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Ginsenosides-induced nitric oxide-mediated relaxation of the
rabbit corpus cavernosum

'Xiu Chen & 2Tony J.-F. Lee

Department of Pharmacology, SIU School of Medicine, Springfield, IL 62794-9230, U.S.A.

1 Ginsenosides, the active ingredients extracted from Panax ginseng, have been shown to promote
nitric oxide (NO) release in bovine aortic endothelial cells. Since the endothelial cells and the perivas-
cular nerves in penile corpus cavernosum contain NO synthase and an NO-like substance has been
shown to be released from these cells which relaxes corpus cavernosum, the possibility that ginsenosides
may relax corpus cavernosum by releasing endogenous NO was examined.
2 With an in vitro tissue superfusion technique, ginsenosides (250, 500 and 750 fig ml-') relaxed corpus

cavernosum, concentration-dependently.
3 Using an in vitro tissue bath technique, acetylcholine (ACh)-induced relaxations were increased in the
presence of ginsenosides (250 igml-').
4 Ginsenosides at 100 Lgml1' significantly enhanced the tetrodotoxin (TTX)-sensitive relaxation of
corpus cavernosum elicited by transmural nerve stimulation.
5 The ginsenosides-induced, ACh-induced and ginsenosides-enhanced transmural nerve stimulation-
elicited relaxations were significantly attenuated by N0-nitro-L-arginine (100IJM) and oxyhaemoglobin
(oxyHb; 5-10JM), and were enhanced by superoxide dismutase (SOD; 50uml-').
6 The relaxations and their attenuation by NG-nitro-L-arginine and TTX were associated with increase
and decrease in tissue cyclic GMP levels, respectively.
7 It is concluded that ginsenosides may release NO from endothelial cells, and enhance NO release
from endothelial cells elicited by other vasoactive substances and from perivascular nitrergic nerves in
the corpus cavernosum. These endothelial and neurogenic effects of ginsenosides in inducing relaxation
of the corpus cavernosum may account for the aphrodisiac effect of Panax ginseng.

Keywords: Ginsenosides; nitric oxide; rabbit corpus cavernosum; neurogenic vasodilatation; endothelium-dependent vasodilata-
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Introduction

It has been reported that ginsenosides, saponins extracted
from Panax ginseng, relax pulmonary blood vessels (Chen et
al., 1984; Kim et al., 1992) and that this relaxation is
inhibited by N0-nitro-L-arginine, a nitric oxide synthase
(NOS) inhibitor (Chen et al., 1993). Ginsenosides and one of
its purified ingredients, Rgl, have also been shown to in-
crease the conversion of L-arginine, a substrate for nitric
oxide synthase (NOS), to citrulline, suggesting that
ginsenosides enhance nitric oxide (NO) synthesis (Kim et al.,
1992). Since Panax ginseng is an essential constituent in
traditional Chinese aphrodisiacs, and the relaxation of penile
corpus cavernosum can be elicited by NO released from the
endothelial cells and non-adrenergic, non-cholinergic
(NANC) nerves innervating the corpus cavernosum (Ignarro,
1992; Bush et al., 1992; Rajfer et al., 1992), we examined the
possibility that ginsenosides may relax the penile corpus
cavernosum by modifying release of NO or a related sub-
stance from the endothelial cells and NANC nerves.

Methods

In vitro techniques for recording tension changes

Corpus cavernosum strips were prepared from penes of New
Zealand white rabbits (3.5-4.4kg) and mounted in tissue
baths containing 10ml Krebs bicarbonate solution at 37'C
equilibrated with 95% 02 and 5% CO2 (Lee, 1982; Chen &

Gillis, 1992). After 90 min equilibration, strips of corpus
cavernosum were loaded with resting tensions of 2 g. Either a
tissue superfusion technique or a tissue bath technique was
used, with changes in isometric tension being measured by
Grass FT03 transducers and recorded on a Grass Poly-
graph.
To detect the relaxation effect of ginsenosides and to avoid

the potential foaming artifact generated by high concentra-
tions of ginsenosides, a tissue superfusion technique (Chen &
Gillis, 1992) was used. Krebs solution was superfused over
strips of corpus cavernosum at 5 ml min'- with a peristaltic
pump. Experimental drugs were delivered with a second
pump at 0.25mlmin-' (1:10 dilution) for 2min by direct
application to the superfusate over the tissue. In the presence
of active muscle tone induced by phenylephrine (3 JAM), ACh
(1 JM) was superfused for 2 min to verify the competency of
the endothelial cells. At the end of each experiment, 1 JM
3-morpholino-sydnonimine (Sin-I), a NO-releaser, was super-
fused to induce a relaxation. The ginsenosides-induced relax-
ation was calculated as percentage of that induced by Sin-I.
To examine the effect of ginsenosides on ACh-induced

relaxation, an in vitro tissue bath technique was used (Lee,
1982). After active muscle tone had been induced by
phenylephrine (3 JM), ACh (O.3 JM-IO gAM) was cumulatively
applied to the bath. Thirty minutes after replacing the Krebs
solution and in the presence of active muscle tone induced by
phenylephrine (3 JM), ginsenosides (100, 250 or 500 g ml-')
were added 10 min before repeating the ACh concentration-
response relationships. In some experiments, oxyhaemoglobin
(oxyHb; 5-10IAM), prepared as described by Linnik & Lee
(1989), was added to the tissue bath after the corpus caver-
nosum relaxation induced by ACh levelled off to detect the
possibility of NO-mediated ACh-induced relaxation. The
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relaxations were calculated as percentage of active vessel tone
induced by phenylephrine (3 gAM).
To examine the effect of ginsenosides on the corpus caver-

nosum relaxation induced by transmural nerve stimulation,
two parallel platinum electrodes, one on either side of the
corpus cavernosum strips in the tissue bath were connected
to a Grass 88 square wave pulse stimulator. This was coupled
to a stimulus splitter (Med-Lab Stimu Splitter II) and two
stimulus isolation units (Grass SIU5) to generate constant
current biphasic square waves pulses (Lee, 1982). In the
presence of active muscle tone induced by phenylephrine
(3 Mm) and with the current constantly monitored by an
oscilloscope (BK Precision Model 1476), transmural nerve
stimulation was delivered with a current of 200 mA and a
pulse duration of 0.3 ms for 10 s at 2, 4, 8 and 16 Hz.
Guanethidine (5 IM) and atropine (1 Mm) were present
(atropine was omitted when ACh was tested) throughout the
entire experiment to eliminate the potential involvement of
adrenergic and cholinergic components. Ginsenosides at
different concentrations (100,Mgmlh' to 250 Mgml-') were
added to the bath 10 min before repeating transmural nerve
stimulation at the various frequencies. At the end of each
experiment, TTX (0.3 MM), a sodium channel blocker, or
N0-nitro-L-arginine (50 M), a NOS inhibitor, was added to
the bath to verify the neurogenic origin or NO-mediated
relaxation, respectively. Relaxation was calculated as a
percentage of phenylephrine-induced active muscle tone.

Cyclic GMP assay

After maximum relaxation induced by various stimulants,
corpus cavernosum strips were rapidly frozen in liquid nit-
rogen and stored at - 700C until assayed. Samples were
pulverized by Wig-L-Bugamalgamator (Crescent Dental
Manufacture Co. Lyons, IL, U.S.A.), homogenized, extracted
in H20-saturated ether, and lyophilized to determine
guanosine 3':5'-cyclic monophosphate (cyclic GMP) levels by
radioimmunoassay kits from Biochemical Technologies, Inc.
(Stoughton, MA, U.S.A.) (Chen & Gillis, 1992).

Chemicals

Acetylcholine (ACh), atropine sulphate, guanethidine sul-
phate, phenylephrine, N0-nitro-L-arginine, superoxide dis-
mutase (SOD) and tetrodotoxin (TTX) were purchased from
Sigma Chemical Co. (St. Louis, MO, U.S.A.). 3-Morpholino-
sydnonimine (Sin-1) was a gift from Hoechst AG (Frankfurt,
Germany). Ginsenosides were extracted from Panax ginseng
by C.A. Meyer as described by Shibata et al. (1965). Krebs
bicarbonate solution consisted of (mM): NaCl 118.2,
KCl 4.74, CaCl22.54, KH2PO4 1.19, MgSO4 1.19,
NaHCO3 26.2, dextrose 11. 1, indomethacin 0.006 and
Na2EDTA 0.023.

Statistics

Data were expressed as mean ± s.e.mean. Differences between
the two groups were determined by Student's paired or
unpaired t test and were considered significant if P <0.05.

Results

Ginsenosides-induced relaxation

Ginsenosides at 250, 500 and 750 ig mlM induced con-
centration-dependent relaxations. The induction of relaxation
was immediate upon application of ginsenosides. These relax-
ations were significantly enhanced by SOD (50 u ml-') and
were attenuated by NG-nitro-L-arginine (50 jM) (Figure 1)
and oxyHb (5 Mm; n = 3) (data not shown). N0-nitro-L-
arginine and oxyHb, but not SOD, significantly increased the
resting muscle tone (data not shown). Ginsenosides at

- 100
(A

0

-. 50 *

GS 250 500 750 750 750pjg ml-'
+ SOD + L-NOARG

Figure 1 Ginsenosides (GS) induce relaxation of corpus caver-
nosum: GS (250, 500, 750jgmlm') were superfused in Krebs solu-
tion over strips of corpus cavernosum for a period of 2 min each (for
details, see methods). Superoxide dismutase (SOD) and N0-nitro-L-
arginine (L-NOARG) were superfused 3-5 min before superfusing
GS. The relaxation induced by GS was concentration-dependent.
The relaxation induced by GS at 750 jig ml-' was equivalent to that
induced by 1 pIM Sin-I. This relaxation was significantly (P<0.05)
enhanced by concomitant superfusion of SOD (50 u ml-'), and was
significantly attenuated by L-NOARG (50 JiM). *P< 0.05 and
**P<0.021 indicate significant differences from GS 750 jig ml,
n = 6 in each group.

750 Mg ml' induced maximum relaxation which was equiva-
lent to that induced by 1 jM Sin-i. Relaxation induced by
Sin-i (0.01-1 MM) was not affected by ginsenoside
(250-500IMgml-') (data not shown).

Ginsenosides-enhanced ACh-induced relaxation

In the presence of active muscle tone induced by phenyle-
phrine (3 Mm), the corpus cavernosum relaxed immediately
upon application of ACh in a concentration-dependent man-
ner (Figure 2). ACh-induced relaxation was blocked by
atropine (1 Mm), NG-nitro-L-arginine (50 Mm), and oxyHb
(5 MM) (data not shown), and was enhanced in the presence
of ginsenosides in a concentration-dependent manner.

Ginsenosides-enhanced transmural nerve
stimulation-induced relaxation

Transmural nerve stimulation elicited relaxation of strips of
corpus cavernosum in a frequency-dependent manner (Figure
3). The relaxation was significantly enhanced in the presence
of 100 jg ml-' ginsenosides. Higher concentrations of
ginsenosides (250 jig ml-') did not further increase the relax-
ation elicited by transmural nerve stimulation at any fre-
quency except 16 Hz. The enhanced-relaxation returned to
normal after removing ginsenosides by washing with fresh
Krebs solution. In the presence of TTX (0.3 Mm), the relaxa-
tions elicited by transmural nerve stimulation at various fre-
quencies were almost abolished while relaxations induced by
ginsenosides and ACh persisted. The relaxations induced by
transmural nerve stimulation at various frequencies were
abolished by NG-nitro-L-arginine (50 jiM) (data not
shown).

Effects ofginsenosides on cyclic GMP content

Relaxations of corpus cavernosum induced by ginsenosides
(250 Mg ml) and transmural nerve stimulation at 16 Hz were
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Table 1 Effects of ginsenosides and transmural nerve
stimulation (TNS) on cyclic GMP content in corpus
cavernosum

Cyclic GMP content
(pmol g' wt)

Control
Ginsenosides
TNS
Ginsenosides + TNS
Ginsenosides + TNS + TTX
Ginsenosides + N0-nitro-L-arginine
Ginsenosides + TNS
+ N0-nitro-L-arginine

601-

10.8 ± 1.2
18.4 ± 1.8*
18.6 ± 1.8*
29.3 ± 2.1**
16.0 ± 1.1*
4.7 ± 1.2*,t
4.8 ± 0.4*,t

Transmural nerve stimulation (16 Hz); ginsenosides
(250 Lg ml-'); NG-nitro-L-arginine (50 gM); tetrodotoxin
(TTX, 0.3 jug ml-'); n =number of experiments.
*P <0.01 vs control, **P< 0.01 vs ginsenosides or TNS,
and tP<0.01 vs ginsenosides plus TNS indicate statistical
significance (Student's unpaired t test).

8 7 6 5
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Figure 2 Ginsenosides (GS) concentration-dependently enhanced
acetylcholine (ACh)-induced relaxation of corpus cavernosum.

Ginsenosides at 250 jig ml-' (-) but not at 100 fLg ml (@)
significantly enhanced the relaxation; (0) control. *P< 0.05
indicates significant difference from the respective control, n = 6 in
each group.

TTX (0.03 JM) to the level equivalent to that induced by
ginsenosides alone, while it was inhibited by N0-nitro-L-
arginine (50.M) to a level significantly below the control
values.
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Figure 3 Ginsenosides (GS) enhanced transmural nerve stimulation-
induced relaxation of the corpus cavernosum. Ginsenosides at
100 jig ml1-I (*) enhanced transmural nerve stimulation-induced
relaxation. At 250 pg mlh ', (@) ginsenosides did not further enhance
relaxation elicited by transmural nerve stimulation at various fre-
quencies except 16 Hz. The relaxation was almost abolished by
tetrodotoxin (TTX, 0.3 gM) (A). Control (0). *P<0.05 indicate
significant differences from the respective control, n= 7 in each
group.

accompanied by significant increases in tissue cyclic GMP
levels (Table 1). The increases were inhibited by N0-nitro-L-
arginine (50pM) to a level significantly below the control
values. In the presence of ginsenosides (250;Lgml-'), trans-
mural nerve stimulation at 16Hz resulted in a greater in-
crease in cyclic GMP content than that induced by
ginsenosides or transmural nerve stimulation alone. This
additive increase in cyclic GMP content was reversed by

In the present study, we have demonstrated that ginsenosides
induce an endothelium-dependent relaxation, and enhance
ACh-induced and transmural nerve stimulation-elicited relax-
ations in corpus cavernosum of the rabbits. These effects of
ginsenosides appear to be mediated by release and/or the
modification of release of NO from endothelial cells and
perivascular nerves. This is based on the findings that both
neurogenic and endothelium-mediated relaxations were
enhanced by SOD, a scavenger of superoxide anion which is
known to inactivate NO (Gryglewski et al., 1986), and were
blocked by N0-nitro-L-arginine, a specific inhibitor of NOS
(Rees et al., 1990) and oxyHb which is known to trap NO
(Martin et al., 1985). Furthermore, relaxations of corpus
cavernosum induced by transmural nerve stimulation,
ginsenosides, or transmural nerve stimulation plus
ginsenosides, and inhibition of these relaxations by NG-nitro-
L-arginine were associated respectively with increases and
decreases in tissue cyclic GMP content.

It should be noted that the enhanced corpus cavernosum
cyclic GMP content induced by ginsenosides and transmural
nerve stimulation plus ginsenosides were decreased by N0-
nitro-L-argihine to a level significantly lower than that of the
control, suggesting that there is a tonic release of endogenous
NO in isolated corpus cavernosum. Furthermore, TTX,
which almost abolished transmural nerve stimulation-elicited
relaxation in the presence or absence of ginsenosides,
decreased the tissue cyclic GMP content elicited by trans-
mural nerve stimulation plus ginsenosides to a level equiva-
lent to that induced by ginsenosides alone. These results
provide further evidence that ginsenosides can modify the
synthesis and release of NO in perivascular nerves and
endothelial cells of the corpus cavernosum.

In the rabbit pulmonary and intrapulmonary arteries,
ginsenosides have been shown to induce an endothelium-
dependent, NO-mediated dilatation (Chen et al., 1984; Kim
et al., 1992). It has also been shown that both ginsenosides
(1 0 jg ml-') and Rgl (10 ftM) significantly enhance the con-
version of L-arginine to L-citrulline in bovine cultured aortic
endothelial cells. This result suggests that ginsenosides can
increase endothelial NOS activity and therefore NO produc-
tion (Kim et al., 1992). In the present study, although the
ginsenosides-induced response in endothelium-denuded cor-
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pus cavernosum was not examined due to difficulties in
removing the endothelial cells, the corpus cavernosum
vasodilator effect of ginsenosides qualitatively resembled that
of ACh which is endothelium-dependent (Ignarro, 1992).
Furthermore, ginsenosides enhance ACh-induced relaxation.
These results suggest that the mechanism of ginsenosides-
induced endothelium-dependent vasodilatation of corpus
cavernosum is similar to that found in other vascular beds:
both are mediated by activation of NOS and release of NO
in the endothelium. Since the induction of relaxations by
ginsenosides in corpus cavernosum and other vascular beds
are immediate upon ginsenosides application (present study;
Chen et al., 1984; Kim et al., 1992), it is most likely that
ginsenosides activate an endothelial constitutive isoform of
NOS.

In addition to the release of endothelial NO by
ginsenosides, the present study, for the first time, demon-
strated that ginsenosides enhanced neurogenic vasodilatation
of the corpus cavernosum. It has been shown that electrical
field stimulation of perivascular nerves of isolated corpus
cavernosum of man and rabbits results in relaxation
mediated by NO via activation of a constitutive isoform of
NOS (Ignarro et al., 1990; Moncada et al., 1991; Bush et al.,
1992; Ignarro 1992). This NO-mediated neurogenic
vasodilatation in the corpus cavernosum is supported by
results of the present study. It is possible that ginsenosides
may activate neuronal NOS activity similar to that observed
in endothelial cells (Kim et al., 1992). Thus, a given stimula-
tion may increase synthesis and/or release of NO in the
NANC nerves in ginsenosides-treated corpus cavernosum.
This is supported by the finding of a greater increase in
corpus cavernosum cyclic GMP content elicited by trans-
mural nerve stimulation plus ginsenosides than the increase
in cyclic GMP content induced by ginsenosides or transmural
nerve stimulation alone. Ginsenosides enhancement of
neurogenic vasodilatation is not due to modulation by
ginsenosides of guanylate cyclase activity, since ginsenosides

did not affect relaxation of the corpus cavernosum induced
by Sin-i.

It is very likely that the enhanced neurogenic and
endothelium-mediated vasodilatation in the corpus caver-
nosum induced by ginsenosides may contribute to the aph-
rodisiac effect of Panax ginseng, which is an essential cons-
tituent in the aphrodisiac prescription of traditional chinese
medicine. It is interesting to note that the sensitivity of the
corpus cavernosum to ginsenosides in inducing endothelium-
dependent relaxation and enhancing transmural nerve
stimulation-elicited relaxation appears to be different. The
effective concentrations of ginsenosides (250 jsg ml-') in
inducing relaxation and enhancing ACh-induced relaxation
of corpus cavernosum is higher than that of ginsenosides
(100 jig ml-') in enhancing transmural nerve stimulation-
elicited relaxation. These results suggest that ginsenosides
have a preferential effect on neurogenic nitrergic vasodilata-
tion in the corpus cavernosum. Although detailed phar-
macokinetic data of ginsenosides in man remain to be deter-
mined, ginsenosides may exert a regional neurogenic
vasodilatation in corpus cavernosum before inducing poten-
tial systemic hypotension through widespread endothelial
mechanisms.

In summary, the results of the present study indicate that
ginsenosides induce endothelium-dependent vasodilatation,
enhance endothelium-dependent relaxation induced by ACh
and increase neurogenic vasodilatation in the corpus caver-
nosum. The endothelial and neurogenic mechanism of
ginsenosides in relaxing corpus cavernosum are
predominantly mediated by NO and may, in part, account
for the aphrodisiac effect of Panax ginseng.

This work was supported by Grants from NIH HL27763 and
HL47574, American Heart Association (91010850), and SIU School
of Medicine. We thank Ms Charlene Meents for preparing the
manuscript and Mr Feng-Yuan Chen for valuable discussion.

References

BUSH, P.A., GONZALEZ, N.E. & IGNARRO, L.J. (1992). Biosynthesis
of nitric oxide and citrulline from L-arginine by constitutive nitric
oxide synthase present in rabbit corpus cavernosum. Biochem.
Biophys. Res. Commun., 186, 308-314.

CHEN, X., CHEN, F.Y. & LEE, T.J.-F. (1993). Ginsenosides induce a
NO-mediated relaxation of the corpus cavernosum of the rabbit.
FASEB J., 7, A, 4446.

CHEN, X. & GILLIS, C.N. (1992). Enhanced photorelaxation in aorta,
pulmonary artery and corpus cavernosum produced by BAY K
8644 or N-nitro-L-arginine. Biochem. Biophys. Res. Commun.,
186, 1522-1527.

CHEN, X., GILLIS, C.N. & MAOLLI, R. (1984). Vascular effects of
ginsenosides in vitro. Br. J. Pharmacol., 82, 485-491.

GRYGLEWSKI, R.J., PALMER, R.M.J. & MONCADA, S. (1986).
Superoxide anion is involved in the breakdown of endothelium-
derived vascular relaxing factor. Nature, 320, 454-456.

IGNARRO, L.J. (1992). Nitric oxide as the physiological mediator of
penile erection. J. Natl. Insi. Health, 4, 59-62.

IGNARRO, L.J., BUSH, P.A., BUGA, G.M., WOODS, K.S., FUKUTO,
J.M. & RAJEFER, J. (1990). Nitric oxide and cGMP formation
upon electrical field stimulation cause relaxation of corpus caver-
nosum smooth muscle. Biochem. Biophys. Res. Commun., 170,
843-850.

KIM, (JUN) H., CHEN, X. & GILLIS, C.N. (1992). Ginsenosides protect
pulmonary vascular endothelium against free radical-induced
injury. Biochem. Biophys. Res. Commun., 189, 670-676.

LEE, T.J.-F. (1982). Cholinergic mechanism in the large cat cerebral
artery. Circ. Res., 50, 870-879.

LINNIK, M.D. & LEE, T.J.-F. (1989). Effect of hemoglobin on
neurogenic responses and cholinergic parameters in porcine
cerebral arteries. J. Cereb. Blood. Flow. Metab., 9, 219-225.

MARTIN, W., VILLANI, G.M., JOTHIANANDAN, D. & FURCHGOTT,
R.F. (1985). Selective blockade of endothelium-dependent and
glyceyl trinitrate-induced relaxation by hemoglobin and by
methylene blue in the rabbit aorta. J. Pharmacol. Exp. Ther., 232,
708-716.

MONCADA, S., PALMER, R.M.J. & HIGGS, E.A. (1991). Nitric oxide:
physiology, pathophysyology and pharmacology. Pharmacol.
Rev., 43, 109-142.

RAJFER, J., ARONSON, W.J., BUSH, P.A., DOREY, F.J. & IGNARRO,
L.J. (1992). Nitric oxide-as a mediator of relaxation of the corpus
cavernosum in response to nonadrenergic, noncholinergic neuro-
transmission. New Engl. J. Med., 326, 90-94.

REES, D.D., SCHULZ, R., HODSON, H.F., PLAMER, R.M.J. & MON-
CADA, S. (1990). Identification of some novel inhibitors of the
vascular nitric oxide synthase in vivo and in vitro. In Nitric Oxide
from L-arginine: A Bioregulatory System. ed. Moncada, S. &
Higgs, E.A., pp. 485-487, Elsevier: Amsterdam.

SHIBATA, S., TANAKA, O., SOMA, K., ILDA, Y. & NAMAMURA, H.
(1965). Studies on saponins and sapogins of ginseng. Tetrahedron
Lett., 3, 207-213.

(Received November 3, 1994
Revised December 21, 1994
Accepted January 17, 1995)


