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In the present study, we isolated polysaccharides from Ganoderma lucidum and investigated its effect on
serum antioxidant enzymes activity in ovarian cancer rats to explore the mechanism underlying the
pharmacological anti-cancer activity of th\e polysaccharides. Rats were grouped into the control, model
and polysaccharides-treated groups. After experiment ended, serum antioxidant enzymes activity in rats
were measured. Results showed that polysaccharides from G. lucidum significantly reduced MDA produc-
tion and increased serum antioxidant enzymes activity. These results suggest that the antioxidant activ-
ity of polysaccharides from G. lucidum might be benefical towards ovarian cancer therapy.

� 2009 Elsevier Ltd. All rights reserved.
1. Introduction

Ovarian cancer is the most common cause of cancer death in
women (Gupte & Mumper, 2009). Different factors associated with
ovarian inflammation may lead to oxidative stress. Reactive oxy-
gen species-mediated tissue injury is a final common pathway
for a myriad of disease processes. The body is continuously ex-
posed to free radicals and ROS, from both external sources (sun-
light, other forms of radiation, pollution) and generated
endogenously. Oxidative stress can cause cancer (Ekambaram,
Rajendran, Magesh, & Sakthisekaran, 2008).

Ganoderma lucidum, which belongs to the family of Ganoder-
mataceae of Polyporales, is known as ‘Lingzhi’ in China and re-
garded as a panacea, because it is reported to have a broad
spectrum of medicinal properties for both health maintenance
and treatment of disease. Lingzhi is also called ‘‘marvelous herb”
or ‘‘mushroom of immortality”, emphasizing its function in
enhancing longevity. Evidence from both in vitro experiments
and in vivo animal and human, support Lingzhi extract as a poten-
tial anticancer agent (Yuen & Gohel, 2008). It is believed that, at
least part of the health benefits of Lingzhi may be attributed to
its significant antioxidant action reducing oxidative damage
(Mau, Lin, & Chen, 2002; Shi, James, Benzie, & Buswell, 2002;
Sun, He, & Xie, 2004).
ll rights reserved.
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ouGuo).
In the present study, we isolated polysaccharides from G. luci-
dum and investigated its effect on serum antioxidant enzymes
activities in ovarian cancer rats.

2. Material and method

2.1. Extraction of polysaccharides

The fruiting bodies of G. lucidum were purchased from a local
medicine shop in Yanchen city, china. Sporocarps were cut into
small pieces, dried at 40–50 �C for 48 h and powdered. Polysaccha-
rides were isolated by method of Mizuno (2000) and Pillai, Nair
and Janardhanan (2008) and Yin and Dang (2008) with slight mod-
ification. The powdered sporocarps were defatted with petroleum
ether and extracted with double distilled water at 80 �C for 8–
10 h in several batches. The extract were combined, filtered, and
concentrated to about one third of the original volume and chilled
ethanol about five times the original volume was added and kept at
4 �C for 48 h. The precipitate was collected after centrifugation,
redissolved in distilled water and treated with Sevag’s reagent
(Staub, 1999) several times to remove protein and then dialyzed
against deionised water for 48 h at 4 �C. The polysaccharides
(crude polysaccharide) were again precipitated with ethanol and
the precipitate thus obtained was lyophilized. The crude polysac-
charide was dissolved in water and reprecipitated with equal vol-
ume of cetyl trimethyl ammonium hydroxide and kept for
overnight. The supernatant obtained was precipitated with chilled
ethanol. The polysaccharides content in the precipitate was further
determined by phenol–sulphuric acid assay according to Dubois,
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Fig. 1. (Chen et al., 2009). Isolation and purification of Ganoderma lucidum
polysaccharides by an anion-exchange column.

Fig. 2. (Chen et al., 2009). Thin-layer chromatography.
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Gilles, Hamilton, Rebers, and Smith (1956). After centrifugation,
the precipitate obtained was run through DEAE cellulose column
and eluted with deionised water. The precipitate thus obtained
was lyophilized to get a light brown powder, (neutral
polysaccharide).

2.2. Isolation and purification of G. lucidum polysaccharides

An aliquot was then applied to an anion-exchange column
(5 � 50 cm) of DEAE-Sepharose Fast flow (Pharmacia), and eluted
stepwise as two fractions (F 1 and F 2) (Fig. 1) with 0.1, 0.3, 0.5,
0.7 and 0.9 M NaCl in Tris–HCl buffer (pH 8.5).

2.3. Thin-layer chromatography (TLC)

Thin-layer chromatography (TLC) was performed on a silica gel
plate (5 � 20 cm, Silica gel GF254, Qingdao Haiyang Chemical Co.).
An aliquot of each sample was spotted onto the silica gel plate with
a developing solvent system of chloroform/methanol (10:1, v/v) or
petroleum ether/ethyl acetate (2:1, v/v). The spots were visualised
by spraying the plates with spraying solutions of 1% solution of
phenylamine-diphenylamine-phosphate in water. Result from
Thin-layer chromatography (TLC) indicated that F1 and F2 were
both composed of mannose (Fig. 2).

2.4. Determination of polyphenol content

The polyphenol contents were determined using the Folin–Cio-
calteu’s reagent as described by Karou, Dicko, Simpore, and Traore,
(2005). In brief, 30 lL of either the soluble or hydrolyzable poly-
phenol extract was mixed with 75 lL of Folin–Ciocalteu’s reagent
diluted in distilled water (Folin:water, 50:50, v/v). The mixture
was allowed to stand for 5 min before adding 75 lL of 20% sodium
carbonate solution. After 30 min at room temperature the absor-
bance was measured at 750 nm using a Beckman 6300 spectropho-
tometer. The soluble and hydrolyzable polyphenol contents were
calculated using a standard curve of gallic acid. The results were
expressed as mg of gallic acid equivalents.

2.5. Animal experiment

2.5.1. Treatment of animals
Thirty-two rats of Wistar strain weighing 157–185 g were pur-

chased from the Central Animal House, Suzhou University. The ani-
mals were housed in polypropylene cages and maintained under
controlled conditions of 12 h light/12 h dark cycle and 50% relative
humidity at 25–30 �C. The animals were fed pellet diet and water
ad libitum. The study was approved by Institutional Animal Ethics
Committee, Suzhou 1th Hospital, Suzhou University and the ani-
mals were maintained in accordance with the Guide for the Care
and Use of Laboratory Animals. After a period of ten days,
Twenty-four rats were induced ovarian cancer according to the ref-
erence. Then, the animals with ovarian cancer were divided into
three groups of eight rats each and maintained as follows:

Group I (normal control) received the same volume of physio-
logical saline twice daily.

Group II (model control) received the same volume of physio-
logical saline twice daily.

Group III (low dose of polysaccharides treatment) received
polysaccharides (dissolved in 2 ml distilled water) at a dosage of
150 mg/kg body weight twice daily.

Group IV (high dose of polysaccharides treatment) received
polysaccharides (dissolved in 2 ml distilled water) at a dosage of
300 mg/kg body weight twice daily.

Food and water were fed ad libitum to all groups. At the end of
the experimental period of eight weeks. The rats were sacrificed.
Blood was collected in heparinised tubes and plasma was sepa-
rated. The blood was immediately homogenized in 0.1 M Tris–
HCl, pH 7.4. Plasma homogenate was used for various analyses.

2.5.2. Biochemical analysis
2.5.2.1. Superoxide dismutase (SOD) activity. SOD activity was as-
sayed spectrophotometrically as described by (Luchese, Pinton, &
Nogueira, 2009). This method is based on the capacity of SOD in
inhibiting autoxidation of epinephrine to epinechrome. The color
reaction was measured at 480 nm. One unit of enzyme was defined
as the amount of enzyme required to inhibit the rate of epineph-
rine autoxidation by 50% at 26 �C. The enzymatic activity was ex-
pressed as Units (U)/mg protein.

2.5.2.2. Catalase (CAT) activity. CAT activity was assayed spectro-
photometrically by the method of (Niu, Wu, Yu, & Wang, 2008;
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Fig. 3. (Chen et al., 2009). Effect of Ganoderma lucidum polysaccharides on MDA
level.
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Yu, Wu, & Niu, 2009), which involves monitoring the disappear-
ance of H2O2 at 240 nm. One unit of enzyme was defined as the
amount of enzyme required for monitoring the disappearance of
H2O2. The enzymatic activity was expressed as Units (U)/mg pro-
tein (1 U decomposes 1 lmol H2O2/min at pH 7 at 25 �C).

2.5.2.3. Glutathione peroxidase (GSH-Px) activity. Glutathione perox-
idase (GSH-Px) activity was determined according to the method of
Chen, Zhong, Zhu, Zeng, and Dai (2009) using cumene hydroperox-
ide as substrate.

2.5.2.4. TAOC level. The level of TAOC was measured by the method
of ferric reducing/antioxidant power assay (Chen, Hu, & Zheng,
2007).

2.5.2.5. TBARS level. TBARS were measured at 532 nm and com-
pared to a standard curve of malondialdehyde (MDA) (Ma, Liu,
Yu, Chen, & Zhang, 2009). The amounts of TBARS in serum were ex-
pressed as equivalents of MDA.

2.6. Statistical analysis

All data were given as means ± standard deviation (SD). Com-
parisons between the means of various treatment groups were
analyzed using Dunnett’s t-test followed by analysis of variance
(ANOVA). P < 0.05 was considered to be significant.

3. Results and discussion

3.1. Ganoderma lucidum polysaccharides and polyphenol content

The total phenolic compounds were expressed as mg gallic acid
equivalent 100 g�1. It could be found that polyphenol content is
152.62 mg gallic acid/100 g polysaccharides. Polysaccharides con-
tent is 57.91% (Table 1).

3.2. Effect of G. lucidum polysaccharides on MDA level

The formation of malondialdehyde (MDA)–TBA adducts was
used as an index of hydroxyl radical production, by a modified
deoxyribose method (Condezo-Hoyos et al., 2009) We have previ-
ously demonstrated that G. lucidum polysaccharides exerts benefi-
cial antioxidant effects in a rat model of cervical carcinoma,
reducing oxidative pressure (Chen et al., in press) As shown in
Fig. 3, the MDA level in ovarian cancer model rats was significantly
(P < 0.01) enhanced when compared to the normal rats. However,
the increased MDA level were significantly (P < 0.01) reduced in
the polysaccharides-treatment groups than in the ovarian cancer
model rats.

3.3. Effect of G. lucidum polysaccharides on SOD activity

It has been previously reported that administration of G. lucidum
polysaccharides prevented GSH depletion and lipid peroxidation,
and increases SOD activity in the tissues of rats with the cancer
(Shang, Li, Cui, & Hui, 2002. Such antioxidant activity can be ex-
plained by the fact that G. lucidum polysaccharides stimulated syn-
thesis of enzymes involved in free radical production, creating a
Table 1
Polysaccharides and polyphenol content.

Polysaccharides content
in Ganoderma lucidum (%)

Polyphenol content in polysaccharides
(mg gallic acid/100 g polysaccharides)

57.91 152.62
powerful redox cycle that allows for continuous cytoprotection
against oxidative stress (Chen & Li, 2005). As shown in Fig. 4,
SOD activity was significantly (P < 0.01) decreased in the ovarian
cancer model rats when compared to the normal rats. There was
significant difference (P < 0.01) in SOD activity between ovarian
cancer model rats and polysaccharides treatment rats. It could be
found that polysaccharides treatment dose-dependently signifi-
cantly (P < 0.01) increased serum SOD activity in polysaccharides
treatment rats.

3.4. Effect of G. lucidum polysaccharides on CAT activity

It can be found that CAT activity were significantly (P < 0.01) de-
creased in the ovarian cancer model rats compared to normal rats
(Fig. 5). By contrast, G. lucidum polysaccharides treatment dose-
dependently significantly (P < 0.01) enhanced CAT activity in the
polysaccharides-treatment groups when compared to the ovarian
cancer model. The activities of SOD and CAT are known to serve
as protective responses to eliminate reactive free radicals (Shi,
Sun, He, Guo, & Zhang, 2008). The observation that the levels of
SOD and CAT were brought down to their normal levels in the
ovarian cancer model rats indicates that the tissues restored to
its normal activity by the protective action of G. lucidum polysac-
charides. Chen and Li (2005) reported that G. lucidum water extract
possessed effective antioxidant properties and inhibits peroxida-
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Fig. 4. (Chen et al., 2009). Effect of Ganoderma lucidum polysaccharides on SOD
activity.
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Fig. 5. (Chen et al., 2009). Effect of Ganoderma lucidum polysaccharides on CAT
activity.

I II III IV
0

2

4

6

8

10

12

14

16

TA
O

C
(U

/m
l)

group

**
**

**

Fig. 7. (Chen et al., 2009). Effect of Ganoderma lucidum polysaccharides on TAOC
activity.
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tion. The results of the present study are in agreement with the re-
ports by. This fact is further substantiated by the decrease in the
levels of MDA upon G. lucidum polysaccharides administration.

3.5. Effect of G. lucidum polysaccharides on GSH-Px activity

It can be found that GSH-Px activity were significantly
(P < 0.01) decreased in the ovarian cancer model rats compared
to normal rats (Fig. 6). By contrast, G. lucidum polysaccharides
treatment dose-dependently significantly (P < 0.01) enhanced
GSH-Px activity in the polysaccharides-treatment groups when
compared to the ovarian cancer model. In our study we have ob-
served that MDA, an index of lipid peroxidation, was markedly in-
creased in the ovarian cancer model rats, thus suggesting an
increased oxidative stress. Similar data had previously been re-
ported by Lakshmi, Ajith, Jose, and Janardhanan (2006). In addi-
tion, total plasma antioxidant capacity was markedly decreased
in these animals. The increase of GSH and GSH-Px could be ex-
plained by its stimulation to neutralize the increased oxygen free
radicals production probably due to the ultra structural damage
in the mitochondrial system.

3.6. Effect of G. lucidum polysaccharides on TAOC activity

Total antioxidant capacity (TAOC) reflects the capacity of non-
enzymatic antioxidant defense system. Therefore, measure of ser-
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Fig. 6. (Chen et al., 2009). Effect of Ganoderma lucidum polysaccharides on GSH-Px
activity.
um TAOC may give a more precise indication of the relationship
between antioxidants and the degenerating process in ovarian can-
cer model rats (Zhu, Wang, Zhang, Pei, & Fen, 2008). As shown in
Fig. 7, TAOC activities significantly decreased (P < 0.01) in the ovar-
ian cancer model rats as compared with those in the normal con-
trols. In contrast, the treatment of G. lucidum polysaccharides
caused a dramatic (P < 0.01) increase in serum TAOC activities of
polysaccharides-treated rats. A significant difference in activities
of TAOC was observed between the ovarian cancer model rats
and the ones treated with G. lucidum polysaccharides.

4. Conclusion

For 4000 years G. lucidum has been used as a part of Chinese and
Japanese medicine especially for the treatment of most of the hu-
man ailments. The results of the present study concluded that
the doses of G. lucidum such as 150 and 300 mg/kg used in this
study could improve the antioxidant enzymes activity and reduce
oxidative stress such as SOD, CAT, GSH-Px, TAOC activity and MDA
level in the serum of ovarian cancer rat which can be partially cor-
related to its antioxidant activity. However, further studies are
needed to investigate its possible protective role against immune
system disorders in ovarian cancer rat.
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