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Abstract

Korean ginseng and mountain ginseng (Panax ginseng CA Meyer) are important traditional herbal plants whose
ginsenosides are generally accepted as serving to improve sexual functions, such as penile erection. We investigated
the effects of tissue-cultured mountain ginseng extract (TMGE) on male patients with erectile dysfunction (ED).
A double-blind, placebo-controlled study was conducted with 143 patients experiencing ED. Over the course of
8 weeks, one group took 1 000 mg of TMGE twice a day, and the other group took 1 000 mg of placebo twice a
day. The effects of the TMGE and the placebo were analyzed using the Korean version of the International Index
of Erectile Function (IIEF) questionnaire. A total of 86 patients completed 8 weeks of treatment. The scores
on the five domains of the IIEF after medication were significantly higher than the baseline scores in the group
treated with TMGE (P < 0.05), whereas no significant improvement was observed in the placebo group (P > 0.05).
Erectile function and overall satisfaction scores after medication were significantly higher in the TMGE group than
in the placebo group (P < 0.05). Erectile function of patients in the TMGE-treated group significantly improved,
suggesting that TMGE could be utilized for improving erectile function in male patients.
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1 Introduction compared with earlier reports [1]. The first line of
treatment is oral medication therapy; specifically,

Recent epidemiological studies have shown 5-phosphodiesterase (PDE) inhibitors such as sildenafil,
higher frequencies of erectile dysfunction (ED) tadalafil and vardenafil are generally prescribed by
urologists to treat ED [2, 3]. Although earlier studies
showed strong efficacy of 5-PDE inhibitors in ED
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Meyer) is effective in the treatment of male ED and has
been used as an alternative medication [4—6]. In a review
of red ginseng-based treatment of ED, Jang ef al. [7]
reported that randomized clinical studies have suggested
therapeutic efficacy for red ginseng, but these studies
typically do not have high methodological quality.
Well-controlled clinical studies of Korean mountain
ginseng have thus far not been performed, except for a
preliminary report that claimed an effect of mountain
ginseng extract on male ED [8]. Kim et al. [8] suggested
that mountain ginseng extract could be another candi-
date for treatment of ED. In this preliminary study,
all patients took 1 g of mountain ginseng extract twice
a day for 12 weeks. Kim et al. [8] only analyzed the
five-item version of the International Index of Erectile
Function (IIEF-5) when comparing mountain ginseng
extract with a placebo. In our study, we planned to use
the same mountain ginseng extract and placebo that
were administered in the preliminary study by Kim et
al. [8]. It is difficult to clinically apply wild Korean
mountain ginseng because of its scarcity and high cost.
Recent advances in plant biotechnology have made it
possible to produce mountain ginseng extracts on a large
scale using adventitious root cultures in bioreactors [9].
In this study, we investigated the effects of mountain
ginseng on male patients with ED using tissue-cultured
mountain ginseng extract (TMGE).

2 Materials and methods

A total of 143 patients participated in this study.
The patients were selected from the Outpatient Depart-
ments of Kyung Hee University, East-West Neo
Medical Center (Seoul, Korea). ED was defined as
difficulty in acquiring and maintaining an erection
for normal intercourse. We estimated the patients’
status of ED using the Korean version of the IIEF
questionnaire. Selection criteria included having a
total IIEF score under 51, no allergy to ginseng and
no acute illness. All patients consented to the purpose
of the study and to the study itself after explanation.
Informed consent was obtained from each subject, and
the study was approved by the Institutional Review
Board of Kyung Hee University, East-West Neo
Medical Center. Patients with severe neurological
disorders such as spinal cord injury and multiple
sclerosis, or with a history of radical prostatectomy,
genital anomaly or drug abuse were excluded from
the study. The 143 patients selected were randomly
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divided into two groups, one receiving TMGE and the
other receiving a placebo. The TMGE group comprised
75 men; whereas the placebo group contained 68 men.
The TMGE and placebo were supplied by the Research
Center for the Development of Advanced Horticultural
Technology, Chungbuk National University (Cheongju,
Korea), where large-scale cultures of mountain ginseng
adventitious roots have been developed. TMGE was
approved by the Korean Food & Drug Administration
(KFDA) in 2003. The major ingredients of the placebo
were Avicel 101 (45.31%), lactose 95 (45.31%) and
ginseng aroma powder (1.81%). The minor ingredients
of the placebo were glucose anhydrocrystalline (4.53%),
green color from Gardenia jasminoides (1.36%),
monascus color (0.72%), magnesium stearate (0.91%)
and enzymatically modified stevia glucosyl stevia
(0.05%). All patients gave a complete history and
underwent physical examinations. In addition, the
levels of various serum molecules, including aspartate
aminotransferase (AST) and alanine aminotransferase
(ALT), were measured. Testosterone (analytical sensi-
tivity, 0.04 ng mL"'; normal range, 3-10 ng mL™"),
estradiol (analytical sensitivity, 8 pg mL"'; normal
range, 0—44 pg mL™), prolactin (analytical sensitivity,
0.5 g mL"'; normal range, 1-18 ng mL™), follicle-
stimulating hormone (FSH) (analytical sensitivity, 0.2
mlIU mL"; normal range, 1.3-11.5 mIU mL") and
luteinizing hormone (LH) (analytical sensitivity, <
0.2 mIU mL"; normal range, 0.5-10 mIU mL']) were
also measured using radioimmunoassays. The daily
dose of TMGE was established in the preliminary study
conducted by Kim ef al. [8]; more recently, Mahady
et al. [10] suggested that a safe and effective dose of
Korean red ginseng is 0.5-2 g per day. We used this
range when determining the daily dose of TMGE for
our study. Many earlier studies applied ginseng or red
ginseng treatment for 4-12 weeks [7]. The duration
of treatment within the preliminary study conducted
by Kim et al. [8] was 12 weeks. As there was no
definitive reference for treatment duration, we analyzed
the preliminary study conducted by Kim et al. [8] and
concluded that 8 weeks of medication with mountain
ginseng extract should be sufficient to identify an
effect in patients with ED. Thus, medications were
distributed for 8 weeks using a double-blind method.
Patients in the TMGE group took 1 000 mg TMGE
twice a day in the morning and evening, and patients
in the placebo group took 1 000 mg placebo in the
morning and evening. Patients visited the hospital on
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weeks 4 and 8 in order to be checked for effects of the
medication, including changes in erectile function and
sexual satisfaction. All data were analyzed using SPSS
software (version 12.0). Paired #-test, Mann-Whitney
test and Pearson correlation test were used to analyze
the differences. Unpaired z-test was also used to analyze
some variables. Statistical significance was accepted
for P <0.05.

3 Results

Sixty-five patients in the TMGE group completed
8 weeks of medication. Three patients stopped taking
the medication because of minor headaches; these
patients were included among the 10 treated patients
who dropped out. Of the 68 patients in the placebo
group, only 21 completed the study. Most patients who
dropped out of the study saw no improvement in their
erectile function or sexual satisfaction. One reason for
the high drop-out rate in the placebo group might be that
many patients in this group wanted to experience a faster
response to the drug; however, we could not confirm that
this was a major factor. Our final results were influenced
by the much smaller size of the placebo group compared
with the TMGE group at the end of the study. We did
not use any artificial methods to select the patients. The
mean age of the patients was 58.1 + 1.1 (33—79) years,
and the ages of the most of the patients were close to the
mean age. The mean age of the TMGE group was 57.51
+ 1.24 years and that of the placebo group was 60.19
+ 2.02 years. There were no statistically significant
differences in age across the groups (P = 0.279). The
number of patients with accompanying cardiovascular
disorders (including hypertension), diabetes mellitus,
hyperlipidemia and benign prostate hyperplasia (BPH)
are shown in Table 1. No patient in either group showed
abnormal testosterone, prolactin or estradiol levels before
medication (P > 0.05). The total IIEF and the five IIEF
domain scores showed no significant differences between
the two groups before administration of medication

Table 1. Medical characteristics of patients with erectile dysfunction.

Number of patients (%)

Total 86

Hypertension 15(17)
Diabetes mellitus 19 (22)
Hyperlipidemia 16 (19)
Benign prostate hyperplasia 21 (24)

(P > 0.05). After 8 weeks, the total IIEF score of the
TMGE group had significantly increased from 29.78 +
13.14 to 39.86 = 15.29 (P < 0.001). Domain scores for
erectile function, orgasmic function and sexual desire
also significantly increased from 11.89 + 5.89, 4.09 +
2.49 and 4.32 + 1.59 to 16.37 + 7.08, 5.32 + 2.74 and
5.58 + 2.03, respectively (P < 0.001, P = 0.008, P <
0.001) (Table 2). The total IIEF score in the placebo
group increased from 29.71 + 10.58 to 33.33 + 10.17
after 8 weeks of medication, but this difference was not
statistically significant. No significant changes were
observed in the domain scores for erectile function,
orgasmic function or sexual desire in the placebo group
(P > 0.05 for all three scores). In the TMGE group, the
scores for sexual intercourse satisfaction and overall
satisfaction after 8 weeks were 6.83 £+ 2.95 and 5.74 +
1.93, respectively, which were higher than the scores
before medication (P = 0.001 for both). In the placebo
group, the sexual intercourse satisfaction and overall
satisfaction scores also increased, but without statistical
significance (P = 0.859 and P = 0.106, respectively)
(Table 2). After TMGE and placebo medication, erectile
function, intercourse satisfaction and overall satisfaction
scores in the five domains of the IIEF were significantly
higher in the TMGE group than in the placebo group
(P < 0.05) (Table 3). The levels of testosterone in the
TMGE group were higher than those before medication,
but the increase was not statistically significant (P =
0.076). Levels of FSH, LH, prolactin and estradiol did
not change significantly in either group (£ > 0.05) (Table
4), nor did the levels of several serum markers after
medication (P > 0.05).

4 Discussion

Medical treatment is the most common solution to
ED; 5-PDE inhibitors are commonly used as an initial
treatment [2, 3]. ED is an important aspect of sexual
dysfunction, and occasionally male patients with sexual
dysfunction are treated with multi-drug treatment
and psychotherapy. Ginseng has been widely used
as a medicine throughout Asia and as an ingredient
in health food in Korea. Ginsenosides, the primary
active compounds in ginseng, have cardioprotective,
immunostimulatory, anti-fatigue and hepatoprotective
physiological and pharmacological effects [11-13]. In
this study, significantly increased total IIEF scores and
scores in five IIEF domains were detected in the TMGE-
treated patient group compared with the placebo-treated
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Table 2. IIEF scores of the TMGE-treated group and the placebo-
treated group.

Table 4. Estimates of serum hormonal levels in the TMGE group
and placebo group.

Pre-medication Post-medication

Pre-medication Post-medication

Group (n) P-value Group (n) P-value
(Mean £sd)  (Mean =+ sd) (Mean + sd) (Mean + sd)
Total IIEF Testosterone (ng mL™")
TMGE (65) 29.78 £13.14 39.86+1529  <0.00 TMGE (49) 422+1.17 474 +1.64 0.076
Placebo (21) 29.71+10.58 3333+10.17  0.242 Placebo (21) 4.02+£0.87 421+1.78 0.649
EF domain LH (mIU mL™)
TMGE (65) 11.89 £ 5.89 16.37 +£7.08 <0.00 TMGE (39) 4.25+0.38 4.19 +£0.40 0.690
Placebo (21) 11.38 £4.78 13.05 +4.27 0.390 Placebo (16) 3.72 +0.61 3.60+0.73 0.963
OF domain FSH (mIU mL™")
TMGE (65) 4.09 £2.49 532+2.74 0.008’ TMGE (32) 537+0.67 6.65+1.30 0.783
Placebo (21) 438+1.47 5.00+1.76 0.199 Placebo (10) 3.37+0.76 2.20£0.70 0.329
SD domain Prolactin (ng mL™)
TMGE (65) 4.32+1.59 5.58 £2.03 <0.00 TMGE (43) 10.09 +£0.88 13.94 +£2.47 0.095
Placebo (21) 433 £1.68 4.67+1.62 0.411 Placebo (16) 10.43 +£1.88 11.11 +£2.60 0.763
IS domain Estradiol (pg mL™)

TMGE (65) 5.12+£2.93 6.83 +2.95 0.001° TMGE (38) 30.35+1.59 29.67 +1.47 0.893
Placebo (21) 5.57+2.7 15.81 +2.54 0.859 Placebo(11) 33.54+3.31 33.68£4.42 0.821
OS domain Abbreviations: FSH, follicle-stimulating hormone; LH, luteinizing
TMGE (65) 4.29+1.89 5.74+1.93 <0.00° hormone; sd, standard deviation; TMGE, tissue-cultured mountain

Placebo (21) 4.05+1.32 4.81+1.44 0.106 ginseng extract.
1IEF-5
TMGE (65) 11.02 +5.08 15.34 £6.13 <0.00"
Placebo (21)  11.95+4.44 13.52£4.46 0.471 patient group. These results suggest that TMGE can

Abbreviations: EF, erectile function; IIEF-5, the five-item version
of the International Index of Erectile Function; IS, intercourse
satisfaction; OF, orgasmic function; OS, overall satisfaction; sd,
standard deviation; SD, sexual desire; TMGE, tissue-cultured
mountain ginseng extract. Statistical significance was tested
using the paired #-test and the Mann-Whitney test.

Table 3. Log-scaled IIEF scores of the TMGE-treated group and
the placebo-treated group after 8 weeks of medication.

improve erectile function in patients with ED. The
degree of improvement in the Korean version of the
IIEF questionnaire was not correlated with patient
age, total IIEF score or the score in each IIEF domain
before TMGE treatment (P > 0.05). Thus, TMGE
might improve ED regardless of age and severity of
disease. It is generally known that nitric oxide (NO)
plays an important role in penile erection by relaxing
cavernosal smooth muscle cells. Ginsenosides increase

TMGE group  Placebo group NO synthesis and play an important role as antioxidants

(Mean £ sd)  (Mean = sd) _ [14, 15]. We speculate that the ginsenosides in TMGE
Total IIEF 3.57+0.55 346+0.34 0.029 caused the increase in total IIEF scores and its five
EF domain 2.65+0.64 2.50+£041 0.018 domains. Guan et al. [16] reported that the ginsenoside-
OF domain 1.64 £0.52 1.52£048 0.181 Rb of Panax notoginseng blocks calcium influx through
SD domain 1.64 £ 0.45 1.46 +0.47 0.068 store-operated calcium channels and receptors in
IS domain 1.94 £0.41 1.66 £ 0.46 0-012* vascular smooth muscle cells. On chemical testing,
OS domain 1.67+0.44 1.53+0.30 0.018 TMGE showed a higher concentration of ginsenoside-
1IEF-5 2.60 = 0.60 2.54+0.38 0.062

Abbreviations: EF, erectile function; ITEF-5, the five-item
version of the International Index of Erectile Function; IS,
intercourse satisfaction; OF, orgasmic function; OS, overall
satisfaction; sd, standard deviation; SD, sexual desire; TMGE,
tissue-cultured mountain ginseng extract.

"Statistical significance was determined using the Mann-
Whitney test. Mean + sd indicate log-scaled scores of IIEF.

Rb than ginseng and red ginseng [17]. If ginsenoside-
Rb has the activity to block calcium influx in vascular
smooth muscle cells, then TMGE might be still more
effective in improving erectile function than ginseng and
red ginseng. The IIEF score of patients with ED was
increased after medication with Korean red ginseng, but
penile blood flow did not increase on penile Doppler

http://www.asiaandro.com; aja@sibs.ac.cn | Asian Journal of Andrology



@ An effective complementary agent for erectile dysfunction
Tae-Hwan Kim et al.

360

ultrasonography after intracavernous injection of a
vasoactive mixture [5]. We did not compare penile
tumescence with penile rigidity, but various factors,
including ginsenosides, increase NO synthesis, function
as antioxidants and block calcium influx, all of which
might increase the IIEF score of patients with ED. If
we had performed nocturnal tumescence or ultrasound
studies, we could have evaluated the mechanism of the
observed effects of TMGE. The 5-PDE inhibitors have a
minimal effect on orgasm, sexual desire and intercourse
satisfaction, given their mechanism of action. It is
likely that sexual dysfunction involves aberrations of
normal mechanisms that regulate erection, orgasm and
ejaculation; these factors are often associated with lower
levels of satisfaction with sexual behaviour. The role
of 5-PDE inhibitors is to induce erections by enhancing
the relaxation of cavernosal smooth muscle cells. This
action is localized to cavernous smooth muscle cells,
rather than being systemic. In intracavernous and
transurethral injection therapy using PGE1, alprostadil
also shows local action. Ali et al. [18] reported that
ginseng induces lipid peroxidation and activation
of antioxidative systems, suggesting that ginseng
contributes to erectile function through systemic rather
than peripheral, localized effects. We have hypothesized
that such a general elevation of body function is
important for the beneficial effects on erectile function
observed with TMGE. Apomorphine is a representative
drug that acts on the central nervous system, specifically
on dopamine receptors, and induces neurotransmission,
which results in erection. No drugs used thus far for
treatment of ED have shown simultaneous effects on the
peripheral and central nervous systems. Ginsenosides
have various effects on the central nervous system that
are related to various neurotransmitters, including
Gamma-Aminobutyric Acid (GABA), glutamate,
dopamine, noradrenaline and serotonin [19-21]. In
this study, TMGE significantly increased the scores of
erectile function, intercourse satisfaction and overall
satisfaction on the IIEF questionnaire (P < 0.05).
TMGE might thus have positive effects on the central
nervous system, overall well-being and general state
of health in male patients with ED. After taking the
medication, patients in the TMGE group showed
increased testosterone levels, although the changes
were not statistically significant. TMGE also appeared
to enhance the patients’ overall sense of well-being.
This study suggests that TMGE could be an
effective complementary agent for improving erectile

function in male patients. The reasons for the efficacy
of TMGE in patients with ED are still unclear. Further
in vitro studies are necessary for mechanistic analysis.

Acknowledgment

This study was supported by a grant from the
Kyung Hee University Research Fund (Korea) in 2007
(No. KHU-20071507).

References

1 Johnnes CB, Araujo AB, Feldman HA, Derby CA, Kleinman
KP, et al. Incidence of ED in men 40 to 69 years old:
longitudinal results from the Massachusetts male aging
study. J Urol 2000; 163: 460-3.

2 Sanchez-Cruz JJ, Cabrera-Ledn A, Martin-Morales A,
Fernandez A, Burgos R, ef al. Male ED and health related
quality of life. Eur Urol 2003; 44: 245-53.

3 Rajfer J, Aronson WJ, Bush PA, Dorey FJ, Ignarro LJ.
Nitric oxide as a mediator of relaxation of the corpus
cavernosum in response to nonadrenergic, noncholinergic
neurotransmission. N Engl J Med 1992; 326: 90—4.

4 Janetzky K, Morreale AP. Probable interaction between
warfarin and ginseng. Am J Health Syst Pharm 1997; 54: 692-3.

5 Hong B, Ji YH, Hong JH, Nam KY, Ahn TY. A double-
blind crossover study evaluating the efficacy of Korean red
ginseng in patients with ED: a preliminary report. J Urol
2002; 168: 2070-3.

6  de Andrade E, de Mesquita AA, Claro Jde A, de Andrade PM,
Ortiz V, et al. Study of the efficacy of Korean Red Ginseng
in the treatment of ED. Asian J Androl 2007; 9: 241-4.

7 Jang DJ, Lee MS, Shin BC, Lee YC, Ernst E. Red ginseng
for treating ED: a systemic review. Br J Clin Pharmacol
2008; 66: 444-50.

8 Kim HS, Woo SH, Jo SH, Hahn EJ, Youn NY, et al. Double-
blind, placebo-controlled, multi-center study for therapeutic
effects of mountain Panax ginseng C.A. Meyer extract in men
with ED: a preliminary report. Kor J Androl 2006; 24: 84-8.

9  Yu KW, Gao WY, Son SH, Pack KY. Improvement of gin-
senoside production by jasmonic acid and some other elici-
tors in hairy root culture of ginseng (Panax ginseng C. A.
Meyer). In Vitro Cell Dev Plant 2000; 36: 424-8.

10 Mahady GB, Gyllenhaal C, Fong HHS. Ginsengs: a review
of safety and efficacy. Nutr Clin Care 2000; 3: 90-101.

11 Attele AS, Wu JA, Yuan CS. Ginseng pharmacology:
multiple constituents and multiple actions. Biochem Phar-
macol 1999; 58: 1685-93.

12 Gillis CN. Panax ginseng pharmacology: a nitric oxide link?
Biochem Pharmacol 1997; 54: 1-8.

13 Shin HR, Kim JY, Yun TK, Morgan G, Vainio H. The
cancer-preventive potential of Panax ginseng: a review of
human and experimental evidence. Cancer Causes Control
2000; 11: 565-76.

14 O’Hara M, Kiefer D, Farrell K, Kemper K. A review of 12

Asian Journal of Andrology | http://www.asiaandro.com; aja@sibs.ac.cn



An effective complementary agent for erectile dysfunction
Tae-Hwan Kim et al.

®

361

commonly used medicinal herbs. Arch Fam Med 1998; 7:
523-36.

in suspension culture roots of Panax ginseng induced by
oxygen in bioreactors. Plant Sci 2005; 169: 833—41.

15 Mahady GB. Global harmonization of herbal health claims. 19 D’Angelo L, Grimaldi R, Caravaggi M, Marcoli M, Perucca
J Nutr 2001; 131: 1120-3. E, et al. A double-blind, placebo-controlled clinical study on
16 Guan YY, Zhou JG, Zhang Z, Wang GL, Cai BX, et al. the effect of a standardized ginseng extract on psychomotor
Ginsenoside-Rd from Panax notoginseng blocks Ca?* influx performance in healthy volunteers. J Ethnopharmacol 1986;
through receptor- and store-operated Ca2+ channels in vascular 16: 15-22.
smooth muscle cells. Eur J Pharmacol 2006; 548: 129-36. 20 Tsang D, Ho KW, Tse TK, Tsang PC, Wen HL. Ginsenoside
17 Kim SJ, Murthy HN, Hahn EJ, Lee HL, Paek KY. modulates K*-stimulated noradrenalin release from rat
Parameters affecting the extraction of ginsenosides from the cerebral cortex slices. Planta Med 1986; 4: 266-8.
adventitious roots of ginseng (Panax ginseng C.A. Meyer). 21 Kimura T, Saunders PA, Kim HS, Rheu HM, Oh KW, et
Sep Purif Technol 2007; 56: 401-6. al. Interactions of ginsenosides with ligand-bindings of
18 Ali MB, Thanh NT, Yu KW, Hahn EJ, Pack KY, et al. GABA(A) and GABA(B) receptors. Gen Pharmacol 1994;

Induction in the antioxidative systems and lipid peroxidation

http://www.asiaandro.com; aja@sibs.ac.cn | Asian Journal of Andrology

25:193-9.



