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Abstract The hypolipidemic effect of the exo-biopolymer
(EXBP) and endo-biopolymer (ENBP) produced from a
submerged mycelial culture of Ganoderma lucidum was
investigated in dietary-induced hyperlipidemic rats. Hypolipidemic
effects were achieved in both the EXBP- and ENBP-treated
groups, however, the former proved to be more potent than
the latter. The administration of the EXBP (100 mg/kg body
weight) substantially reduced the plasma total cholesterol, low-
density lipoprotein (LDL) cholesterol, triglyceride, phospholipid
levels, and atherogenic index by 31.0, 39.0, 354, 28.1, and
53.5%, respectively, when compared to the control group.
The EXBP also lowered the liver total cholesterol, triglyceride,
and phospholipid levels by 22.4, 23.1, and 12.9%, respectively.
Furthermore, the high-density lipoprotein (HDL) cholesterol
and ratio of HDL cholesterol to total cholesterol were
significantly increased by as much as 24.2% and 47.6%,
respectively.
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Reshi, the fruiting body of G. lucidum, has been known
since ancient times in Korea, China, Japan, and other
countries as an important folk or oriental medicine to treat
various human diseases, such as hepatitis, hypertension,
hypercholesterolemia, and gastric cancer. Recent studies
have also demonstrated that this mushroom has many
important biological activities, including antitumor [34],
hypotensive [17], hepatoprotective [28], anticomplementary
[22], swimming endurance capacity [36], and antiinflammatory
[24] effects.

In recent years, considerable attention has been paid to
combating hyperlipidemia. It is a well-documented fact
that lowering the circulating cholesterol (especially LDL
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cholesterol) levels can prevent, arrest, and even reverse
coronary atherosclerosis [21, 25, 29]. Several drugs, such
as lovastatin and cholesterylamine, are currently used
to lower the serum cholesterol, yet they are expensive,
and associated adverse side effects limit their use on a
broader scale [14]. As such, the search for natural
substances to achieve the above goal is ongoing in the field
of nutritional research. Various edible mushrooms have
already proved themselves as an important natural regimen
for controlling hyperlipidemia based on their high fiber,
protein, and microelement contents, and low fat content [3,
20, 23]. However, although the hypolipidemic potential of
various mushroom species has already been demonstrated
[4, 6, 16, 18], most earlier reports are based only on the
compounds isolated either from the fruiting bodies or
cultured mycelia, while knowledge on the effect of the
EXBP produced from a submerged mycelial culture of
such mushrooms is rather limited [19, 35]. Chung et al. (7]
reported on the hypoglycemic activity of a G. lucidum
fruiting body extract, yet no reports are so far available
on the hypolipidemic potential of its submerged culture
precipitate.

Accordingly, the present study was undertaken up a
detailed investigation to compare the hypolipidemic effect
of the EXBP and ENBP of G. lucidum extracted from
cultured mycelia produced in a submerged culture, by oral
administration to dietary-induced hyperlipidemic rats.

MATERIALS AND METHODS

Strain and Production of EXBP and ENBP

The G. lucidum was collected from Kyungbuk province in
Korea and then isolated. The culture was grown in a
potato/dextrose broth on a rotary shaker (pH 4.5, 120 rpm)
at 30°C. After 7 days, 50 ml of the culture broth was
homogenized aseptically and inoculated at 1% (v/v) into
a culture medium with the following composition (%):
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Fig. 1. Schematic diagram depicting recovery process of exo- and endo-biopolymers from submerged mycelial culture of Ganoderma

‘ucidum.

zalactose 0.1, sucrose 0.9, xylose 0.1, glucose 0.9, yeast
extract 0.05, peptone 0.2, potato dextrose broth 0.2,
NH,H,PO, 0.05, DL-serine 0.05, KH,PO, 0.1, CaCl, 0.06,
MgSO,-7H,0 0.2, FeSO,- TH,0 0.002, ZnSO,-7H,0 0.002,
and MnSO,-H,0 0.002, and the pH was then adjusted to
4.5 before sterilization. The submerged mycelial culture
was carried out in 500-ml flasks each containing 200 ml
of the medium on a rotary shaker (pH 4.5, 120 rpm) at
30°C for 18 days [28]. The recovery procedure of the
EXBP and ENBP from the submerged culture is shown in
Fig. 1 [2].

Animal Experiment
Sprague-Dawley male rats obtained from the Korea Research
Institute of Chemical Technology, weighing approximately
100-120 g, were housed individually in a room with
controlled temperature (22+2°C), and humidity (55+5%),
and a 12-h cycle of light and dark. The rats were fed with a
modified AIN-76 diet (Table 1) for 6 weeks [31], which
consisted of 55.5% carbohydrate (including 40.5% sucrose),
14.5% fat (30% of total energy), and 20% casein by weight.
The rats were then fed with high fat diets for 2 weeks
for the induction of hyperlipidemic state. Thereafter, they
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Table 1. Composition of experimental diet.

Composition (%)

Ingredient
Normal diet High fat diet

Casein 20.0 20.0
Dextrin 9.5 9.5
Sucrose 55.5 46.5
Lard - 9.0
Soybean oil 5.0 5.0
AIN-mineral mix* 4.0 4.0
AIN-vitamin mix* 1.0 1.0
Cholesterol - 4.0
o-Cellulose 5.0 1.0

*Mineral and vitamin mixture (g/kg mix.) according to AIN-76.

were divided into three treatment groups, based on body
weight (BW). Each group was then administered daily for
4 weeks with saline (control), the EXBP, or the ENBP
produced from submerged mycelial cultures of G. lucidum
at a level of 100 mg/kg BW using an oral zonde (Table 2).
The Food Intake (FI) and BW were recorded everyday.

At the end of the oral administration of the EXBP and
ENBP, the animals were fasted for 14h, and then
sacrificed immediately after an abdominal incision under
light ether anesthesia, and blood was collected from the
main artery.

Separation of Plasma and Organs

The blood samples were collected in heparinized tubes and
plasma was separated by centrifugation (1,110 xg for 10
min). Each organ was isolated and their weights were
measured after rinsing with 0.9% NaCl. The livers were
perfused with cold saline, excised, and kept frozen at
-70°C.

Chemical Analysis of Plasma and Liver

The total cholesterol, triglyceride, phospholipid, and HDL
cholesterol in the plasma were determined using the
cholesterol oxidase-DAOS method {1], Bucolo method
using glycerol kinase [3], choline oxidase method [10],

Table 2. Experimental groups for identifying hypolipidemic
activity.

and phosphotungstic acid-Mg precipitation method [30],
respectively. The LDL cholesterol [11], atherogenic index,
and ratio of HDL cholesterol to total cholesterol (HTR)
were calculated using the following equations: LDL
cholesterol=total cholesterol- HDL cholesterol- (triglyceride/
5), Atherogenic index=(total cholesterol- HDL cholesterol)/
HDL cholesterol, HTR=HDL. cholesterol/total cholesterol.

The liver lipid was extracted by the method of Folch et
al. [12]. Liver total cholesterol, triglyceride, and phospholipid
levels were assayed, using the same method as for the
plasma total cholesterol, triglyceride, and phospholipid
after treatment with Triton X-100[26].

Statistical Analysis

Each data value is expressed as the mean+SE. The group
means were compared using a one-way analysis of variance
and Duncan’s multiple-range test [9]. The statistical
differences were considered significant at p<0.05.

RESULTS AND DISCUSSION

Effect on BW, FL, and Organ Weight

The effect of the EXBP and ENBP produced from a
submerged mycelial culture of G. lucidum on BW, Fl, and
food efficiency ratio is presented in Table 3. During the
4-week period, the rats in all the experimental groups
remained healthy and showed normal weight gain. No
significant differences in either BW or FI were observed
under the influence of the EXBP or ENBP of G. lucidum.
Similarly, the food efficiency ratio did not differ significantly
within the experimental groups.

The influence of the EXBP and ENBP on the weight of
various organs from the experimental animals is presented
in Table 4. The weights of the heart, kidneys, and spleen
were not significantly different among the experimental
groups. However, the liver weight from the EXBP-fed
group was significantly lowered when compared to the control
group. The increased liver weight in hyperlipidemic rats is
due to accumulation of an excess amount of lipid in the

Table 3. Effect of Ganoderma lucidum exo- and endo-
biopolymers on growth parameters of hyperlipidemic rats after 4
weeks.

Group  Oral administration

Normal' None Group' Body weight  Food intake ~ Food efficjency

Control’ 0.9% NaCl gain (g/day) (g/day) ratio’

EXBP® Exo-biopolymer produced from submerged mycelial Normal  7.54%0.16™  26.25+0.61™ 0.30£0.01
culture of Ganoderma Iucidum Control 7.13+0.22 23.1310.80 0.311£0.02

ENBP*  Endo-biopolymer produced from submerged mycelial EXBP 7.18£0.12 22.31£0.46 0.3240.01
culture of Ganoderma lucidum ENBP 7.2610.21 22.51+0.34 0.3220.02

'Group of 8 normal rats. 'See Table 2.

*Group of 8 hyperlipidemic rats. The rats in each experimental group were
orally administered with either saline (control), the EXBP, or the ENBP at
100 mg/kg body weight daily for 4 weeks.

‘Body weight gain/Food intake.
“Not significant.
Each value is the mean=SE for 8 rats.
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"iable 4. Effect of Ganoderma Ilucidum exo- and endo-biopolymers on weights of various organs from hyperlipidemic rats after 4

\ eeks.

- Group' Liver (g/100 g BW) Heart (g/100 g BW) Kidneys (g/100 g BW) Spleen (g/100 g BW)
Normal 3.6210.14° 0.33+0.01™ 0.7520.06™ 0.18+0.01"
Control 5.28+0.10° 0.29£0.01 0.66+0.01 0.15%0.00
EXBP 4.6420.14° 0.30£0.01 0.65£0.02 0.171£0.01
ENBP 4.83+0.12" 0.30£0.01 0.65+0.02 0.1620.01

i -ee Table 2.

" Not significant.
1 ach value is the mean+SE for 8 rats.

* “Values with different superscript letters in the same column indicate significant differences among the groups at p<0.05.

" able 5. Effect of Ganoderma lucidum exo- and endo-biopolymers on plasma total cholesterol, LDL cholesterol, triglyceride, and

“hospholipid in hyperlipidemic rats after 4 weeks.

Group’ Total cholesterol (mg/dl) LDL cholesterol’ (mg/dl) Triglyceride (mg/dl) Phospholipid (mg/dl)
Normal 90.62+3.84" 59.9943.24° 31.50£3.12° 89.03%6.11°
Control 143.26+7.26° 115.70+4.12° 59.94+4.68° 131.3646.76°
EXBP 98.86:+3.89° 70.56+3.17" 38.74+3.05" 94.40+2.49®
ENBP 120.10+1.27° 93.06£2.89° 43.77+£2.93° 103.58+3.57°

see Table 2.

[otal cholesterol - HDL cholesterol - (Triglyceride/5).
.ach value is the mean=SE for 8 rats.

"““Values with different superscript letters in the same column indicate significant differences among the groups at p<0.05.

iver tissue [15]. Shen et al. [27] and Dietschy et al. [8]
eported that a reduced plasma LDL cholesterol level
n dietary-induced hyperlipidemic animals results in an
mproper lipid metabolism leading to an enhanced level of
1iepatic acetly-CoA, which in turn participates in lipogenesis
ind is accumulated as lipid in the liver tissue. As such, the
educed liver weight found in the present investigation
ndicates the hypolipidemic potential of the EXBP.

In the current study, the oral administration of the EXBP
nd ENBP caused no changes in the gross behavior, and
1one of the animals died. Thus, it would appear that there
were no side effects in the rats by the oral administration of
he EXBP and ENBP of G. lucidum.

Effect on Levels of Plasma and Liver Lipid

As seen in Table 5, the plasma total cholesterol, LDL
cholesterol, triglyceride, and phospholipid levels were
significantly decreased in the rats administered with the
EXBP or ENBP, as compared to the control group. However,
the EXBP showed a better hypolipidemic potential than
the ENBP and lowered the plasma total cholesterol, LDL
cholesterol, triglyceride, and phospholipid levels by as
much as 31.0, 39.0, 35.4, and 28.1%, respectively, when
compared to the control group.

The plasma HDL cholesterol level and HTR were
increased, and the plasma atherogenic index was decreased
in the rats administered with the EXBP or ENBP, where
the EXBP also proved to be more effective (Table 6). The
EXBP substantially increased the plasma HDL cholesterol
and HTR by 24.2% and 47.6%, respectively, and lowered

the atherogenic index by as much as 53.5%, compared to
the control group.

The effects of the G. lucidum EXBP and ENBP on the
liver lipids are shown in Table 7. The concentrations of the
total cholesterol, triglyceride, and phospholipid in the liver
of the rats administered with the EXBP were significantly
decreased to the extent of 22.4, 23.1, and 12.9%, respectively,
and by as much as 15.3, 8.4, and 7.0% in the rats given the
ENBP, respectively, as compared to the control group.

In light of the present knowledge, the risk of atherosclerosis
is dependent more on the plasma LDL level than on the
total cholesterol level in the body system. An important
recent epidemiological finding demonstrated that the level
of HDL is inversely related to the risk of atherosclerosis. In

Table 6. Effect of Ganoderma Ilucidum exo- and endo-
biopolymers on plasma HDL cholesterol, atherogenic index,
and ratio of HDL cholesterol to total cholesterol (HTR) in
hyperlipidemic rats after 4 weeks.

. HDL cholesterol  Atherogenic 3
Group (mg/dD) index’ HTR
Normal 24.33+1.38° 2.7210.03° 0.27+0.01°
Control 15.57¢1.21° 8.2040.32° 0.11+0.00°
EXBP 20.55£1.07% 3.81£0.13 0.21+0.01°
ENBP 18.29+1.16" 5.57+0.26° 0.15+0.01*
'See Table 2.

*(Total cholesterol- HDL cholesterol)/ HDL cholesterol.

*HDL cholesterol/Total cholesterol.

Each value is the mean+SE for 8 rats.

“*“*Values with different superscript letters in the same column indicate
significant differences among the groups at p<0.05.
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Table 7. Effect of Ganoderma lucidum exo- and endo-
biopolymers on liver total cholesterol, triglyceride, and phospholipid
in hyperlipidemic rats after 4 weeks.

Group' Total cholesterol — Triglyceride  Phospholipid
(mg/g) (mg/g) (mg/g)
Normal 1.84+0.04° 7.821+0.78* 7.11£0.18"
Control 5.77%0.22° 19.2542.05*  9.3240.13¢
EXBP 4.4810.24° 14.81+1.47" 8.12+0.19*
ENBP 4.8910.13 17.6410.92° 8.67+0.26"
'See Table 2.

“*Not significant.

Each value is the mean+SE for 8 rats.

“"*Values with different superscript letters in the same column indicate
significant differences among the groups at p<0.05.

other words, an increased HDL level in plasma could play
a protective role [13]. A substantial reduction of LDL and
total cholesterol in plasma can be achieved by reduced
production of total cholesterol by liver tissue and efficient
removal of LDL cholesterol by various tissues without
subsequent renewal [32]. Therefore, in the current investigation,
the reduced lipid level in the liver tissues under the
influence of the EXBP and ENBP was consistent with the
above supposition. This was achieved by controlling the
lipid metabolism in the liver tissue, being most likely
mediated by the influence of the EXBP and ENBP.

Our present preliminary study compared the hypolipidemic
potential of the EXBP and ENBP of G. lucidum, and the
EXBP was found to be more potent. Although the exact
mechanism of the EXBP of G. lucidum in exhibiting a
hypolipidemic effect is still unclear, the possibility of a
combined effect of the EXBP in exerting hyperlipidemia
can not be ruled out. This includes inhibition of cholesterol
absorption and biosynthesis, inhibition of biosynthesis
of very-low-density lipoproteins, the precursor of LDL,
and acceleration of fractional turnover of LDL [32], and
increased excretion of bile acids [33]. Accordingly, further
comprehensive chemical and pharmacological investigations
are needed to elucidate the exact mechanism of the
hypolipidemic effects and isolate the active principles
before they are usefully employed for preventive and
therapeutic purposes in alleviating a hyperlipidemic status.

Acknowledgment

This work was supported by a Daegu University research
grant, 2001.

REFERENCES

1. Allain, C. C., L. S. Poon, and W. Richmond. 1974. Enzymatic
determination of total serum cholesterol. Clin. Chem. 20:
470-475.

S

11.

12.

13.

14.

16.

17.

18.

19.

. Bae, J. T, J. Sinha, J. P. Park, C. H. Song, and J. W. Yun.

2000. Optimization of submerged culture conditions for
exo-biopolymer production by Paecilomyces japonica. J.
Microbiol. Biotechnol. 10: 482-487.

. Bucolo, G. and H. David. 1973. Quantative determination of

serum triglycerides by use of enzyme. Clin. Chem. 19: 476~
482.

. Cheung, P. C. K. 1996a. The hypocholesterolemic effect of

extracellular polysaccharide from the submerged fermentation
on mushroom. Nutr. Res. 16: 1953~ 1957.

. Cheung, P. C. K. 1996b. The hypocholesterolemic effect of

two edible mushrooms: Auricularia auricula (tree-ear) and
Tremella fuciformis (white jelly-leaf) in hypercholesterolemic
rats. Nutr. Res. 16: 1721-1725.

. Chihada, L., K. Okumura, S. Takeyama, and A. Kotera. 1969.

Lentinacin, a new hypocholesterolemic substance in Lentinus
edodes. Experientia 25: 1237-1242.

. Chung, S. Y., S. A. Kim, S. H. Kim, H. S. Kim, G. J. Kim, H.

S. Kim, and H. S. Cheong. 1990. Effects of Ganoderma
lucidum on lipid metabolism in dietary hypercholesterolemic
rats. J. Korean Soc. Food Sci. Nutr. 19: 180- 186.

. Dietschy, J. M., S. D. Turley, and D. K. Spady. 1993. Role of

liver in the maintenance of cholesterol and low density
lipoprotein homeostasis in different animal species, including
humans. J. Lipid Res. 34: 1637-1659.

. Duncan, D. B. 1957. Multiple range tests for correlated and

heteroscedastic means. Biometrics 13: 164-176.

. Finley, P. R., R. B. Schifman, R. J. Williams, and D. A.

Luichti. 1978. Cholesterol in high density lipoprotein: Use
of Mg*”/dextran sulfate in its measurement. Clin. Chem. 24:
931-933.

Fridewald, W. T., R. L. Levy, and D. S. Federicson. 1979.
Estimation of concentration of low density cholesterol in
plasma, without use of preparative ultracentrifuse. Clin.
Chem. 18: 499~ 508.

Folch, J., M. Lees, and G. H. Sloane-Stanley. 1957. A simple
method for the isolation and purification of total lipid from
animal tissue. J. Biol. Chem. 226: 497- 509.

Ganong, W. E 1987. Review of Medical Physiology, pp. 103~
276. 13th ed. Appleton & Lange, Norwalk, Conn, U.S.A.
Goldstein J. L. and M. S. Brown. 1990. Regulation of the
mevalonate pathway. Nature 343: 425-430.

. Gurr, M. 1. and J. L. Harwood. 1991. Lipid Biochemistry:

An Introduction, pp. 163-245. 4th ed. Chapman & Hall,
London, U.K.

Han, E. G., I. S. Sung, H. G. Moon, and S. Y. Cho. 1998.
Effect of Codonopsis lanceolata water extract on the levels
of lipid in rats fed high fat diet. J. Karean Soc. Food Sci.
Nutr. 27: 940- 944,

Kabir, Y., S. Kimura, and T. Tomura. 1988. Dietary eftect of
Ganoderma lucidum mushrooms on blood pressure and lipid
levels in spontaneously hypertensive rats. J. Nutr. Sci.
Mitaminol. (Tokyo) 34: 433-438.

Kaneda, T. and S. Tokuda. 1966. Effect of various
mushroom preparations on cholesterol levels in rats. J. Nutr.
90: 371-376.

Kim, D. H., B. K. Yang, S. C. Jeong, N. J. Hur, S. Das, J. W.
Yun, J. W. Choi, Y. S. Lee, and C. H. Song. 2001. A



20,

3]

. LaRosa, J. C.

HYPOLIPIDEMIC EFFECT OF GANODERMA LUCIDUM EXO- AND ENDO-BIOPOLYMERS

preliminary study on the hypoglycemic effect of the exo-
polymers produced by five different medicinal mushrooms.
J. Microbiol. Biotechnol. 11: 167-171.

Kurasawa, S. I., T. Sugahara, and J. Hayashi. 1982. Studies
on dietary fibre of mushrooms and edible wild plants.
Nutrition Reports International 26: 167- 173.

1994. Cholesterol and public policy.
Atherosclerosis 108: 137- 141.

. Lee, K. H., J. W. Lee, M. D. Han, H. Jeong, Y. L. Kim, and

D. W. Oh. 1994. Correlation between anticomplementary
and antitumor activity of the crude polysaccharide from
Ganoderma lucidum 1Y009. Kor. J. Appl. Microbiol. Bioeng.
22:45-51.

. Park, Y. H., E. K. Moon, Y. K. Shin, M. A. Bae, J. G. Kim,

and Y. H. Kim. 2000. Antitumor activity of Paecilomyces
Jjaponica is mediated by apoptotic cell death. J. Microbiol.
Biotechnol. 10: 16-20.

- Patocka, J. 1999. Anti-inflammatory triterpenoids from

mysterious mushroom Ganoderma lucidum and their potential
possibility in modern medicine. Acta Medica 42: 123-125.

.. Rosenfeld, L. 1989. Atherosclerosis and the cholesterol

connection: Revolution of a clinical application. Clin. Chem.
35:521-531.

. Sale, F. O., S. Marchesini, P. H. Fishman, and B. A. Berra.

1984. A sensitive enzymatic assay for determination of
cholesterol in lipid extracts. Anal. Biochem. 142: 347- 350.

. Shen, H., S. He, R. L. Price, and M. L. Fernandez.

1998. Dietary soluble fiber lowers plasma LLDL cholesterol
concentrations by altering lipoprotein metabolism in female
guinea pigs. J. Nutr. 128: 1434- 1441

. Song, C. H,, B. K. Yang, K. S. Ra, D. H. Shon, E. J. Park,

G. I. Go, and Y. H. Kim. 1998. Hepatoprotective effect of
extracellular polymer produced by submerged culture of
Ganoderma lucidum WK-003. J. Microbiol. Biotechnol. 8:
277-279.

29.

30.

31

32.

33.

34.

35.

36.

877

Stalmer, 1., D. Welthwoth, and J. D. Neaton. 1986. Is there
a relationship between serum cholesterol and risk of
premature death from coronary heart disease and grade. J.
Am. Med. Assoc. 25: 2823-2829.

Takayama, M., S. Itoh, T. Nagasaki, and I. Tanimizu. 1977.
A new enzymatic method for determination of serum choline-
containing phospholipids. Clin. Chem. Acta 79: 93~ 98.

The American Institute of Nutrition. 1977. Report of the
American Institute of Nutrition Ad Hoc Committee on
Standards for Nutritional Studies. J. Nutr. 107: 1340-1348.

Tokuda, S., A. Tagiri, E. Kano, Y. Sugawara, S. Suzuki, H.
Sato, and T. Kaneda. 1974. Reducing mechanism of plasma
cholesterol by shiitake. Mushroom Sci. IX (part I}: 445-
462.

Vahouny, G. V., R. Khalafi, S. Satchithanandam, D. W.
Watkins, J. A. Story, M. E. Cassidy, and D. Kritchevsky.
1987. Dietary fiber supplementation and fecal bile acids,
neutral steroids and divalent cations in rats. J. Nutr. 117:
2009-2015.

Wang, S. Y., M. L. Hsu, H. C. Hsu, C. H. Tzeng, S. S. Lee,
M. S. Shiao, and C. K. Ho. 1997. The anti-tumor effect of
Ganoderma lucidum is mediated by cytokines released from
activated macrophages and T lymphocytes. Int. J. Cancer
17: 699-705.

Yang, B. K., J. Y. Ha, S. C. Jeong, S. Das, J. W. Yun, Y. S.
Lee, J. W. Choi, and C. H. Song. 2000. Production of
exo-polymers by submerged mycelial culture of Cordyceps
militaris and its hypolipidemic effect. J. Microbiol. Biotechnol.
10: 784-788.

Yang, B. K., S. C. Jeong, J. B. Park, S. P. Cho, H. J. Lee, S.
Das, J. W. Yun, W.J. Lim, and C. H. Song. 2001. Swimming
endurance capacity of mice after administration of exo-
polymer produced from submerged mycelial culture of
Ganoderma lucidum. J. Microbiol. Biotechnol. 11: 902-
905.



