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Abstract: Cancer prevention is a major issue in the field of public health. Ethanol extracts of the ginseng berry were 
found to inhibit the inflammation induced by 12-O-tetradecanoylphorbol-13-acetate (TPA), a tumour promoter. The 
extracts also inhibited tumour promotion by TPA in the mouse skin two-stage carcinogenesis model. The major 

components, ginsenosides Rd (3) and Re (4), inhibited inflammation induced by TPA in mice, while protopanaxadiol (1) 
and protopanaxatriol (2), the aglycones of these ginsenosides, markedly inhibited TPA-induced inflammatory ear 
oedema in mice. The inhibitory effects of these compounds were more potent than those of indomethacin. 

Keywords: Cancer chemoprevention, antitumour-promoting activity, two-stage carcinogenesis, ginsenosides, 
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1. INTRODUCTION 

Cancer prevention is a major public health issue 

worldwide. We previously reported the inhibition of 

tumour promotion in mouse skin using components 

from plants and fungi [1,2]. 

The root of Panax ginseng (Araliaceae), commonly 

called ginseng, is a genus of 11 species of slow-

growing perennial plants with fleshy roots. Ginseng is 

an ancient Taoist tonic herb, and has been used as a qi 

(vital essence) tonic in traditional Chinese medicine for 

about 5,000 years. The main medicinal species are 

now rare in the wild, but are cultivated commercially in 

Korea, China and Russia. Ginseng is taken internally 

for debilities associated with old age or illness, lack of 

appetite, insomnia, stress shock and chronic illness [3]. 

The constituents of ginseng roots are mainly triterpene 

saponins, sesquiterpenes, sterols, polyacetylenes and 

polysaccharides [4]. Many of the pharmacological 

effects documented for ginseng, at least in preclinical 

studies, directly oppose one another and this has been 

attributed to the effects of the individual ginsenosides. 

Protopanaxadiol-type ginsenosides exhibit central 

nervous system (CNS)-depressant, hypotensive and 

tranquillising actions, whilst protopanaxatriol-type 

ginsenosides exhibit CNS-stimulant, hypertensive and 

anti-fatigue actions. These opposing actions are 

thought to explain the adaptogenic reputation of 

ginseng; it is thought to increase the overall resistance  
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of the body to stress and to balance bodily functions 

[5]. Ginseng has been approved as a non-prescription 

medicine in the European Union [6]. Christensen 

reviewed the pharmacological activity of ginsenosides 

[7]. Red ginseng extract reportedly suppresses tumour 

promotion in two-stage carcinogenesis in mice [8,9]. 

Total ginsenosides obtained from ginseng berries were 

also reported to be significantly more potent than those 

obtained from ginseng seeds [10].  

In the present study, ginseng berry extracts were 

found to inhibit inflammatory ear oedema and tumour 

promotion induced by TPA in mouse skin, and 

aglycones of these ginsenosides more strongly 

inhibited TPA-induced ear oedema than indomethacin, 

an anti-inflammatory drug. 

2. MATERIALS AND METHODS 

2.1. Analytical Methods 

Fast atom bombardment mass spectrometry (FAB-

MS) was performed using a JEOL JMS-700 D mass 

spectrometer. 
13

C-nuclear magnetic resonance spectra 

was obtained on a Varian VNS (
13

C, 150 MHz) 

spectrometer. Pyridine-d5 was used as the solvent, and 

tetramethyl silane was used as the internal standard. 

Column chromatography was carried out on Diaion HP-

20 (Mitsubishi Chemical Corp., Tokyo, Japan). 

2.2. Chemicals 

7,12-Dimethylbenz[a]anthracene (DMBA), indo-

methacin, and dimethyl sulfoxide (DMSO) were 

purchased from Sigma Chemical Co. (St. Louis, MO, 
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USA). TPA was obtained from Chemical Cancer 

Research, Inc. (Minnesota, MN, USA). Methanol, 

ethanol, chloroform, ethyl acetate, n-butyl alcohol, 

acetone and n-hexane were purchased from Tokyo 

Kasei Kogyo Co., Ltd. (Tokyo, Japan). 

2.3. Material and Extraction 

Ginseng (Panax ginseng C. A. Meyer) berries were 

cultivated at Kimjae in Korea on July 14, 2007. The 

voucher specimen was deposited at the Oriental 

Medical Food Research Laboratory, Semyung 

University, Jecheon, Korea. 

Ginseng berries were selected, dried and 

powdered. Exactly 4 kg of powdered samples were 

refluxed four times with 5 L of 95% ethyl alcohol for 2 h 

in a water bath. Extracts were filtered through filter 

paper (Nylon membrane filters 7404-004; Whatman, 

Dassel, Germany), and were concentrated in a vacuum 

evaporator.  

The ethyl alcohol extract (1 kg) was suspended in 

water and extracted with diethylether three times using 

a separating funnel after removing lipid-soluble 

materials in the diethylether phase. The diethylether 

extract was 44 g, and the water extract was 956 g. 

2.4. Isolation 

The water extract (956 g) was subjected to column 

chromatography (C.C.) on Diaion HP-20 using water, 

30% methanol, 50% methanol, 70% methanol and 

methanol, yielding 5 fractions; the water fraction (573.6 

g), the 30% methanol fraction (133.8 g), the 50% 

methanol fraction (66.92 g), the 70% methanol fraction 

(114.7 g) and the methanol fraction (38.24 mg). The 

50% methanol fraction (66.0 g) was then subjected to 

C.C. on silica gel using chloroform-methanol-water 

(35:15:2) as an eluent to yield compound 1 (4.30 g), 

fraction 2 (48.3 g), fraction 3 (9.05 g) and fraction 4 

(4.60 g), respectively. Fraction 2 (48 g) was subjected 

to HPLC (YMC C-18) using 65% methanol to yield 

compound 2 (4.09 g), and fraction 3 (9 g) was 

subjected to HPLC (YMC C-18) using a 70% methanol 

to yield compound 1 (750 mg). 

Compound 1, FAB-MS positive: 969.55 

([M(C48H82O18)+Na]
+
), FAB-MS negative: (945.55 

[M(C48H82O18)–H]
–
). 

13
C-NMR  (pyridine-d5) ppm: 

130.74 (C-25), 125.72 (C-24), 105.76 (3-o-G-1), 104.89 

(3-i-G-1), 98.06 (20-G-1), 88.77 (C-3), 83.12 (C-20), 

83.12 (3-i-G-2), 79.00 (3-o-G-3), 78.09 (3-o-G-5), 78.09 

(20-G-3), 78.09 (20-G-5), 77.89 (3-i-G-3), 77.70 (3-i-G-

5), 76.89 (3-o-G-2), 74.92 (20-G-2), 71.38 (3-o-G-4), 

71.38 (20-G-4), 71.29 (3-i-G-4), 70.03 (C-12), 62.61 

(20-G-6), 62.55 (3-i-G-6), 62.43 (3-o-G-6), 56.17 (C-5), 

51.47 (C-17), 51.20 (C-14), 49.95 (C-9), 49.20 (C-13), 

39.79 (C-8), 39.48 (C-4), 38.94 (C-1), 36.66 (C-10), 

35.87 (C-22), 35.53 (C-7), 30.56 (C-11), 30.56 (C-15), 

27.88 (C-28), 26.53 (C-16), 26.41 (C-2), 25.59 (C-26), 

23.05 (C-23), 22.22 (C-21), 18.20 (C-6), 17.59 (C-27), 

17.14 (C-30), 16.39 (C-29), 16.09 (C-18), 15.74 (C-19). 

Compound 2, FAB-MS positive: 969.54 

([M(C48H82O18)+Na]
+
), FAB-MS negative: 945.54 

([M(C48H82O18)–H]
–
). 

13
C-NMR  (pyridine-d5) ppm: 

129.49 (C-25), 124.56 (C-24), 100.442 (6-G-1), 

100.441 (6-R-1), 96.86 (20-G-1), 81.85 (C-20), 77.99 

(6-G-2), 77.80 (20-G-3), 77.19 (C-3), 76.98 (20-G-5), 

76.90 (6-G-3), 76.83 (6-G-5), 73.75 (20-G-2), 73.17 (C-

6), 72.75 (6-R-4), 71.16 (6-R-2), 71.01 (6-R-3), 70.87 

(6-G-4), 70.19 (20-G-4), 68.77 (C-12), 68.06 (6-R-5), 

61.66 (6-G-6), 61.43 (20-G-6), 61.43 (C-5), 50.27 (C-

17), 50.00 (C-14), 48.14 (C-9), 47.66 (C-13), 44.53 (C-

7), 39.78 (C-8), 38.58 (C-4), 38.24 (C-1), 37.98 (C-10), 

34.61 (C-22), 29.53 (C-28), 29.33 (C-11), 29.33 (C-15), 

26.34 (C-2), 25.22 (C-16), 24.35 (C-26), 21.82 (C-23), 

20.90 (C-21), 17.34 (6-R-6), 16.35 (C-27), 16.22 (C-

19), 16.10 (C-18), 15.87 (C-29) , 15.81 (C-30). 

2.5. Animals 

Experiments were performed in accordance with the 

Guidelines of the Institutional Animal Care and Use 

Committee of the School of Pharmacy, Nihon 

University, Chiba, Japan. Female ICR mice were 

obtained from Japan SLC Inc., Shizuoka, Japan. The 

animals were housed in an air-conditioned, specific-

pathogen-free room (24 ± 2°C) lit from 08:00 to 20:00. 

Food and water were available ad libitum. 

2.6. TPA-Induced Inflammation 

TPA (1 g) dissolved in acetone (20 L) was 

applied to the right ear of the ICR mice using a 

micropipette. The same volume (10 L) was applied to 

both inner and outer surfaces of the ear. Test samples 

or their vehicles [chloroform–methanol (1:1) or 

chloroform–methanol–water (1:2:1)] used as controls, 

were topically applied about 30 min before the TPA 

treatment. For ear thickness determination, a pocket 

thickness gauge (Mitsutoyo Co., Ltd., Tokyo, Japan) 

with a range of 0 9 mm, graduated at 0.01-mm 

intervals and modified to increase the contact surface 

area to reduce tension, was applied to the tip of the 

ear. Ear thickness was determined before the TPA 
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treatment (a), and oedema was measured at 6 h after 

the TPA treatment (b: TPA with vehicle; b’: TPA with 

sample). 

The following values were then calculated: 

Oedema A = oedema induced by TPA with vehicle (b  a); 

Oedema B = oedema induced by TPA with sample (b’  a); 

Inhibition ratio (%) = [(oedema A  oedema B)/oedema A]  

100. 

Each value was calculated as the mean of individual 

determinations from four mice. 

2.7. Two-Stage Carcinogenesis Experiments 

The backs of the mice (age, 7 weeks) were shaved 

using electric clippers once a week to remove hair. 

DMBA and TPA were dissolved in acetone and applied 

to the shaved area in a volume of 100 L using a 

micropipette. The initiation was accomplished by a 

single topical application of 50 g of DMBA. Promotion 

using 1 g of TPA, applied two times a week, was 

started one week after the initiation. The ethanol 

extract of the ginseng berry (1.0 mg/mouse) or its 

vehicle, acetone–DMSO–water (8:1:1, 100 L), was 

topically applied 30 min before each TPA treatment. 

The number and diameter of skin tumours were 

determined every week, and the experiment was 

continued for 20 weeks. The experimental and control 

groups consisted of 15 mice each. 

2.8. Statistical Analysis 

The 50% inhibitory dose (ID50) values and 95% 

confidence intervals (95% CI) were calculated by 

nonlinear regression using GraphPad Prism v. 5.0 

(GraphPad Software, Inc., La Jolla, CA, USA). 

Differences between experimental groups were 

compared using Student’s t-test and Mann–Whitney U 

exact test. 

3. RESULTS AND DISCUSSION 

The ethanol extract from ginseng berries was 

evaluated for anti-inflammatory activity against TPA-

induced inflammation in mice. This extract inhibited 

inflammation by 72% at 1.0 mg/ear. The inhibitory 

effects against TPA-induced inflammation have been 

demonstrated to closely parallel those of the inhibition 

of tumour promotion in two-stage carcinogenesis 

initiated by DMBA and then by TPA, a well-known 

tumour promoter, in a mouse skin model [11]. The 

inhibitory effects of the ethanol extract of ginseng berry 

in a two-stage carcinogenesis test on mouse skin using 

DMBA as an initiator and TPA as a tumour promoter 

were then investigated. Figure 1A shows the time 

course of skin tumour formation in the groups treated 

with DMBA plus TPA, with or without the ethanol 

extract of ginseng berry. The first tumour appeared at 

week 5 in the group treated with DMBA plus TPA, and 

all 15 mice had tumours at week 12. In the group 

treated with DMBA plus TPA and ethanol extract of 

ginseng berry, the first tumour appeared at week 10. 

The percentage of tumour-bearing mice treated with 

DMBA plus TPA and ethanol extract of ginseng berry 

was 40% at week 20. Figure 1B shows the average 

number of tumours per mouse. The group treated with 

DMBA plus TPA produced 11.2 tumours per mouse at 

week 20; the group treated with DMBA plus TPA and 

ethanol extract of ginseng berry had 1.7 tumours per 

mouse. Treatment with ethanol extract of ginseng berry 

caused an 85% reduction in the average number of 

tumours per mouse at week 20. On comparison with 

ethanol extracts of supplemental foods on tumour 

promotion, ginseng berry showed similar in activity as 

safflower [12], galangal [13] and gymnema [14]. 

Active components (1 and 2) were then isolated 

from the fractions of the ethanol extract of ginseng 

berry, and were identified based on various spectral 

data as ginsenoside Rd (3) [15] and ginsenoside Re (4) 

(Figure 2) [16], respectively. As shown in Table 1, the 

ID50 values for these compounds against TPA-induced 

inflammation were 232 and 231 nmol/ear, respectively. 

In comparison with standard drugs, these ginsenosides 

were more effective than indomethacin (ID50: 908 

nmol/ear), an anti-inflammatory drug. We also tested 

the activity of the aglycons protopanaxadiol (1) and 

protopanaxatriol (2), and found that they markedly 

inhibited TPA-induced inflammation in mice.  

Cytokines, chemokines and eicosanoids are 

inflammatory mediators known to play an important role 

in the promotion phase of carcinogenesis [17]. The 

proinflammatory cytokine tumour necrosis factor (TNF)-

 is the most important mediator of inflammation and is 

a well-known endogenous tumour promoter, as 

previous findings have shown that mice deficient in 

TNF-  have fewer skin tumours after DMBA and TPA 

application [18]. Most tumour-promoting agents and 

stimuli such as oxidative stress, TNF-  and 

lipopolysaccharides (LPS) induce activation of nuclear 

factor (NF)- B [19]. Although different signalling 

cascade components have been found to be involved 

in the promotional stages of cancer development, those 
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Figure 1: Inhibitory effects of ethanol extract of ginseng berry on tumour promotion in two-stage carcinogenesis in mouse skin. 

From one week after initiation with a single topical application of 50 g of DMBA, 1 g of TPA was applied twice weekly. Topical 
application of ethanol extract of ginseng berry (1 mg) or its vehicle was performed 30 min before each TPA treatment. Data are 
expressed (A) as the percentage of mice bearing papillomas, and (B) as the average number of papillomas per mouse. : TPA 
with vehicle; : TPA with ethanol extract of ginseng berry. * p < 0.05, ** p < 0.01 compared with Mann-Whitney U exact test (A) 
and Student’s t-test (B). 
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Figure 2. Chemical structures of ginsenosides Rd (3) and Re (4) from ginseng berry, and their aglycones (1 2). 

 

Table 1: Inhibitory Effects of Ginsenosides from Ginseng Berry and their Aglycones on TPA-Induced Inflammatory Ear 
Oedema 

ID50 95% CI 
Compound 

nmol/ear 

Protopanaxadiol (1) 205 135 315 

Protopanaxatriol (2) 153 120–196 

Ginsenoside Rd (3) 232 173 312 

Ginsenoside Re (4) 231 170 315 

Indomethacin 908 755–1092 

ID50: 50% Inhibitory dose. 95% CI: 95% Confidence intervals. 

that involve NF- B are known to mediate inflammatory 

responses and to play a prominent role in tumour 

promotion [20]. One of the downstream targets of NF-

B is cyclooxygenase (COX)-2, which plays a central 

role in inflammation. Uncontrolled expression of COX-2 

has been observed in different premalignant and 
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malignant stages [21]. Cells or tissues exposed to 

inflammatory stimuli such as tumour promoters, 

cytokines, endotoxins and reactive oxygen tends to 

show transcriptional up-regulation of COX-2 [22].  

Wu et al. found that the ginsenosides Rd and Re 

were able to inhibit LPS-induced nitric oxide (NO) 

formation and TNF-  production due to inhibition of NF-

B in N9 microglial cells [23]. These findings suggest 

that inhibition of LPS-induced NO formation and TNF-  

production in microglia by ginsenosides is due to 

inhibition of NF- B. The ginsenoside Rd selectively 

produces prostaglandin (PG)-E2 through COX-2 

expression and this COX-2 induction by Rd is 

dependent on CCAAT/enhancer-binding protein 

(C/EBP) and AMP response element-binding protein 

(CREB) activation [24]. The ginsenoside Rd inhibited 

TNF- -induced expression levels of the COX-2 and 

iNOS genes in HepG2 cells [25]. Song et al. reported 

that the ginsenoside Rd is involved in the suppression 

of TNF- -induced NF- B activation; this was shown in 

a gene reporter assay by a reduction in luciferase 

activity, which subsequently inhibited inducible NO 

synthase (iNOS) and COX-2 gene expression [25]. Kim 

et al. reported that the anti-inflammatory effects of 

ginsenoside Rd are due to the down-regulation of NF-

B and the consequent expressional suppression of 

iNOS and COX-2. iNOS and COX-2 are known to play 

pivotal roles in the pathogenesis of acute and chronic 

inflammation, and thus, inhibition of the abnormal up-

regulation of iNOS and COX-2 provides a molecular 

basis for the therapeutic effects of ginsenoside Rd on 

inflammation and inflammatory diseases [26]. The 

mechanisms of ginsenoside Re may be associated with 

the inhibition of inflammatory mediator overproduction, 

including NO, malondialdehyde (MDA), interleukin (IL)-

1  and TNF-  [27]. The ginsenoside Re inhibited the 

phosphorylation of IL-1R-associated kinases (IRAK)-1 

and inhibitor of NF- B kinase subunit (IKK)-  

phosphorylation and the activation of NF- B in LPS-

stimulated peritoneal macrophages, as well as the 

binding of Alexa Fluor 488-conjugated LPS to Toll-like 

receptor (TLR)4 on peritoneal macrophages transiently 

transfected with or without myeloid differentiation factor 

88 (MyD88) siRNAs [28]. The inhibitory mechanisms of 

ginsenosides Rd and Re may be related to suppressing 

the cytokines, endotoxins and reactive oxygen 

activated by tumour promoters. 

A small number of epidemiological studies have 

explored the effects of ginseng use on prevention of 

cancer [29,30]. The questionnaire used in the case-

control studies described above was used to determine 

ginseng use in a cohort study involving 4634 people 

aged over 40 years [31]. However, the available 

evidence for the cancer preventive effects of ginseng 

preparations in humans is inconclusive, and further 

methodologically rigorous research is required. 

In conclusion, this is the first report to find that the 

ethanol extract of ginseng berry inhibits tumour 

promotion by TPA following initiation with DMBA in ICR 

mouse skin. Two active components, ginsenosides Rd 

and Re, were subsequently isolated from the active 

fraction of the ethanol extract of ginseng berry. 
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