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Abstract 
Cordyceps (CS) is used as an alternative medicine and functional food. We examined in vivo 
mechanisms underlying the antifatigue effects of the cultured mycelium extract of CS (CS extract) 
in forced swimming mice, a fatigue model that is induced by muscle exercise. Animals orally ad-
ministered with CS extract significantly extended the loaded forced-swimming time, indicating its 
antifatigue effects. CS extract modulated the increased levels of blood IL-6 that was induced by 
forced swimming. CS extract protected the forced swimming-induced increase in NKp46 expres-
sion of splenic NK cells, suggesting regulation of fatigue-elicited hyper-reactivity by activated NK 
cells. By DNA microarray analysis of the quadriceps femoris muscle, it was uncovered that CS ex-
tract prevented the forced swimming-mediated upregulation of the expression of 5 genes associ-
ating with muscular inflammation (Ccl6, Ccl8, and Wfdc17) and muscle regeneration (Sfrp4 and 
Nfil3), whereas it regulated the downregulation in the expression of Svs5 participating in actin 
binding. CS extract exhibits the antifatigue effects through preventing IL-6 accumulation in blood, 
regulating NK cell activation in the spleen, and alleviating altered expression of genes related to 
inflammation, regeneration, and actin binding in the local muscle. Thus, CS extract is an effective 
functional food for preventing fatigue. 
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1. Introduction 
Fatigue, which is a complex phenomenon of decreased efficiency following continuous work or exercise, may 
be divided into mental and physical fatigue [1]. It mainly manifests as a physical decrease in muscle tone and 
exercise tolerance due to an accumulation of metabolites [2] [3]. Currently, work and life stresses are escalating 
with the increasing pace of life. Thus, fatigue is common and may significantly affect daily routines. Because 
treatments for fatigue in modern medicine are limited, the antifatigue effects of potential alternatives, including 
traditional herbs or medicinal or functional foods that prevent diseases and promote health, have been investi-
gated [4] [5]. 

Cordyceps (Cordyceps sinensis, CS) has been used as a medicine in China for over 300 years. It was featured 
in the book “Ben-Cao-Bei-Yao” that was edited by Wang Ang in 1694, which marked a turning point for me-
dicinal herbs. CS has immunomodulatory, antitumor, antimetastatic, antioxidant, anti-inflammatory, insecticidal, 
antimicrobial, hypolipidemic, hypoglycemic, antiaging, neuroprotective, and renoprotective effects [6]-[8]. CS- 
derived natural products are comprised of complex components, including cordycepin and cordycepic acid, 
which are thought to be the main active ingredients, although this is debatable [9] [10]. CS mycelium culture 
techniques were developed to yield alternative CS products with a constant composition [11] [12]. Recently, CS 
culture products have been used as functional foods [13]-[15]. 

Previous studies have suggested that CS possesses antifatigue effects, but information on the detailed mecha-
nisms underlying this effect is lacking [15]-[17]. The forced swimming test is commonly used in preclinical 
examinations to assess the antifatigue abilities of functional foods [18] [19]. DNA microarrays are a powerful 
functional genomic method used to investigate global gene expression events in target tissues or cells. DNA mi-
croarray results provide us precious information on the molecular mechanisms underlying the effects of func-
tional foods. Here, we used the forced swimming test and functional genomics with DNA microarray in order to 
elucidate the detailed in vivo mechanisms underlying the antifatigue effects of the CS culture extract.  

The current study provides invaluable information about the unique mechanisms underlying the antifatigue 
actions of the CS extract that involve preventing interleukin (IL)-6 accumulation in the blood, alleviating NK 
cell activation in the spleen, and modulating the changes in the expression of several genes in local muscle. 

2. Material and Methods 
2.1. Preparation of the Extract of the Cultured CS Mycelium (Paecilomyces hepiali,  

CBG-CS-2) 
A pure strain of Paecilomyces hepiali from the collection at the Chebigen, Inc. (Jeonju, S. Korea) was initially 
grown on potato-dextrose agar medium slants in Petri dishes, which was followed by transfer into a seed culture 
medium that was composed of 4% dextrose, 1% yeast extract, and 1% peptone (DYP). The seed culture was 
grown in a 250-mL flask containing a nutritive medium of 100 mL of 2% potato-dextrose broth at 25˚C in a 
shaking incubator (150 rpm for 5 - 7 days). The seed culture was then transferred into a stirred tank fermenter 
containing DYP medium with a 10% (v/v) working volume and then fermented at 25˚C at 150 rpm for 5 days. 
The fermented product was of the initial volume. The extractants were freeze-dried and used as the extract of the 
cultured CS mycelium (Paecilomyces hepiali, CBG-CS-2) in this study. 

The main components of the mycelium culture extract were analyzed to be 30% cordyceps polysaccharide, 
7.3% cordycepic acid, 1.3% adenosine, and 0.01% cordycepin. Remaining 61.39% was composed of starch as 
excipient, hydroxypropyl methylcellulose for binder, and small amounts of amino acids, vitamins, and minerals. 

2.2. Animals and the Administration of the CS Mycelium Culture Extract 
All of the procedures were conducted according to the Institutional Animal Care and Committee Guide of Intel- 
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ligence and Technology Lab. Male BALB/c mice (9 weeks old; Japan SLC, Inc., Hamamatsu, Japan) were used 
in the present study. Mice were housed 4 - 5 per cage under specific pathogen-free conditions (controlled tem-
perature of 18˚C to 28˚C and humidity of 30% to 80%) and fed standard laboratory food (FR-2; Funabashi farm, 
Inc., Funabashi, Japan) ad libitum. 

The CS culture extract (Paecilomyces hepiali, CBG-CS-2) was prepared by Chebigen, Inc. The CS extract 
solution that was dissolved in distilled water for injections was orally administered to the mice for 28 days at 
doses of 120 or 400 mg/kg/day. Mice were divided into the following 8 groups: 1, no swimming control group 
(NS-cont; n = 10, without swimming); 2 and 3, swimming and 0-mg/kg CS groups (SM-CS0; n = 10 each, with 
and without loaded swimming); 4 and 5, swimming and 120-mg/kg CS groups (SM-CS120; n = 10 each, with 
and without loaded swimming); 6 and 7, swimming and 400-mg/kg CS groups (SM-CS400; n = 10 each, with 
and without loaded swimming); and 8, no swimming and 400-mg/kg CS group (NS-CS400). Before swimming 
with or without a load, the mice were sprayed with a 5% sodium dodecyl sulfate solution to remove water repel-
lents on the hair surface in order to prevent an air bubble from forming that would cause the mice to float. At 28 
days, all of the mice were anesthetized with halothane and subjected to blood collection, which was followed by 
sacrifice in order to obtain the tissue samples. 

2.3. Loaded Swimming Test 
One to two hours after the final administration of the CS extract, a lead sheath that weighed 5% of the mouse’s 
body weight was tied to the root of the mouse’s tail prior to the mouse being placed in a water container. The 
swimming time (time between being placed in the water and sinking underwater for >10 s) was measured in a 
round container with a water depth of 20 cm and a diameter of 19 cm at a temperature of 25˚C ± 1˚C. 

2.4. Sampling of the Blood and Tissues from the Forced Swimming Mice 
One to two hours after the final feed, the nonloaded mice were placed in the water container and left to swim for 
30 min at a temperature of 25˚C ± 1˚C. After a break of 1 h after the forced swimming, all of the mice were 
anesthetized with isoflurane for blood collection, which was followed by sacrifice in order to harvest the spleen 
and quadriceps femoris muscle. 

2.5. Plasma Inteleukine-6 (IL-6) Assay 
Plasma samples were prepared from the collected blood by centrifugation, and the plasma levels of IL-6 were 
assayed by using ELISA kits (R&D Systems, Inc., Minneapolis, MN, USA) according to the kit instructions. 
Optical density was measured at 450 nm with reference at 630 nm by a Well Reader SK601 (Seikagaku Corpo-
ration, Tokyo, Japan). 

2.6. Flow Cytometric Analysis of Splenic NK Cells 
Splenic cells were prepared from each group of mice by the centrifugation of mesh-homogenized spleens in 
phosphate-buffered saline (PBS), which was followed by incubation with antimouse antibodies for fluorescein 
isothiocyanate (FITC)-labeled CD335/NKp46 (eBioscience, Inc., San Diego, CA, USA) for 30 min in the dark. 
These cells were fixed in PBS containing 2% formaldehyde and 0.02% NaN3 on ice for 10 min. The fixed cells 
were then resuspended in 1X Intracellular-Permeabilization Buffer (Life Technologies Corporation, Grand Is-
land, NY, USA) and incubated at room temperature for 3 min. The FITC-stained splenic cells were subjected to 
single-color flow cytometry with an EPICS XL-MCL (Beckman Coulter, Inc., Brea, CA, USA). Based on the 
forward and side scatters, the gate was set to include lymphocytes. 

2.7. RNA Preparation 
RNA was prepared as described previously [20]. Briefly, total RNA was extracted from the harvested quadri-
ceps femoris muscle with Isogen (NipponGene Co., Ltd., Tokyo, Japan) and DNase-treated in the aqueous phase 
with the RNase-Free DNase Set (QIAGEN, Inc., Valencia, CA, USA). The extracted RNA was further purified 
with an RNeasy MinElute Cleanup Kit (QIAGEN, Inc.), and the quantity and purity were evaluated photometri-
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cally at 260 nm, 280 nm, and 320 nm with an Ultrospec 2000 (GE Healthcare Bio-Sciences AB, Uppsala, Swe-
den). 

2.8. DNA Microarray Analysis 
Total RNA (200 ng) of the pooled quadriceps femoris muscles from each group was used to generate cDNA and 
Cy3-labeled cRNA with a Low Input Quick-Amp Labeling Kit (Agilent Technologies, Inc., Santa Clara, CA, 
USA) according to the manufacturer’s instructions. The labeled cRNA was photometrically examined to deter-
mine the quantity and dye-incorporation ratio with an Ultrospec 2000, and it was hybridized to a Mouse Gene 
Expression 4 × 44K v2 Microarray (Agilent Technologies, Inc.). The array was scanned with GenePix 6000B 
(Molecular Devices, LLC, Sunnyvale, CA, USA), and the obtained image was processed with GenePix Pro 6.0 
Software (Molecular Devices, LLC). The features were manually examined, and spots of poor quality were 
flagged and filtered out. 

The signal data for the features (spots of array) were then imported into GeneSpring 12.6 (Agilent Technolo-
gies, Inc.), and further analyses were performed with the software. The signal data from the arrays were normal-
ized with the 75th percentile method [21], and baseline transformation was performed with the median of the 
control samples. Quality control was performed in order to filter out signal data with standard errors over 0.2. 

To analyze the differentially expressed genes, the fold change (FC) vs. the control samples was calculated, 
and genes with a FC greater than 1.5 were extracted for the NS-cont and SM-CS0 groups. To analyze the nor-
malizing effects of CS, the genes that were shifted toward control levels in the SM-CS120 and SM-CS400 
groups compared to the SM-CS0 group were selected with criteria that were set to a 50% upregulation or down-
regulation that was induced by forced swimming. A gene ontology analysis of the selected genes was performed 
with GeneSpring 12.6 software, and gene sets with a corrected p value < 0.1 were considered significant. 

2.9. Real Time Reverse Transcription-Polymerase Chain Reaction (RT-PCR) 
We performed quantitative RT-PCR to confirm the DNA microarray results for the following genes: chemokine 
(C-C motif) ligand 6 (Ccl6); chemokine (C-C motif) ligand 8 (Ccl8); WAP four-disulfide core domain 17 
(Wfdc17); secreted frizzled-related protein 4 (Sfrp4); nuclear factor interleukin 3 (Nfil3); SRY-box containing 
gene 7 (Sox7); SRY-box containing gene 18 (Sox18); and seminal vesicle secretory protein 5 (Svs5). cDNA was 
synthesized from the isolated total RNA with PrimeScript Reverse Transcriptase (Takara Bio Inc., Otsu, Japan) 
with RNase Inhibitor (Takara Bio Inc.), dNTP Mixture (Takara Bio Inc.), and Oligo dT Primer (Takara Bio Inc.). 
The real time PCR was performed with a Mx3000P QPCR System (Agilent Technologies, Inc.) with a SYBR 
Premix Ex Taq kit (Takara Bio Inc.) with specific primers for the genes. In each run, a standard curve was gen-
erated by a serially diluted known GAPDH amplicon, as described previously [20], to calculate the cDNA copy 
number of the genes. The quantity of the mRNA of interest was expressed as its ratio against that of a suitable 
reference gene, low-density lipoprotein receptor-related protein 10 (Lrp10) [22]. The sequences of the primers 
(F: forward 5' to 3', R: reverse 5' to 3') are available upon request. 

2.10. Statistics 
The results of the loaded swimming test and the IL-6 assay are expressed as the mean ± standard deviation. An 
F-test was used to examine the variance, and the significance of the differences of each group compared to the 
control group without CS was determined with a Welch’s t-test or Student’s t-test according to the results of the 
F-test. P values less than 0.05 were considered significant. 

3. Results 
3.1. Effects of CS Extract on the Loaded Swimming Time of Mice 
The mice groups were treated with 0 (SM-CS0), 120 (SM-CS120), and 400 (SM-CS400) mg/kg of the CS ex-
tract and were subjected to the loaded swimming test. As shown in Figure 1, the loaded swimming times of the 
SM-CS120 and SM-CS400 were longer than those of the SM-CS0. The increment rates of the low- and high- 
dose groups showed slight (16.6% for SM-CS120) and significant (57.2% for SM-CS400) increases, respectively, 
compared to the SM-CS0 group. These results showed that the CS extract potentiated the forced swimming abil- 
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Figure 1. Effects of the Cordyceps (CS) extract on the 
loaded swimming time. SM-CS0: 0 mg/kg CS (control); 
SM-CS120: 120 mg/kg CS; SM-CS400: 400 mg/kg CS 
administration. The data were expressed as the means ± 
SD (n = 10). **p < 0.01 compared with control.          

 
ity in mice, suggesting an antifatigue effect of the CS extract. 

3.2. Effects of the CS Extract on Plasma IL-6 Levels 
Figure 2 shows the plasma IL-6 levels in the groups of control mice (NS-cont), forced swimming mice (SM-  
CS0), and forced swimming mice that were treated with 120 mg/kg (SM-CS120) or 400 mg/kg (SM-CS400) of 
CS extract. In the mice subjected to forced swimming, plasma IL-6 levels were markedly increased compared to 
the NS-cont group (1.3 ± 0.2 pg/mL) and the SM-cont group (4.5 ± 0.5 pg/mL). The CS extract prevented the 
forced swimming-mediated increase in plasma IL-6 levels in the SM-CS120 group (3.1 ± 0.3 pg/mL) and the 
SM-CS400 group (2.8 ± 0.5 pg/mL). 

3.3. Effects of the CS Extract on Splenic NK Cell Activation 
In order to examine the effects of the CS extract on NK cell activation, flow cytometric analyses were performed 
with splenic cells and a FITC-labeled antibody to NKp46, which is an activated NK cell marker. The flow cy-
tometric results are shown in Figure 3. The cell population ratios of NKp46-positive NK cells were 6.3% and 
8.2% in the NS-cont and SM-CS0 groups, respectively, suggesting NK cell activation by forced swimming. In-
terestingly, in both the CS extract-administered groups, SM-CS120 and SM-CS400, the cell population ratios of 
the NKp46-positive cells were 6.5% (SM-CS120) and 6.4% (SM-CS400). The CS extract prevented the forced 
swimming-mediated NK cell activation in the spleen). 

3.4. Effects of the CS Extract on Gene Expression in the Quadriceps Femoris Muscle 
3.4.1. DNA Microarray Analysis 
DNA microarray analyses were performed with RNA from the quadriceps femoris muscles of the following 4 
mice groups: NS-cont, SM-CS0, SM-CS120, and SM-CS400. The genes that had expression levels in the SM- 
CS0 group that were increased more than 2-fold or decreased less than 0.5-fold compared to those of the NS- 
cont group were selected from the DNA microarray results and were defined as upregulated or downregulated 
by the forced swimming. There were 59 upregulated genes and 12 downregulated genes (data not shown). 

Pretreatment with 120 or 400 mg/kg of the CS extract prevented the forced swimming-induced alterations in 
gene expression. Table 1 lists the ontology results of the informatics analysis with GeneSpring of the genes that 
were upregulated by forced swimming and that were prevented from exhibiting upregulation by the forced 
swimming test when treated with CS extract. This included 4 genes that are involved in immunity/inflammation 
(Ccl6, Ccl8, Wfdc17, and Ly86), 2 genes related to cancer (Plac8 and Sbsn), and 2 genes associated with muscle 
regeneration/inflammation (Sfrp4 and Nfil3). Table 2 lists the ontology results of the informatics analysis with 
GeneSpring of the genes that were downregulated by forced swimming and that were prevented from exhibiting  
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Figure 2. Effects of the Cordyceps (CS) extract on the plasma IL-6 levels in forced 
swimming mice. NS-cont: 0 mg/kg CS without swimming (no swimming control); 
SM-CS0: 0 mg/kg CS (forced swimming control); SM-CS120: 120 mg/kg CS; SM- 
CS400: 400 mg/kg CS administration. The data were expressed as the means ± SD 
(n = 10). *p < 0.05 compared with forced swimming control.                         

 

 
Figure 3. Effects of the Condyceps (CS) extract on the activation of splenic NK cells in forced swimming mice. The 
single-color (FITC) flow cytometric analysis on CD335/NKp46 positive splenic cells gated as lymphocytes by for-
ward and side scatters. (a) NS-cont: 0 mg/kg CS without swimming (no swimming control); (b) SM-CS0: 0 mg/kg 
CS (forced swimming control); (c) SM-CS120: 120 mg/kg CS; (d) SM-CS400: 400 mg/kg CS administration. The 
number in each panel indicates the percentage of CD335/NKp46 positive cells in the lymphocyte-gated cells.         
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Table 1. List of genes that their expressions were upregulated (>2-fold) by forced swimming and alleviated with oral ad-
ministration of Cordyceps (CS ) extract.                                                                          

Gene symbol Gene name 
Fold change† 

SM-CS120‡ SM-CS400§ 

Ccl6 Chemokine (C-C motif) ligand 6 0.66 0.68 

Ccl8 Chemokine (C-C motif) ligand 8 0.26 0.27 

Wfdc17 WAP four-disulfide core domain 17 0.33 0.45 

Ly86 Lymphocyte antigen 86 0.54 0.80 

Plac8 Placenta-specific 8 0.41 0.42 

Sbsn Suprabasin 0.55 0.73 

Sfrp4 Secreted frizzled-related protein 4 0.58 0.72 

Nfil3 Nuclear factor 0.86 0.72 
†Fold change was expressed as ratio against SM-CS0 (forced-swimming control); ‡SM-CS120: 120 mg/kg oral administration of Cordyceps extract; 
§SM-CS400: 400 mg/kg oral administration of Cordyceps extract. 
 
Table 2. List of genes that their expressions were downregulated (>2-fold) by forced swimming and alleviated with oral ad-
ministration of Cordyceps (CS ) extract.                                                                                

Gene symbol Gene name 
Fold change† 

SM-CS120‡ SM-CS400§ 

Sox7 SRY-box containing gene 7 1.86 1.13 

Sox18 SRY-box containing gene 18 1.47 1.27 

Socs1 Suppressor of cytokine signaling 1 1.64 1.87 

Svs5 Seminal vesicle secretory protein 5 4.20 3.59 

†Fold change was expressed as ratio against SM-CS0 (forced-swimming control); ‡SM-CS120: 120 mg/kg oral administration of Cordyceps 
extract; §SM-CS400: 400 mg/kg oral administration of Cordyceps extract. 
 
downregulation by the forced swimming test when treated with CS extract, including 3 genes that are involved 
in muscle development/mechanical stretch (Sox7, Sox18, and Socs1) and one gene related to actin binding in 
muscles (Svs5). 

3.4.2. Real-Time RT-PCR Analysis 
In order to confirm the DNA microarray results, several genes were selected and subjected to quantitative gene 
expression analysis with real time RT-PCR. Figure 4 and Figure 5 show the RT-PCR results. CS extract pre-
vented the forced swimming-mediated upregulation in the expression of 5 genes (Ccl6, Ccl8, Wfdc17, Nfil3, and 
Sfrp4) (Figure 4) and the downregulation in the expression of the Svs5 gene (Figure 5). Little change in the ex-
pression of these 6 genes was observed in quadriceps femoris muscles in the NS-CS400 group (no swimming 
mice group treated with CS extract), suggesting that above mentioned alleviating effect on altered gene expres-
sion is specific antifatigue action of the CS extract. 

4. Discussion 
It is difficult in modern medicine to treat complicated phenomena, such as fatigue and other mild malfunctions, 
and people have much interest in the potential alternatives of functional food or traditional herbs to prevent these 
complicated events and promote healthy conditions [4] [5]. Because information on the action mechanisms, es-
pecially the in vivo molecular mechanisms, of medicinal food is limited, biomedical studies of these alternatives 
are needed. 

Fatigue can be described as a time-dependent exercise-induced reduction in the maximal force-generating ca-
pacity of a muscle [2]. Performance in sports, work, and other activities is influenced by fatigue-related factors,  
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Figure 4. Quantitative gene expression analysis by real-time PCR. Confirmation of al-
leviating effects of Cordyceps (CS) extract on the forced swimming-mediated upregula-
tion of gene expression. NS-cont: 0 mg/kg CS without swimming (no swimming con-
trol); SM-CS0: 0 mg/kg CS (forced swimming control); SM-CS120: 120 mg/kg CS; 
SM-CS400: 400 mg/kg CS administration. (a) Ccl6; (b) Ccl8; (c) Wfdc17; (d) Nfil3; (e) 
Sfrp4 genes. The data were expressed as the relative expression against the reference 
gene (Lrp10).                                                              

 
such as decreased muscular power and endurance, decreased motor skill performance, and mental lapses. Fa-
tigue is also related to altered immunity of cell-mediated immune responses that are associated with T-cells and 
NK cells [23] [24]. Cordyceps (Cordyceps sinensis, CS) is a traditional Chinese medicine that has multiple ef-
fects, and antifatigue actions of its wild and cultured products have been suggested [15]-[17]. In the current 
study, we confirmed the antifatigue effects of the CS culture extract in forced swimming mice, a fatigue model 
that is induced by acute muscle exercise. 

CS extract significantly extended the loaded swimming times (Figure 1), indicating its potent antifatigue ef-
fects. Exercise-induced muscle fatigue is known to trigger an inflammatory reaction and to produce IL-6, which 
is a proinflammatory cytokine and an accurate biomarker of muscle fatigue [3]. The CS extract prevented the 
muscle fatigue-mediated increase in plasma IL-6 levels at both doses of 120 mg/kg and 400 mg/kg (Figure 2). 
Because IL-6 levels increase in response to muscle contractions [25] [26], and stimulate immune responses to 
trauma or tissue damage, leading to muscle inflammation, the CS extract demonstrates antifatigue effects in the  
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Figure 5. Quantitative gene expression analysis by real-time PCR. 
Confirmation of alleviating effects of Cordyceps (CS) extract on 
the forced swimming-mediated downregulation of gene expression. 
NS-cont: 0 mg/kg CS without swimming (no swimming control); 
SM-CS0: 0 mg/kg CS (forced swimming control); SM-CS120: 
120 mg/kg CS; SM-CS400: 400 mg/kg CS administration. The 
data of Svs5 gene were expressed as the relative expression against 
the reference gene (Lrp10).                                   

 
regulation of IL-6 production by preventing muscle dysfunction or damage. 

NK cells are cytotoxic lymphocytes that belong to the innate immune system [27]. NK cells are present in 
lymphoid organs, including the spleen, and are involved in killing and/or the lysis of cancer and virus-infected 
cells [28] [29]. NKp46 is a member of the killer/lysis receptors that are expressed in activated NK cells [30] [31]. 
Previous studies have suggested that exercise or fatigue is associated with NK cells [32] [33]. We observed a 
muscle fatigue-induced increase in NKp46-positive NK cells, which are activated NK cells, in splenic cells by 
flow cytometry (Figure 3). Interestingly, CS extract suppressed the fatigue-induced increase in activated NK 
cells at both the low and high doses. These results indicated the protective effects of the CS extract on the hyper- 
reactivity of NK cells that arise in fatigue. The hyper-reactivity of NK cells is involved in the development of 
type-1 diabetes [34], vascular inflammation and myocardial infarction [35], and brain infarction [36]. These 
regulating effects of CS extract on NK cell activation are beneficial in depressing fatigue-related inflammatory 
dysfunction in immune tissues or organs. 

DNA microarray that was followed by quantitative real time PCR provided previously unknown information 
concerning target genes for the antifatigue actions of the CS extract (Table 1 and Table 2). Among the genes 
that were upregulated by muscle fatigue in the quadriceps femoris muscle, 3 genes (Ccl6, Ccl8, and Wfdc17) 
participate in muscle inflammation [37]-[39] and 2 genes (Nfil3 and Sfrp4) are associated with muscle regenera-
tion [40] [41]. One gene (Svs5) that was downregulated by muscle fatigue is involved in muscle actin binding 
[42] [43]. Characteristically, the CS extract demonstrated an ability to prevent the altered expression of these 
genes (Figure 4 and Figure 5), which occurs in response to muscle fatigue. Thus, the antifatigue effects of CS 
extract were exerted by modulating the altered transcriptional events in genes that are associated with muscle 
damage, regeneration, and/or repair in the local muscle. 

5. Conclusion 
In conclusion, invaluable information on the molecular mechanisms underlying the in vivo antifatigue actions of 
the extract of the cultured Cordyceps mycelium (Paecilomyces hepiali, CBG-CS-2) was revealed in this study. 
The antifatigue effects of the CS extract occurred through the anti-inflammatory modulation of IL-6 accumula-
tion in the blood, NK cell activation in the spleen, and gene expression in muscles. 
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