KOREAN J. FOOD & NUTRITION
Vol. 7, No. 4, 383~391(1994)

Inhibitory Activity of Korean Ginseng on Lipolytic Action
of Toxohormone-L from Cancerous Ascites Fluid

Sung-Dong Lee, Yoon-Kyung Hwang*, Hiromichi Okuda**
Dept. of Food and Nutrition, Junior College of Allied Health Sciences, Korea University,
Seoul 136-703, Korea
*Dept. of Home Economics, Graduate School, Korea University, Seoul 136-701, Korea
**2nd Department of Medical Biochemistry, School of Medicine,

Ehime University, Ehime 791-02, Japan

Abstract

A substance that inhibit the lipolytic action of Toxchormone-L was a crude acidic polysaccharide isolated
from Korean red and white ginseng. The total inhibitory activities(units) of PG, and PG, fraction in white
ginseng and those of PG,, PG, and PG, fraction in red ginseng were higher than other fractions in vitro
test.

Each water extract of ginseng was effective against the lipolysis induced by the Toxohormone-L at the
concentration over 10~100 4 /ml. The total inhibitory activities (units) were highest at the concentration
of 100 pg /ml and 1,000 xg /ml in the 4-year and 5-year old white ginseng root respectively, while, it was
higher in the 6-year old ginseng than other ages regardless of the reaction concentration in the red ginseng.

The inhibitory effect of ginsenoside —Rb, on the lipolysis by To%ohormone-L was higher than other gin-
senosides at the concentration of 100 pg to 500 g /ml of reaction mixture, and total inhibitory activities

(units) of ginsenoside —Rhb, were also higher than other treatments.
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INTRODUCTION

Ginseng has been believed by most of the
orientals for thousands of years, to cure all dis-
eases as indicated in its scientific name, Panax
ginseng C. A. Meyer® ¥ It has proved its effi-
cacy and maintained its supremacy as a king of
the medicinal herbs. Many scientists have been
studying on various aspects of the plant such as
efficacy®, pharmacology?, and components® and
they try to unveil the hidden characters of the
mysterious herbs.

There are many experimental evidence to dem-
onstrate the antitumor action in the various can-

cer cells® ” and animal®~1,
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During the last 20 years, panax ginseng has
become recognized in its efficacy as a sup-
plementary treatment medicine, as well as an in-
hibitor of cancer'!: 2,

Depletion of fat stores has been observed in
patients with various neoplastic diseases and
tumor-bearing animals during progressive weig-
ht loss and these findings during growth of neop-
lasms are associated with increase in the plasma
level of free fatty acids™. Although the physio-
logical mechanisms by which cancer leads to de-
pletion of body lipids is unknown, it could be
due to cancer-mediated stimulation of free fatty
acids release from the host’s adipose tissues.

Previously, Okuda etc found a lipolytic factor

in the ascites fluids obtained from mice with
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sarcoma 180 and patients with hepatoma. So
this factor may contribute to increase in plasma
free fatty acids and decrease in body lipids. A
lipolytic factor, named “Toxohormone-L”, was
purified from the ascites fluld of sarcoma
180-bearing mice!?.

Injection of Toxohormone-L into the lateral
ventricle of rats significantly suppressed their
food and water intakes. Therefore, Toxohormon-
e-L has two actions, lipolytic and anorexigenic
actions, which may cause reduction of body fat
in cancer patients.

In the present investigation®, we tried to
measure the inhibitory activity in Korean gin-
seng powder that inhibit the lipolytic action of
Toxohormone-L in ascites fluid of sarcoma
180-bearing mice.

This study was devised to isolate the acidic
polysaccharide from Korean red and white gin-
seng powder that inhibit the lipolysis induced by
Toxohormone-L in ascitic fluid of sarcoma
180-bearing mice and compare the inhibitory ef-

fect of the acidic polysaccharide fraction and

water extract of white & red ginseng and ginsen-

oside.

MATERIALS AND METHODS

1. Animals

Young male and Wistar King rats and Sprag-
ue-Dawley rats, weighing 170 to 200 g, were al-
lowed free access to standard laboratory diet
and water., They were sacrificed by a blow on
the head and their epididymal adipose tissues
were quickly removed. Male DDK and Swiss
mice, weighing 17 to 20 g, were also given stan-

dard laboratory diet and water and libitum.

2. Red ginseng and white ginseng

Red ginseng powder (Panax ginseng C. A. Mey-
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er) was kindly provided by Nikkan Korai Ninjin
Co. Ltd., Kobe, Japan and Korea Ginseng and

Tobacco Research Institute, Deajeon, Korea.

3. Ginsenoside and water extract ginseng

Ginsenoside of red ginseng and water extract
of Korean white and red ginseng was kindly pro-
vided by Korean Ginseng and Tobacco Research

Institute, Deajeon, Korea.

4. Preparation of Toxohormone-L fraction

Male DDK mice were inoculated 1, p. with 0.5
ml of sarcoma 180 suspension (4 to 5 X 10° cells
/ mouse), and 10 to 14 days later, the ascites
flud was harvested. The ascites fluid was cen-
trifuged at 1,000 x g for 10 min. at 4°C and the
resultant supernatant was used as the Toxohor-

mone-L fraction.

5. Measurement of anti-lipolytic activity

Isolated fat cells were prepared from rat epidi-
adipose by the method of
Rodbell1¥. Fat cells (50 4 packed volume) were
incubated for 30 min, at 37 in 175 4 of Hanks
buffer (pH 7.4) containing 25 mM HEPES, 4%

bovine serum albumin, and 25 4 of the test sam-

dymal tissue

ple and 50 4 of Toxohormone-L. fraction in a fi-
nal volume of 0,30 ml. After incubation, the free
fatty acids released were extracted with 3 ml of
a 1:1 (v /v) mixture of chloroform and heptane
containing 2%/(v /v) methanol and measured
with copper reagent and bathocuproine by the
method of Zapf et al'”,

6. Purification of acidic polysaccharide

Red ginseng and white ginseng powder was
extracted with 10 volumes of deionized water at
4 for 24 hr. The extract was centrifuged, and
the supernatant was concentrated and dialyzed

against deionized water at 4°C for 24 hr. to re-
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move the molecules smaller than 10,000 daltons,
The inner dialysate was then concentrated and
freeze-dried. The resulting powder was treated
with methanol at room temperature and then
with hot methanol (50°C) to remove ginsenosid-
es. The residual material was extracted with
deionized water at room temperature and then
with hot water (50T), and then the water
extracts were combined, concentrated and mix-
ed with 4 volumes of ethanol. The resulting pre-
cipitate fraction (ginsenoside-free ethanol pre-
cipitate) was dialyzed against deionized water
and the inner dialysate was applied to a
DEAE-TOYOPEARL 650 M column (28 mm x
50 cm) equilibrated with 0.02 M NH,HCO;. Elu-
tion was carried out with 0 M, 0.05 M, 0.10 M,
0.15M, 0.20 M, 0.25 M and 0.30 M NaCl in 0.02
M NHHCQO;, successively, The resulting frac-
tions of eluate were named PG,, PG., PG, PG,
PGs, PGy and PGy, respectively, To purify the
PG, fraction, the gradient elution was carried
out with the same column from 0 to 0.3 M NaCl
in 0.02 M NH,HCO,. The resulting fractions of
eluates were named PG,;, PG,, PG,, PG,,
PG, respectively.

RESULTS AND DISCUSSION

Ginseng has capacity for enabling living or-
ganism to adap to various adverse action coming
from environmental circumstances. Besides, gin-
seng has antifatigue action, antistress effect,
hypotensive effects, anticancer action, and so
on'®, Especially, Hwang found that petroleum
ether extract of ginseng has anticancer effect
and Kim?’ clarified the structure formula of the
active component. Also, Lee etc.?" 2 found a
acidic polysaccharide fractions from red and
white ginseng to inhibit the lipolysis induced by

Toxohormone-L.,
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PG: : 0.02 M NH4HCOs aq. fr.

PGz : 0.05 M NaCl/0.02 M NHsHCOs aq.
PGz : 0.10 M NaCl/0.02 M NH4HCO3 aq.
PGs : 0.15 M NaCl/0.02 M NH4HCO3 aq.
PGs : 0.20 M NaCl/0.02 M NH4HCO3 aq.
PGs : 025 M NaCl/0.02 M NHsHCO;3 aq.
PG7 : 0.30 M NaCl/0.02 M NHHCOs aq.
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Fig. 1. Schemativ flow diagram describing the
major step of acidic polysaccharide isolation.
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We isolated the acidic polysaccharide fraction-
s from Korean red and white ginseng. The yields
of the acidic polysaccharide fractions(PG-PG;)
from 500 g of red ginseng powder were 32.3 g,
777 mg, 311 mg, 197 mg, 94 mg, 25 mg and 25
mg, respectively. And the yields of these frac-
tions from 500 g of white ginseng powder were
4.28 g, 35 mg, 5 mg, 160 mg, 85 mg, 15 mg and
30 mg, respectively(Table 1). So the yields of
the red ginseng were higher than those of the
white ginseng.

The inhibitory effects of the acidic polysac-
charide fractions on lipolysis induced by Tox-
ohormone-L were examined. As shown in Table
2, PG,, the unabsorbed fraction, and PG, have
strong inhibitory effects. And inhibitory effects
of purified fractions from PG, were examined.
As shown in Table 3, inhibitory of effect PG,

was highest of all the treatment at all concent-

- Hiromichi Okuda &=kl Fof oF st 2

ration except 10 qg /ml.

To consider both the inhibitory effects and
the yields of PG fractions, the total inhibitory
activities(units /g) of the acidic polysaccharide
fraction from red ginseng on lipolysis induced by
Toxohormone-L were examined.

1 unit® were acquired from 10% of total in-
hibitory ratio per g of ginseng sample. And total
inhibitory ratio was obtained by calculating (the
inhibition ratio per ug of PG fraction X total
weight of PG fraction). Therefore, total inhibi-
tory activities offer a good information for the
selection of the ginseng sample or the compari-
son of the experimental data.

As shown in Table 4, total inhibitory activity
of PG, was higher than other fractions except
unabsorbed fraction(PG,). And total inhibitory
activity of PG5 on lipolysis was highest of all
the fraction of PG, of red ginseng(Table 5).

Table 1. Yield of acidic polysaccharide acquined from red and white ginseng 500g

Fraction
Species -
PG, PG, PGy PG, PGy PGs PG,
,,,,,,,,,,,,,,,,,,,,,, mg -
Red ginseng 32,300 777 311 197 94 25 25
White ginseng 4,280 35 5 160 85 15 30

Table 2.
induced by Toxohormone-L

Inhibitory effects of polysaccharide fraction (PG) fraction from red ginseng on lipolysis

Concentration Fraction
(,ug /ml) PG] PGZ PG;; PG4 PG; PG;, PG7
Percent inhibition
10 12.2 —1.1 —2.5 —1.7 —1.5 —4.9 —6.6
50 35.8 3.3 9.0 22.0 4.2 13.6 18.4
100 44.4 10.9 24.5 42.7 27.1 25.1 25.0
200 47.3 11.6 25.9 53.2 32.0 28.1 25.9
500 62.3 12.5 35.1 72.2 52.9 42.0 27.4
1,000 80.0 19.9 45.0 87.9 61.1 319 —

The rate of Toxohormone-L-induced lipolysis was 2.23 free fatty acid #Eq /g cells /2 hrs in the absence of PG

fraction,
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Table 3. Inhibitory effects of various fractions obtained by gradient elution on lipolysis induced by
Toxohormone-L

Concentration Fraction
(g /ml) PGy, PGy, PG,; PG4 PGys
Percent inhibition
10 13.1 20.3 11.3 26.7 —1.5
50 14.8 31.6 66.7 44.8 7.6
100 40.2 47.6 80.2 05.1 19.6
200 40.6 48.4 82.5 70.5 20.0
500 76.6 52.2 97.7 88.4 76.1
1,000 79.1 59.9 98.9 91.3 -

The rate of Toxohormone-L-induced lipolysis was 2.46 free fatty acid uEq /g cells /2hrs in the absence of PG
fraction.

Table 4. Total inhibitory activity of the acidic polysaccharide fraction(PG) from red ginseng on Tox-
ohormone-L induced lipolysis

Concentration Fraction
(,ug /ml) PGl PG2 PG;; PG(; PG5 PG(@ PG7

Unit* / g
10 7,881 -17 —16 -7 -3 -3 -3
50 4,625 10 11 17 2 1 2
100 2,868 17 15 17 5 1 1
200 1,528 9 8 10 3 1 1
500 805 4 4 6 2 0 0
1,000 517 3 3 3 2 0 0

unit = 10% inhibition /g of red ginseng.

Table 5. Total inhibitory activity of the acidic polysaccharide fractions from PG, fraction of red gin-
seng on Toxohormone-L induced lipolysis

Concentration Fraction
(pg /ml) PGy, PGy, PGy, PGy PG
Unit* / g
10 1 2 22 31 0
50 0 1 25 10 0
100 0 1 15 8 0
200 0 0 8 4 0
500 0 0 4 2 0
1,000 0 0 2 1 0

* All fractions obtained by gradient elution from PGy fraction of acidic polysaccharide.
*1 unit = 10% inhibition /g of red ginseng.
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The inhibitory effects of the acidic polysac-
charide fractions of white ginseng on lipolysis
induced by Toxohormone-L. were examined. As
shown in Table 6, PG,, the unabsorbed fraction,
and PG; had strong inhibitory effect. But total
inhibitory activities{units) of PG, and PG, were
higher than other treatment at all concen-
tration(Table 7).

As shown in Table 2, 3 & 6, the inhibitory ef-
fects of the acidic polysaccharide fractions of
red and white ginseng on lipolysis were increas-
ed according to the increase of the concen-
tration. But the total inhibitory activities

(unit /g) of PG fractions of red and white gin-

- Hiromichi Okuda

a4 E G I

seng were decreased as concentration. These res-
ults were due to the fact that the inhibitory ef-
fects on lipolysis were not proportional to the
concentration of PG fractions,

The effects of water extracts from 4-, 5- and
6-year old red and white ginseng roots on the in-
hibition of lipolysis in fat cells induced by Tox-
ohormone-L. were examined. The inhibition ratio
of lipolysis by the water extract of 4-, 5- and
6-year old white ginseng roots were 56,3, 59.7,
and 59.4%, respectively at 1,000 zg /ml concen-
tration. And those of red ginseng roots were 78.
6, 79.1 and 82.5%, respectively, indicating that

the 6-year old red ginseng was the most effec-

Table 6. Inhibitory effects of the acidic polysaccharide fraction from white ginseng on lipolysis induc-
ed by Toxohormone-L

Concentration Fraction
(,ug /ml) PGI PG) PG:; PG4 PG’) PG;; PG7
Percent inhibition
10 19.4 18.3 8.7 23.3 7.4 22.7 29.5
50 26.2 26.7 21.3 33.0 44.6 32.6 32.4
100 37.3 31.1 21.7 44.8 57.7 45.3 34.4
200 36.2 29.9 23.2 54.0 73.5 47.7 42.6
500 35.8 31.9 34.3 62.7 85.4 80.0 49.9
1,000 67.4

36.2 70.3 100 100 97.1 100

The rate of Toxohormone-L induced lipolysis was 2.01 free fatty acid #Eq /g cells /2 hrs in the absence of PG

fractions.

Table 7. Total inhibitory activity of the acidic polysaccharide fraction from white ginseng on Tox-
ohormone-L induced lipolysis

Concentration

Fraction
(/lg /ml) PGl PGZ PG_; PG4 PG5 PG[)‘ PG7
Unit* / g
10 1,661 13 1 75 13 7 18
50 449 4 0 21 15 2 4
100 319 2 0 14 10 1 2
200 155 1 0 9 6 0 1
500 61 0 0 4 3 0 0
0 0 3 2 0 0

1,000 31

*1 unit == 10% inhibition /g of white ginseng.
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tive in the inhibition of the lipolysis(Table 8). g /ml(Table 9).

The total inhibitory activities per gram of gin- Finally, in vitro test showed that the inhibitory
seng sample were high in the 4-year and 5-year effect of -Rb, on the lipolysis by Toxohormone-L
old white ginseng roots at the concentrations of was highest of all the ginsenoside treatments

100 xg /ml and 1,000 pg /ml, respectively, while (Table 10). And total inhibitory activity (units)
for the red ginseng it was high in the 6-year old of -Rb, was also highest of all the treat-

ginseng at the concentration of 100~1,000 ments at all concentration except 10 pg/ml

Table 8. Inhibitory effect of water extract of Korean white and red ginseng on lipolysis* induced by
Toxohormone-L

Root age(year) White ginseng Red ginseng

Conc. (g /ml) 4 5 6 4 5 6
% inhibition
10 14 —-1.4 4.4 5.4 4.7 5.0
100 12.7 12.9 13.0 14.3 14.0 16.3
1,000 56.3 59.7 59.4 78.6 79.1 82.5
10,000 92.9 92.8 94.3 94.8 96.1 98.6

* The rate of Toxohormone-L induced lipolysis was 0.38 free fatty acid Eq /g cells /2hrs in the absence of water
extract of Korean ginseng.

Table 9. Total inhibitory activity of water extract of Korean white and red ginseng on lipolysis induc-
ed by Toxohormone-L

:R‘)Ot age (year) White ginseng Red ginseng
Conc. (ug /mil) 4 5 6 4 5 6
Unit* / g
10 4,424 —4,298 13,112 21,816 19,458 19,900
100 4,013 3,960 3,874 5,777 5,798 6,487
1,000 1,779 1,833 1,770 3,175 3,275 3,284
10,000 294 285 281 383 398 392

* 1 unit = 10% inhibition / g of ginseng.

Table 10. Inhibitory effect of ginsenosides on lipolysis* induced by Toxohormone-L

Concentration Ginsenosides
(ug /ml) Rb, Rby, Rc Rd Re Rg Rg.
% inhibition
10 —2.2 1.6 4.9 —3.6 0.0 2.6 4.3
100 1.1 23.0 13.1 5.4 5.7 8.6 8.6
500 5.0 56.7 28.3 8.3 15.5 15.7 14.9
1,000 13.0 63.0 32.6 34.8 26.9 24.5 34.2

* The rate of Toxohormone-L induced lipolysis was 0.52 free fatty acid uEq /g cells /2hrs in the absence of ginsen-
oside.
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Total inhibitory activity of the ginsenoside fraction from Korean red ginseng on Toxohor-

Concentration

Ginsenosides

(pg /ml) Rb, Rb, Re Rd Re Rg, Rgs
Unit* / g
10 -75 37 152 29 0 68 17
100 4 53 41 4 36 22 3
500 3 26 18 1 20 8 1
1,000 4 15 10 3 17 6 1

* 1 unit = 10% inhibition / g of ginseng.

(Table 11).

Up to the present, it is of common knowledge
that the pharmacological effects of Korean gin-
seng are caused by the ginsenosides. According
to the result of this study, the acidic polysac-
charide fractions had the inhibitory effects on
lipolysis induced by Toxohormone-L as ginsen-
osides. And the inhibitory effects on lipolysis
were stronger in PG fractions than on ginsen-
osides. But the total inhibitory activities of gin-
senosides on lipolysis were higher than those of
PG fractions.
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