 mg/mL; the other extracts were under 20% 
(Table 2). CoEx, ScEx, and EkEx caused concentration 
dependent responses (0.1～3.0 mg/mL; IC50 value: 0.18, 
0.79, and 2.06 mg/mL, respectively) (Fig. 1), while EvEx 
showed no concentration dependency (0.3, 1.0, and 3.0 
mg/mL showed 25±2, 42±3, and 25±3% relaxation, 
respectively).

A second, slowly developing (i.e., long-term) relaxa-
tion to baseline, was seen in AgEx, EkEx, EvEx, and 
PtEx. Among these, EvEx showed the shortest time to 
developing relaxation to baseline (18 min), followed by 
AgEx, PtEx, and EkEx (Fig. 2A). In general, long-term 
relaxation was not affected by the endothelium denuda-
tion, because it was mediated by smooth muscle direct 
mechanisms. However, the vasorelaxations evoked by 
natural products were mediated by multiple mechanisms: 
through endothelium-dependent, endothelium-independent, 
and membrane channels (12). The relaxation caused by 
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Fig. 1. The concentration dependency (0.1～3.0 mg/mL) of the extracts of Cornus officinalis (A, CoEx), Schisandra chinensis 
(B, ScEx), and Epimedium koreanum (C, EkEx). The ring contraction was induced with 300 nM norepinephrine (NE) and 
the each extracts were added to the muscle. The relaxation responses are expressed as the percentage of NE-induced tone. 

Fig. 2. The time-dependency of AgEx- (▼, 0.3 mg/mL), EkEx- (●, 0.3 mg/mL), EvEx- (○, 0.3 mg/mL), and PtEx- (△, 0.3 
mg/mL) induced vascular relaxation in the endothelium-intact (A) and -denuded (B) rat aorta. The relaxation responses are 
expressed as the percentage relaxation of the NE-induced contraction.

PtEx was not affected by endothelium denudation, where-
as the response of EkEx was significantly inhibited (Fig. 
2B). This result suggested that the effect of EkEx in 
long-term relaxation was not mediated by the smooth 
muscle direct pathway, but by endothelium related func-
tion. Additionally, AgEx- or EvEx-induced long-term re-
laxations were slightly delayed in endothelium-denuded 
rings, implying that these effects were elicited by both 
endothelium-dependent and -independent mechanisms. 
Therefore, to further elucidate the underlying mecha-
nisms, we selected CoEx, ScEx, and EkEx for the repre-
sentative extracts which elicit endothelium-dependent re-
laxation, and chose AgEx, EvEx and PtEx as endothe-
lium-independent relaxant extracts.

Mechanisms of selected medicinal plant extracts
In rapid relaxation, the endothelium participates as an 

important regulator of vascular tone by releasing endo-
thelium-derived relaxing factor (EDRF) (13). Many 
EDRFs are secreted from endothelium, the most potent 

molecule is probably nitric oxide (NO) (14-16). As 
shown in Fig. 3, CoEx-, ScEx-, or EkEx-induced vaso-
relaxations were abolished by endothelium denudation, 
and these rapid relaxations were significantly inhibited 
by pretreatment with L-NNA (10 μM). Endothelial NO 
plays a major role in the control of vasomotor tone and 
structure (17). Under the pathological conditions of car-
diovascular diseases, dysfunction exists in the vascular 
endothelium with a subsequent reduction in the release, 
bioavailability or action of NO. Thus, NO release and 
function is often decreased in cardiovascular diseases, 
such as hypertension (17), and atherosclerosis (18). We 
reported the vasorelaxant effect of Schizandra chinensis 
and Angelica gigas extracts (19,20), and quite recently, 
showed the synergistic vasorelaxant effect of Ligusticum 
wallichii and Angelica gigas by stimulation of NO re-
lease (21). Sohn et al. (22) reported that medicinal plant 
extracts containing Cornus officinalis and Schisandra 
chinensis reduced blood pressure and increased NO syn-
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Fig. 3. Comparison of the responses to CoEx (A), ScEx (B), or EkEx (C) of endothelium-intact (□) and inhibitor treated rat 
aortas (■), and endothelium-denuded rat aortas (■). In endothelium intact rings, each strip was pretreated with L-NNA for 
20 min in the quiescent preparation, and each extract was added to NE-contracted aorta. The relaxation responses are expressed 
as the percentage of NE-induced tension.

Fig. 4. The effects of AgEx (○, 0.3 mg/mL), EvEx (△, 0.3 
mg/mL), and PtEx (■, 0.3 mg/mL) on calcium concentration- 
dependent contraction curves in rat thoracic aorta without en-
dothelium compared to the effects of nicardipine (□, 5 and 
◆, 10 nM/L). Data are expressed as a percentage of the max-
imum contraction induced by Ca2+ in controls (●, means± 
SEM). ***p<0.001 compared to the corresponding controls.

thase in spontaneously hypertensive rats. Epimedium ex-
tract was reported to exert partial endothelial NO-de-
pendent vasorelaxation in rat aorta (23). Additionally, 
many studies have attempted to identify plant extracts 
with vasorelaxant effects, and they found that the vaso-
relaxant effects are related to stimulation of NO release 
from vascular tissues (24-26). Therefore, CoEx, ScEx, 
or EkEx elicited the vasorelaxation via endothelial NO 
production, and these endothelium-dependent vaso-
relaxations may contribute to the beneficial effects on 
the cardiovascular system.

The influx and bioavailability of calcium is an im-
portant mediator of excitation-contraction coupling in 
smooth muscle cells, and inhibition of calcium influx 
is one of the major mechanisms in smooth muscle direct 
vasorelaxation (27). The rise of intracellular calcium 
concentration can be due to either Ca2+ entry through 
membrane channels, receptor-mediated Ca2+ release from 
the sarcoplasmic reticulum or both (28,29). Transmem-
brane Ca2+ influx depends on the classical ionotropic 
function of ion channels, among which the L-type volt-
age-dependent calcium channels (VDCCs) are partic-
ularly relevant (30). We compared the effects of AgEx, 
EvEx, and PtEx on cumulative concentrations of CaCl2 
(0.3～10 mM) in a 72-mM KCl/L depolarized calcium- 
free medium containing EGTA with the L-type calcium 
channel inhibitor, nicardipine. In our results, EvEx (0.3 
mg/mL) significantly shifted the CaCl2-inducd con-
traction curves to the right and downward compared with 
a control to a similar level as nicardipine (5 nM/L), but 
AgEx and PtEx did not (Fig. 4), suggesting that EvEx 
elicited the vasorelaxation via inhibition of calcium in-
flux, especially through VDCCs. Although AgEx or 
PtEx did not affect the calcium-induced contraction in 
our experimental conditions, it is possible that these ex-

tracts produced the vasorelaxant effect by calcium re-
lated mechanisms other than extracellular calcium, such 
as intracellular release of calcium. The extract of 
Erythrina variegate exhibits beneficial effects against os-
teoporosis induced by estrogen deficiency through sup-
pression of bone calcium turnover (31) and helps main-
tain calcium homeostasis (32). Therefore, the vaso-
relaxant effect mediated through calcium homeostasis, 
also, may be an important mechanism of the effect of 
EvEx in the management of menopausal symptoms. In 
these results, the inhibition of calcium influx was a pos-
sible mechanism of EvEx-induced vasorelaxation, but 
the other mechanisms of the EvEx-mediated effect may 
also contribute to the AgEx-, and/or PtEx-induced va-
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sorelaxation. 

CONCLUSION

This study investigated the vasorelaxant effects and 
possible mechanisms of action of 20 medicinal plants, 
which have been used to manage postmenopausal symp-
toms in Korea. CoEx, ScEx, or EkEx elicited endothelial 
NO-dependent rapid vasorelaxation, and EvEx elicited 
long-term vasorelaxation via inhibition of calcium influx. 
Although the AgEx- and PtEx-induced vasorelaxation 
mechanisms were not identified in this study, it will be 
useful to further analyze those medicinal plants. These 
results may provide information on the cardio-protective 
effects of these herbs. 
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