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ABSTRACT Cordyceps militaris consists of Cordycepin, Adenosine, Polysaccharides and other 

compounds. For many countries including Thailand used C. militaris as an ingredient of a dietary 

supplement for many years. Whereas, toxicological testing data of C. militaris has less been to conduct. 

This study was conducted for the toxicity assessment of C. militaris by acute and sub-chronic oral 

toxicity testing in Wistar rats.  The evaluation of C. militaris for acute oral toxicity in Wistar rats were 

performed at dose level 300 and 2,000 mg/kg body weight according to OECD Guidelines for the testing 

of chemicals 423, Acute Oral Toxicity –Acute Toxic Class Method. The results in all animals were not 

shown signs of toxic effects, moribund and mortality. Thus, Cordyceps militaris was classified in GHS 

(Globally Harmonised System for Classification and labeling of Chemicals) category 5 or unclassified, 

the LD50 cut off at 5,000 mg/kg body weight to infinity (∞). The sub-chronic oral toxicity of C. militaris was 

performed and the methodology was modified from OECD Guideline for testing of chemicals 408, 

Repeated Dose 90-Days Oral Toxicity Study in Rodent. The assessment and evaluation of toxic effects 

were investigated at the dose levels 5, 20 and 80 mg/kg body weight of C. militaris in Wistar rats and 

the result conclude that, the no observed adverse effect level (NOAEL) of C. militaris was considered to 

be 80 mg/kg body weight per day for Wistar rats.

Keywords: Cordyceps militaris, Acute oral toxicity, Sub-chronic oral toxicity, OECD Guidelines 423, 

OECD Guidelines 408
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Introduction

The Cordyceps militaris has several bioactive compounds such as cordycepin, adenosine, 

polysaccharides, amino acid, sterols, cordycepic acid and multivitamins.(1, 2, 3, 4) These compounds 

exhibit various beneficial biological activities such as anticancer,(5) immunomodulatory, antioxidant,(6)

antifibrotic,(7) renal protective,(8) anti-inflammatory,(9) antiangiogenetic(9, 10) and aniti-diabetic.(11) 

Thus, C. militaris  is one of the most important fungi in traditional Chinese medicine that using for the 

treatment of asthma, bronchial and lung inflammation(12) including longevity promoting herbs.(13, 14)

C. militaris  has been sold as dietary supplements through online marketing and television in 

many countries including Thailand. Consequently, the safety assessment in animals should be 

evaluated before initial use in humans. However, the toxicity study of C. militaris  has less been

conducted.(4, 15, 16, 17) Therefore, the purpose of this study is to estimated acute oral toxicity of 

C. militaris  in Wistar rats complied with OECD Guidelines for the testing of chemicals 423, Acute Oral 

Toxicity – Acute Toxic Class Method.(18) Then, sub-chronic oral toxicity of C. militaris  in Wistar rats was 

performed to confirm the edible safety and evaluate the no-observed-adverse-effect level (NOAEL)

for long term use. The methodology of this study modified form OECD Guideline for testing of 

chemicals 408, Repeated Dose 90-Days Oral Toxicity Study in Rodent.(19)

Materials and Methods

Cordyceps militaris powder

Cordyceps militaris powder has a bright orange color which storage at room temperature, 

away from heat, sunlight, oxygen and moisture. The constituent of Cordyceps militaris powder had 

cordycepin and adenosine for 0.289 and 0.037 % wt/wt, respectively and the stability was one year 

after manufacture date. The level of microbial contaminants monitored by laboratory of Quality 

Control Office, National Laboratory Animal Center, Mahidol University, Thailand for aerobic plate 

count and coliform were less than 300 cfu/g and 3 MPN/g, respectively.

Preparation of the Dose

For acute oral toxicity, the C. militaris powder were calculated at 300 and 2,000 mg/kg

body weight and freshly mixed with distilled water as vehicle prior to administration. In the sub-chronic

oral toxicity, the 3 dose levels (low, medium and high dose) of C. militaris  were 5, 20 and 80 mg/kg

body weight and freshly mixed with distilled water prior to administration. The constant volume 

was not exceeded 1 ml per 100 g of animal body weight.

Preparation of Animals:

The 50 males and 50 females of Wistar rats were used for sub-chronic oral toxicity but 

the acute oral toxicity used only 12 females of Wistar rats. The Wistar rats was Rattus norvegicus
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species, Mlac: WR stain and body weight range 200 g ± 20 which were obtained from Office of 

Laboratory Animal Production, National Laboratory Animal Center, Mahidol University, Thailand.

Animals Husbandry Conditions

The animals were husbandry under standard conditions 12 hours light, 12 hours dark 

at temperature 22 ± 3°C and 30-70% relative humidity which were housed in stainless steel cages 

with food (082, Perfect Companions, Thailand) and 5 - 7 ppm chlorinated water ad libitum. All the 

animals were quarantined 1 day and acclimatized at least 5 days prior to the study. Guidelines of 

“Guide for the care and use of laboratory animals” were strictly followed throughout the study.(20)

The study was approved by National Laboratory Animal Center Animal Care and Use Committee 

(NLAC-ACUC), Mahidol University; Thailand, code RA2017-37 and RA2017-38 for acute and 

sub-chronic oral toxicity testing, respectively.

Administration of Dose

The acute oral toxicity: The test substance at the dose level 300 and 2,000 mg/kg body 

weight was administered orally to the animal in a single dose by gavage using stainless steel stomach

tube and all animals were kept for over-night (15 - 18 hours) fasting (feed but not water) prior 

to administration. The Cordyceps militaris was administered orally to 3 animal of group 1 at 300 

mg/kg body weight, if no animals or one animal was shown evidence of toxicity, moribund state 

or mortalities, new three animals of group 2 were repeated at 300 mg/kg body weight. After that, 

three animals in group 3 were administrated with the next dose level (2,000 mg/kg body weight) 

if no animals or one animal was shown evidence of toxicity, moribund state or mortalities new 3 

animals of group 2 were repeated again at 2,000 mg/kg body weight. The animal was observed 

after administration for toxic effect at first 30 minutes with special attention given during the first 

4 hours, periodically during the first 24 hours. The time between treatment groups was determined 

until confident of previously dose animals, 24 hours for this study.

The sub-chronic oral toxicity: The 50 male and 50 female of Wistar rats were used 

and randomized into 5 groups (10 animal per sexes/20 animal per group). In group 1 - control 

group (vehicle control; distilled water), group 2 - low dose, group 3 - middle dose and group 4 - high 

dose (5, 20 and 80 mg/kg body weight of Cordyceps militaris, respectively) and group 5 - recovery 

group (once daily for 90 days at 80 mg/kg body weight of Cordyceps militaris and no administrated 

by gavage for the following 14 days). The dosage of administration to each animal was calculated 

based on the body weight of animal prior to administrate at a constant volume not exceed 1 ml 

per 100 g body weight.

Observation

The observations were included changes in skin and fur, eye and mucous membranes, 

respiratory, circulatory, autonomic and central nervous systems, somatomotor activity and be-
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haviour pattern daily. Addition will be directed to observations of tremors, convulsions, gasping, 

cyanosis, vocalization, salivation, diarrhoea, lethargy, sleep and coma. The data of animal body 

weights, feed and drinking water consumption were measured and recorded weekly throughout 

the termination period.

Necropsy Examination, Hematological and Clinical Biochemistry Analysis

On the last day of each group for the study, the animals were kept overnight (15 - 18 hours)

fasting and then euthanized using CO
2
 inhalation.(21) Blood samples were collected via cardiac 

puncture and were separated 2 tubes which first tube for hematological (200 µl) and second tube 

has EDTA tube for clinical biochemistry analysis (800 µl). Hematological analysis was analyzed 

using automated analyzer (Procyte DxTM, IDEXX Laboratories, Westbrook, Maine, USA) following

the parameters: Red blood cell count (RBC), Hemoglobin (HGB), Hematocrit (HCT), Mean

corpuscular volume (MCV), Mean corpuscular hemoglobin (MCH), Mean corpuscular hemoglobin

concentration (MCHC), Reticulocyte count (RET), Reticulocyte hemoglobin (RET - He), Platelet

(PLT), Mean platelet volume (MPV), Plateletcrit (PCT), White blood cell count (WBC), Neutrophil

(NEUT), Lymphocyte (LYMPH), Monocyte (MONO), Eosinophil (EO) and Basophil (BASO). For 

the clinical biochemistry analysis was measured by using an automated blood analyzer (Cobas®c311, 

Roche Diagnostics, Basel, Switzerland) that the parameters consisted of Sodium (Na), Potassium (K),

Choride (Cl), Glucose (SGLU3), Cholesterol (CHO2L), Triglyceride (TRIGL), Uric acid (UA2), 

Blood urea nitrogen (U - BUN), Creatinine (CREA2), Total protein (TP2), Albumin (ALB2), 

Globulin (GLO), High – density lipoprotein (HDLC4), Low – density lipoprotein (LDLC3), Alanine

amino transferase (ALTL), Aspartate amino transferase (ASTL) and Alkaline phosphatase (ALP2S).

Organ Weighting

After blood samples collection, all animals were sacrificed. The positions, shapes, sizes 

and colours of internal organs were evaluated. The organs was measured by using an electronic 

balance 4 digits (Mettler - Toledo, Columbus, Ohio, USA) and converted the weights to relative 

organ weights by calculating in the relative weights per 100 g animal body weight.

Analysis of Result:

Quantitative results were expressed as mean ± standard deviation. The Kolmogorov-Smirnov

and Levene’s test(22) were statistically analyzed the data for normality and homogeneity of variances.

For parametric statistics, all data of vehicle control group and each treatment group were 

compared by 2-sided Dunnett or Dunnett’s T3 test, using ANOVA analysis. On the other hand of 

non-parametric statistics, Mann Whitney U test was selected for comparison all data of the vehicle 

control group and each treatment group. A significantly differences were considered at 0.05 levels 

with SPSS® Statistic software version 18.0.0.
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Results

The acute oral toxicity of Cordyceps militaris in Wistar rats

All tested animals were normally for consumed feed and drinking water including clinical 

observations and health examinations. Body weights were continued to gain throughout the study 

and the body weight change was shown as percentage which within range 11.49 - 20.01%. In the 

necropsy examinations result of all animals were not found any lesion.

The sub-chronic oral toxicity of Cordyceps militaris in Wistar rats

Feed, Drinking Water Consumptions and Body Weights

The feed and drinking water consumptions data as consecutive data were shown normal

in all animals by means of the result were transient change and no effect on animal health, 

represented in Figure 1-4. The body weights of all animals were continued to gain throughout the 

study and the data are presented in Figure 5 and Figure 6 for male and female animals, respectively. 

Figure 1 Effect of Cordyceps militaris on Feed consumption in male rats treated for 90 days.

  (a) Control group, Treatment group (5, 20 and 80 mg/kg BW) (b) Recovery group 
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Figure 2 Effect of Cordyceps militaris on Feed consumption in female rats treated for 90 days. 

  (a) Control group, Treatment group (5, 20 and 80 mg/kg BW) (b) Recovery group
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Figure 3 Effect of Cordyceps militaris on Water consumption in male rats treated for 90 days 

  (a) Control group, Treatment group (5, 20 and 80 mg/kg BW) (b) Recovery group
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Figure 4  Effect of Cordyceps militaris on Water consumption in female rats treated for 90 days 

  (a) Control group, Treatment group (5, 20 and 80 mg/kg BW) (b) Recovery group
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Figure 5 Effect of Cordyceps militaris on body weight in male rats treated for 90 days.

  (a) Control group, Treatment group (5, 20 and 80 mg/kg BW) (b) Recovery group
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Figure 6 Effect of Cordyceps militaris on body weight in female rats treated for 90 days.

  (a) Control group, Treatment group (5, 20 and 80 mg/kg BW) (b) Recovery group
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Observations

All animals were observed according to dosing period for 90 days and recovery period for 

14 days which were no change in skin, fur/coat, eyes and mucous membrane, posture and response 

to handing. The health examinations such as respiratory pattern, social interaction, mobility and 

activity were normal. Moreover, all animal were not shown any neurological signs.

Necropsy Examination:

For macroscopic finding, petechial hemorrhage of the thymus was observed in control, 

all treatment group and control recovery group of male as well as in control and high dose group 

of female. Only one male in control group was observed with a subcutaneous mass on the ventral 

side of the neck. For abdominal cavity, in medium dose group, 1 of 10 male was observed with 

oval, yellow, firm, fat nodule (0.5 × 0.5 cm.) based on the right side and in low dose group, 1 of 10 

female was observed with round, smooth, slightly firm, peritoneal fat mass (0.6x0.6 cm) adhesive 

with abdominal fat at right side based between right kidney and ovary. Besides, the accessory lobe 

of spleen was found in 2 of 10 females. For microscopic finding, there were no significant difference 

of severity grading mean between control group (Distilled water) and high dose group (80 mg/kg 

body weight). In addition, the other lesions which have been well known to occur spontaneously 

in Wistar rats of the same age were observed.

Hematological and Clinical Biochemistry Analysis

The all result of hematological and clinical biochemistry analysis that shown in Table 1 

and 2, respectively. The summary result can be described following the group of dosing: 

Low dose group (5 mg/kg BW); the means of WBC and LYMPH for male animal and 

the means of MPV and WBC for female animal were significantly different higher than control 

group (p<0.05) but the mean of NEUT and BASO for female animal were significantly different 

lower than control group (p<0.05). The mean of CREA2 in male animal was significantly different 

lower than control group (p<0.05).

Medium dose group (20 mg/kg BW); the means of HGB and PCT for male animal 

were significantly different lower than control group (p<0.05). For the female animal, the means 

of Na, CREA2, TP2, ALB2, GLO and ASTL were significantly different higher than control group 

(p<0.05) but the male animal has only the means of CREA2, UA2 and SGLU3 were significantly 

different higher than control group (p<0.05).

High dose group (80 mg/kg BW); the means of MPV and LYMPH were significantly 

different higher than control group (p<0.05) for both sexes animal and the mean of WBC that was 

significantly different higher than control group (p<0.05) only in male animal. Besides that, the 

male animal had significantly different lower than control group (p<0.05) for the means of NEUT 

and EO. For the female animal, the means of Na, U - BUN, CREA2 were significantly different
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higher than control group (p<0.05) and the means of SGLU3 and LDLC3 were significantly 

different lower than control group (p<0.05).

Recovery group (control and 80 mg/kg BW); the means of PCT and NEUT were 

significantly different lower than control group (p<0.05) except the mean of RET – He was significantly

different higher than control group (p<0.05) for male animal. In female animal, the means of 

MPV and EO were significantly different higher than control group (p<0.05). The mean of UA2 

was significantly different lower than control group (p<0.05) for male animal but the mean of K 

in female animal was significantly different higher than control group (p<0.05).

Thus, all significantly different parameters of hematological and clinical biochemistry 

analysis were no treatment related effect except the mean of LDLC3 in high dose group (80 mg/

kg body weight) of female animal was treatment related effect. Effects on LDL levels tended to 

significant decrease with the dose given, in the high dose group including HDL levels were not 

found to be significantly low. Therefore does not affect for the occurrence of Atherosclerosis which 

was according to the information from many journal that found of higher LDL and lower HDL 

levels are high risk of Atherosclerosis.(23, 24, 25) 

Table 1  Hematological Analysis of control and Cordyceps militaris treated rat for 90 days

Sex Parameters Control

Mean of parameters 
± standard deviation

Recovery

5 
mg/kg BW

20
mg/kg BW

80
mg/kg BW

Control
80

mg/kg BW

Male RBC (106/µl) 9.91±0.58 9.84±0.36 9.47±0.20 9.86±0.37 9.63±0.36 9.58±0.23

HGB (g/dl) 17.3±0.68 17.2±0.35 16.7±0.48a 17.1±0.52 16.7±0.32 16.7±0.33

HCT (%) 54.7±2.58 54.0±1.35 52.5±1.92 53.6±1.94 52.2±1.46 52.2±1.50

MCV (fl) 55.2±1.20 54.9±1.63 55.4±1.33 54.5±1.15 54.2±1.01 54.5±1.32

MCH (pg) 17.5±0.48 17.5±0.51 17.6±0.33 17.4±0.37 17.4±0.35 17.5±0.38

MCHC (g/dl) 31.7±0.35 31.9±0.35 31.8±0.31 32.0±0.25 32.0±0.34 32.0±0.38

RET (%) 2.78±0.50 2.66±0.37 2.85±0.31 2.51±0.24 2.23±0.44 2.07±0.20

RET – He (pg) 19.4±0.39 19.4±0.51 19.5±0.25 19.2±0.40 19.3±0.46 19.4±0.23b

PLT (103/µl) 916±123.75 910±52.83 820±76.25 908±102.71 855±48.20 883±75.43

MPV (fl) 7.1±0.19 7.3±0.15 6.9±0.24 7.4±0.20a 6.9±0.23 7.1±0.23

PCT (%) 0.65±0.08 0.66±0.04 0.57±0.05a 0.67±0.07 0.59±0.02 0.62±0.06b

WBC (106/µl) 6.46±1.02 7.99±1.47a 6.40±1.20 8.18±1.28a 6.02±0.81 9.46±1.19

NEUT (%) 13.3±2.69 9.0±2.17a 12.6±2.73 9.0±2.16a 14.7±3.51 9.6±1.24b

LYMPH (%) 80.8±3.17 85.4±2.66a 80.8±2.60 85.7±2.35a 77.2±2.79 85.4±1.19

MONO (%) 4.9±2.38 4.8±1.37 5.6±1.78 4.7±1.44 7.0±1.19 4.2±0.94

EO (%) 0.8±0.28 0.7±0.25 0.9±0.30 0.5±0.19a 1.1±0.53 0.8±0.22

BASO (%) 0.2±0.12 0.0±0.07a 0.1±0.09 0.1±0.07 0.0±0.09 0.0±0.05
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Table 1  Hematological Analysis of control and Cordyceps militaris treated rat for 90 days

 (Continued)

Sex Parameters Control

Mean of parameters 
± standard deviation

Recovery

5 
mg/kg BW

20
mg/kg BW

80
mg/kg BW

Control
80

mg/kg BW

Female RBC (106/µl) 9.19±0.30 9.38±0.50 9.20±0.62 9.65±0.65 8.96±0.47 9.36±0.71

HGB (g/dl) 17.0±0.44 17.1±0.76 17.1±1.02 17.9±0.86 16.7±0.73 17.2±0.88

HCT (%) 52.9±1.48 52.9±2.55 53.3±3.67 56.0±3.20 51.1±2.51 53.0±2.88

MCV (fl) 57.6±1.25 56.4±1.05 57.9±1.08 58.1±2.14 57.1±0.90 56.8±1.97

MCH (pg) 18.5±0.35 18.3±0.41 18.6±0.41 18.6±0.63 18.6±0.41 18.4±0.59

MCHC (g/dl) 32.2±0.30 32.3±0.34 32.1±0.39 31.9±0.36 32.6±0.30 32.5±0.34

RET (%) 3.25±0.42 3.30±0.65 3.41±0.42 3.41±0.94 2.40 ±0.17 1.77±0.57

RET – He (pg) 20.3±0.44 20.2±0.58 20.6±0.61 20.5±0.60 20.1±0.49 20.4±0.57

PLT (103/µl) 896±101.35 931±112.41 846±94.82 924±130.19 889±141.48 934±80.48

MPV (fl) 6.9±0.20 7.3±0.28a 6.9±0.15 7.4±0.28a 6.8±0.11 7.1±0.43b

PCT (%) 0.62±0.08 0.68±0.11 0.59±0.07 0.68±0.10 0.60±0.10 0.67±0.10

WBC (106/µl) 5.60±0.75 7.28±1.52a 4.91±1.42 5.83±1.03 4.76±0.65 6.74±1.29

NEUT (%) 8.2±2.29 6.2±1.21 9.1±2.91 6.0±1.60 10.2±0.91 8.6±2.16

LYMPH (%) 87.1±2.07 87.9±3.00 85.9±2.96 88.7±1.88a 84.8±1.17 85.8±2.43

MONO (%) 4.0±0.92 5.3±2.22 4.5±1.28 4.7±1.35 4.3±0.43 5.0±1.05

EO (%) 0.6±0.26 0.5±0.31 0.5±0.33 0.5±0.33 0.6±0.17 1.7±2.62b

BASO (%) 0.1±0.10 0.1±0.08 0.0±0.10 0.1±0.10 0.1±0.11 0.1±0.09

Note:  aThe mean difference is significant at the 0.05 levels of control group

         bThe mean difference is significant at the 0.05 levels of control recovery group

Table 2 Clinical Biochemistry Analysis of control and Cordyceps militaris treated rat for 90 days

Sex Parameters Control

Mean of parameters 
± standard deviation

Recovery

5 
mg/kg BW

20
mg/kg BW

80
mg/kg BW

Control
80

mg/kg BW

Male TP2 (g/dl) 7.82±0.19 7.91±0.36 8.47±1.17 8.73±1.00 7.47±1.04 6.42±0.27

CHO2L (mg/dl) 82.0±8.15 79.4±9.03 81.5±17.96 82.3±15.40 69.8±10.86 67.8±13.02

TRIGL (mg/dl) 128.2±23.03 118.0±27.91 133.1±36.74 128.8±26.61 91.0±17.93 99.0±35.81

ALTL (U/l) 94.0±62.01 69.3±20.38 96.3±40.29 86.7±26.02 76.5±17.96 70.0±24.39

ASTL (U/l) 98.6±33.19 92.6±17.80 114.4±26.51 109.1±24.75 103.6±20.31 83.6±22.10

ALP2S (U/l) 88±12.04 78±14.63 97±21.27 85±16.24 61±6.40 62±5.52

ALB2 (g/dl) 5.41±0.10 5.39±0.12 5.95±0.71 5.96±0.65 4.54±0.32 4.27±0.11

GLO (g/dl) 2.41±0.13 2.46±0.15 2.79±0.47 2.76±0.38 2.33±0.13 2.15±0.17

CREA2 (mg/dl) 0.38±0.03 0.30±0.02a 0.43±0.05a 0.40±0.04 0.37±0.05 0.34±0.03
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Table 2 Clinical Biochemistry Analysis of control and Cordyceps militaris treated rat for 90 days 

(Continued)

Organ Weighting

For the female animal, the mean weight of right adrenal gland in medium dose group 

(20 mg/kg BW) was significantly different lower than control group (p<0.05) and the mean weight of 

heart and left adrenal gland in high dose group (80 mg/kg BW) were significantly different higher 

than control group (p<0.05). The organ’s weight was calculated in the relative weights per 100 g 

animal body weight that showed the relative weight was not related with dose level what used in 

this study and the result of organ weight for male and female animals were represented in Table 3.

Sex Parameters Control

Mean of parameters 
± standard deviation

Recovery

5 
mg/kg BW

20
mg/kg BW

80
mg/kg BW

Control
80

mg/kg BW

U - BUN (mg/dl) 23.0±1.57 25.2±4.20 23.9±2.88 22.6±2.12 18.9±1.68 19.8±3.62

UA2 (mg/dl) 6.5±0.85 5.9±1.11 8.6±1.23a 8.0±2.08a 6.6±0.97 5.2±0.45b

SGLU3 (mg/dl) 334.5±52.00 323.0±48.07 439.1±86.04a 336.1±60.02 326.5±29.91 289.5±37.63

HDLC4 (mg/dl) 63.0±5.41 58.5±5.26 65.5±15.78 62.7±12.50 48.1±7.31 60.0±22.87

LDLC3 (mg/dl) 6.7±1.76 6.6±1.55 8.2±1.98 5.1±1.86 7.2±2.08 7.0±2.31

Na (10-3 mol/l) 153.35±1.45 155.45±4.38 171.63±20.34 165.92±8.79 137.52±7.54 132.06±5.42

K (10-3 mol/l) 10.24±1.07 10.15±0.66 11.50±1.74 10.60±1.31 8.85±1.03 8.15±0.53

Cl (10-3 mol/l) 101.68±1.59 102.19±3.43 116.83±15.44 109.31±6.17 89.84±5.27 85.68±4.43

Female TP2 (g/dl) 7.88±0.20 8.09±0.44 8.83±0.53a 8.21±0.61 6.83±0.32 7.19±0.70

CHO2L (mg/dl) 113.0±13.69 109.1±30.17 102.0±19.12 94.4±23.07 74.9±12.76 70.5±16.14

TRIGL (mg/dl) 96.2±33.40 91.1±28.95 82.8±34.04 75.2±18.53 65.1±22.74 60.0±16.17

ALTL (U/l) 46.8±6.19 48.4±12.14 51.7±8.49 48.5±10.51 53.4±15.88 53.6±13.67

ASTL (U/l) 76.9±8.04 80.1±12.78 91.8±9.55a 86.8±12.17 88.0±15.29 86.0±12.15

ALP2S (U/l) 41±6.77 46±9.08 44±7.57 40±6.60 35±5.86 35±7.73

ALB2 (g/dl) 5.65±0.15 5.84±0.30 6.24±0.51a 5.85±0.41 4.74 ±0.20 4.98±0.43

GLO (g/dl) 2.23±0.09 2.25±0.20 2.59±0.26a 2.36±0.23 2.09±0.15 2.21±0.28

CREA2 (mg/dl) 0.42±0.03 0.40±0.03 0.48±0.04a 0.46±0.04a 0.42±0.03 0.43±0.05

U - BUN (mg/dl) 20.9±2.64 23.2±2.61 21.5±2.12 24.1±2.33a 21.8±4.77 21.9±3.66

UA2 (mg/dl) 4.3±0.93 4.8±0.99 4.3±0.65 4.2±1.39 3.4±0.48 3.4±0.59

SGLU3 (mg/dl) 235.6±33.47 282.4±58.12 168.0±51.39 184.5±32.60a 197.5±46.66 153.8±63.27

HDLC4 (mg/dl) 89.1±9.87 88.0±20.50 85.3±14.49 70.8±29.04 60.1±8.61 58.4±12.65

LDLC3 (mg/dl) 9.2±3.06 8.4±7.78 6.0±1.94 4.3±1.85a 5.6±2.87 4.7±2.50

Na (10-3 mol/l) 152.66±1.09 153.46±1.60 163.64±8.09a 158.69±4.34a 137.64±7.31 137.10±8.36

K (10-3 mol/l) 9.74±1.10 9.50±1.44 10.92±1.26 10.13±1.12 8.82±0.55 9.19±1.66b

Cl (10-3 mol/l) 104.02±1.36 101.96±2.55 112.29±6.56 106.59±2.31 93.24±5.27 93.08±6.34

Note: aThe mean difference is significant at the 0.05 levels of control group

    bThe mean difference is significant at the 0.05 levels of control recovery group
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Sex Parameters Control

Mean of parameters 
± standard deviation

Recovery

5 
mg/kg BW

20
mg/kg BW

80
mg/kg BW

Control
80

mg/kg BW

Male Liver 2.6552±0.15 2.6419±0.09 2.7351±0.14 2.5923±0.14 2.5526±0.06 2.4729±0.13b

Kidney Rt. 0.2587±0.01 0.2598±0.01 0.2607±0.02 0.2540±0.02 0.2603±0.01 0.2423±0.03

Kidney Lt. 0.2533±0.01 0.2570±0.01 0.2529±0.02 0.2458±0.02 0.2546±0.01 0.2391±0.02

Heart 0.2839±0.02 0.2792±0.01 0.2560±0.07 0.2735±0.01 0.2838±0.01 0.2862±0.01

Lung 0.3799±0.03 0.3634±0.04 0.3704±0.06 0.3369±0.04 0.3358±0.08 0.3907±0.05

Spleen 0.1824±0.01 0.1766±0.02 0.1827±0.02 0.1700±0.02 0.1785±0.01 0.1746±0.03

Brain 0.4744±0.03 0.4589±0.04 0.4705±0.02 0.4578±0.03 0.4394±0.02 0.4420±0.02

Adrenal Rt. 0.0080±0.00 0.0083±0.00 0.0076±0.00 0.0075±0.00 0.0076±0.00 0.0083±0.00

Adrenal Lt. 0.0088±0.00 0.0086±0.00 0.0085±0.00 0.0085±0.00 0.0089±0.00 0.0087±0.00

Testis Rt. 0.3943±0.03 0.4009±0.04 0.3937±0.03 0.3762±0.03 0.3636±0.05 0.3905±0.04

Testis Lt. 0.3895±0.02 0.4024±0.04 0.3985±0.03 0.3868±0.03 0.3701±0.04 0.3985±0.03

Thymus 0.0714±0.02 0.0674±0.01 0.0564±0.02 0.0663±0.01 0.0578±0.01 0.0689±0.01

Female Liver 2.5012±0.12 2.6613±0.14 2.6077±0.16 2.5907±0.18 2.5796±0.17 2.4362±0.21

Kidney Rt. 0.2873±0.01 0.2948±0.02 0.2908±0.02 0.2824±0.02 0.2954±0.01 0.2783±0.01

Kidney Lt. 0.2741±0.02 0.2875±0.02 0.2789±0.01 0.2750±0.02 0.2806±0.01 0.2746±0.01

Heart 0.3272±0.02 0.3404±0.03 0.3334±0.02 0.3546±0.04a 0.3461±0.01 0.3397±0.02

Lung 0.5054±0.07 0.5261±0.03 0.5386±0.10 0.5373±0.05 0.5073±0.09 0.5353±0.10

Spleen 0.2403±0.03 0.2347±0.03 0.2400±0.02 0.2555±0.03 0.2535±0.03 0.2440±0.02

Brain 0.7573±0.04 0.7735±0.06 0.8040±0.04 0.7969±0.04 0.8002±0.05 0.7758±0.04

Uterus 0.1765±0.03 0.2319±0.09 0.2734±0.11 0.2378±0.08 0.1579±0.01 0.2169±0.07

Adrenal Rt. 0.0169±0.00 0.0153±0.00 0.0142±0.00a 0.0168±0.00 0.0170±0.00 0.0168±0.00

Adrenal Lt. 0.0157±0.00 0.0172±0.00 0.0145±0.01 0.0186±0.00a 0.0170±0.00 0.0174±0.00

Ovary Rt. 0.0179±0.00 0.0173±0.00 0.0172±0.00 0.0166±0.00 0.0170±0.00 0.0181±0.00

Ovary Lt. 0.0165±0.00 0.0184±0.00 0.0170±0.00 0.0168±0.00 0.0188±0.00 0.0184±0.00

Thymus 0.0948±0.01 0.0887±0.02 0.0786±0.01 0.0929±0.02 0.0809±0.01 0.0943±0.01

Table 3  Organ’s Weight in relation to body weight of Wistar rats treated with Cordyceps militaris 

 treated rat for 90 days

Note: aThe mean difference is significant at the 0.05 levels of control group
 bThe mean difference is significant at the 0.05 levels of control recovery group
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Discussion

The C. militaris possesses extensive bioactive compounds which has been used as an

ingredient in dietary supplement for many years but the safety data of C. militaris  have not been 

conducted enough. In compliance with OECD Guidelines for the testing of chemicals 423, Acute 

Oral Toxicity - Acute Toxic Class Method of C. militaris  at dose level 300 and 2,000 mg/kg body 

weight, all tested animals were not shown signs of toxic, moribund and mortality including the 

health observation, feed and drinking water consumptions was normal. For the body weights were 

continued to gain throughout the testing period. 

In gross findings, there was petechial hemorrhage scattered in the thymus parenchyma 

that was no gross evidence of necrosis. Thus, this lesion in these animals likely resulted from 

necropsy technique. Accessory spleens are rare findings in rodents and may be congenital or a 

consequence of traumatic injury(26) caused by bisection of spleen. For the abdominal fat was considered

to be non-adverse since it appears small in incidence and minimum in severity that can occasionally

be seen spontaneously.

In our study, the analyzed parameters of the hematological analysis and clinical 

biochemistry analysis were mostly similar tendency to the histological control data of Wistar 

rat (Mlac:WR) including previous study that studies the toxicity study of C. militaris(6) except 

some parameters such as Neutrophils (NEUT), Lymphocytes (LYMPH), Red Blood Cells (RBC), 

Hemoglobin (HGB) for the hematological analysis and Alanine amino transferase (ALTL), Glucose 

(SGLU3) and Potassium (K) for the clinical biochemistry analysis. The fluctuation of data could 

be occurred due to age, gender, species, dose level of test item and other factors.

Thus, the toxicity level assessment of the C. militaris  can be summarized no related effects

at any dose level and no side effects or abnormalities after repeated oral administrations for 90 

days. The sub chronic oral toxicity according to OECD Guidelines for the testing of chemicals 408, 

Repeated Dose 90 - Day Oral Toxicity Study in Rodents of C. militaris  at dose level 5, 20, 80 mg/kg

body weight. The all data result such as clinical signs of toxicity, body weight, food and water 

consumptions, necropsy examination, etc were not shown toxic of C. militaris  in Wistar rats.

Conclusion

The acute oral toxicity of C. militaris  in Wistar rats at 300 and 2,000 mg/kg body weight was 

not shown signs of toxic, moribund and mortalities in all animals. Thus, C. militaris was classified

in GHS category 5 or unclassified, the LD
50
 cut off at 5000 mg/kg body weight to infinity (∞).

For the sub-chronic oral toxicity result that the no observed adverse effect level (NOAEL) of 

Cordyceps militaris was considered to be 80 mg/kg body weight per day for Wistar rats. All result 

of this study were within only the test conditions which described earlier.
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1

การทดสอบความเปนพิษเฉียบพลันและพิษกึ่งเรื้อรัง
ทางปากของถั่งเชาสีทอง (Cordyceps militaris)  

ในหนูแรทสายพันธุ Wistar 

กฤติกาญจน สุวรรณสโรช ภัสสราภรณ ศรีมังกรแกว ภคมณ ยศทรารัตน และอัญชลี สิริมนตาภรณ
ศูนยสัตวทดลองแหงชาติ มหาวิทยาลัยมหิดล จังหวัดนครปฐม 73170

บทคัดยอ Cordyceps militaris ประกอบดวย Cordycepin, Adenosine, Polysaccharides และสารประกอบอืน่ๆ 

สําหรับหลายประเทศรวมท้ังประเทศไทยนํา C. militaris มาใชเปนสวนผสมของผลิตภัณฑเสริมอาหารในชวงหลายปท่ีผานมา 

ในขณะที่ยังไมมีขอมูลการทดสอบทางพิษวิทยาของ C. militaris อยางเพียงพอ การศึกษาในครั้งนี้จัดทําขึ้นเพื่อประเมิน 

ความเปนพิษของ C. militaris โดยการทดสอบความเปนพิษทางปากแบบเฉียบพลันและแบบกึ่งเรื้อรังในหนูแรทสายพันธุ 

Wistar สําหรับการประเมินความเปนพิษเฉียบพลันท่ีขนาด 300 และ 2,000 มิลลิกรัมตอกิโลกรัมของน้ําหนักตัวสัตวทดลอง 

ตามวิธกีารมาตรฐาน OECD Guideline หมายเลข 423 ผลการทดสอบในสัตวทดลองทุกตัวพบวา ไมกอใหเกิดความเปนพิษ 

และการตายในสัตวทดลอง ดังน้ัน C. militaris จัดอยูในระบบการจัดกลุมสารเคมี การติดฉลาก และการแสดงรายละเอียด 

บนเอกสารขอมูลความปลอดภัยสากลหมวดท่ี 5 หรือไมระบุประเภท มี LD
50
 ท่ี 5,000 มิลลิกรัมตอกิโลกรัมของน้ําหนักตัวสัตว 

ทดลองข้ึนไป หลงัจากนัน้ ไดทาํการทดสอบความเปนพษิของ C. militaris ทางปากแบบกึง่เรือ้รงัและวธิกีารทดสอบไดมกีาร 

ประยกุตจากวธิกีารมาตรฐาน OECD Guideline หมายเลข 408 การประเมนิความเปนพษิทาํการศกึษาทีข่นาด 5, 20 และ 

80 มิลลิกรัมตอกิโลกรัมของนํ้าหนักตัวสัตวทดลอง ผลการทดสอบสรุปไดวา ปริมาณที่มากท่ีสุดที่ไดรับตอเน่ืองเปนเวลานาน 

โดยไมกอใหเกิดอันตรายใดๆ ตอรางกายตอวันในสัตวทดลอง คือ 80 มิลลิกรัมตอกิโลกรัมของนํ้าหนักตัวสัตวทดลอง

คําสําคัญ:  ถัง่เชาสทีอง, การทดสอบความเปนพษิเฉยีบพลนั, การทดสอบความเปนพษิก่ึงเรือ้รงั, OECD Guidelines หมายเลข 

423, OECD Guidelines หมายเลข 408


