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Cancer could be conquered by early diagnosis and primary prevention through many
non-toxic cancer preventives “neutraceutical” have been discovered Our study has been
focused on the anticarcinogenicity of Panax ginseng C. A. Meyer, also known as mystic
tonic, against various chemical carcinogens. Experimental and epidemiological findings
showed that red ginseng and heated fresh ginseng extract had anticarcinogenic and cancer
preventive effects. To identify its active components, several extracts and components
of red ginseng and fresh ginseng were tested for anticarcinogenicity using Yun’s 9 week
medium term assay. Ethanol extract, water extract and total saponin fraction isolated from
6 year-old fresh ginseng significantly inhibited mouse lung adenoma incidence, suggesting
that saponin might be the active components. Furthermore, since red ginseng among the
ginseng types, showed the most effective anticarcinogenicity, semi-synthesized ginseno-
side Rg3 and Rg5 mixture, major saponin components in red ginseng, were selected for
further study. The results showed significant inhibition of lung adenoma in Yun’s anti-
carcinogenicity test system, indicating that ginsenoside Rg3 or Rg5 alone or together
would be active anticarcinogenic compounds.
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INTRODUCTION

Since the end of 1950s,1’2) there have been ex-
haustive clinical as well as experimental studies on
cancer chemotherapy, immunotherapy, and combined
therapy with unsatisfying results.”” However, since

1978, it has been suggested that cancer should be

conquered by prevention and it is not desirable to use
synthetic agents for chemoprevention because of their
toxicity problems. Therefore, attempts were made to
discover non-toxic cancer preventives in natural
products, and the necessity of developing new chemo-
or immunopreventives from natural products, which
we have been taking since time immemorial was also

appreciated.
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We hypothesized earlier that the life-prolongation
effect of ginseng described by Shennong in Liang
Dynasty China® may be due to preventive activity of
ginseng against development of cancers, therefore, our
study has been focused on the problem of whether
ginseng has anticarcinogenicity against various chemi-
cal carcinogens, such as urethane, 9, 10-dimethyl-
1,2-benzanthracene (DMBA), N-2-fluorenylacetamide
(FAA), N-methyl-N"-nitroso-N-nitroguanine (MNNG),
aflatoxin B, and tobacco smoke condensates for long-
term period,™ and a new 9 week medium-term anti-
carcinogenicity model (termed Yun’s anticarcinogeni-
city test) using one of the environmental carcinogens,
bezo(a)pyrene, was established in our laboratory to
confirm and compare the anticarcinogenicity of red
ginseng and compare various types and ages of
ginseng.”o) The results showed statistically significant
anticarcinogenic effects in powders and extracts of 6
years-dried fresh ginseng, 5 (powders only) and 6 years-
white ginseng, and 4, 5 and 6 years-red ginseng.”'m

In 1987, we began an epidemiological study to
confirm whether red ginseng extracts had as much
anticarcinogenic effect on human beings as on mice.
For this work we performed three studies; two case-

117 and a cohort

18-21)

control studies on cancer patients
study on a population of a ginseng cultivation area.

In the present study, further studies on the search
of active components were performed using Yun’s

medium-term anticarcinogenicity test model.

MATERIALS AND METHODS
1) Plant material

The plant materials are as follows. Korean Red
ginseng; Panax ginseng C. A. Meyer cultivated for six
years, at Suwon experimental station, Korea and pro-
cessed according to the GMP of Korea Tobacco &
Ginseng Corporation, and Korean fresh ginseng; Panax
ginseng cultivated under the same condition as des-

. 22-24
cribed elsewhere?> ¥

and dried without peeling.
(1) Fractionation of red ginseng

The Powered red ginseng (2 Kg) was extracted with

water (2 liters X 2) at 90°C and filterd and one-tenth
of the combined filtrates were evaporated to give a
“water extract” (104.4 g). Remaining combined fil-
trates were successively extracted with hexane (1 liter
% 3) and water saturated n-BuOH (700 ml x 3), and
dried to give, hexane fraction (1.2 g) and n-BuOH
fraction (68.2 g), respectively. The water layer was
evaporated to give water fraction (715.9 g) also.
n-BuOH fraction was chromatographed on silica gel
column, using CHCI3-MeOH-H,O (10:3:1-7:
3 : 1, gradient) as eluents. Eluates with authentic sam-
ples were examined by TLC, and panaxadiol type
saponin (29.2 g) and panaxatriol type saponin- (32.8
g) were fractionated.”

(2) Fractionation of fresh ginseng

Fresh ginseng was air-dried and powdered. The
powdered fresh ginseng (1 Kg) was extracted with
water (2 liters X 2) at 90°C and filterd. One-tenth of
the combined filtrates were evaporated to give a water
extract (49.2 g), and nine-tenths of the combined
filtrates were extracted with ethyl ether (1 liter x3)
and water saturated n-BuOH (700 ml X 3), succes-
sively, to give n-BuOH fraction. The combined n-
BuOH fraction were dried and evaporated under
reduced pressure to give total saponin (63.6 g). The
powdered fresh ginseng (500 g) was extracted with 70
% EtOH (1 liters X 3) at 80°C and filtered, and the
combined filtrates were then evaporated to give a 70%
EtOH (142.1 g). To obtain polysaccharide fraction
from fresh ginseng, the air-dried and powdered fresh
ginseng (1 Kg) was defatted with 85% EtOH (2 liter
X 3), and the residues were extracted with hot water
(1 liter X3). The combined extracts were evaporated
to appropriate volumes and then dialyzed against
running water for 3 days and distilled for 1 day. After
non-dialyzable portion was centrifuged to remove in-
soluble materials, the resulting supernatant was preci-
pitated with 6 volumes of EtOH, and the precipitate was
lyophilized to give polysaccharide fraction (13.3 g).*
(3) Preparation of ginsenoside Rg3 and Rg5 mix-

ture
The ginsenoside Rbl obtained from Korean ginseng
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(10 g) was hydrolyzed with 50% aqueous acetic acid
(500 ml) at 70°C for 3 hrs. The reaction mixture was
concentrated to an appropriate volume and left it at
4°C for 1 day, and filtered. The filtrate was diluted
with water (500 ml) and extracted with n-BuOH (250
ml X3). The combined n-BuOH fractions were
washed with saturated NaHCO; solution and eva-
porated under reduced pressure. The residue was chro-
matographed on silica gel column, using CHCI3-
MeOH-H20 (9 : 3 : 1) as solvents to obtain ginseno-
side Rg3 and Rg5 mixture. Ginsenoside Rg3 and Rg5
mixture was subjected to HPLC (Waters 244, CLC-
ODS, RI dectector), using acetonitril-water (60 : 40)
as mobile phase to analyze the ratio of ginsenoside
Rg3 and Rg5 (2.6 g).”

2) Anticarcinogenicity test using Yun’s 9 week

medium-term model

(1) Mice: Non-inbred N : GP (S) mice were obta-
ined from National Cancer Institute (NIH), U.S.A.
Newbom mice within 24 hours after birth were used.
Diet pellets were prepared according to the NIH 7-
open formula diet. Male and female mice were sepa-
rated and each group had 40~80 mice.

(2) Administration of carcinogen: Newborn mice
less than 24 hours old were injected once subcutane-
ously in the scapular region with 0.02 ml of benzo
(a)pyrene (0.5 mg; BP, Sigma Chemical Co., U.S.A)
suspension in aqueous gelatin. The carcinogen was
used within 1 hour after emulsification.

(3) Administration of ginseng fractions: After

weaning, the following ginseng fractions were admi-

Table 1. Effects of red ginseng water extract, panaxadiol type saponin, panaxatriol type saponin and hexane fraction
and water extract on the incidence of lung tumor in mice induced by benzo(a)pyrene using Yun’s 9 week medium-

term anticarcinogenicity test model

Experiment 1

Experimental groups No. of No. of mice with Lung tumor Inhibition
and treatment mice lung tumor incidence (%) rate (%)
Benzo(a)pyrene (BP) 0.5 mg/mice S.C. M 40 15 37.5
F 39 22 56.4
M+F 79 37 46.8 Reference
BP+Red ginseng water extract 2 mg/ml D.W. M 40 8 20.0
F 40 14 35.0
M+F 80 22 27.5* 36.8
BP +Panaxadiol type saponin  67.7 ug/ml D.W. M 38 16 421
F 40 17 425
M+F 78 33 423 9.6
BP +Panaxatriol type saponin  56.6 ug/ml D.W. M 40 16 40.0
F 40 17 425
M+F 80 33 413 11.8
Bp+Hexane fraction 21.9 ug/ml D.W. M - - -
F 40 16 40.0
M+F 40 16 40.0 ?
BP+Water fraction 811.4 ug/ml D.W. M 40 13 325
F 40 20 50.0
M+F 80 33 413 11.8

D.W.: Drinking water, *: P < 0.05
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nistered for 6 weeks: Red ginseng water extract (2
mg/ml drinking water), hexane fraction (21.9 ug/ml),
ether fraction (42.3 ug/ml), panaxadiol type saponin
(67.7 ug/ml), panaxatriol type saponin (56.6 ug/ml),
and water extract (811.4 ug/ml) in experiment 1, fresh
ginseng 70% ecthanol extract (4.72 mg/ml), fresh
ginseng water extract (6.4 mg/ml), fresh ginseng total
saponin (0.44 mg/ml) and fresh ginseng polysac-
charide (1.32 mg/ml) in experiment 2; and ginsenoside
Rg3+Rg5 (7 : 3 ratio, 80 ug/ml) in experiment 3.
(4) Scoring of lung tumors: All mice were sacri-
ficed at the 9th week after birth. Lungs were excised
and fixed with Tellyesniczky’s solution (100 ml of
70% ethanol, 3 ml of formalin, 5 ml of glacial acetic
acid), and adenomas were then counted by the naked
eye. After counting the lungs were embedded in
paraffin, cut and then stained with hematoxylin-eosin.
To obtain tumor incidence index, the percentage of
tumor bearing mice per total number of mice in each

group was calculated. Statistical comparisons were

made using the Chiu-square test for tumor incidence.
A null hypothesis was rejected whenever a P value

of 0.05 or less was found.

RESULTS

Experiment 1: Since previous data revealed that
red ginseng showed potent anticarcinogenic effect in
long term and Yun’'s 9 week medium term systems,
anticarcinogenic effects of panaxadiol type and pana-
xatriol type saponins, which are the major saponin of
red ginseng, and hexane and water fractions of red
ginseng were compared by Yun’s 9 week medium
term system. The mice tolerated well carcinogen and
ginseng. There was no death attributable to the treat-
ment, and overall weight gains over the 9 week period
were almost same between control and treated mice
(data not shown). Histopathological analysis revealed
that all the lung tumors were pulmonary adenoma.

Lung adenoma incidence was 46.8% in mice treated

Table 2. Effects of ethanol extract, water extract, total saponin and polysaccharide from fresh ginseng on the incidence
of lung Tumor in mice induced by benzo(a)pyrene using Yun's 9 week medium-term anticarcinogenicity test model

Experiment 2

Experimental groups No. of No. of mice with Lung tumor Inhibition
and treatment mice lung tumor incidence (%) rate (%)
Benzo(a)pyrene (BP) 0.5 mg/mice S.C. M 30 16 533
F 30 19 63.3
‘ M+F 60 35 58.3 Reference
BP +70%EtOH extract 4.72 mg/ml D.W, M 30 11 36.7
F 30 15 50.0
M+F 60 26 43.3*% 257
BP -+ Water extract 6.4 mg/ml D.W, M 30 13 434
F 29 13 44.8
M-+F 59 26 44.1* 244
BP + Total saponin 0.44 mg/ml D.W. M 30 13 433
F 30 13 433
M+F 60 26 43.3* 25.7
BP +Polysaccharide  1.32 mg/ml D.W. M 30 13 43.3
F 30 17 56.7
M+F 60 30 50.0 142

D.W.: Drinking water, *: P < 0.05
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Table 3. Effects of ginsenoside Rg3+Rg5 mixture on the incidence of lung tumor in mice induced by benzo(a)pyrene
using Yun’s 9 week medium-term anticarcinogenicity test model

Experiment 3

Experimental groups No. of No. of mice with Lung tumor Inhibition

and treatment mice lung tumor incidence (%) rate (%)
Benzo(a)pyrene (BP) 0.5 mg/mice S.C. M 25 14 56.0
F 25 16 64.0

M+F 50 30 60.0 Reference
BP +Ginsenoside Rg3+Rg5 80 ug/ml D.W. M 30 13 433
F 30 14 46.7

M+F 60 27 45.0% 25.0

D.W.: Drinking water, *: P < 0.05

with 0.5 mg of BP. When treated with red ginseng
together with BP lung tumor incidence significantly
reduced to 27.5% (inhibition rate 36.8%), however,
with panaxadiol type saponin, panaxatriol type sapo-
nin, hexane fraction and water fraction were 42.3%,
41.3%, 40.0% and 41.3%, respectively, with no signi-
ficant reduction observed.

Experiment 2: The next step was to compare anti-
carcinogenicity of 6 year fresh ginseng fractions such
as 70% ethanol extract, water extract, total saponin
and polysaccharide. Lung adenoma incidence was
583% in 0.5 mg of BP alone treated mice. The
treatment of ethanol extract and total saponin com-
bined with BP reduced lung tumor significantly to
44.1% (inhibition rate 25.7%) and 43.3% (inhibition
rate 24.4%), respectively, but the incidence of poly-
saccharide treatment was 50.0% and no significant
reduction was observed.

Experiment 3: Final experiment was to examine
which components of red ginseng were responsible for
anticarcinogenicity, and Rg3 and Rg5 mixture were
selected, because they are present in red ginseng in
large amount and their semi-syntheses are possible.
First, lung adenoma incidence was 60.0% in 0.5 mg
of BP alone treated mice. However, the treatment of
Rg3+Rg5 mixture combined with BP reduced the
lung tumor incidence significantly to 45.0% (inhi-
bition rate 25.0%). On the other hand, the incidence

of polysaccharide treated animal was 50.0% and no
significant reduction was observed. The results showed
that Rg3+Rg5 had anticarcinogenic effect in Yun’s
medium term assay system.

DISCUSSION

In the present study, we found that saponin com-
ponents have major roles for anticarcinogenic effect
in Yun’s 9 week medium term assay system.

In the experiment 1, panaxatriol type saponin did
not reduce lung adenoma incidence, possibly due to
dosage; enough dose was not used in this experiment.
In addition, since polysaccharide fraction did not inhi-
bit lung adenoma incidence, polysaccharide fraction
could be excluded from active components of anti-
carcinogenic effect. In the experiment 2, ethanol,
water and saponin fraction exhibited anticarcinogenic
effect. Because ethanol and water extracts contained
large amounts of saponin, these data indicated that
saponin fraction was responsible for anticarcinogenic
effect of ginseng. From the above results, it is sug-
gested that the anticarcinogenic effect of ginseng is
due to saponin but not polysaccharide.

Since gene alterations of mouse lung tumor is
similar to those of human,25) the mouse lung model
would be suited for preclinical and clinical model for
development and testing of chemopreventive agents.%)
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Since inhibition of lung adenoma was more pronoun-
ced in red ginseng than fresh or white ginseng,“'”)
ginsenoside Rg3 and Rg5, which are rich only in red
ginseng, were examined for anticarcinogenicity by
using Yun’s mouse lung adenoma system. The mix-
ture of Rg3 and RgS showed significant inhibition of
lung adenoma, suggesting that they are responsible for
anticarcinogenicity of red ginseng. However, we do
not know the exact nature of Rg3 and Rg5 for actual
component. Nevertheless, Rg3 may have more potent
anticarcinogenic capacity than Rg5, because we used
the mixture of Rg3/Rg5 at the ratio of 7 to 3.
Further study is in need to elucidate mechanisms of
action of these compounds. Moreover, since our
epidemiological data showed that just 1~3 times
intake per year significantly reduced relative risk
(RR),"*™™ it is suggested that these components may
act in oncogene activation or suppressor gene inac-

’ as well as in

tivation in multi-step carcinogenesis,27
the pathway of apoptosis.

From the results of the present experimental and
epidemiological studies, it is concluded that signifi-
cant inhibition of lung adenoma in Yun’s anticarcino-
genicity test system, indicating that ginsenoside Rg3
or Rg5 alone or together would be active anticar-
cinogenic compounds in red ginseng.

Panax ginseng C. A. have shown anticarcinogenic
and cancer preventive effect and in the present study,
we also suggested that saponin may be one of active
components. We think ginseng should be recognized
as a functional food for cancer prevention, and that
further studies for the identification of its active com-
ponents and mechanisms of action, expecially focused
on red ginseng.

We, therefore, further suggest that further studies
on the anticarciriogenicities of individual minor gin-
senosides in red ginseng and mechanism of action

should be focused.

REFERENCES

1) Goodman LS, Wintrobe MM, Dameshek W, Goodman

MJ, Gilman A, McLennan MT. Nitrogen mustard
therapy. JAMA 1946; 132: 126-132.

2) Tenenbaum L. Cancer Chemotherapy and Biotherapy:
A Reference Guide. W.B. Saunders Co., 1994; Phil-
adelphia.

3) American Cancer Society. Cancer Facts & Figures-
1976. American Cancer Society Inc., Atlanta, GA,
1976; U.S.A.

4) Tao Hongjin. Shennong Bencao Jing (Simplified Ver-
sion of Shennong’s Ancient Chinese Medical Book)
Liang Dynasty of China, circa 500 A.D., Munkwang
Doso, 1982; Taipei, p40.

5) Yun TK, Yun YS, Han IW. An experimental study
on the tumor inhibitory effect of red ginseng in mice
and rats .iposed to various chemical carcinogens.
Proc. 3rd Inter. Ginseng Symp. Korea Ginseng Rese-
arch Institute Press, Seoul, 1980; 87-112.

6) Yun TK, Yun YS, Han IH. Anticarcinogenetic effect
of long-term oral administration of red ginseng on
newborn mice exposed to various chemical carcino-
gens. Cancer Detect. Prev 1983; 6: 515-525.

7) Yun TK, Kim SH, Oh YR. Medium-term (nine weeks)
method for assay of preventive agents against tumor.
J. Korean Cancer Assoc 1987; 19: 1-7.

8) Yun TK, Kim SH. Inhibition of development of benzo
(a)pyrene-induced mouse pulmonary adenoma by na-
tural products in medium-term bioassay system. .
Korean Cancer Assoc 1988; 20: 133-142.

9) Yun TK. Usefulness of medium-term bioassay deter-
mining formation of pulmonary adenoma in NIH (GP)
mice for finding anticarcinogenic agents from natural
products. J Toxicol Sci (Japan), 1992; 16: (Suppl.1),
53-62.

10) Yun TK, Kim SH, Lee YS. Trial of new medium-term
model using benzo(a)pyrene induced lung tumor in
newborn mice. Anticancer Res 1995; 15: 839-846.

11) Yun TK, Lee YS. Anticarcinogenic effect of ginseng
powders depending on the types and ages using Yun's
anticarcinogenicity test (I). Korean J. Ginseng Sci
1994; 18: 89-94.

12) Yun TK, Lee YS. Anticarcinogenic effect of ginseng
extracts depending on the types and ages using Yun’s
anticarcinogenicity test (II). Korean J. Ginseng Sci.
1994; 18: 160-164.

13) Yun TK, Lee YS, Kwon HK, Choi KJ. Saponin Con-
tents and anticarcinogenic effects of ginseng depend-
ing on types and ages in mice. Acta Pharm Sinica
1996.

14) Yun TK, SY Choi SY. A case-control study of gin-



192 ofgietelldet3)x) : Al 5H A 43 2000

seng intake and cancer. 1990; Intl J Epidemiol 19:
871-876.

15) Yun TK, Choi SY. Preventive effect of ginseng intake
against various human cancers: A case-control study
on 1987 pairs. Cancer Epidemiol. Biomarkers Prev.,
1995; 4: 401-408.

16) Yun TK. Experimental and epidemiological evidence
of the cancer preventive effects of Panax ginseng C.A.
Meyer Nutr Rev 1996;54: S71-S81.

17) Yun TK. Preventive effect of Panax ginseng C.A.
Meyer on various human cancers. In: Ohigashi H,
Osawa T, Terao J, Watanabe S, Yoshikawa T.(eds):
Food Factors for Cancer Prevention. p 240-244, Sprin-
ger-Verlag, Tokyo, 1997.

18) Yun TK, Choi SY. Non-organ specific cancer pre-

Q)

vention of ginseng: A prospective study in Korea. Intl
J Epidemiol 1998; 27: 359-364.

19) Yun TK, Lee YS, Choi SY. Non-toxic and non-organ
specific cancer preventive effects of Panax ginseng C.
A Meyer In: Shibamoto T.(ed): Functional Foods:
Overview ana Disease Prevention, American Chemi-
cal Society(ACS), American Chemical Society Press,
Washington D.C. USA, June, p 162-177, 1998.

20) Yun TK. Update from Asia: Asian studies on cancer
chemoprevention. In: Bradlow HL, Fishman J, Os-
bome MP(eds), Cancer Prevention: Novel nutrient and

pharmaceutical developments. Ann NY Acad Sci
1999; 889: 157-192.

21) Yun TK. Panax ginseng -a non-organ-specific cancer
preventive? Lancet Oncol 2001; 2: 49-55.

22) Kasai R, Besso H, Tanaka O, Saruwatari Y1, Fuwa
T. Saponin of red ginseng. Chem Pharm Bull 1983;
31: 2120-2125.

23) Kim YS, Kang KS, Kim SI. Study on antitumor and
immunomodulating activities of polysaccharide frac-
tions from Panax ginseng: Comparison of effects of
neutral and acidic polysaccharide fraction. Arch Pharm
Res 1990; 13: 330-337.

24) Kim SI, Park JH, Ryu JH, Park JD, Lee YH, Park
JH, et al. Ginsenoside Rg5, a genuine dammarane
glycoside from Korean red ginseng. Arch Pharm Res
1996; 19: 551-3.

25) Herzog CR, Lubet RA, You M. Genetic alterations in
mouse tumors: Implications for cancer chemopre-
vention, J Cell Biochem Suppl 1997; 28/29: 49-63.

26) You M, Bergman G. Preclinical and clinical models
of ling cancer chemoprevention. Hematol Oncol
Clinics North Amer 1998; 12: 1037-1053.

27) Vogelstein B, Fearon ER, Hamilton SR. Genetic al-
terations during colorectal-tumor development. N Engl
J Med 1988; 319: 525-532.






