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Abstract[Extracts of Panax ginseng root significantly induced tolerance of Fusarium oxysporum to
heavy metal, mecury, as the fungal mycelial growth was less inhibited by mercury chloride on potato
dextrose medium(PDA) amended with ginseng root than on the PDA with no ginseng amendment.
The most favorable concentration of ginseng root powder in detoxification of mercury chloride was
1%. The induced tolerance of F. oxysporum to mercury chloride appeared to be rather due to absorption
of ginseng components, and was not related to stimulation of mycelial growth of the fungus per se
by ginseng treatment. Ginseng components responsible for inducing tolerance of the fungus to mercury
were involved in the water fraction of the ginseng root extract, althought the water fraction had no
effect on enhancement of the mycelial growth on the medium without mercury chloride. The hexane
fraction of ginseng root extract, by which the mycelial growth was stimulated, was not related to the
inducement of the tolerance to mercury chloride. However, more tolerance to mercury chloride was
noted in PDA with both the water and hexane fractions combined than with either of the two fractions.
Six-year-old ginseng roots were more effective in detoxification of mercury chloride than 4-year-old
ginsng roots, and American ginseng (P. quinquifolium) had no or little effect on inducing tolerance
of the fungus to mercury chloride. This method may be used to screen other natural materials for

test in the detoxification of mercury chloride.
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Introduction

The efficacy of ginseng has often been scientifi-
cally studied by using microorganisms owing to si-
mplicity and rapididity in determining active com-
ponents of ginseng and in evaluating biochemical
and physiological activities of the microorganisms
affected by ginseng extracts.! ” So far, most studies
have been limited to assay of the relations in gin-
seng and microorganisms per se.

Little study has been reported on the protective
effect of ginseng to hazardous materials by using
microorganisms, although the role of Panax ginseng
in detoxification of xenobiotics®™ and in prevention
of human or animal cells and tissues from toxicity

.10

by heavy metals such as cromium®™” has been well
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documented. Prior to clinical and i wvivo assay.
of the efficacy of ginseng, it is required that a rapid
screening method should be developed so as to se-
lect possible acitive components related to the effi-
cacy.

Therefore, this study was designed to develop
a screening method of investigation of effect of gin-
seng roots on the detoxification of mercury by Fu-
sarium oxysporum.

Materials and Methods

1. Preparation of the fungal inoculum and culture
of the fungus

Fusarium oxysporum(IFU 9761) was cultured on
potato dextrose agar medium(PDA) (Difco) for 10
days at 25~27'C, and spores of the fungus were
collected in sterilized distilled water by pouring
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about 30 m/ of the water into the cultural plate fol-
lowed by smearing the surface of the cultural me-
dium to separate spores from the medium. For
culture of the fungus, 0.2 m/ of the spore suspen-
sion was placed on PDA with or without amend-
ment by ginseng and spread evenly on each agar
medium(8 m/) in a petri dish(9 cm, ¢), which was
placed in a incubator at 25~27 C in the darkness.
The same conditions mentioned above were used
for the preparation of the fungal inoculum and the
fungal culture throughout this experiment unless
otherwise mentioned.

2. Preparation of ginseng medium

Six-year-old dried roots of Panax ginseng C.A.
Meyer, 4- or 6-year-old Korean red and white gin-
seng roots, and dried 4-year American ginseng
roots(excluding fine roots) were ground to powder.
For amendment of ginseng root in culture medium,
4g of ginseng powder was suspended in 100 m/ dis-
tilled water and autoclaved for 20 min. The ginseng
suspension was filtered with Watman No. 2 filter
paper, and the filtered solution was made to 100 m/
by adding distilled water, diluted to proper concen-
trations by mixing the ginseng solution with distil-
led water. The same amount of PDA powder as
PDA medium used for the control was added into
the diluted solutions prior to autoclaving, so that
the concentration of ginseng root extract was made
equivalent to the amount of root powder included
in the cultural media.

3. Separation and amendment of ginseng extract
in culture medium

A hundred grams of dried 6-year-old ginseng root
powder were exracted in 2000 m/ of 80% ethanol,
and the extract solution was evaporated to dryness.
The ethanol extract of ginseng roots was separated
in a separation funnel by using 100 m/ n-hexane
and 100 m/ distilled water two times. The water
layer was futher separated in a series of chloroform
and butanol layers, using equal volumes of chloro-
form and n-butanol to that of the water layer, res-
pectively. Each solution separated was evaporated
to dryness, and 100% ethanol was added to each
extract to make 100 m/ solution. The ethanol solu-
tions of root extracts were added into distilled wa-
ter to make the concentrations equivalent to the

Effect of Gingseng on Detoxification of Mercury 25

percentages of ginseng root. PDA powder was ad-
ded into the solutions and autoclaved.

4. Inhibition of fungal growth by mercury chio-
ride

Pure mercury chloride was dissolved in sterilized
distilled water. A paper disc(8 mm ¢) was soaked
with 0.06 m/ of the mercury chloride solution. The
paper disc soaked with mercury chloride solution
was placed in the center of the plate containing
8 m/ PDA or ginseng-amended PDA medium, follo-
wing inoculation of fungal spores as mentioned
above. The diameters of inhibition zones formed
around the paper discs were measured.

5. Mycelial growth of the fungus

Mycelial discs(7 mm, ¢) grown on ginseng-amen-
ded PDA or pure PDA medium for 7 to 10 days
were placed on the center of petri dish containing
8 m/ PDA medium with or without ginseng amend-
ment. The colony diameters of the fungus were
measured from 2 days after inoculation.

Results

1. Effect of ginseng amendment on growth of the
fungus in different concentrations of mercury chlo-
ride

One day after inoculation of the fungus, an inhi-
bition zone appeared around the paper disc soaked
with mercury chloride. After 2 days, the inhibition
zones were more clearly shown with no noticeable
mycelial growth into the center of the plate. The
radii of inhibition zone were proportional to the
concentration of mercury chloride, regardless of
ginseng amandment; however, larger inhibition zo-
nes were always made on PDA than on the ginseng
amended agar medium(GAA) at the same concen-
tration of the heavy metal(Table 1). After 6 days,
sizes of inhibition zone differed more greatly bet-
ween the PDA and GAA media(Table 1), indicating
that the fungal mycelium readily grew on the me-
dium treated with ginseng root extract.

2. Optimum concentration of ginseng root ext-
ract

Inhibition zones appeared 1 and 3 days after ino-
culation were not significantly different among the
control, 0.1, 0.2 and 0.5% of ginseng root extract,
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Table 1. The influence of mercury chloride on the growth of Fusarium oxysporum on potato(PDA) and ginseng-
amended PDA(GAA)Y

Inhibition radius(mm) after®

Concentration?
of mercury chloride 2days 6days
PDA GAA P PDA GAA P
Control 0.0 0.0 0.0 0.0
0.1% 19.6+ 04 173+ 05 ook ) 104+ 1.0 58113 ok
0.2% 22005 18.8+09 wokx 128+ 19 6.5t 0.8 ok
0.5% 269+ 2 238+ 0.1 *hx 221+ 24 11.1+ 24 wax
1.0% 30.7£ 0.6 259+ 24 o 30.0+ 0.9 189+ 18 rokk

YPowder of 6-year old ginseng roots was autoclaved in distilled water and filtered. The filtered ginseng solution
was incorporated into the PDA medium, making 1.0% ginseng-amended medium.

A paper disc(8 mm in diameter) was soaked with 0.06 m/ of mercury chloride, and placed in the center of
the agar medium, follwing inoculation of the fungal spores on the medium.

¥Numbers are averagesz standard deviations of 4 replicates.

»Significant at p=0.05(*), p=0.01(**), and p=0.001(***).

Table 2. Effect of ginseng amendment on the growth
of Fusarium oxysporum influenced by mercury
chloride?

Concentration? Inhibition radius(mm) after®

of ginseng

lday 3days 7days
0.0% 185+ 0.8b* 185+ 0.8c 16.6+ 0.9b
0.1% 18.7+0.1b 180+ 0.5¢c 151%0.8b
0.2% 188+ 04b 185+0.7c 156%0.7b
. . . 0.5% 184+ 0.7b 177+ 13c 144+ 19%
Fig. 1. Inhibition zones formed around paper discs
%" coaked with 006 m of 05% mercfr;) chloride 1.0% 15.7+05a 1074132  72%10a
6 days after inoculation with Fusarium oxyspo- 20% 178+ 1.0b  12.1+ 2.6b 9.1% 1.3a
rum on PDA(P) and PDA amended with 1% YA paper disc(8 mm in diameter) was soaked with 0.06
of ginseng root extract(G). Note the smaller m/ of 0.5% mercury chloride, and placed in the center
inhibition zone on(G) and the mycelium grown of the agar medium, follwing inoculation of the fungal
into the center of the plate(arrow), but no my- spores on the medium.
celial growth on(P). %Powder of 6-year old ginseng roots was autoclaved

in distilled water and filtered. The filtered ginseng so-
lution was incoporated into the PDA medium with the

while significant difference was noted after 6 days ) ]
appropriate percentages equivalent to the total weight

of fungal growth between GAA and PDA medium : ;

, .. . in the medium.

(Table 2). In 0.1% and 2.0%, the radii of inhibition HNumber are averages™ standard deviations of 4 repli-
zone were significantly different from the control cates.

at 1 and 3 days after inoculation, and more greatly 9 The same letters on each column are not different
at 6 days after inoculation, of which 1.0% of the at p=0.05 by pooled standard deviation.

ginseng root extract formed the smaller inhibition

zones than 2.0%. This indicates that the optimum Spores of F. oxysporum obtained from PDA or
concentration may be 1.0% to test antidotal efficacy GAA cultures were subjected to the antidotal test
of ginseng root extract against mercury chloride. to mercury chloride. At 2 days after inoculation,

3. Mechanism of tolerance to mercury chloride the inhibition zones of the inoulum from GAA on

induced by ginseng root PDA or GAA, and that from PDA on GAA were
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Table 3. Influence of ginseng amendment on the indu-
ced tolerance of Fusarium oxysporum from
PDA and ginseng-amended PDA(GAA) cultu-
res to mercury chloride?®

Inhibition radius(mm) after®

Cultural  Source?
medium  medium 2 days 6 days
PDA PDA 18.5% 0.7b? 154+ 1.6b
GAA 16.9+ 1.3a 14.3+ 3.4b
GAA PDA 172+ 0.7a 9.8+ 0.8a
GAA 17.0+ 1.0a 9.6+ 1.0a

bPowder of 6-year old ginseng roots was autoclaved
in distilled water and filtered. The filtered ginseng so-
lution was incoporated into the PDA medium, of which
the percentage of ginseng extract was equivalent to
1% of ginseng root in the medium. A paper disc(8 mm
in diameter) was soaked with 0.06 m/ of 0.5% mercury
chloride, and placed in the center of the agar medium,
follwing inoculation of the fungal spores on the me-
dium

2The fungus was cultured on PDA or GAA medium
for 10 days at 27°C

PNumbers are averagest standard deviations of 4 rep-
licates

YThe same letters on each column are not different
at p=0.05 by pooled standard deviation

signficantly smaller than that from PDA on PDA
(Table 3). However, significant mycelial growth into
the paper disc treated with mercury chloride was
noted only on GAA, regardless of the source me-
dium that the inoculum had been originated.

Fugal mycelium discs from the both PDA and
GAA were placed in the center of the PDA and
GAA with no treatment of mercury chloride, and
growth of the mycelium was measured. In this test,
the mycelial growth was not significantly different
among the treatments(Fig. 2).

4. Ginseng fractions responsible for inducement
of tolerance to mecury cholide

The inhibition zone of the fungus was the smal-
lest on the medium amended with water fraction
of ginseng root extract 1 day after inoculation. At
8 days after inoculation, the significant difference
in the size of inhibition zones from the control was
noted only on the medium amended with the water
fraction of ginseng extract, while hexane, butanol
and chloroform fractions showed no significant effe-
cts on the detoxification of mercury chloride by
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Fig. 2. Mycelial growth of Fusarum oxysporum, of
which the inocula were originated from PDA
(p-) and ginseng-amended PDA(g-) cultures, on
PDA(-p) and ginseng-amended PDA(-g).

the fungus.

5. Fungal growth in the medium with ginseng fra-
ctions

In the media without mercury chloride, no signi-
ficant difference was shown in the mycelial growth
among the control, water and chloroform fractions
(Fig. 3). In the hexane fraction, the mycelial growth
was significantly enhanced, while in the butanol
fraction it was inhibited, compared with the myce-
lial growth in the control.

6. Mixture effect of the water and hexane fraction
of ginseng

Water and hexane fractions, which induced tole-
rance to mercury and stimulated fungal growth, re-
spectively, were incorperated in PDA medium si-
ngly or in combination. In this test, water fraction
with not less than 2% significantly induced the to-
lerance of the fungus aganist mercury chloride,
while hexane fraction had no significant effect in
the inducement of tolerance(Table 5). Mixture of
water and hexane fractions, however, had more
prominent effect in protecting the influence of mer-
cury chloride than the water fraction only at the
same levels of concentration.

7. Comparison of induced toleranced by different
species and ages of ginseng

One day after inoculation, radii of inhibition zone
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Fig. 3. Mycelial growth of Fusarium oxysporum on
PDA amended with each fraction of ginseng ex-
tract (con: control, w: water fraction, ¢: chloro-
form fraction, h: hexane fraction, and b: butanol
fraction).

Table 4. Effect of ginseng amendment on the mycelial
growth of Fusarium oxysporum against mer-
cury chloride on PDA medium?

Inhibition radius(mm) after?®

Ginseng?

fracti

raction 2 days 4 days 8 days
Control 19.3+ 0.8b» 19.3+ 0.8b 18.3+ 1.0b

Water fraction 180+ 08a 170+ 07a 127+ 12a
Butanol fraction 20.7+ 0.9bc 20.7+ 09c 19.6+ 0.6b
Chloroform fraction 19.9+ 0.9bc 19.9+ 0.9bc 18.9+ 0.9b

Hexane fraction 212+ 04c 206+t 04b 182%0.7b

UA paper disc(8 mm in diameter) was soaked with 0.06
ml of 0.5% mercury chloride, and placed in the center
of the agar medium, follwing inoculation of the fungal
spores on the medium

»Each solution fractionated by the solvent was incopo-
rated into PDA. The concentration of each fractioned
solution was made to be equivalent to 2% of the root
weight in the medium

¥Numbers are averages= standard deviations of 4 rep-
licates

#The same letters on each column are not different
at p=0.05 by pooled standard deviation

were significantly smaller in Korean ginseng and
American ginseng from US.A. than in the control.
However, at 5 days after inoculation, American gin-
seng had no significant difference in the size of

e el A

Table 5. Effect of water(WF) hexane(HF) fractions by
ginseng on the mycelial growth of Fusarium
oxysporum against mercury chloride on PDA

medium?
ibiti ; 3)

Ginseng? Inhibition radius(mm) after

fracti

raction 2 days 4 days 6 days
Control 215+ 0.6b? 215+ 0.6c 83+0.5c
WF 1% 216+ 1.0b 216+ 10c 201+ 14c
WF 2% 203+ 0.5ab 188+ 0.5b 16.8+ 0.3b
WF 4% 194+09a 167t12a 129+ 1.2a
HF 1% 216+ 03b 21.6%+03c 20.1%1.0c
HF 2% 20.1+ 1.0ab 20.1%+ 1.0bc 20.0x 0.5¢c
HF 4% 214108b 214+0.8c 20.3%0.6¢

WF 1%+HF 1% 20.7+ 04ab 20.1%0.7bc 17.71 04b
WF 2%+HF 2% 19.8+0.5a 19.8%0.5bc 14.0% 0.5a

DA paper disc(8 mm in diameter) was soaked with 0.06
ml of 0.5% mercury chloride, and placed in the center
of the agar medium, follwing inoculation of the fungal
spores on the medium

DEach solution fractionated by the solvent was incopo-
rated into PDA. The concentration of each fractioned
solution was made to be equivalent to the root weight
in the medium

¥Numbers are averagest standard deviations of 4 rep-
licates

»The same letters on each column are not different
at p=0.05 by pooled standard deviation

inhibition zone from the control. The six-year-old
Korean red ginseng had the smallest inhibition
zone, and 6-year-old Korean ginseng had more de-
toxification effect of mercury chloride than 4-year-
old Korean ginseng. Red ginseng had slghtly more,
but not significantly different, antidotal effect than
white ginseng in general.

Discussion

In this experiment, Korean ginseng root increa-
sed the detoxification capacity of mercury by F. ox-
ysporum since in the PDA amended with ginseng
root extract the mycelial growth of the fungus was
less inhibited by mercury chloride than the PDA
without ginseng treatment. Detoxification material
was present in water fraction of the ginseng extract,
and was not related to stimulation of the mycelial
growth in itself in inducing tolerance to the heavy
metal. Because the fungal inoculum originated from
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Table 6. Comparision of detoxification of mercury chloride in different species and ages of ginseng?

Inhibition radius(mm) after®

Species? Age Type
1 day 5 days
Control 20.8+ 0.4b 17.2+0.7b
Korean ginseng 6-year Red ginseng 19.510.7a 13.7+ 1.0a
6-year White ginseng 19.5£0.7a 14.7+ 0.8a
4-year Red ginseng 20.2+ 0.7ab 15.2+ 0.9ab
4-year White ginseng 19.6+ 0.3a 15.6* 0.3bc
American ginseng(Canada) 4-year White ginseng 21.1£ 0.6b 17.9+0.7d
American ginseng(USA) 4-year White ginseng 20.3+ 0.5ab 16.6% 0.3cd

DA paper disc(8 mm in diameter) was soaked with 0.06 m/ of 0.5% mercury chloride, and placed in the center
of the agar medium, follwing inoculation of the fungal spores on the medium

2 Powder of ginseng roots was autoclaved in distilled water and filtered. The filtered ginseng solution was incopo-
rated into the PDA medium, in which the percentage of ginseng was equivalent to 1% of root weight
»Numbers are averagest standard deviattons of 4 replicates

9 The same letters on each column are not different at p=0.05 by pooled standard deviation

the ginseng-amended medium initially formed sma-
ller inhibition zone by mercury chloride than that
from PDA without ginseng treatment, the fungus
might have absorbed detoxification material, proba-
bly present in the water fraction of the ginseng
extract, that may influence the detoxification of me-
rcury chloride by the fungus.

The optimal concentration of ginseng extract ap-
peared to be 1.0%, while that of water fraction of
ginseng root extract might be 4% or more. This
indicates that the less effectiveness in detoxification
of mercury at the higher concentration of total gin-
seng extract may be caused by other ginseng com-
ponents. Hexane fraction of the ginseng extract mi-
ght enhance the detoxification of mercury in the
medium treated with the water fraction of the gin-
seng extract by stimulating the mycelial growth.

In soil, toxic mercury compounds are transform-
ed to less harmful ones by forming volatile elemen-
tal mercury and dimethyl mercury*'? or reduction
of Hg?" to Hg? which is related to enzymatic reac-
tions by microorganisms.”® Or the toxic mercuric
compounds are immorbilized in soli by adsorption
to negatively charged materials such as clay partic-
les.” Not all the natural materials had remarkable
effect on the detoxification of mercury as in ginseng
(unpublished). Also in this study different detoxifi-
cation effects were noted in different species and
ages of ginseng, suggesting that simple adsorption

of the mercury compound to organic materials may
not be related to the mechanism of detoxification
of mercury. In this experiment, the material respo-
nsible for the detoxification of mercury and the de-
toxification reaction were not examined; however,
some ginseng components soluble in water or ma-
terials of which the production was stimulated by
the ginseng components may have reduced the har-
mful effect of mercury chloride.

Kim et al.™ demonstrated the effect of ginseng
saponin on the antimicrobial activities of some anti-
biotics. They tested the effect in broth cultures of
bacteria treated with both antibiotics and ginseng
saponin. In our study, the detoxification effect was
clearly visible without help of any sophiscated ap-
paratus and could be quantitatively measured by
mycelial growth of the fungus on the solid media.
Therefore, the screening method is simple, and may
be used for examining of natural materials on the
detoxification of mercury and identification of the
active components.
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