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Ophiocordyceps sinensis (Berk.) G.H. Sung, J.M. Sung. is an entomogenous fungus, used as physical performance 
enhancer and herbal medicine for preventing or curing a number of human ailments. Owing to its high medicinal value and 
expensive market price, the present study was aimed to determine the anti-stress and muscular endurance effects of natural 
and laboratory cultured O. sinensis in animals. The natural specimens collected from 4000 – 5000 m altitude of Central 
Himalayan hills as well as the lab cultured mycelium were tested for anti-stress activity in rats and muscular endurance 
effect in mice with the help of Force Swim Test. Three doses (100, 300 and 500 mg/kg body wt.) of natural specimens and 
lab cultured O. sinensis were administered in test groups and Imipramine (15 mg/kg body wt.) in positive control group and 
0.9 % NaCl solution in control group for 30 days. 

Natural specimens (100, 300 and 500 mg) and lab cultured (300 and 500 mg) of O. sinensis showed anti-stress and 
muscular endurance effects significantly (p<0.05) following oral administration. Natural specimens and lab cultured  
O. sinensis at doses of 300 and 500 mg/kg significantly (p<0.05) inhibited the increase in LDH, cholesterol and BUN  
and decrease in ALP level of immobilized stress rats. Thus, both natural and lab cultured O. sinensis have almost equal  
anti-stress and muscular endurance effect.  
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Introduction 
Caterpillar Mushroom or Ophiocordyceps sinensis 

(Berk.) G.H. Sung, J.M. Sung. syn. Cordyceps 

sinensis (Berk) Sacc. is a high value medicinal 
fungus, which is being used as performance enhancer 
and traditional medicine in China for prevention and 
cure of several human ailments. It is a unique 
parasitic association of insect larva and fungus in the 
high altitude areas of Himalayan hills ranging from 
4000 – 5000 m altitude from MSL. The fungus is 
endemic to the alpine habitats of the Tibetan Plateau 
above 3000 m in south-western China and there has 
been large-scale harvesting of the wild material from 
Nepal and India also. Fungus partner O. sinensis 

belongs to sub division Ascomycotina which 
parasitizes upon larva of high altitude moth named 
Hepialus armoricanus (Fam. Hepialidae). This high 

value medicinal fungus is commonly known as Yar- 
rsta- dgun- bu in Tibet meaning ‘winter-worm and 
summer-grass’ or ‘worm-grass’1, Dong Chong Xia 
Cao in China2 and Yarsha Gamboo or Kira Ghas in 
India3. It is being used as Traditional Chinese 
Medicine (TCM) in China to promote longevity, 
increase athletic power and overall improvement in 
quality of life4, 5 since a long time. O. sinensis 
contains various bioactive compounds, including 
cordycepin, adenosine, adenine, guanosine, 
ergosterol, uridine, uracil, hypoxanthine, mannitol and 
polysaccharides6-12. The first observation on its 
energetic effect was noticed about 1500 years ago in 
the Tibet mountain pasture, when a herdsman found 
that his cattle and livestock became energetic after 
consuming this mushroom and even older became 
vigorous13. This wonder drug of Himalayas got a wide 
popularity world over since 1993, when a group of 
Chinese women athletes shattered nine world records 
in world outdoor track and field championships in 
Germany. It was revealed that the vigour of these 
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athletes increased because of the regular consumption 
of O. sinensis, which in Traditional Chinese System 
of Medicine had been used for centuries to increase 
vigour and vitality of the people14. There are several 
reports on augmentation of performance of long 
distance runners who used cultured O. sinensis extract 
as supplementation in their meals15. Supplementation 
of cultured O. sinensis powder to healthy young 
volunteers (0.5 g/day for 2 weeks) during exhaustive 
running have resulted in significant augmentation of 
energy generation and antifatigue ability as compared 
to placebo controls16-17. In double blind, placebo 
controlled studies, supplementation of CS-4 for  
6 weeks (3 g/day)18 and 12 weeks (333 mg, 3 times a 
day)19 to elderly healthy volunteers have significantly 
improved the metabolic and ventilator threshold and 
resistance to fatigue compared to placebo group. 
Previous workers have reported that oral 
supplementation of hot water fraction of O. sinensis 
mycelia (150 mg/kg/day, 8 days)20 and 
polysaccharides (200 mg/kg/day, 21 days)21 enhanced 
exhaustion time, reduced fatigue and stress in mouse 
during swim test. Observations were also made to 
prolong the exhaustive swimming time of mice 
significantly (p<0.05) with the supplementation of  
O. guangdongensis powder (0.455, 0.91 and 1.82g/kg 
daily for 30 days)22 and polysaccharides from  
O. sinensis (100, 200 and 400mg/kg, daily for  
28 days)23. O. sinensis supplementation with or 
without exercise was found to improve exercise 
endurance capacity by activating the skeletal  
muscle metabolic regulators as well as activation of 
NRF-2-ARE pathway limiting the oxidative stress24. 

Besides its uses as an antioxidant and anti-tumor 
agent25

 it is most popular TCM for liver and  
renal disorder26, respiratory problems27 and  
cerebro-vascular diseases28. Hot-water fraction of the 
submerged cultured mycelia of O. sinensis stimulates 
proliferation of bone marrow cells through Peyer’s 
patch cells29 and thus are useful in 
immunomodulatory function11, 13, 30. A preparation of 
O. sinensis stimulates proliferation of erythroid 
progenitor cells (CFU-E and BFU-E) in mouse bone 
marrow in vivo and in vitro

31. In TCM this wonder 
drug is also used for its anti-aging effect32. 

Traditionally, O. sinensis is consumed after mixing 
with rice flour and boiled milk. It is generally used as 
a food supplement or nutraceuticals/additive to be 
cooked with meat33. The most common traditional use 
of the fungus is to mix with a variety of meats of 

chicken, duck and pork as medicinal soup13, 34. In 
Nepal, powder of O. sinensis is used with the orchid, 
Dactylorhiza hatagirea (D. Don) Soo 35, honey, ghee, 
alcohol, hot water and cow’s milk as a combination 
for tonic and aphrodisiac36-38. Various 
Ophiocordyceps based products are available in the 
international markets as a health supplement or 
nutraceuticals. The market demand for O. sinensis has 
grown sharply in many countries39 after its popularity 
by the sports women in the year 1993. The market 
price for wildly collected O. sinensis vary from 
16,000 to 20,000 US$ per kg in India, while it is 
costing more than 25,000 US$ per kg in international 
markets. In 2008, price of Cordyceps in San Francisco 
and other major U.S. cities was as high as 
$75,000/kg40. 

The pure mycelium culture of O. sinensis was 
raised at DIBER Field Station, Pithoragarh (India) 
with an objective to develop health supplements or 
nutraceuticals from it. Study on efficacy and safety of 
lab cultured mycelia and natural specimens were also 
carried out in the laboratory. Present study is aimed to 
determine the anti-stress and muscular endurance 
effects of natural as well as lab cultured of O. sinensis 

in animals. 
 

Materials and Methods 
 

Biological materials 

Natural specimens of O. sinensis were collected 
during the month of May-June from Johar valley 
(Longitutde: E-80° 10' 44.7''-18' 59.2'', Latitude:  
N-30° 12' 28.5''-19' 44.4'') in Munsyari region of 
Central Himalayan hills in district Pithoragarh, 
Uttarakhand (India). Sufficient numbers of natural 
specimens were collected from the natural habitat to 
conduct the desired study in the laboratory. Some of the 
natural specimens were utilized to raise the mycelium 
culture in vitro. Both the samples were freeze dried at - 
72 °C in lyophilizer (Model No. 038, NU LABCARE, 
New Delhi) and powdered with the help of 
mechanical grinder and stored in an air-tight container 
at -4°C. Both types of powders were suspended in 
vehicle (Saline) before administration to animals. 
 

Drugs 

Imipramine hydrochloride (Sigma-Aldrich®, USA) 
was dissolved in sterile isotonic saline and given by ip 
route. Specific diagnostic kits (AUTOPACK) of 
cholesterol, triglycerides, AST, ALT, ALP, BUN and 
LDH were purchased from SIEMENS, India. 
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Animals 

7-8 weeks old wistar male rats (180-220g body wt) 
and 6-8 weeks old albino mice (22-30g body wt), 
were selected and randomly kept in different groups 
(n=5) for studies. Animals were kept in the cages for 
at least 7 days prior to the start of the study for 
acclimatization under the prevailing lab conditions. 
All the animals were kept under constant room 
temperature (25±3 °C), relative humidity (50–70%), 
and 12h/12h dark/light cycle for the whole 
experimental period. Animals were allowed to chew 
the food and drinking water ad libitum. All the 
procedures were followed under strict compliance of 
approved directions of Institutional Animal Ethics 
Committee (IAEC), DIBER, Field Station Pithorgarh 
(Utarakhand) India, which is a registered committee 
with CPCSEA, Ministry of Environment and Forest, 
Government of India, New Dehli. 
 

Acute toxicity study 

Fine uniform suspension of natural specimens and 
lab cultured O. sinensis were prepared in distilled 
water and administered at different doses, viz. 100, 
500, 1000 and 2000 mg/kg body weight orally to 
different groups of mice for acute toxicity. Acute 
toxicity study was carried out according to the OECD 
Guideline 423. The lethal dose of natural specimens 
and lab cultured O. sinensis was not found up to 2000 
mg/kg body weight. Anti-stress and muscular 
endurance were studied by using one fourth of the 
highest dose as per OECD Guidelines 2001.  
 

Muscular endurance effect 

The selected mice were divided into eight groups 
of 5 in each to evaluate the muscular endurance 
effect. Vehicle (0.5 mL/animal, oral, n=5) and 
Imipramine (15 mg/kg, ip) were administered for  
30 successive days in group I and II, respectively. 
Three doses of 100, 300 and 500 mg/kg of lab 
cultured and natural specimens were given orally  
to the mice for 30 days in test groups III, IV, V, VI, 
VII and VIII, respectively. After 1 h of last 
administration, animals were subjected to Force 
Swimming Test (FST) for recording of data related to 
muscular endurance. Swimming capacity of animals 
was studied in acrylic plastic water pool  
(45 cm X 20 cm) filled 35 cm deep water level, 
maintained at 28±1°C. The mice were loaded with  
a lead ball corresponding to 4 % of their body weight 
attached to the tails41. The swimming time to 
exhaustion was used as the index of the forced 
swimming capacity. Animals were judged to be 

fatigued when they failed to rise to the water surface 
to breath within a 7s period as the index of swimming 
capacity41.  
 

Anti-stress activity 

The selected rats were divided into eight groups  
(5 in each) to evaluate anti-stress activity. Vehicle 
(0.5 mL/animal, oral, n=5) and Imipramine  
(15 mg/kg, ip) were administered for 30 successive 
days in group I and II, respectively. Three doses of 
100, 300 and 500 mg/kg of lab cultured and three 
doses of 100, 300 and 500 mg/kg natural specimens 
were given orally for 30 days in III, IV, V, VI, VII 
and VIII test groups of rats, respectively. After 1 h of 
last administration, animals were subjected to FST for 
recording activity. 

Anti-stress activity of rats was determined by FST, 
in which immobility time of animals was studied. 
Before experiment, rats were placed in the water pool 
for 15 min. in the water and removed to dry in a 
heated enclosure (32°C) before being returned to their 
home cages. After 24 h they were again placed in the 
water pool and total duration of immobility was 
measured during a 5 min. test. The immobilized stress 
was given for the last 48 h of the experiment. The 
immobilized-stress technique was carried out by the 
modified method of Brekhman and Dardymov 
(1969)42 and Watanabe and Ayugase (2008)43. Food 
intake, body weight and biochemical parameters were 
also recorded in rats.  

At the end of the experiment, blood samples were 
collected from orbital sinus for serological analysis. 
Rats were kept under overnight fasting before taking 
blood in sterilized disposable syringes (22 gauge 
needle) after anaesthetizing the rat with anesthetic 
ether. Blood samples were transferred to non 
heparinized tubes. The serum was separated and stored 
at -20°C in clean vial labelled with date and sample 
number. Biochemical parameters like cholesterol, 
triglycerides, AST, ALT, ALP, BUN and LDH were 
determined at the end of the study in all groups of 
rats. The study was carried out with the help of semi 
auto chemical analyzer (RA-50, BAYAR) and specific 
diagnostic kits from SIEMENS (AUTOPAK), India. 
 

Statistical analysis 

The results are presented as mean (±) standard 
deviation. Statistical analysis of the data was done 
using Dunnett multiple comparisons test method for 
comparison among groups. All data were reported as 
mean±SEM and Significance was assumed at P < 0.05. 
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Results 
 
Effect on swimming time of mice 

Table 1 depicts the effect of subacute administered 
imipramine, lab cultured and natural O. sinensis on 
swimming time of mice. All doses of both lab cultured 
and natural specimens increased swimming time in 
dose dependent manner. Imipramine (15 mg/kg), 
natural specimens (100-500 mg/kg) and lab cultured 
mycelium (100-500 mg/kg body wt., oral) enhanced  
the swimming time in mice significantly. All  
these three types of samples were found superior over 
their control. 
 

Effect on immobility time in rat 

Table 2 depicts the effect of subacute administered 
imipramine, lab cultured and natural O. sinensis on 
immobility time of rats. All doses of both lab cultured 

and natural specimens of O. sinensis decreased 
immobility time in dose dependent manner. 
Application of Dunnet’s test revealed that, natural 
specimens of O. sinensis (100-500 mg/kg, oral) 
significantly decreased the immobility time of test rats 
similar to imipramine and were superior over control. 
Lab cultured mycelium also reduced the immobility 
time at higher concentrations (300-500 mg/kg). 
However, lower dose (100 mg/kg) failed to exhibit 
significant effect on immobility time of the rats.  
 

Effect on food intake and body weight of rats 

Subacute treatment with all the three types of 
samples showed hyperphagia and progressive 
increased in body weight of the animals. Lab cultured 
mycelium and natural samples along with imipramine 
increased the food intake from day 20 onwards at the 
dose of 300 to 500 mg/kg (Fig. 1) (Table 3). 

Table 1—Effect of imipramine, natural or laboratory cultured O. sinensis on swimming time of mice 

  Swim Time (Min.) ±SEM 

Groups Dose (mg/kg) 1st Day 30th Day 

Control (0.9% NaCl)  23.82±3.42 24.2±3.42 

Imipramine (mg/kg) 15 29.5±4.95 56.7±4.95* 

Lab Cultured O. sinensis (mg/kg) 100 26.2±1.84 36.8±6.12* 

 300 27.4±2.78 41.2±10.37* 

 500 30.6±3.42 53.5±5.98* 

Natural O. sinensis (mg/kg) 100 26.6±2.06 39.8±8.13* 

 300 28.6±2.01 47.5±6.94* 

 500 31.8±1.72 59.2±6.52* 

Different groups of mice were administered with imipramine (15mg/kg, body wt., ip), natural O. sinensis (100-500mg/kg body wt., oral) and 
lab cultured O. sinensis (100-500mg/kg body wt., oral), while control animals received saline (0.5mL/mouse, oral). Swimming time of mice 
was measured 1h post injection time-points. The data represents mean±SEM for each group at respective time-points. *p<0.05 vs. control. 
 

Table 2—Effect of imipramine, laboratory cultured or natural O. sinensis on immobility time of rats 

  Immobility Time (Sec) ±SEM 

Groups Dose (mg/kg) 1st Day 30th Day 

Control (0.9% NaCl)  235.6±15.39 227.2±17.37 

Imipramine (mg/kg) 15 216.4±13.15 131.8±12.28* 

Lab Cultured O. sinensis (mg/kg) 100 224.2±12.85 200.6±19.73* 

 300 217.4±14.38 171.2±16.66* 

 500 215.8±11.03 132.4±13.35* 

Natural O. sinensis (mg/kg) 100 221.4±11.26 192.8±17.24* 

 300 217.8±13.74 156.4±16.33* 

 500 214.4±12.62 108.2±19.72* 

Different groups of rats were administered with imipramine (15mg/kg, body wt., ip), natural O. sinensis (100-500mg/kg body wt., oral) and 
lab cultured O. sinensis (100-500mg/kg body wt., oral), while control animals received saline (0.5mL/rat, oral). Immobility time of rats was 
measured 1h post injection time-points. The data represents mean±SEM. for each group at respective time-points. *p<0.05 vs. control. 
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Statistical test revealed that significant increase in the 
body weight was achieved at a dose of 300 to  
500 mg/kg for all the three types of samples. 
However, lower dose (100 mg/kg) of lab cultured and 
natural O. sinensis failed to exhibit significant effect 
on food intake and body weight of rats.  

Effect on biochemical parameters in rats 

Biochemical parameters like AST, ALT, ALP, 
triglycerides, LDH, BUN and cholesterol level were 
estimated in serum of all rats (Table 4). Levels of AST, 
LDH, BUN and total cholesterol were significantly 
increased and ALP level decreased significantly in 

 
 

Fig. 1—Effect of imipramine, laboratory cultured and natural O. sinensis on food intake in rat IMI=Imipramine, NOS=Natural 
O. sinensis, LCOS=Laboratory Cultured O. sinensis. Different groups of rats were administered with imipramine (15mg/kg, body wt., ip), 
natural O. sinensis (100-500mg/kg body wt., oral) and lab cultured O. sinensis (100-500mg/kg body wt., oral), while control animals 
received saline (0.5mL/rat, oral). The data represents mean±SEM for each group at respective time-points. *p<0.05 vs. control. 
 

Table 3—Effect of imipramine, laboratory cultured or natural O. sinensis on body weight of rat 

 Body weight (g) 

Groups 1st Day 10th Day 20th Day 30th Day 

Control (0.9% NaCl) 139.2±8.93 166.0±8.28 209.2±13.46 262.4±8.59 

Imipramine (mg/kg) 141.4±11.40 178.4±14.36 237.6±12.20* 288.2±15.22* 

Lab Cultured O. sinensis (mg/kg) 

100 142.6±14.12 171.0±18.26 212.6±13.43 266.0±9.03 

300 139.8±9.36 180.8±14.86 229.6±10.45 292.8±11.84* 

500 143.6±10.53 176.4±12.58 234.8±8.64* 294.8±12.79* 

Natural O. sinensis (mg/kg) 

100 143.8±13.27 174.2±16.42 217.4±13.29 275.8±12.36 

300 140.6±10.31 170.6±12.62 234.2±11.26* 291.2±10.48* 

500 138.2±9.63 180.8±9.52 242.8±10.43* 305.6±14.43* 

Different groups of rats were administered with imipramine (15mg/kg, body wt., ip), natural O. sinensis (100-500mg/kg body wt., oral) 
and lab cultured O. sinensis (100-500mg/kg body wt., oral), while control animals received saline (0.5mL/rat, oral). The data represents 
mean±SEM for each group at respective time-points. *p<0.05 vs. control. 
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immobilized stress control rats. However, there was 
no significant increase in ALT level. Treatment with 
lab cultured mycelium and natural specimens at the 
dose of 300 and 500 mg/kg was found inhibiting 
significantly (p < 0.05) to the stress induced LDH, 
BUN, total cholesterol level and ALP. However, there 
was no significant change in AST level at the dose of 
100 and 300 mg/ kg in case of both the samples. 
Whereas, triglycerides and ALT levels in serum were 
not changed significantly in test animals as compared 
to control. Decreased ALP level of immobilized stress 
rats was also inhibited significantly at the lower dose 
(100 mg/kg) of natural specimens only. 
 

Discussion 
Present study concludes that subacute 

administration of powder of lab cultured O. sinensis 
shortened immobility time of rats and enhanced 
swimming time of mice significantly. Thus potent 
anti-stress and muscular endurance effect of lab 
cultured mycelium was well validated. 

FST has been used to evaluate the anti-stress and 
muscular endurance effects of various compounds20, 44. 
The sub acute administration of powder of natural  
O. sinensis (100, 300 and 500 mg/kg, oral) was found 
responsive to increase swimming time of mice 
significantly and reduce the immobility time of rats in 
dose dependent manner. The findings are similar to 

previous studies on administration of supercritical fluid 
extract of O. sinensis, in shortening of immobility 
times of mouse in dose dependent manner in tail 
suspension test45 and oral administration of the water 
extract of O. sinensis for 5 days in improving the 
swimming time of mice46. O. sinensis has been found 
useful in the improvement of metabolic threshold, 
anti-fatique and anti-stress activity19, 21. The sub acute 
administration of lab cultured mycelium powder of O. 
sinensis (100, 300 and 500 mg/kg, oral) increased 
swimming time of mice significantly and reduced 
immobility time of rats in dose dependent manner 
similar to the natural specimens. This effect of  
O. sinensis may be due to the presence of cordycepin, 
polysaccharides and cordyglucan which are reported to 
be responsible to enhance the endurance and energy 
metabolism21. Our study is well supported by the previous 
work on enhancement of the endurance20 and minimal 
genetic variability in in vitro propagated mycelium47. 

Changes in the body weight and food intake are 
critical for the evaluation of any product on test 
animals which is indicative of the enhanced growth 
and anti-stress like activity in the animals48-49. In the 
present study, animals treated with natural O. sinensis 
(300 and 500mg/kg, oral) showed significant 
increases in food intake (p<0.05) and body weight 
(p<0.05) as compared to control animals. Similarly, 
supplementation of both CS powder and CS-4 along 
with exercise increases the metabolic threshold of 

Table 4—Effect of imipramine, laboratory cultured or natural O. sinensis on biochemical parameters 

 Biochemical Parameters 

Groups AST 
(U/L) 

ALT 
(U/L) 

ALP 
(U/L) 

Cholesterol 
(mg/dl) 

Triglycerides 
(mg/dl) 

LDH 
(U/L) 

BUN 
(mg/dl) 

Control (0.9% NaCl) 55.8±10.89 47.8±12.93 151.6±16.05 82.2±19.24 65.6±12.36 361.8±20.99 14.9±2.67 

Stress Control 91.4±16.06# 54.6±8.35 106.8±15.55# 125.6±16.21# 67.5±9.94 495.8±23.16# 26.5±3.55# 

Imipramine (mg/kg)  

15 82.4±13.18 50.8±10.62 136.4±15.50* 118.6±12.01 69.4±13.96 468.8±36.77 18.2±4.78* 

Lab Cultured O. sinensis (mg/kg) 

100 82.6±11.28 51.8±5.93 127.6±16.75 116.2±16.01 66.5±9.88 493.2±35.02 23.4±4.00 

300 71.6±16.83 45.6±10.62 134.2±9.75 94.5±12.68* 65.1±14.01 424.6±18.85* 19.2±3.62* 

500 62.8±12.73* 40.2±10.42 140.8±14.09* 85.64±10.55* 62.8±21.03 386.2 ±27.71* 16.4±4.77* 

Natural O. sinensis (mg/kg) 

100 79.4±14.57 50.2±5.93 133.4±11.72* 112.4±17.25 65.8±12.00 482.6±32.51 20.4±5.03 

300 70.6±13.72 43.6±10.62 139.8±14.68* 92.1±15.00* 63.9±14.74 396.4±20.81* 17.7±3.45* 

500 51.4±9.93* 38.4±9.20* 144.0±18.74* 75.6±18.06* 58.8±18.49 352.2±17.11* 15.2±3.17* 

AST=Aspartate Aminotransferase, ALT=Alanine Aminotransferase, ALKP=Alkaline Phosphatase, LDH=Lactate Dehydrogenase. 

Different groups of rats were administered with imipramine (15mg/kg, body wt., ip), natural O. sinensis (100-500mg/kg body wt., oral) 
and lab cultured O. sinensis (100-500mg/kg body wt., oral), while control animals received saline (0.5mL/rat, oral). The data represents 
mean±SEM for each group at respective time-points. *p<0.05 vs. stress control, #p<0.05 vs. control. 
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young and elderly human volunteers17-19. Manabe et al 
(2000)50 reported that increase in the ratio of ATP to 
inorganic phosphate (ATP:Pi) in the treated mice with 
mycelial extract of cultured O. sinensis, represented 
an increase in cellular energy state. Increased food 
intake may promote the energy production in the form 
of ATP in animals. Zhu and Rippe (2004)51 have 
suggested that the O. sinensis significantly increases 
energy output and oxygen capacity. Similarly, in 
anaemic mice model, supplementation of cultured O. 
sinensis mycelia (200 mg/kg/day, orally for 4 weeks) 
increased hepatic blood flow and energy metabolism 
in both normal and anaemic mice without any toxic 
effect50

. Our findings are well validated by the work 
of Mounnissamy et al (2010)52 who have reported that 
progressive increase in body weight and organ weight 
of rats during 28 days study, resulting from administration 
of ethanol extract of C. rheedii may indicate the 
improvement in the nutritional state of the animal. 
Subacute administration of lab cultured O. sinensis  
(300 and 500 mg/kg body wt, oral) increased the food 
intake (p<0.05) and gain in body weight (p<0.05) 
significantly by the animals as compared to control.  

AST, ALT, ALP, LDH, cholesterol, BUN and 
triglycerides are the most important and common 
blood parameters used for the evaluation of anti-stress 
like effect in animals20, 53. Immobilization stress was 
induced to mark the increase in serum LDH, AST and 
total cholesterol levels and decrease in ALP level20, 54. 
The BUN value was found to increase significantly 
after exercise55. In the present study, lab cultured  
O. sinensis significantly inhibited the increase in the 
level of AST, LDH, total cholesterol and BUN and 
the decrease in ALP level of immobilized stress rats 
similar to natural O. sinensis which are the indications 
of anti-stress effect.  
 

Conclusion 

In view of the above finding, it could be concluded 
that powder of both natural and lab cultured  
O. sinensis have anti-stress and muscular endurance 
effects like activity. Lab cultured O. sinensis powder 
can be used in product development as performance 
enhancer nutraceuticals for improving human health 
and quality of life substituting to the natural 
specimens of O. sinensis which are otherwise highly 
expensive and available in scant. 
 

Acknowledgments 
The authors are thankful to Mr. M.C. Arya, 

Scientist ‘G’ and Dr. H. K. Pandey, Scientist ‘D’ for 
their support and suggestions during the study.  

References 
1 Chen YC, Huang YL and Huang BM, Cordyceps sinensis 

mycelium activates PKa and PKc signal pathways to 
stimulate steroidogenesis in ma-10 mouse leydig tumor cells, 
Int J Biochem Cell Biol, 2005, 37 (1), 214-223.  

2 Garbyal SS, Agarwal KK and Babu CR, Impact of 
Cordyceps sinensis in the rural economy of interior villages 
of Dharchula sub- division of Kumaon Himalayas and its 
implications in the society, Indian J Trad Knowledge, 2004, 
3 (2), 182-186. 

3 Negi C S, Koranga P R and Ghinga H S, Yar tsa gumba 
(Cor.sin.)- A call for its sustainable exploitation, Int  

J Sustainable Devel World Ecology, 2006, 13, 1-8. 

4 Paterson RRM, Cordyceps-a traditional Chinese medicine 
and another fungal therapeutic biofactory?, Phytochemistry, 
2008, 69, 1469-1495. 

5 Zhou X, Gong Z, Su Y, Lin J and Tang K, Cordyceps fungi: 
natural products, pharmacological functions and developmental 
products, J Pharm Pharmacol, 2009, 61, 279-291. 

6 Zhang S, Zhang D, Zhu T and Chen X, A pharmacological 
analysis of the amino acid components of Cordyceps sinensis 
Sacc. (in Chinese), Acta Pharm Sin, 1991, 26, 326. 

7 Cunningham K G, Hutchinson S A, Manson W and Spring F S, 
Cordycepin, a metabolic project from cultures of Cordyceps 

militaris (Linn.) Link, Part 1, Isolation and characterization, 
J Chem Soc, 1951, 2299-2300. http://dx.doi.org/10.1039/ 
jr9510002299 

8 Kredich N M and Guarino A J, An improved method of 
isolation and determination of cordycepin, Biochim Biophys 

Acta, 1960, 41, 363-365. 

9 Miyazaki T, Oikawa N and Yamada H, Studies on fungal 
polysaccharides XX, Galactomannan of Cordyceps sinensis, 
Chem Pharm Bull, 1977, 25, 3324-3328. 

10 Yamada H, Kawaguchi N, Ohmori T, Takeshita Y, Taneya S 
and Miyazaki T, Structure and antitumor activity of an  
alkali-soluble polysaccharide from Cordyceps sinensis, 
Carbohydr Res, 1984, 125, 107-115. 

11 Zhu J S, Halpern G M and Jones K, The scientific 
rediscovery of a precious ancient Chinese herbal regimen: 
Cordyceps sinensis: part II, J Altern Compl Med, 1998b, 4, 
429-457. 

12 Li S P, Yang F Q and Tsim K W, Quality control of 
Cordyceps sinensis, a valued traditional Chinese medicine,  
J Pharm Biomed Anal, 2006, 41, 1571-1584. 

13 Zhu J S, Halpern G M and Jones K, The scientific 
rediscovery of an ancient Chinese herbal medicine: 
Cordyceps sinensis: part I, J Altern Compl Med, 1998a, 4 (3), 
289-303. 

14 Chinese women’s running coach reveals secret recipe for 
rejuvenation, World J, 1997, October 25. 

15 Hiyoshi T, Akasu F, Yoshisugu M and Fujiwara M, 
Supplemental effects of Cordyceps sinensis extract on long 
distance runners, Japanese J Phys Fitness Sports Med, 1996, 
45, 205-210. 

16 Nagata A, Tajima T and Moriyasu S, Effectiveness on ingestion 
with Cordyceps sinensis drinking during running exercise of 
humans, J Exercise Sports Physiology, 2002, 9, 85-92. 

17 Nagata A, Tajima T and Uchida M, Supplemental antifatigue 
effects of Cordyceps sinensis (TochuKaso) extract powder 
during three step wise exercise in human, Japanese  

J Physiology Fitness Sports Med, 2006, 5, S145-S152. 



ANTI-STRESS AND MUSCULAR ENDURANCE EFFECTS OF O. SINENSIS 
 
 

235 

18 Yi X, Xizhen H and Jiashi Z, Randomized double blind 
placebo controlled clinical trial and assessment of 
fermentation product of Cordyceps sinensis (Cs4) in 
enhancing aerobic capacity and respiratory function of the 
healthy elderly volunteers, Chinese J Integrative Medicine, 
2004, 10, 187–192.  

19 Chen S, Li Z, Krochmal R, Abrazado M, Kim W and 
Christopher B Cooper, Effect of Cs-4 (Cordyceps sinensis) 
on exercise performance in healthy older subjects: a double 
blind, placebo controlled trial, J Altern Compl Med, 2010, 
16, 585–590. 

20 Koh J H, Kim K M, Kim J M, Song J C and Suh H J, 
Antifatigue and antistress effect of the hot-water fraction 
from mycelia of Cordyceps sinensis, Biol Pharmac Bull, 
2003, 26, 691-694. 

21 Li T and Li W, Impact of polysaccharides from Cordyceps 

on antifatigue in mice, Sci Res Essay, 2009, 4, 705-709. 

22 Yan W, Li T, Lao J, Song B and Shen Y, Anti-fatigue 
property of Cordyceps guangdongensis and the underlying 
mechanisms, Pharm Biol, 2013, 51 (5), 614-620. 

23 Yan F, Wang B and Zhang Y, Polysaccharides from 
Cordyceps sinensis mycelium ameliorate exhaustive 
swimming exercise-induced oxidative stress, Pharm Biol, 
2014, 52(2), 157-61. 

24 Kumar R, Negi P S, Singh B, Ilavazhagan G, Bhargava K 
and Sethy N K, Cordyceps sinensis promotes exercise 
endurance capacity of rats by activating skeletal muscle 
metabolic regulators, J Ethnopharmacol, 2011, 136,  
260-266, 

25 Rao Y K, Fang S H and Tzeng Y M, Evaluation of the anti-
inflammatory and anti-proliferation tumoral cells activities of 
Antrodia camphorata, Cordyceps sinensis and Cinnamomum 
osmophloeum bark extracts, J Ethnopharmacol, 2007, 114 

(1), 78-85. 

26 Jiang J C and Gao Y F, Summary of treatment of 37 chronic 
renal dysfunction patients with Jin Shui Bao, J Admin Trad 

Chin Med, 1995, 5, 23-24. 

27 Lei M and Wang J P, Jin Shui Bao capsule as adjuvant 
treatment for acute stage pulmonary heart disease: Analysis 
of therapeutic effect of 50 clinical cases, J Admin Trad Chin 

Med, 1995, 5, 28-29. 

28 Chen D G, Effects of Jing Shui Bao capsule on quality of life 
of patients with chronic heart failure, J Admin Trad Chin 

Med, 1995, 5, 40-43. 

29 Koh J H,Yu K W, Suh H J, Choi Y M and Ahn T S, 
Activation of macrophages and the intestinal immune system 
by an orally administered decoction from cultured mycelia of 
Cordyceps sinensis, Biosci Biotech Biochem, 2002, 66(2), 
407-411. 

30 Borchers A T, Stern J S, Hackman R M, Keen C L and 
Gershwin M E, Mushrooms, tumors and immunity, Proc Soc 

Exp Biol Med, 1999, 221 (4), 281-293. 

31 Li Y, Chen G Z and Jiang D Z, Effect of Cordyceps sinensis 

on erythropoiesis in mouse bone marrow, Chin Med J, 1993, 
106, 313-316.  

32 Ji D B, Ye J, Li C L, Wang Y H, Zhao J and Cai  
Shao-Qing, Antiaging Effect of Cordyceps sinensis extract, 
Phytother Res, 2009, 23, 116-122. 

33 Huang K C, The Pharmacology of Chinese Herbs, Boca 
Raton, FL, CRC Press, 1999, 512. 

34 Winkler D, Yartsa Gunbu - Cordyceps sinensis, Economy, 
Ecology & Ethno-Mycology of a Fungus Endemic to the 
Tibetan Plateau, Eds. A. Boesi and F. Cardi, Wildlife and 
plants in traditional and modern Tibet: Conceptions, 
Exploitation and Conservation, 2004, 34 (1/2). 

35 Adhikari M K, Mushrooms of Nepal, Edited by G. Durrieu,  
P U Printers, Battisputali, Kathmandu, Nepal, 2000, 236.  

36 Lama Y C, Ghimirey S K and Thomas Y A, Medicinal plants 
of Dolpa: Amchis’ Knowledge and Conservation, People and 
Plants Initiative, WWF Nepal Program, Kathmandu, 2001, 56.  

37 KC P and Satyaal J, Drabya-Guna-Bigyan, Upacharma 
Upayogi Banaspatic Aausadhiharu (in Nepali), Makalu 
Books and Stationers, Kathmandu, 2006, 150. 

38 Devkota S, Yarsagumba [Cordyceps sinensis (Berk.) Sacc.], 
Traditional Utilization in Dolpa District, Western Nepal, Our 

Nature (An International Biological Journal), 2006, 4, 48-52. 

39 Dong C H and Yao Y J, In vitro evaluation of antioxidant 
activities of aqueous extracts from natural and cultured 
mycelia of Cordyceps sinensis, LWT, Food Sci Technol, 
2008, 41, 669-677. 

40 Holliday J and Cleaver M, Medicinal value of the caterpillar 
fungi species of the genus Cordyceps (Fr.) Link 
(Ascomycetes): A Review. Int J Med Mushrooms, 2008, 10 

(3), 219-234. 

41 Jung K, Kim I H and Han D, Effect of medicinal plant 
extracts on forced swimming capacity in mice,  
J Ethnopharmacol, 2004, 93, 75-81. 

42 Brekhman II and Dardymov IV, Pharmacological 
investigation of glycosides from Ginseng and 
Eleutherococcus, Lloydia, 1969, 32, 46-51. 

43 Watanabe M and Ayugase J, Anti-stress effects of flavonoids 
from Buckwheat sprouts in mice subjected to restraint stress, 
Food Sci Technol Res, 2008, 14, 253-260. 

44 Nozawa Y, Yamada K, Okabe Y, Ishizaki T and Kuroda M, 
The antifatigue effects of the low-molecular-weight fraction 
of bonito extract in mice, Biol Pharm Bull, 2009, 32,  
468-474.  

45 Koji N, Kosuke T, Aya K, Masanori K, Minoru I, Kenzo T, 
Sadakazu A and Masaaki Mats, Antidepressant-Like effect of 
Cordyceps sinensis in the mouse tail suspension test, Biol 

Pharm Bull, 2007, 30(9), 1758-1762. 

46 Liang Y L, Liu Y, Yang J W and Liu C X, Studies on 
pharmacological activities of cultivated Cordyceps sinensis, 

Phytother Res, 1997, 11(3), 237-239. 

47 Singh R, Negi P S and Ahmed J, Genetic variability 
assessment in medicinal caterpillar fungi Cordyceps spp. 
(Ascomycetes) in central Himalayas, India, Intr J Med 

Mushrooms, 2009, 11, 185-189. 
48 Carol S A, Acute, Sub-chronic and Chronic Toxicology, In: 

CRC Handbook of Toxicology, edited by JD Michael & AH 
Mannfred, USA: CRC Press, Inc, 1995, 51-104. 

49 Hu Y, Cardounel A, Gursoy E, Anderson P and Kalimi M, 
Anti-stress effects of dehydroepiandrosterone: protection of 
rats against repeated immobilization stress-induced weight 
loss, glucocorticoid receptor production, and lipid 
peroxidation, Biochem Pharmacol, 2000, 59 (7), 753-762. 

50 Manabe N, Azuma Y, Sugimoto M, Uchio K, Miyamoto M, 
Taketomo N, Tsuchita H and Miyamoto H, Effects of the 
mycelial extract of cultured Cordyceps sinensis on in vivo 
hepatic energy metabolism and blood flow in dietary 
hypoferric anaemic mice, Brit J Nutr, 2000, 83, 197-204.  



INDIAN J NAT PROD RESOUR, SEPTEMBER 2014 
 
 

236 

51 Zhu J S and Rippe J, Cordy-Max enhances aerobic 
capability, endurance performance, and exercise metabolism 
in healthy, mid-age to elderly sedentary humans, Annual 

Scientific Conference of the American Physiological Society, 

Washington, DC, Exp Biol, 2004, 17-21. 
52 Mounnissamy V M, Kavimani S, Sankari G, Quine S D and 

Subramani K, Evaluation of acute and sub-acute toxicity of 
ethanol extracts of Cansjera rheedii and J gmelin 
(Opiliaceae), J Brew Distill, 2010, 1 (1), 11-14.  

53 Kim K M, Yu K W, Kang D H, Koh J H, Hong BS and Suh 
HJ , Antifatigue and Antistress Effect of Fermented Rice 
Bran, Biosci Biotech Biochem, 2001, 65, 2294-2296.  

54 Jern C, Wadenvik H, Mark H, Hallgren J and Jern S, 
Haematological changes during acute mental stress, Brit  

J Haematol, 1989, 71 (1), 153-156. 

55 Wu IT, The effects of serum biochemical value with different 
beverage to replenish and intermittent exercise in high intensity, 
Tahan Jr College Engr Business J, 1999, 13, 387-400. 

 


