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Summary
Cordyceps, one of the well-known traditional Chinese medicines, consists of the dried fungus
Cordyceps sinensis growing on the larva of the caterpillar. It is commonly used for the replenishment of body health. One of the known pharmacological effects is its anti-oxidation activity. However, there is a great variation of the quality in different sources of Cordyceps. Here, the water extracts of various sources of natural C. sinensis and cultured Cordyceps mycelia were analyzed for
their anti-oxidation activity by using three different assay methods such as the xanthine oxidase
assay, the induction of hemolysis assay and the lipid peroxidation assay. The results showed that
Cordyceps, in general, possesses a strong anti-oxidation activity in all assays tested. However, both
natural and cultured Cordyceps showed the lowest inhibition in the lipid peroxidation when compared with the other two assay methods. The cultured Cordyceps mycelia had equally strong antioxidation activity as compared to the natural Cordyceps. Besides, the anti-oxidation activities were
increased to 10–30 folds in the partially purified polysaccharide fractions from the cultured
Cordyceps mycelia, which suggested that the activity could be derived partly from Cordyceps
polysaccharides.
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 Introduction
Fatty acids are important components of biological
membranes in which they serve as building blocks for
major membrane constituents such as phospholipids,
glycolipids and triacylglycerides. The unsaturated
fatty acids, in particular, impart desirable properties
upon the fluidity of membranes. However, these essential unsaturated molecules are highly susceptible to oxidative processes, and thus may lead to a decrease in
the membrane fluidity and the disruption of membrane
structure and function (Machlin and Bendich, 1987;
Slater et al. 1987). Cellular damage due to lipid peroxidation causes serious derangement such as ischemiareperfusion injury, coronary arteriosclerosis, diabetes
mellitus, aging and carcinogenesis (Yagi, 1987;

Adams et al., 1999; Delattre et al., 1999). The development of anti-oxidants is a general consensus of many
pharmaceutical and food industries. Indeed, some antioxidants have been reported to prevent cancer and
coronary heart disease, to protect the myocardium
from experimental myocardial infraction, and to prevent some neuronal symptoms of aging (Machlin and
Bendich, 1987; O’Donnell and Lynch, 1998). A number of synthetic anti-oxidants, such as butylated hydroxyanisole and butylated hydroxytoluene, have been
developed as food additives but their use in medical
health has limitation because of their toxicity
(Williams et al., 1999). As a result, there is considerable interest in the food industry and in preventive
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medicine to develop natural anti-oxidants from botanical sources, and one of the possible sources is derived
from traditional Chinese medicinal herbs.
Cordyceps, one of the well-known traditional Chinese medicines, consists of the dried fungus Cordyceps sinensis growing on the larva of the caterpillar.
The parasitic complex of the fungus and caterpillar is
found in the soil of a prairie at an elevation of 3,500 to
5,000 meters. It is commonly used in China to replenish the kidney and soothe the lung for the treatment of
fatigue, night sweating, hyposexualities, hyperglycemia, hyperlipidemia, asthemia after severe illness, respiratory disease, renal dysfunction and renal
failure, arrhythmias, heart disease and liver disease
(Zhu et al., 1998). Recent studies have demonstrated
its multiple pharmacological actions in potentiating
the immune system (Xu et al., 1992) and the antitumor activity (Chen et al., 1997). The anti-oxidation
activity was also reported in Cordyceps, and indeed,
the herb was commonly used in China for preventing
aging and improving physical performance (Yu and
He, 1998; Zhu et al., 1998).
The natural Cordyceps (wild C. sinensis) is rare and
expensive in the local market. In China, workers have
extensively examined its life cycle with the aim of developing techniques for isolating fermentable strains
of C. sinensis. Several mycelial strains have been isolated from natural Cordyceps, and they could be manufactured in large quality by fermentation technology
(Yin and Tang, 1995). The mycelial fermentation products have been demonstrated to have a stronger pharmacological efficacy than the natural Cordyceps. At
present, both natural and cultured Cordyceps products
are commonly sold as health food products in South
East Asia. However, the prices of these products could
be different by over 100 folds. Whether these products
have similar pharmacological effect is a question that
concerns the consumers. By using different assay
methods, the water extracts of natural C. sinensis and
cultured Cordyceps mycelia were tested for their antioxidative activities.

 Materials and Methods
Plant materials and sample preparation

Dried natural C. sinensis produced from Qinghai, Tibet,
Sichuan and Yunnan Provinces of China were purchased
from local markets. Cultured Cordyceps mycelia were
obtained from Chinese Medicine Factory of Jiangxi
(Jiangxi), East China Pharmaceutical Factory
(Huadong), Wanfong Pharmaceutical Factory (Wanfong), Boding Pharmaceutical Factory (Hebei) and
Liaoning Agriculture University (Liaoning). The voucher specimens of Cordyceps were deposited at the De-

partment of Biology, Hong Kong University of Science
and Technology, Hong Kong, China. Dried samples
were ground into powder. In general, traditional Chinese
medicine is boiled in water for medications. Therefore,
Cordyceps was extracted by using phosphate buffer
saline (PBS pH 7.4) at 37 oC for 12 hours. After centrifugation at 3,000 rpm for 10 minutes, the supernatant was
collected and lyophilized. The sample weight was calculated according to the starting raw material weight.
Isolation of polysaccharides

Because of sample availability, cultured Cordyceps
mycelia from Wanfong Pharmaceutical Factory was
used for the extraction of polysaccharides. Cordyceps
was boiled in water for 2 hours. After centrifugation, the
supernatant was concentrated and treated with 4 volumes of ethanol for precipitation. The precipitate was
suspended in water, dialyzed (exclusion limit 8,000 dalton) and lyophilized to give enriched crude polysaccharide fraction (96 g). Five hundred mg of sample from
the enriched crude polysaccharide fraction was suspended in water, centrifuged to remove insoluble material. The sample was applied to a column (3.5 × 30 cm)
packed with DEAE-cellulose DE52 (Pharmacia, Sweden). Sample was eluted with a salt gradient from 0 to
0.5 M NaCl in a buffer of 10 mM Tris-HCl pH 7.4. The
flow rate was 30 ml/h, and 5 ml fractions were collected. The profile of polysaccharides was monitored by
detection at 490 nm after sulfuric acid-phenol detection
method. Then, the pooled fractions were dialyzed and
lypholized. Partial purified polysaccharide (~60 mg)
was obtained. The polysaccharide and protein contents
of different polysaccharide enriched fractions were determined by the anthrone test (Kawagishi et al., 1990)
and Bio-Rad protein assay (Bio-Rad Laboratories, Hercules, CA), respectively.
Assay of superoxide anion

The reaction mixture consisted of 10 mM phosphate
buffer pH 7.4 containing 0.1 mM xanthine, 0.1 mM
EDTA, 0.1 mM nitroblue tetrazolium, and 0.1 unit
xanthine oxidase (EC 1.2.3.2; Sigma, St Louis, MO)
with a final volume of 1 ml. The formation rate of formazan produced was determined from the slope of the
absorbance curve during the initial 2 minutes of the reaction at 560 nm (Toda et al., 1991). The change of absorbance in the control was 0.02 minute. To analyze
the anti-oxidation activity, each sample of varying
concentrations was added to the reaction mixture. The
change of absorbance per minute was compared with
that of the control, and anti-oxidation activity was calculated according to the equation: anti-oxidation activity (%) = (A–B)/A × 100, where A and B are the rate of
formazan formation in absence and presence of sample, respectively.
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Fig. 1. The effect of water extracts derived from different
types of Cordyceps on the inhibition of xanthine oxidase-induced free radical formation.
Both
cultured
Cordyceps
mycelia (A) and natural Cordyceps (B) were tested. The inhibition is expressed as the percentage of control that is in the
absent of Cordyceps. Different
concentrations of Cordyceps
extracts, in term of mg per ml of
water, were tested. The positive
control vitamin C shows an IC50
of 0.44 mg/ml. The means of 3
independent experiments are
shown and the variations are
within 10% of the mean values.

Preparation of erythrocyte and assay of hemolysis

Blood from New Zealand rabbit was collected in heparinized tubes. Erythrocytes were separated from plasma by centrifugation, and buffy coat was washed three
times with saline. During the last wash, the cells were
centrifuged at 2,000 × g for 10 minutes to obtain a constantly packed cell preparation. In the hemolysis assay,
10% suspension of erythrocytes in PBS pH 7.4 was
pre-incubated with testing sample of varying concentrations at 37 oC for 5 minutes before the addition of
one-tenth volume of 2 mM pyrogallol in 10 mM HCl
solution (Miki et al., 1987; Yoo et al., 1999). The reaction mixture was incubated at 37 oC for 10 minutes.
Samples were centrifuged at 1,000 x g for 10 minutes.
The absorbance of the supernatant was determined at
540 nm. The inhibition of hemolysis was calculated
according to the equation: Inhibition (%) = (ApAs)/(Ap-Ac) ×100, where Ap, As and Ac were the absorbance of positive control (no testing sample), testing sample and negative control (no pyrogallol or testing sample), respectively.
Microsome preparation and assay of lipid peroxidation

Microsomes were isolated from the livers of Wistar
male rats weighing 100~150 g. Livers were removed
quickly and rapidly homogenized in ice-cold 0.25 M
sucrose and centrifuged at 12,000 g for 20 minutes at
4 oC. The supernatant was centrifuged at 105,000 g for
60 minutes at 4 oC. The microsomes were washed with
ice-cold 0.15 M KCl, and then stored at –20 oC. The
protein content was determined by Bio-Rad method.
The NADPH-dependent peroxidation of microsomal
lipid was assayed by the method previously described
(Pederson et al., 1973). Rat liver microsomes (0.2 mg
protein) were incubated at 37 oC in 1 ml of reaction

mixture containing 50 mM Tris-HCI pH 7.5, 2 mM
ADP, 0.12 mM Fe(NO3) 3, Cordyceps sample of varying concentrations and 0.1 mM NADPH. The reaction
was initiated by the addition of NADPH. After 5 minutes, 2 ml of TCA-TBA-HCl reagent (15% w/v trichloroacetic acid: 0.375% thiobarbituric acid: 0.25 M
HCI) was added to the reaction mixture. The solution
was heated for 15 minutes in a boiling water bath.
After cooling, the flocculent precipitate was removed
by centrifugation at 1,000 × g for 10 minutes. The absorbance of the supernatant was determined at 535 nm
while butylated hydroxyanisole was used as the positive control in the experiment.

 Results and Discussion
The oxidative enzyme, xanthine oxidase, produces
free radical as a product of the one-electron reduction
of oxygen resulting in tissue injury. The inhibition effects on xanthine oxidase-induced free radical formation by the application of Cordyceps extracts, therefore, were tested. Figure 1 shows the inhibition of free
radical formation by water extracts from different
sources of natural C. sinensis and cultured Cordyceps
mycelia. They showed a great variation in their scavenging activity. Among different cultured products,
Cordyceps mycelia from Jiangxi exhibited the
strongest free radical scavenging activity with 50% inhibition (IC50) at 0.09 mg/ml. The lowest inhibition
was revealed in Hebei cultured Cordyceps that had an
IC50 of 0.91 mg/ml, which was ~10 folds different to
the best product (Fig. 1A). The natural C. sinensis
from Tibet showed the best scavenging activity with
an IC50 of 0.08 mg/ml, while Yunnan C. sinensis had
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Fig. 2. The effect of water extracts derived from different
types of Cordyceps on the inhibition of free radical-induced
hemolysis. Both cultured Cordyceps mycelia (A) and natural
Cordyceps (B) were tested. The
inhibition is expressed as the
percentage of control that is in
the absent of Cordyceps. Different concentrations of Cordyceps
extracts, in term of mg per ml of
water, were tested. The positive
control
butylated
hydroxyanisole shows an IC50 of 0.25
mg/ml. The means of 3 independent experiments are shown and
the variations are within 10% of
the mean values.
Fig. 3. The effect of water extracts derived from different
types of Cordyceps on the inhibition of free radical-induced
lipid peroxidation on liver microsomes. Both cultured Cordyceps mycelia (A) and natural
Cordyceps (B) were tested. The
inhibition is expressed as the
percentage of control that is in
the absent of Cordyceps. Different concentrations of Cordyceps
extracts, in term of mg per ml of
water, were tested. The positive
control
butylated
hydroxyanisole shows an IC50 of 0.38
mg/ml. The means of 3 independent experiments are shown and
the variations are within 10% of
the mean values.

an IC50 of 0.24 mg/ml. The difference was ~3 folds between the best and the worst products (Fig. 1B). By
comparing figures 1 A and B, the free radical scavenging activities between cultured Cordyceps mycelia and
natural C. sinensis were rather similar. However, there
was a greater variation of the scavenging activity
among different sources of cultured mycelia.
Red blood cell is one of the most powerful catalysts
capable of initiating lipid peroxidation (Yoo et al.,
1999). When human erythrocytes were incubated in air
at 37 oC, they were stable and little hemolysis occurred
within 4 hours. The free radicals could induce a chain
of oxidation in erythrocyte membranes (Miki et al.,
1987). In the hemolysis assay, various sources of
Cordyceps, either from natural or cultured mycelia,

showed a very close value in their inhibition of free
radicals-induced hemolysis; their IC50 could varies
from 1.5 to 2.0 mg/ml (Fig. 2 A, B).
Lipid peroxidation can be measured by the thiobarbituric acid method, which occurs when rat liver microsomes are incubated with Fe(III)-ADP/NADPH
(Pederson et al., 1973). The water extracts from natural C. sinensis and cultured Cordyceps mycelia inhibited the microsomal lipid peroxidation as induced by Fe
(III)-ADP/NADPH system (Fig. 3). All Cordyceps
showed similar potency. The overall inhibition activities were lower than the other anti-oxidation assays;
the inhibition was below 20% in all concentrations that
we tested (Fig. 3A, B). The extrapolated IC50 from the
tested Cordyceps could reach 5 mg/ml.
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Fig. 4. Partial purification of polysaccharides from cultured
Cordyceps mycelia by DEAE-cellulose chromatography.
Five hundred mg of crude polysaccharide was loaded onto
the column (3.5 × 30 cm), and eluted with 0 to 0.5 M NaCl,
as indicated by dotted line, in 10 mM Tris-HCl pH 7.4 having a flow rate of 30 ml/h. Five ml fractions were collected.
Polysaccharide profile was determined from a small volume
of fractions by absorbance at 490 nm after sulfuric acid-phenol. Peaks were labelled from I to V.

The estimated IC50 of various Cordyceps in the antioxidation assays were ranged from 0.08 to 5 mg/ml.
These values are in line with the dosage of Cordyceps
during medication, which ranges from 1 to 10 g per
dose (Zhu et al., 1998). Therefore, the blood concentration of Cordyceps after medication could be around
0.2 to 2 mg/ml, that is within the effective concentrations of Cordyceps in term of its anti-oxidation activities.
Polysacchride is one of the active components in
Cordyceps that has multiple pharmacological activities. Besides, polysaccharide was reported to have
scavenging effect on free radicals (Sakagami et al.,
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1992). The anti-oxidation activity of polysaccharide
from cultured Cordyceps mycelia was also investigated. Ethanol precipitation produced crude polysaccharide, which was further subjected to DEAE column.
Five distinct peaks (I to V) containing polysaccharides
were revealed (Fig. 4), and the peak fractions were
pooled for testing their anti-oxidation activities.
Among the five peaks, the anti-oxidation activity was
predominantly detected in the first peak, and therefore,
it was considered as our partial purified fraction. The
enrichment of polysaccharide in the partial purified
fraction was about 15 folds. In parallel with the enrichment of polysaccharide, the anti-oxidation activity was
increased in the polysaccharide enriched fractions
(Table 1). In the partially purified polysaccharide, the
increment of inhibition activity was ~25 folds in xanthine oxidase assay, ~11 folds in hemolysis assay and
~32 folds in lipid peroxidation assay. The IC50 of the
partial purified polysaccharides in the anti-oxidation
assays also showed a dramatic reduction. This result
suggests polysaccharide may be one of the active antioxidative constituents in Cordyceps.
The present results showed that water extracts of
natural C. sinensis and cultured Cordyceps mycelia
were effective to protect tissues and cells against oxidative stresses. Although the attenuation of lipid peroxidation (Yu and He, 1998) and free radical scavenging activity (Zhang et al., 1997) have been reported in
the water extract of natural C. sinensis and cultured
Cordyceps mycelia, our results provide for the first
time the comparison of the anti-oxidation activity
among all the common products of Cordyceps in the
market. Besides, three different anti-oxidation assays
were used in here for detail comparison. Among the
three assays used, a great variation of the activity was

Table 1. Increase of anti-oxidation activities during the enrihcment of polysaccharides from cultured Cordyceps mycelia.

Extracta

Polysaccharide

Protein

(% of total)

(% of total)

4.2

–

Xanthine oxidase
––––––––––––––––
foldsd
IC50e

Hemolysis
–––––––––––––––
foldsd
IC50e

Lipid peroxidation
–––––––––––––––––-–
foldsd
IC50e

1

0.320

1

1.800

1

4.500

Crude CHOb

38.1

0.36

15.8

0.020

4.0

0.450

13.0

0.346

Partial purified
CHOc

60.5

0.26

25.4

0.013

10.9

0.165

31.8

0.142

a

The anti-oxidation activities of the starting extract are defined as 1 and served as control.
Ethanol precipitation of polysaccharide (CHO).
c
Pooled frations of peak I after DEAE-cellulose.
d
The inhibition of xanthine oxidase, hemolysis and lipid peroxidation assays are expressed as
the fold different to the starting extract.
e
The calibrated IC50 in mg/ml.
(–) below the detection level of protein.
b
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revealed in the xanthine oxidase assay. This indicates
that different components in Cordyceps may be responsible for different forms of anti-oxidation activity.
The components having anti-oxidation activity in
Cordyceps are unknown. As demonstrated here,
polysaccharide could be one of the candidates that possessed the anti-oxidation activity, at least, such activity
was enriched along together with the enrichment of
polysaccharide in water extract derived from cultured
Cordyceps mycelia. However, the exact identity of
polysaccharide having anti-oxidation activity is not
known. Additionally, the anti-oxidation activity could
be due to other constituents that were enriched together
with polysaccharides. At present, we are trying to purify further the enriched polysaccharides, and to evaluate
the identity of the active compound. Since by removing
the balk of polysaccharides from cultured Cordyceps
mycelia the anti-oxidant activity (data not shown) was
lost, it can be suggested that the polysaccharide is the
key component exhibiting the anti-oxidation activity at
least in part. By enrichment of the polysaccharide from
cultured Cordyceps mycelia, the grade of anti-oxidation activities obtained was different, which suggested
that several forms of polysaccharides might have different potency in the tested assays. Adenosine, which
has widespread effect, is believed to be one of the active components in Cordyceps. However, recent studies
from our laboratory indicated that the content of adenosine in Cordyceps has no obvious relationship with its
anti-oxidation activity (Li et al., 2001).
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