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Abstract
Herbal medicinal mushroom Cordyceps militaris has been traditionally used as tonic medi-
cine for metabolic syndrome. Cordycepin, main extract of C. militaris, has been reported with 
immunomodulatory, anticancer, and hepatoprotective effects. This study was conducted to 
evaluate the potential hepatoprotective effect of cordycepin-enriched Cordyceps militaris, 
against high fat diet (HFD)-induced hepatic steatosis (HS) in male obese (ob/ob) mice. HFD 
was provided to ob/ob mice ad libitum (except negative control). Cordycepin-enriched C. 
militaris extract powder (CM) was orally administered once daily at dose levels of 0, 125, 250, 
and 500 mg·kg-1 for 4 weeks. During the study, body weight gain was statistically increased in 
all HFD fed groups compared to negative control, but body weight gain in CM 500 mg·kg-1 
treated group shows a low tendency compared to HS model group. In organ weights, absolute 
and relative weights (to body weight) in liver and perirenal adipose tissue were increased in all 
HFD treated groups except CM 500 mg·kg-1 treated group compared to the negative control. 
In clinical chemistry, serum glucose and total cholesterol levels in CM 250 and/or 500 mg·kg-1 
treated groups were lower than HS model group. In microscopical examination, hepatocyte 
vacuolation with macrovesicles in HS model group was increased compared to negative 
control, but this finding was decreased in CM 500 mg·kg-1 treated group compared to HS 
model group. In this study, CM exhibited hepatoprotective effects against hepatic steatosis at 
mg·kg-1 in ob/ob mice.

Keywords: Cordyceps militaris extract, high fat diet-induced hepatic steatosis, liver da-
mage, ob/ob mice
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Introduction
(hepatic steatosis) 5% , 

(Lee et al., 2023). 

acetaldehyde (ADH) , 

(Kim et al., 2022). , 90% 

, (cirrhosis) (Kim et al., 2022). , (non-alcoholic fatty liver 

disease, NAFLD) , 

, , , . (simple steatosis), 

(non-alcoholic statohepatitis, NASH), (Angulo, 2022; Lee et al., 

2023). 25% , 22% (16 - 33%)

(Lee et al., 2016). 2 , , , 

, , , 

(Jun, 2013). , 

.

(Cordyceps militaris L.) , 

(Hong et al., 2016). cordycepin (3’-deoxyadenosie)

, , 

(Kim, 2013). cordycepin 

3.10%, 11.05%, 0.16%, 0.14 g·L-1, 1.4 mg·L-1

(Park et al., 2023). Cordyceps militaris Cordyceps 

militaris , high density lipoprotein (HDL) , 

, Cordyceps militaris cordycepin

(Davaa et al., 2010).

Cordyceps militaris 

.

Materials and Methods
Test material

Cordyceps militaris ( Cordycepin 2.0% , COA, SK bioland, Korea)

(Korea) . Cordyceps militaris , 

magnetic stirrer .

Animal house

(180 W × 240 L × 130 H mm) 5

. 22 ± 3℃, 50 ± 20%, 12 h (12 / ), 10 - 15 ·h-1, 

150 - 300 lux, 60 db 5 ppm . 

(Evigo #TD.06414 Adjusted Calories Diet [60/fat], USA) (Lab Diet® #5053 PMI Nutrition 
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International, USA) (Table 1). 

(Institutional Animal Care and Use Committee) (

: 1802-0059) .

Animal and experimental design

5 (C57BL/6-ob/ob) (Korea) . SPF (specific-pa-

thogen-free) 2 . Pristima System 

(Version 7.3 Xybion Medical System Co., USA) 6 6 . ( ), 

(HFD ), Cordyceps militaris (HFD + CM125; HFD + CM250; HFD + 

CM500) (HFD + Silymarin250) . , CM125, CM250, CM500 Cordyceps 

militaris (mg·kg-1) (Table 1).

Table 1. Group designation and dose level.

Groups No. of animals Test material Dose (mg·kg-1)

Negative control (standard pellet ditet) 6 N.T.     0

HFD control (high fat diet) 6 N.T.     0

HFD + CM125 (high fat diet) 6 CM 125

HFD + CM250 (high fat diet) 6 CM 250

HFD + CM500 (high fat diet) 6 CM 500

Positive control (HFD + Sil250) 6 Sil 250

HFD, high fat diet; N.T., not treated; CM, Cordyceps militaris extract powder; Sil, silymarin.

HFD + CM 4 Cordyceps militaris (125, 250, 500 mg·kg-1)

silymarin (250 mg·kg-1) 1 1 , 

(Table 2).

Table 2. Composition of experimental diets.

Ingredients High fat diet (%)

Casein 26.5

L-Cystine 0.4

Maltodextrin 16.0

Sucrose 9.0

Lard 31.0

Soybean oil 3.0

Cellulose 6.6

Mineral mixy 4.8

Calcium phosphate, dibasic 0.3

Vitamin mixz 2.1

Choline bitartate 0.3

Blue food color   0.01

y, z AIN-93G-MX (94046) mineral and AIN-93X (94047).
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Clinical chemistry

isoflurane . 

60 (3,000 rpm, 10 , RT)

(Toshiba 200FR NEO chemistry analyzer, Toshiba, Japan) TP (total pro-

tein), ALT (alanine aminotransferase), AST (aspartate aminotransferase), ALP (alkaline phosphatase), ALB (albumin), 

A/G (albumin/globulin ratio), TBIL (total bilirubin), GGT (gamma(γ)-glutamyl transferase), BUN (blood urea nitro-

gen), CREA (creatinine), GLU (glucose), TCHO (total cholesterol), TG (triglyceride), HDL (high density lipoprotein 

cholesterol), LDL (low density lipoprotein cholesterol), LDH (lactate dehydrogenase), CK (creatine phosphokinase) 

FFA (free fatty acid) .

Anatomical pathology

, , , , 

. 

10% (Sigma Aldrich, USA) . 

Hematoxylin (MA0101090MIRA01, StatLab, USA) Eosin (3610MIRA01, StatLab, USA) (H&E) 

Oil-red O (ORK-1, ScyTek Laboratories, USA) .

Statistical analysis

Pristima system (Version 7.3 Xybion Medical System Co., USA) . 

. Bartlett’s test , 

(ANOVA) , Dunnett’s test . 

Kruskal-Wallis test , HFD Dunn’s rank sum test .

HFD F-test . Student’s 

t-test , Wilcoxon rank sum test .

Results and Discussion
Body weight and food consumption

Table 3 . , HFD 50.32 ± 

1.63 g (p < 0.05), CM 

. , CM 500 mg·kg-1 16.0 ± 2.25 

g·day-1 HFD . 8

HFD , CM 500 mg·kg-1 13

. Cordyceps militaris 

(Table 3; Fig. 1).
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Table 3. Body weight and body weight gain.

Group
Negative

control
HFD control HFD + CM125 HFD + CM250 HFD + CM500

Positive

control

Initial body weight (g) 30.0 ± 3.9 30.5 ± 2.7 31.4 ± 2.7 31.5 ± 2.9 31.3 ± 2.2 32.7 ± 3.5

Final body weight (g) 40.9 ± 5.3 50.3 ± 1.6+ 51.6 ± 2.0 50.3 ± 2.8 47.3 ± 3.3 52.9 ± 2.7

Body weight gain (g·day-1)   9.2 ± 2.7 19.8 ± 2.9++ 20.2 ± 2.5 18.8 ± 2.3 16.0 ± 2.3* 19.8 ± 1.2

Data are presented as mean ± standard deviation; n = 6 animals/group.

HFD, high fat diet; CM, Cordyceps militaris extract powder; Sil, silymarin.
+ and ++ denote the significant differences at p < 0.05 and 0.01, respectively, compared to the negative control group.
* represent the significant differences at p < 0.05 compared to the HFD control group.

Fig. 1. Time-course changes of body weight and food consumption in ob/ob mice. HFD, high fat diet; CM, 
Cordyceps militaris extract powder; Sil, silymarin.

Organ weight

, . 

(Koh and Choi, 2001; Koh, 2003) , 

. Koh (2003) 10 - 30% Cordyceps militaris 

5 ,  Cordyceps 

militaris  500 mg·kg-1 HFD 

. , HFD CM 500 mg·kg-1 2.066 ± 0.3614 g

1.729 ± 0.2454 g , CM 500 mg·kg-1 . 

. 

, HFD . , 

CM 500 mg·kg-1 0.363 ± 0.0.0242 g HFD 0.457 ± 0.0693 g

, (Table 3 and 4).
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Table 4. Absolute organ weight in ob/ob mice.

Group
Absolute weight (g)

Liver Kidney Epididymal adipose Perirenal adipose tissue

Negative control 2.557 ± 0.6227 0.404 ± 0.0802 2.423 ± 0.5836 1.363 ± 0.5256

HFD control 3.304 ± 0.2140++ 0.457 ± 0.0693 3.600 ± 0.2150++ 2.066 ± 0.3614+

HFD + CM125 3.471 ± 0.4727 0.447 ± 0.0671 3.724 ± 0.2112 2.196 ± 0.3270

HFD + CM250 3.448 ± 0.3489 0.638 ± 0.6081 3.703 ± 0.3489 2.125 ± 0.4507

HFD + CM500 2.848 ± 0.3374 0.363 ± 0.0242* 3.599 ± 0.3894 1.729 ± 0.2454

Positive control (HFD + Sil250) 3.002 ± 0.5456 0.480 ± 0.0740 3.813 ± 0.2003 2.059 ± 0.0857

Data are presented as mean ± standard deviation; n = 6 animals/group.

HFD, high fat diet; CM, Cordyceps militaris extract powder; Sil, silymarin.
+ and ++ significant differences at p < 0.05 and p < 0.01, respectively, compared to the negative control group.
* significant differences at p < 0.05 compared to the HFD control group.

Clinical chemistry

CM 250 500 mg·kg-1 662.1 ± 74.0, 578.2 ± 108.7 mg·dL-1 HFD 679.9 

± 109.4 mg·dL-1 . HFD 

Table 5. Clinical chemistry data in ob/ob mice.
Group Negative control HFD control HFD + CM125 HFD + CM250 HFD + CM500 Positive control

TCHO (mg·dL-1)   83.8 ± 54.7 270.2 ± 72.5 294.8 ± 56.8   264.8 ± 29.7 256.8 ± 20.6 273.0 ± 71.7

TG (mg·dL-1) 386.1 ± 126.8   83.8 ± 48.6++   93.5 ± 5.6     56.0 ± 8.0   41.9 ± 14.3 112.5 ± 72.6

HDL (mg·dL-1)   95.3 ± 30.3   98.4 ± 25.0 106.9 ± 24.2     93.3 ± 20.0   87.0 ± 13.3 101.9 ± 20.3

LDL (mg·dL-1)   10.1 ± 2.1   18.6 ± 6.9++   20.6 ± 3.7     23.7 ± 4.7   22.4 ± 4.6   15.8 ± 5.9

LDH (IU·L-1) 754.2 ± 296.4 1,712.7 ± 712.5++ 2,256.5 ± 1,056.4 40,223.8 ± 2,072.6 5,870.0 ± 0.7 1,148.8 ± 381.7

FFA (mEq·L-1) 2,285.5 ± 204.0 1,705.0 ± 220.4 2,062.2 ± 352.1 1,756.2 ± 180.3 1,561.9 ± 177.0 1,978.9 ± 268.1

AST (IU·L-1) 183.9 ± 108.7 497.6 ± 382.5+ 557.1 ± 398.0 1,005.9 ± 607.7 1,163.0 ± 1,432.3 241.6 ± 70.6

ALT (IU·L-1) 221.4 ± 183.4 349.3 ± 133.1 392.6 ± 151.8   716.2 ± 337.0 908.1 ± 1,091.1 201.1 ± 114.4

GGT (IU·L-1)     0.2 ± 0.2     0.2 ± 0.3     0.2 ± 0.2       0.1 ± 0.1     0.2 ± 0.2   0.14 ± 0.2

ALP (IU·L-1) 857.6 ± 135.5 850.0 ± 90.4 901.3 ± 205.3 1,093.7 ± 223.8 916.4 ± 323.2 721.5 ± 154.3

GLU (mg·dL-1) 619.8 ± 120.1 679.9 ± 109.4+ 662.1 ± 74.0*   578.2 ± 108.7* 580.1 ± 119.8* 658.8 ± 56.1

BUN (mg·dL-1)   27.4 ± 5.6   18.9 ± 2.5+   16.3 ± 2.2     17.0 ± 2.7   15.2 ± 1.6   17.1 ± 3.2

CREA (mg·dL-1)   0.56 ± 0.1   0.58 ± 0.1   0.59 ± 0.0     0.54 ± 0.0   0.51 ± 0.1   0.55 ± 0.0

TP (g·dL-1)   6.98 ± 0.8   6.32 ± 0.5   6.82 ± 0.27     3.81 ± 0.2   3.67 ± 0.3   6.25 ± 0.3

ALB (g·dL-1)   3.87 ± 0.4   3.50 ± 0.3   3.76 ± 0.1     3.81 ± 0.2   3.67 ± 0.1   3.44 ± 0.3

A/G (%)   1.25 ± 0.1   1.25 ± 0.1   1.23 ± 0.1     1.31 ± 0.1   1.32 ± 0.1   1.23 ± 0.1

TBIL (mg·dL-1)     0.1 ± 0.1     0.2 ± 0.1++     0.1 ± 0.0       0.2 ± 0.1     0.2 ± 0.1     0.1 ± 0.1++

CK (IU·L-1)   94.0 ± 11.3   83.8 ± 18.6 110.5 ± 27.5   122.3 ± 15.8 113.2 ± 40.5   96.2 ± 7.8

Data are presented as mean ± standard deviation; n = 6 animals/group.

HFD, high fat diet; CM, Cordyceps militaris extract powder; TCHO, total cholesterol; TG, triglyceride; HDL, high density lipoprotein cholesterol; 

LDL, low density lipoprotein cholesterol; LDH, lactate dehydrogenase; FFA, free fat acid; AST, aspartate aminotransferase; ALT, alanine 

aminotransferase; GGT, gamma glutamyl transpeptidase; ALP, alkaline phosphatase; GLU, glucose, BUN, blood urea nitrogen; CREA, creatinine; 

TP, total protein; ALB, albumin; A/G, albumin/globulin ratio; TBIL, total bilirubin; CK, creatine phosphokinase.
+ and ++ denote the significant differences at p < 0.05 and p < 0.01, respectively, compared to the negative control group.
* represent the significant differences at p < 0.05 and p < 0.01, respectively, compared to the HFD control group.
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, HFD CM 250 500 mg·kg-1 

(Table 5). Koh Choi (2001)

Cordyceps militaris 3% , , LDL-

.

Anatomical pathology

(HFD)

. HFD CM 500 mg·kg-1 

. HFD , 

CM 500 mg·kg-1 HFD (Fig. 2 - 4). Oil-Red O

Cordycepin (Guo et 

al., 2010). 

Fig. 2. Histopathology of liver by hematoxylin and eosin (H&E) (black scale bar = 200 µm). a: Negative control, 
b: HFD, c: HFD + CM125, d: HFD + CM250, e: HFD + CM500, f: HFD + Sil. Microvesicular and macrovesicular vacuo-
lation in the liver were increased in all HFD groups. Vacuolation, especially macrovesicular, was decreased in 
HFD + CM250 and HFD+CM500 compare to HFD only group. HFD, high fat diet; CM, Cordyceps militaris extract 
powder; Sil, silymarin.
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Fig. 3. Histopathology of liver by Oil-red O (black scale bar = 100 µm). a: Negative control, b: HFD, c: HFD + 
CM125, d: HFD + CM250, e: HFD + CM500, f: HFD + Sil. Intracellular lipid was stained in all HFD groups. The amounts 
of lipid were decreased in HFD + CM250 and HFD + CM500 compare to HFD only group. This lipid was located in 
hepatocellular vacuolation. HFD, high fat diet; CM, Cordyceps militaris extract powder; Sil, silymarin.

Fig. 4. Histopathology of adipose tissue by hematoxylin and eosin (H&E) (black scale bar = 100 µm). a: Nega-
tive control, b: HFD, c: HFD + CM125, d: HFD + CM250, e: HFD + CM500, f: HFD + Sil. Although the size of adipocytes 
of perirenal adipose tissues in all HFD-fed groups was increased compared to negative group, the size of 
adipocytes in CM 250 and 500 mg·kg-1 was decreased compared to HFD-induced HFD only group. HFD, high 
fat diet; CM, Cordyceps militaris extract powder; Sil, silymarin.
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Conclusion
Cordyceps militaris ob/ob 

. HFD + 500 mg·kg-1 HFD ( , , 

) , (hepatic steatosis)

. Cordyceps militaris 

.

Cordyceps militaris HFD + CM 

.
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