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Abstract : The hot water extract of the herbal tea, Gynostemma pentaphyllum Makino, was not
found to be mutagenic in Salmonella mutation assay with or without metabolic activation. However,
the extract had both DT-diaphorase inducing activity in the murine hepatoma (Hepa1c1c7)
cell line and antimutagenic properties towards chemical-induced mutation in Salmonella
typhimurium strains TA98 and TA100. Mutagenicity of aflatoxinB1(AFB1),2-amino-6-methyldipyrido
[1, 2-a : 3’, 2’, 3-d ] imidazole (Glu-P-1), 2-aminodipyrido [1, 2-a : 3’, 2’, 3-d] imidazole (Glu-P-2), 2-amino1, 4-dimethyl-5H-pyrido [4, 3-b] indole (Trp-P-1), 3-amino-1-methyl-5H-pyrido [4, 3-b] indole
(Trp-P-2), 2-amino-3-methylimidazo [4, 5-f] quinoline (IQ) and Benzo [a] pyrene (B[a]P) was
inhibited by the extract of Gynostemma pentaphyllum Makino in a dose-dependent manner,
but no effect was found on the mutagenic activity of 2-(2-Furyl)-3-(5-nitro-2-furyl) acrylamide
(AF-2). However, the extract enhanced the mutagenicity induced by 2-aminoanthracene (2AA),
and N-methyl-N’-nitro-N-nitrosoguanidine (MNNG). J. Med. Invest. 52 : 145-150, August, 2005
Keywords : antimutagen, DT-diaphorase inducer, Gynostemma pentaphyllum

INTRODUCTION
Herbal medicines are increasingly utilized to treat
a wide variety of disease processes. Gynostemma pentaphyllum Makino, from the cucumber family, Cucurbitaceae, is a Chinese medicinal herb currently
being promoted and sold as a herbal tea that is advantageous to one’s health and beauty. It contains
a large quantity of saponins known as gypenosides.
They have a very powerful regulatory effect on a
number of body systems such as blood pressure, reproductive function, digestive function, the immune
response, mental function, physical performance and
anticarcinogenicity in many kinds of cancer (1). Previous investigations have proved that Gynostemma
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pentaphyllum Makino has a positive anticarcinogenic
function (2, 3). The use of antimutagen and anticarcinogen has been suggested as the most effective
method of preventing human cancer. An increase
of anticarcinogenic enzymes such as DT-diaphorase
was reported to protect animals from toxic or carcinogenic substances (4). This led us to attempt a
study on the antimutagenic and DT-diaphorase inducing activity of Gynostemma pentaphyllum Makino
extract. The antimutagenic activity was determined
by the modified Ames test, and the induction of DTdiaphorase activity was examined in murine hepatoma
cell lines (Hepa1c1c7).

MATERIALS AND METHODS
Gynostemma pentaphyllum Makino was obtained from
a cultivated garden at Chom Thong district, Chiang
Mai, Thailand. Glucose-6-phosphate, D-biotin, dimethThe Journal of Medical Investigation Vol. 52 2005
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ylsulfoxide, Benzo [a] pyrene (B[a]P), N-methyl-N’nitro-N -nitrosoguanidine (MNNG), and aflatoxin B1
(AFB1) (A6636, Lot 38F4061), NADP＋, Flavin adenine
dinucleotide, menadione, bovine serum albumin, Trisbase, glucose-6-phosphate dehydrogenase, and Tween20 were obtained from the Sigma Chemical Company,
St.Louis, USA. NADPH and NADH were obtained from
the Oriental Yeast Company, Japan ; MTT from Fluka,
Switzerland ; and 2-amino-1, 4-dimethyl-5H-pyrido
[4, 3-b] indole (Trp-P-1), 3-amino-1-methyl-5H-pyrido
[4, 3-b] indole (Trp-P-2), 2-amino-6-methyldipyrido
[1, 2-a : 3’,2’,3-d] imidazole (Glu-P-1), 2-aminodipyrido
[1, 2-a : 3’, 2’, 3-d] imidazole (Glu-P-2) and 2-amino-3methylimidazo [4, 5-f ] quinoline (IQ) from the Nard
Institute, Osaka, Japan. Microtiter wells were acquired
from Maxisorp, Nunc ; alpha-minimal essential medium and 0.25% trypsin-EDTA from GIBCO (Grand
Island, NY) ; fetal calf serum from STARRATE PTY.
LTD., Australia ; pennicillin G sodium and streptomycin sulfate from M & H Manufacturing CO., LTD.,
Thailand ; and Hepa 1c1c7 was purchased from ATCC,
No.CRL-2026, USA.

Preparation of Gynostemma pentaphyllum Makino
extract
The aerial part of Gynostemma pentaphyllum Makino
was washed with tap water, dried in an oven with the
air flow at 45℃ overnight, and subsequently ground
to a fine powder. The 250 mg of powder was extracted
for 10 minutes in 200 ml of hot water. The extract was
filtered through filter paper and the filtrates were
evaporated to dryness by a vacuum rotatory evaporator at 60℃. The residue was dissolved in distilled water,
and sterilized by Millipore filter membrane (0.45 µm)
for use in antimutagenicity and DT-diaphorase induction assay.

Antimutagenicity assay
The tester strains, Salmonella typhimurium TA 98
and TA100, were kindly provided by Prof. Taijiro
Matsushima, Director, Japan Bioassay Research Center, Kanagawa, Japan. The bacteria were kept and regularly checked for their genetic markers as previously
described (5). The assay was performed essentially as a
preincubation technique (6). 50 µl of known mutagens,
0-50 µl of plant extract, 500 µl of S9 mix (or 500 µl of
0.2 M phosphate buffer, pH 7.4) and 100µl of stationary
phase bacteria (2-3 × 109 cells/ml) were preincubated at
30℃ for 30 min. The tubes were shaken at a moderate
speed in a shaking water bath. After the preincubation
period, 2 ml of molten top agar supplemented with Lhistidine and D-biotin at 45℃ was added to the mixture,

gently mixed and poured onto a minimal glucose agar
plate. The plates were inverted and incubated at 37℃
for 48 h. His+ revertant colonies were counted. The
experiments were repeated, and 3 plates were used
for each concentration of plant extract. Results were
expressed as the mean of 6 plates per point minus
the mean of spontaneous revertants.

Metabolic activation
The rat liver, S9 fraction, was used as the metabolic
activation system in this assay. Phenobarbital and 5,6benzoflavone were used to induce liver microsomal
enzymes (7). S9 mix was freshly prepared each day
and kept in ice. 1 ml of S9 mix contained 0.1 mmol
of sodium phosphate buffer, pH 7.4, 8 µmol of MgCl2KCl, 5 µmol of Glucose-6-phosphate, 4 µmol of NADPH
and NADH and 0.1 ml of S9 fraction.

Assay of DT-diaphorase inducer potency
The induction of DT- diaphorase was examined as
previously described (8). Hepa1c1c7 murine hepatoma were grown in alpha minimal essential medium,
minus nucleosides but supplemented with 10% FCS,
100 U/ml of penicillin G and 100 mg/ml of streptomycin at 37℃ in a humidified incubator with an atmosphere of 5% CO2. A total of 10,000 cells in 200 µl
of medium were plated on each well of a 96 well microtiter plate. After the cells had grown in the incubator
for 24 h, the medium was decanted and each well was
replaced with 200 µl of fresh medium containing the
extract dissolved in distilled water. The plates were
subsequently incubated for an additional 24 h. DTdiaphorase activity (based on the formation of the bluebrown reduced tetrazolium dye) was measured with
an optical microtiter plate scanner in cell lysates prepared in one plate. Duplicated plates were prepared
and the cell density was determined in the second
plate by staining with crystal violet . The control wells
contained the media only. Specificity activity of DTdiaphorase could be calculated from the following
equation :
Specific activity =

absorbance change of MTT/min×3345 nmol/mg
absorbance of crystal violet

Where 3345 nmol/mg is the ratio of the proportionality
constant determined for crystal violet and the extinction coefficient of MTT (9).

DT-diaphorase activity assay
The media was decanted after the cells were exposed
to the extracts for 24 h and lysed by incubation at 37℃
for 10 min with 50 µl of a solution containing 0.8% digi-
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tonin and 2mM EDTA pH 7.8 in each well. The plates
were agitated on an orbital shaker for 10 min and then
200 µl of complete reaction mixture was added to each
well (the following complete reaction was prepared
for each assay : 7.5 ml of 0.5 M Tris-Cl, pH 7.4, 100 mg
of bovine serum albumin, 1 ml of 0.5% Tween-20, 0.1 ml
of 7.5 mM FAD, 1 ml of 150 mM glucose-6-phosphate,
90 µl of 50 mM NADP, 300 U of yeast glucose-6-phosphate
dehydrogenase, 45 mg of MTT, and distilled water to a
final volume of 150 ml ; and 1 µl T of 50 mM menadione
dissolved in acetonitrile was added to the reaction mixture just before it was dispensed onto the microtiter
plates). After 5 min, the reaction was stopped by the
addition of 50 µl of a solution containing 0.3 mM of
dicoumarol in 0.5% DMSO and 5 M potassium phosphate pH 7.4. The plates were scanned at 610 nm. The
average absorbance value of the non-enzymatic blank
wells containing only the reaction mixture and digitonin
solution was substracted from all other absorbance
values.

Salmonella typhimurium strain, TA 98 and TA 100,
indicated that the extract had no mutagenic effects
on both strains with and without metabolic activation (data not shown). Antimutagenic activity of Gynostemma pentaphyllum Makino extract against various known mutagens in S. typhimurium TA 98 was
shown in Table 1. A decrease in mutant colonies of
S. typhimurium strain TA98 induced by AFB1, Glu-P1, Glu-P-2, Trp-P-1, and Trp-P-2 in a dose-dependent
manner by different amounts of the extract was demonstrated. The extract also decreased the mutagenicities of IQ- and B[a]P-induced mutant colonies of S.
typhimurium strain TA100 with dose-dependency, but
had no effect on the mutagenicity of AF-2 (Table 2). The
extract enhanced the mutagenicity induced by 2-AA
in S. typhimurium strain TA 98 in a dose-depentdent
manner. The extract also enhanced MNNG-induced
mutation in S. typhimurium strain TA100, but this enhancing was decreased as the concentration of the
extract increase.

Crystal violet staining

2) Anticarcinogenic enzyme inducer activity of Gy-

After the cells were exposed to the extracts for 24 h,
the media was decanted, and the plates were immersed
in a vat of 0.2% crystal violet in 2% ethanol for 10 min
and rinsed with tap water for about 2 min. After rinsing, 200 µl of 0.5% sodium dodecyl sulfate in 50% ethanol was added to each well. The plates were scanned
at 610 nm after incubating at 37℃ for 1 h.

RESULTS
1) Antimutagenicity of Gynostemma pentaphyllum

nostemma pentaphyllum
The optimal time for measuring DT-diaphorase activity was 24 h after the cells were exposed to the extract. The induction of enzyme raised with the concentration of the extract, and 200 µg/well of extract
induced more than a 2- fold increase of enzyme specific
activity, when compared with the sample having no
extract. At this level of extract no cytotoxicity was observed (Table 3). The extract at higher concentration
(4000 µg/well) showed approximately 41 % cytotoxic
effects on the cell line.

Investigation on the mutagenicity of the hot water
extract of Gynostemma pentaphyllum Makino to the
Table 1. Effect of Gynostemma pentaphyllum Makino extract on mutagenesis induced by various mutagens in Salmonella typhimurium
strain TA９
８
Number of His+ revertants induced by mutagens/ plate

Amount of
Extract

AFB1

2 AA

Glu-P-1

Glu-P-2

Trp-P-1

Trp-P-2

(µg)

(0.05 µg)

(0.5 µg)

(0.001 µg)

(0.5 µg)

(0.05 µg)

(0.001 µg)

0

856±55

785±18

418±17

291±12

508±24

708±23

340

724±59(-15)

1007±23(+28)

469±10(+12)

542±125(+86)

600±35(+18)

762±59(+8)

680

549±27(-36)

1449±40(+85)

426±10(+2)

204±83(-30)

511±13(+0.6)

742±69(+5)

1360

207±12(-76)

2115±42(+169)

288±29(-31)

190±76(-35)

410±21(-19)

566±65(-20)

3400

26±3(-97)

2760±87(+252)

69±6(-84)

25±7(-91)

222±45(-56)

１92±30(-73)

Spontaneous revertants have been substracted already. The results are mean+SEM of 6 plates from 2 independent experiments.
Zero concentration indicates mutagens alone without any extract. Number in parentheses is percentage of inhibition, -indicates %
antimutagenicity, + indicates % enhancement.
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Table 2. Effect of Gynostemma pentaphyllum Makino extract on mutagenesis induced by various mutagens in Salmonella typhimurium
strain TA100
Number of His+ revertants induced by mutagens/plate
Amount of Extract

IQ

B(a)P

AF-2

MNNG

(µg)

(0.1 µg)

(5.0 µg)

(0.01 µg)

(0.4 µg)

0

1096±83

350±15

464±14

883±138

340

884±72(-19)

332±22(-5)

465±16(+0.2)

1518±189(+72)

680

472±18(-57)

289±10(-17)

524±13(+13)

1301±238(+47)

1360

214±16(-81)

311±19(-11)

523±33(+13)

1088±155(+23)

3400

31±6(-97)

189±11(-46)

476±25(+3)

1037±183(+17)

Spontaneous revertants have been substracted already. The results are mean + SEM of 6 plates from 2 independent experiments.
Zero concentration indicates mutagens alone without any extract. Number in parentheses is percentage of inhibition, -indicates % antimutagenicity, + indicates % enhancement.

Table 3. Induction of DT-diaphorase specific activity in Hepa
1c1c7 by Gynostemma pentaphyllum Makino extract
DT-diaphorase activity１
Extract2
(µg/well)

Specific

Relative

(nmol/min/mg protein) (treated/control)

0

520±100

‐

1

638±40

1.26±0.33

10

557±29

1.09±0.16

100

914±140

1.77±0.07

200

1230±23

2.42±0.51

400

1977±136

3.91±1.01

800

2632±35

5.16±0.93

1000

2924±867

5.57±0.59

2000

2513±361

4.86±0.24

4000

650±590

1.17±0.91

1Mean±SD from 2 replicates of 8 wells each/treatment. Approximately 41% of the cytotoxicity was observed at extract concentrations of !4,000 µg/well.
2The 0 concentration treatment consisted of H2O and served as
the control.

DISCUSSION
The hot water extract of Gynostemma pentaphyllum
Makino may contain active compounds which exhibit
antimutagenicity in Salmonella typhimurium strains
TA98 and TA100, which are induced by various known
mutagens such as AFB1, Glu-P-1, Glu-P-2, Tryp-P-1,
Tryp-P-2, IQ and B(a)P and exhibit DT-diaphorase
inducer activity. The extract also contains the enhancing effect on 2-AA- and MNNG-induced mutagenesis.
Many evidences suggested that the induction of
chemoprotective enzymes such as glutathione-S-

transferase, UDP-glucuronyl transferase and DTdiaphorase by any compounds is the predominant
mechanism by which these compounds are able to
be used as chemopreventive agent (8 -11). Much evidence has indicated that protection by these compounds depends on altering the metabolism of carcinogens. DT-diaphorase was selected as a marker
enzyme for assessing the detoxificating activity because this enzyme protects against toxicities of quinones and their metabolic precursors. It is well established that quinones play an important part in many
types of pathological conditions including cancer (12).
The toxicity of quinones was produced by a number
of mechanisms including redox cycling, induction
of DNA strand breaks, generation of free radicals and
interference with mitochondria respiration. Two electron reduction of quinones by DT-diaphorase was not
mutagenic in Salmonella test and has generally been
considered to be a detoxification pathway (13). The
enzyme induced co-ordination with other chemoprotective enzymes in many animal tissues in response to
the administration of various anticarcinogens. DTdiaphorase was induced by many chemically dissimilar substances that have protecting activity against
carcinogens. It was induced coordinately with other
phase II enzymes and its regulated by enhancer
elements similar to those that control glutathioneS-transferase (8). DT-diaphorase can be induced in
murine Hepa 1c1c7 hepatoma cells and 3T3 embryo
fibroblasts by compound that are chemoprotector in vivo
(14). Prochaska and his associates have reported that
many vegetable extracts could induce DT-diaphorase,
especially Cruciferae which is a potent inducer. Sulforaphane is an example of an inducer, which has been
isolated from broccoli. Sulforaphane was discovered
as it is a major and very potent phase II enzyme inducer in broccoli (Brassica oleracea italica), which
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correlates to the epidemiology study that a high consumption of yellow and green vegetable could reduce
the risk of developing cancer in various organs (8, 15).
Therefore, the induction of detoxification enzyme is
a major mechanism whereby a wide variety of chemical
agents protect against neoplastic, mutagenic and other
toxicities of carcinogens.
Many active substances in Gynostemma pentaphyllum Makino have been identified. They comprise many
effective saponins named gypenosides, as well as trace
minerals, amino acids, proteins, and vitamins. The extract has been detected by scientific study to have at
least eighty-two saponins (16, 17). The direct effects
of gypenosides on cancer cells from carcinomas of
human liver, lungs, skin and uterus were studied and
the results showed that these saponins inhibited the
proliferation and growth of the cancer cells, indicating
that Gynostemma pentaphyllum Makino might be used
to treat cancer patients (18, 19). The results showed
that the extract could induce DT-diaphorase specific
activity in dose-dependent manner. A previous paper
has suggested that the high activity of enzymes is an
evolutionary adaptation in response to the exposure
of the cell line to high levels of toxic, mutagenic, and
carcinogenic substance (20). This might be concerned
with the cytotoxicity of extract at higher dose.
In conclusion, Gynostemma pentaphyllum may contain active compounds, which exhibit antimutagenicity
against either direct-acting mutagen or indirect-acting
mutagen, and exhibit DT-diaphorase inducer activity.
The extract also contains enhancing effect on MNNGand 2-AA-induced mutagenesis and cytotoxic effect.
The antimutagenic and anticarcinogenic enzyme inducer activities of the extract may suggest its chemoprotective activity.
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