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ABSTRACT  

 
Thongsawang S, Krataithong T, ChorCharoenying S, Norchai P, 
Nokkaew N. Applying Cordyceps sinensis to Boost Endurance 
Performance in Long-Distance Runners. JEPonline 2021;24(3):1-

12. The purpose of this study was to determine the effects of 
Cordyceps sinensis supplementation on reducing fatigue in 
endurance sport athletes. Twelve male long-distance runners (age 
37.3 ± 3.4 years, VO2 max 53.8 ± 3.7 mL·kg-1·min-1) participated in 
this randomized, repeated measures, counterbalanced single-blind 
study design. After baseline testing, the 2-week ingestion of 
Cordyceps sinensis (CS), Sodium bicarbonate (SB), and placebo 
(ST) alternately assigned to all subjects with separated by a 1-week 
washout period. Time to exhaustion (TTE), ventilatory threshold (VT1 
and VT2), and VO2 max were measured after each supplementation 
period. The results demonstrated a statistically significant difference 
in time to exhaustion (TTE), ventilatory threshold (VT2), and VO2 
max between CS and ST (P<0.05), but no significant difference 
between CS and SB (P>0.05). When compared with baseline, CS 
and SB improved TTE, VT2, and VO2 max (P<005); whereas, ST did 
not change (P>0.05). However, there were no significant differences 
in VT1 (P>0.05). The results indicate that Cordyceps sinensis (CS) 
may improve tolerance to fatigue in long-distance runners. 
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INTRODUCTION 

 
Herbal supplement usage has become popular for promoting various health benefits over the 
past years. Cordyceps sinensis (CS), the generic name of an exotic medicinal mushroom, 
has been used since ancient China and South Asia as traditional medicine for more than 300 
years (21). With its bioactive constituents, for instance, polysaccharides, peptides, 
nucleosides, and phenolic compounds (1,19,26,31), CS is known to be natural bio-enhancers 
(9). The previous reviews indicate that CS has numerous health benefits, such as being 
antioxidant, anticancer, anti-inflammation, and immunomodulator, cardiovascular disease 
prevention, and muscular fatigue mitigation (2,9,23,30,34). 
 
With reference to sports performance, previous studies demonstrated that this medicinal 
mushroom for endurance sport athletes has an anti-fatigue effect that can alleviate muscular 
fatigue by affecting blood lactic acid, glycogen storage, and metabolic regulators when 
central and peripheral fatigue occurs after prolonged exercise (9,29,33). However, CS did not 
come to light until 1993 when Chinese long-distance runners took CS during their training 
periods and broke 9 world records (14). Since then, CS and its products have gradually 
gained worldwide attention, and they have become famous ergogenic aids among athletes 
across the world (15). 
 
Marathon is a race in which professional or recreational athletes run on roads over 42.195 
kilometers (32). This running takes a long time to complete and needs a lot of energy and 
determination. Marathon runners require excellent aerobic endurance to ensure that they can 
continue to run over a long distance without fatigue or hitting the wall, which is a widely 
recognized phenomenon. Hitting the wall, in particular, is a condition of sudden fatigue and 
loss of energy. It is caused by the depletion of glycogen stores in the liver and muscles (28). 
Hitting the wall is depended on a combination of factors, such as the runners' physiology and 
background in endurance events (6). For example, the high-speed running during the 
marathon race is limited as reflexed by communication between lactate efflux from the 
muscle and disappearing from the blood at 50 to 80% of VO2 max, meaning lactate edge and 
lactate turn point (22). As a result, anaerobic respiration increases to meet the body's need 
for energy that leads to the intracellular accumulation of lactic acid and muscular fatigue (9). 
 
Looking at ways to reduce fatigue in endurance exercise is warranted. Interestingly, one of 
the most studied approaches to attenuate fatigue is an ergogenic herbal supplement. Li and 
Li (18) reported that polysaccharides from CS can inhibit lactic acid production during 
exercise with the dosage of 200 mg·kg-1 body weight in mice. Geng et al. (9) showed that the 
most significant stimulating effect was on lactate dehydrogenase (LDH) activity for the rapid 
removal of lactic acid, known as the Cori cycle (9). Stimulating the expression of lactate 
monocarboxylate transporter MCT1 acted as a buffer to transport the protons accumulated 
during exercise.  
 
At the molecular level, CS was found that it could enhance muscle endurance by promoting 

the skeletal muscles’ essential metabolic regulators AMPK, PGC1𝛼, and PPAR-𝛿 (17). Giving 
1 to 2 gm·d-1 of Cordyceps m. over a prolonged period of 28 days to adults, time to fatigue, 
VO2 peak, and a reduction in blood lactate were significantly increased. However, there was 
no significant improvement when using a high dose of CS (12 gm·d-1) for 1 week (7), and yet 
Hirsch et al. (13) reported that after the ingestion of 4 gm of Cordyceps m. for 3 weeks there 
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were significant improvements in VO2 max and time to exhaustion, but in a short period of 1 
week only time to fatigue was significantly improved (13). Several studies (10,25) have 
shown that more intervention delivered the best results, while a lower dose has been shown 
less likely to result in significant effects when augmented with a short period less than 1 
week. The data suggested that a longer duration with a lower dose supplementation appears 
to affect endurance performance with differing effects based upon fitness level of the 
subjects.  
 
Furthermore, an exercise-induced decrease in intracellular pH has been suggested to limit 
performance. From previous reports (4,7,9,18), polysaccharide from CS was found to inhibit 
lactic acid production and stimulate the rapid removal of lactic acid. CS can increase buffer 
capacity with the same properties as sodium bicarbonate (NaHCO3) that can affect the pH 
levels from lactic acidosis (7,24,35). The ingestion of NaHCO3 has beneficial effects on 
buffering capacity. The effect of NaHCO3 on decline in pH induced by predominantly 
anaerobic high-intensity exercise represents a performance enhancing effect. The effective 
dose of NaHCO3 (0.3 to 0.5 gm·kg-1 body weight) that is proposed for inducing significant 
performance enhancement in trained athlete in most studies is 0.3 gm·kg-1 body weight (11).  
 
However, the effects of using a higher amount of CS in a short duration are still unclear, and 
the action mechanisms are not yet fully revealed. Therefore, the purpose of this study was to 
investigate the effects of a high dose of CS supplementation on endurance athletes' 
physiological responses in a short period. 
 
METHODS  
  
Subjects 

Twelve male long-distance runners in the age range of 30 to 40 years (mean ± SD; age 37.3 
± 3.4, VO2 max 53.8 ± 3.7 mL·kg-1·min-1) volunteered to participate in this study. All subjects 
signed the consent forms before participation. The Ethics Committee of Dhurakij Pundit 
University approved this study. All subjects were involved in an exercise program >3 d·wk-1 
for a minimum of 1 year with no severe injury history. None of the subjects had used dietary 
supplements in the 6-month period preceding the study. The inclusion and exclusion criteria 
were assessed. 
 
Procedures   
 
Experimental Design 
All the subjects went to the laboratory on 5 separate occasions. All the trials were performed 
at the same time of the day. There was a preliminary trial, which comprised of an incremental 
treadmill exercise test. All the subjects completed a randomized, repeated measures, 
counterbalanced single-blind study design. After baseline testing, the 2-week ingestion of CS, 
SB, and placebo (ST; only stevia power, a zero-calorie sweetener) were alternately assigned 
to all the subjects with a separation of a 1-week washout period. 
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Figure 1. Schematic Overview of the Study Timeline. 
 

Maximal Oxygen Consumption (VO2 max) Ramp Test. 

Twenty-four hours before the test, all the subjects were asked to refrain from alcohol, 
caffeine, and strenuous exercises. They arrived at the laboratory ~2 hours before the VO2 

max test. All the subjects were familiar with treadmill running that was required to perform the 
VO2 max testing with an incremental treadmill exercise test (ramp test) protocol. A 
standardized warm-up program of 3 min at 5.5 km·hr-1 was followed by a cool-down phase 
after test completion of 4.6 km·hr-1 for 3 min. The incremental exercise test (ramp test) started 
at 5.5 km·hr-1 with a continuous increase of 0.3 km·hr-1 and a continuous inclination increase 
of 0.2% every 20 sec. At the end of each stage, the subjects were asked to indicate their 
rating of perceived exertion (RPE) using a 6 to 20 rating scale. The test was terminated at 
volitional fatigue. The VO2 max values were considered if two of the following criteria were 
met: (a) the presence of a plateau in VO2 (i.e., an increase of no more than 150 mL·min-1); (b) 
a plateau in heart rate within 10% of the subjects’ age-predicted maximum heart rate; and (c) 
a respiratory exchange ratio (RER) greater than 1.15 (18). Time to exhaustion (TTE) was 
recorded at the end of the test. Gas analysis (Metamax 3B, Cortex Biophysik, Leipzig, 
Germany) was used to determine VO2 max and ventilatory threshold (VT1, VT2). 
 
Supplementation 
After the baseline testing, all the subjects were alternately assigned to consume: (a) 3 gm of 
CS powder combined with 4 gm of stevia extract powder (CS); (b) 0.3 gm·kg-1 body weight of 
Sodium bicarbonate powder combined with 4 gm of stevia extract powder (SB); or (c) 4 gm of 
stevia extract powder (Placebo; ST) dissolved in 500 mL of water once a day for 2 weeks. A 
stevia extract powder, a zero-calorie natural sweetener from the leaves of the Stevia plant, 



  

 
5 

was used in this study for preventing the subjects from knowing the difference between each 
sample. A 1-week washout period was used between each test period. 
 
Blood Collection for Screening  
Blood samples (5 mL) were collected from the antecubital vein using a 4 mL heparin tube 
after the intervention period to measure BUN, creatinine, SGOT, and SGPT. Blood samples 
were determined in a Medical Laboratory by the Faculty of Allied Health Sciences, 
Chulalongkorn University. 

 
Statistical Analyses 
 
All the data were expressed as mean ± SD. One-way ANOVA with repeated measures was 
used to statistically evaluate the dependent variables among the 3 groups (CS, SB, and PT). 
Statistical significance was accepted at an alpha level of P<0.05. The Bonferroni post hoc 
analysis was used to explore the differences between the means using the IBM SPSS 
Statistics 22.0. 
 
RESULTS 
 

The results indicated that the liver enzymes, SGPT and SGOT, before and after CS 
consumption were not significantly different and the kidney function, BUN and Creatinine, 
before and after CS consumption was not significantly different (Table 2).  
 
There was a statistically significant difference in time to exhaustion (TTE) between CS and 
ST (CS 17.6 ± 1.0 min, ST 16.8 ± 1.3 min, P<0.05), but not between CS and SB (CS 17.6 ± 
1.0 min, SB 17.5 ± 1.1 min, P>0.05). CS and SB demonstrated a significant increase in TTE 
from baseline; whereas, there was no change in ST (P>0.05). There was a significant 
difference in VO2 max between CS and ST (CS 55.8 ± 5.0 mL·kg-1·min-1, ST 53.7 ± 4.3 
mL·kg-1·min-1, P<0.05), but no significant difference between CS and SB (CS 55.8 ± 5.0 
mL·kg-1·min-1, SB 55.8 ± 5.7 mL·kg-1·min-1, P>0.05). CS and SB improved VO2 max from 
baseline; whereas, there was no change in ST (P>0.05).   
 
The comparisons between CS, SB, and ST in ventilatory threshold (VT2) indicated that there 
was a statistically significant difference (P<0.05). CS resulted in a significantly higher VT2 
compared to ST (CS 51.3 ± 5.3 mL·kg-1·min-1, ST 46.9 ± 3.9 mL·kg-1·min-1, P<0.05), but there 
was no significant difference when comparing CS to SB (CS 51.3 ± 5.3 mL·kg-1·min-1, SB 
51.1 ± 5.6 mL·kg-1·min-1, P>0.05). CS and SB improved VT2 from baseline, but ST did not 
significantly differ (P>0.05). However, the results indicated that there was no significant 
difference in ventilatory threshold (VT1) (P>0.05) (Figure 2, Table 3).    
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Table 1. Participant Characteristics. 

  

 
 
Table 2. Measurement of Blood Chemistry; BUN, Creatinine, SGOT, and SGPT. 

  

 
 
Table 3. Effect of CS on Boosting Endurance. 

     

 CS SB ST  

 Mean ± SD Mean ± SD Mean ± SD P-value 

     

TTE (sec)   17.6 ± 1.0   17.5 ± 1.1   16.8 ± 1.3 .001* 

VT1 (mL·kg-1·min-1)   37.7 ± 6.0   36.4 ± 4.3   37.2 ± 4.0 .881 

VT2 (mL·kg-1·min-1)   51.3 ± 5.3   51.1 ± 5.6   46.9 ± 3.9 .001* 

VO2 max (mL·kg-1·min-1)   55.8 ± 5.0   55.8 ± 5.7   53.7 ± 4.3 .001* 
 

Values are mean  SD. TTE = Time to Exhaustion; VT = Ventilatory Threshold; VO2 max = Maximal 
Oxygen Consumption; CS = Cordycep sinensis; SB = Sodium Bicarbonate, ST = Placebo (stevia); 

P<0.05* 
 

  

Characteristics Mean ± SD 

  

Age (yrs)   37.3 ± 3.4 

Height (cm) 172.3 ± 5.2 

BMI (Kg·m-2)   22.4 ± 1.8 

Weekly mileage (km)     50.3 ± 18.8 

VO2 max (mL·kg-1·min-1)   53.8 ± 3.7 

    

 Before After  

Blood sample Mean ± SD Mean ± SD P-value 

    

SGPT     26.5 ± 13.7 25.50 ± 7.7 .883 

SGOT     25.1 ± 12.2   25.33 ± 10.8 .981 

BUN   15.6 ± 4.7 16.83 ± 7.4 .773 

Creatinine     1.0 ± 0.2   1.08 ± 0.2 .735 
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 A      B  
                                                                                                                      

    
  
 C                                                                    D                                                                                    

    
 

Figure 2. The Comparison between CS, SB, and ST Supplement Condition in the Average of 
Time to Exhaustion (TTE) (A), Ventilatory Threshold (VT1) (B), Ventilatory Threshold (VT2) (C), 
and VO2 max (D) Values; P<0.05*   

 

 
DISCUSSION 
 

The blood chemistry measurement was for monitoring side effects of CS consumption on the 
liver and the kidney. The results were within normal limits. Hence, there were no side effects 
from consuming CS. The liver enzymes (SGPT and SGOT) and kidney function (BUN and 
Creatinine) before and after CS consumption were not significantly different (Table 2). 
 
When a buffering capacity absorbed the hydrogen ion (H+) by-product, Pi, ADP, H+, and 
extracellular K+ is disturbed, it could inhibit sarcoplasmic Ca2+-release inducing impaired 
muscle function (12,16,20). A recent investigation of CS demonstrated that it could stimulate 
the expression of lactate monocarboxylate transporter (MCT1), facilitating lactate turnover 
rate when lactic acid accumulation occurred during exercise (17). It significantly boosted 
lactate dehydrogenase (LDH) activity for the rapid removal of lactic acid, known as the Cori 
cycle (3,18). From the anti-fatigue activity of CS in the molecular level study, the researchers 
found that it could enhance muscle endurance by promoting the expression of skeletal 

muscle essential metabolic regulators AMPK, PGC1𝛼, and PPAR-𝛿. Moreover, PGC-1𝛼 is a 
transcriptional coactivator that can activate oxidative metabolism and biogenesis in the 
mitochondria (17). It had further significantly increased antioxidant markers (GPx), promising 
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reduced ROS generation, and reduced inflammatory cytokines, IL-6, TNF-α, and the 
transcription factor NF-kβ, significantly by the CS extracts treatment (27). 
 
Hirsch et al. (13) found that time to exhaustion significantly improved after ingestion of 4 gm 
of Cordyceps for 3 weeks. A higher dose of 12 gm daily in the short-term period for 1 week 
resulted in various benefits based on the subjects’ fitness levels. Because of the problem of 
rapid elimination, a high dosage must be administered. However, a large dose may result in 
some adverse effects of gastrointestinal distress (7). Nevertheless, several studies (7,13) 
have shown low dose 1 to 2 gm with more extended intervention of at least 4 to 12 weeks 
produce the best results in time to fatigue and a reduction in blood lactate including VO2 max. 

Moreover, CS can induce PGC-1𝛼, which activates the oxidative metabolism to produce more 
ATP for getting rid of metabolite waste product causing muscle fatigue. Our study found 
significant differences in maximal oxygen consumption (VO2 max) between CS and placebo 
(ST). 
 
In the present study, significant effects of CS on the metabolic outcome were found. The VT2 

(ventilatory threshold) increased 9.2%, but CS did not influence the VT1 (ventilatory 
threshold). According to Chen et al. (4) regarding 12 weeks of 1 gm·d-1 CS, 4 treatments 
increased the metabolic threshold by 10.5% and increased the ventilatory threshold of 8.5%. 
Hirsch et al. (13) showed significant improvement in VT +0.71 mL·kg-1·min-1 (41.2%) after 3-
weeks of Cordyceps but not after the placebo (13). When compared with sodium bicarbonate 
(SB), CS had shown a similar effect. This may indicate that CS has the potential for 
improvement in endurance activities while the effects of sodium bicarbonate (SB) on exercise 
performance with 0.3 gm·kg-1 dosages resulted in a 1.7 ± 2.0% improvement (9). 
 
However, Colson et al. (5) indicated that when CS was combined with Rhodiola rosea in male 
cyclists, there were no differences in performance with respect to statistically enhanced 
ventilation threshold, VO2 max, and muscle tissue oxygen saturation. Although the previous 
literature is controversial regarding whether the ingestion of CS is useful in augmenting 
endurance performance, the results in the present study demonstrated significantly increased 
ventilatory threshold (VT2). These results indicate that higher ventilatory thresholds were 
influenced by enhancing the buffering capacity of CS. Ventilatory thresholds are the 
indication of and underlying metabolic events where homeostasis is lost. When exercise 
intensity is increased, there is hyperventilation to buffer acidosis (ventilatory compensation).  
 
Thus, VT2 represents the highest metabolic rate at which the system can maintain an 
elevated but stable metabolic acidosis. VT2 is the velocity at lactate threshold that explains 
98% of the performance variability (22). Some authors have suggested that this velocity 
intensity should be referred to as the 'anaerobic threshold' that can be used to adjust the 
training prescription. Although workloads at the first ventilatory threshold (VT1) are strongly 
related to the workload at which lactate starts to increase above resting values, the practice is 
associated with considerable problems because of the slight blood lactate changes (bLa) on 
the first steps during a graded incremental exercise test (8,22). Our results may indicate that 
CS supplementation does not affect these mechanisms at the VT1 velocity. However, the 
information that supports direct effects is still limited. 
 
Furthermore, our result showed that maximal oxygen consumption (VO2 max) increased after 
CS consumption. It may affect mitochondria biogenesis to produce intracellular ATP for high-
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level exercise capacity by promoting the expression of skeletal muscle metabolic regulators 

PGC1𝛼 (17). Hirsch et al. (13) also demonstrated that it improved VO2 max with a non-toxic 
dose of 4 gm·d-1 for 3 weeks versus a shorter duration of 1 week.  
 
Limitation in this Study 
 

There were individual differences in exercise-associated oxidative capacity that should be 
taken into consideration. The positive results may vary with dosage strategies. Also, it could 
be different in the bioavailability to potentially after oral CS administration depending on 
genetic expression impacted by varying fitness levels, which makes interpretation difficult as 
well. 
 
CONCLUSIONS 
 

The findings in the present study indicated that 2 weeks of CS supplementation elicited a 
positive change in the subjects’ endurance capacity adaptations on oxidative capacity and 
anaerobic threshold without side effects. In several endurance sports, it is recommended to 
aim at a metabolic strain reduction for better performance. CS combined with long-term 
endurance training programs may enhance athletes' performances, but the specifics are not 
yet fully revealed regarding the precise underlying mechanisms. Additional research is 
warranted to investigate further the underlying physiologic factors. 
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