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SUMMARY

Cordyceps cicadae (C. cicadae) is one of the most valued medicinal mushrooms since it has been found
containing precious bioactive compounds that help improve human health, prevent cancer, etc. In this study, we
have optimized the major factors affecting the biosynthesis of cordycepin and adenosine in C. cicadae fruiting
bodies and evaluated the impacts of the liquid extracted from C. cicadae BG0O1 on Swiss white mice. The
optimal cultivation conditions for the biosynthesis of cordycepin and adenosine in C. cicadae fruiting body have
been proved to include MT2 medium, temperature of 20°C, light intensity of 500 lux (the lighting cycle of
12h/12h) and fruiting bodies harvested after 50 days. Under these conditions, the content of cordycepin and
adenosine in C. cicadae fruiting body were 2,72 mg/g and 3,23 mg/g, relatively. Simultaneously, the effects of the
liquid extracted from of C. cicadae BGO1 on the blood biochemical indices of Swiss white mice were also
determined. As stated in, the liquid extracted from C. cicadae BGO1 fruiting body neither causes toxicity nor
damages to liver and kidney functions of mice at the dose of 250 pL/mouse/day equivalent to 780 mg dried
fungus/kg of body weight for 4 weeks.

Keywords: Adenosine, cordycepin, Cordyceps cicadae, fruiting body, swiss white mice.

INTRODUCTION

In traditional Chinese medicine, C. cicadae has been regarded as one of the most precious herbs with the value
equivalent to C. sinensis. The main bioactive ingredients that have been identified in the fungus C. cicadae
including ISP-1 (myriocin), adenosine, cordycepin, N6- (2-hydroxyethyl) adenosine (HEA), ergosterol, peroxide,
cyclic heptapeptide, polysaccharides... (Hsu et al., 2015). In particular, cordycepin and adenosine are two widely
known compounds considered to be effectively anti-cancer. Due to containing all these components, C. cicadae
has plenty of scientifically proven effects such as anti-tumor activities, kidney functions recovery, health
improvement (Wang et al., 2001; Zhu et al., 2011).

Recently in Vietnam, researches and cultivations of Cordyceps fungi have been strongly developed. However, the
species cultivated is mostly C. militaris and almost all strains being produced are imported from abroad. Until now,
there has been no official research on optimizing the factors related to the biosynthesis of cordycepin and
adenosine, and the effects of those on animal models of C. cicadae fruiting body cultivated in Vietnam.

The factors such as the nutrient ingredients in the cultivation media, the cultivation temperature and the light
intensity are the ones which do not only directly influence the formation and development of the fungus fruiting
body but also affect the biosynthesis of different bioactive compounds in the fungus. In addition, the duration of
cultivation can also affect the quality of the fruiting body. On time harvesting time the fruiting bodies would help to
obtain higher quality and content of bioactive components. If they are harvested before the due time, the fruiting
bodies would not have fully developed yet and the bioactive components also have not accumulated enough,
leading to the low quality of these fruiting bodies. In contrast, if they are harvested late, the fungus fruiting body
would be dehydrated and become shaggy, resulting in ugly hyphae and decreased quality. In this research, we
have optimized the major factors for production and the biosynthesis of cordycepin and adenosine in the fruiting
body of C. cicadae BG01 (the strain isolated in Vietnam and successfully cultivated by the research group) and
the impacts of the liquid extracted from its fruiting body on Swiss white mice.

MATERIALS AND METHODS
Materials

C. cicadae strain BG01 isolated in Vietnam which has been introduced in the previous publication of our research
group (Binh et al., 2017). Isolated strains are maintained at Genomics Unit, National Key Laboratory of Enzyme
and Protein Technology, VNU University of Science.
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4-weeks-old male Swiss white mice were provided by the National Institute of Hygiene and Epidemiology, all mice
were healthy and qualified during experiments.

Methods
Optimizing the major factors affecting the content of cordycepin and adenosine

The strain C. cicadae BGO1 was cultivated as reported by Duong Nghia Binh et al. (2017) with some
modifications. Fungi fruiting bodies were collected from different cultivation conditions, and measured the content
of adenosine and cordycepin by the high performance liquid chromatography (HPLC) system. The factors were
evaluated including:

a) Nutrient ingredients experiments were conducted in three nutritional media: MT1: 20g white rice, 5g powder of
fresh silkworm cocoon; MT2: 20g unpolished rice, 5g powder of fresh silkworm cocoon; MT3: 20g white rice, 5g
powder of the Brihaspa atrostigmella larva; MT4: 20g unpolished rice, 5g powder of the Brihaspa atrostigmella
larva, 50ml of nutritional fluid was then added to each type of medium listed. The components of 1 liter of
nutritional fluid consist of the extract fluid from 200g potato, 20g glucose, 1g peptone;

b) Temperature for fruiting bodies cultivation: experiments of fungi cultivation were performed at different
temperatures: 18°C, 20°C, 25°C;

c) Light intensity: experiments of fungi cultivation were performed at different lighting conditions with the intensity
of 200 lux, 500 lux and 1000 lux (with lighting cycle 12 hours lighting/ 12 hours in darkness).

d) Cecultivation duration: after different period of cultivation (40, 50, 60 and 70 days), fungi fruiting bodies were
collected and dried, then used for adenosine and cordycepin content analysis.

Evaluating the impacts of C. cicadae BG01 mushroom extract liquid on the blood biochemical indices of
Swiss white mice

The mushroom extract liquid was obtained by method of Jung et al. (2004): 6g of C. cicadae fruiting bodies
were freeze dried, grounded and boiled in a bain-marie with water (extracted by water) or with 30% alcohol
(extracted by alcohol) at the temperature of 70°C in 20 hours. The mushroom extract liquid was then adjusted
to 100ml per sample.

Experiment design: experiments were performed with 3 different mice groups and repeated independently three
times. The Swiss white mice were divided into 3 groups, each group contained 5 individuals, the experimental
mice at the beginning had the average weight of 19g/individual. Group 1: the mice were fed with the mushroom
liquid extracted by water. Group 2: the mice were fed with the mushroom liquid extracted by alcohol. Group 3:
Control group - the mice were fed with sterile water.

The mice in each group were raised with the same diet and monitored daily. The oral dose of the fruiting bodies
extract liquid applied on the mice in group 1 and group 2 were 250 pL/mouse/day (equivalent to approximately
780 mg of dried fungus/kg of body weight). The control group was fed with sterile water in 4 continuous weeks.
Mice in all formulas were monitored and recorded for their expression in morphology, vitality and weight increase
throughout the experiment. After 4 weeks, the mice’s blood in each group were taken for analysis of their serum
biochemical indices such as erythrocytes, leukocytes, platelets, hemoglobin, hematocrit, creatinine, GOT, GPT,
ect. Blood samples collection and analysis were conducted at the Department of Biochemistry, Hospital of Textile.

RESULTS AND DISCUSION
Effects of the major factors on content of cordycepin and adenosine

The content of adenosine and cordycepin are two of the most important criteria for evaluating the quality of the
fruiting body of the Cordyceps genera (Lu et al., 2015). Firstly, we have evaluated the influences of some major
factors on the content of adenosine and cordycepin from fungus C. cicadae BGO1. In fact, during harvesting,
there are two parts of the fungus, the fruiting body, and the substrate containing a lot of hyphae. Determining the
content of cordycepin and adenosine in both of the fruiting body and the cultivation substrate will help guide the
harvesting of this fungus in real life production. After 50 days of culture under the introduced conditions (Binh et
al., 2017), we proceeded to collect the fungus fruiting body and the substrate. Both the fruiting body and the
substrate were then dried on a freeze-dryer system until the moisture reached 10%. The analysis result showed
that the content of adenosine and cordycepin in the fruiting body was much higher than in the substrate
containing hyphae (Figure 1). The fruiting body may be the part containing much bioactive components and could
be valuable. Therefore, in the subsequent studies, we performed evaluating the effects of cultivation factors
through the content of cordycepin and adenosine in the fungus fruiting body.
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Figure 1. Content of adenosine and cordycepin in the fruiting body and the cultivation substrate of C. cicadae BG01
(A) Fungus fruiting body and the cultivation substrate; (B) Content of adenosine and cordycepin

We evaluated effects of several factors including the nutrient ingredients in the cultivation media, the cultivation
temperature, the light intensity and the duration of cultivation on the content of adenosine and cordycepin in the
fruiting body of C. cicadae BG01.
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Figure 2. Impacts of several factors on the content of cordycepin and adenosine of the fungus fruiting body

The results showed that all these mentioned factors had effects on the biosynthesis of adenosine and cordycepin
inside the fruiting body. With the cultivation media MT2, at the temperature of 20°C, light intensity of 500 lux
(lighting 12 hours/day) and harvesting after 50 days of growth, the fungus fruiting body obtained the highest
content of adenosine and cordycepin, which was 3.23 mg/g and 2.72 mg/g, relatively (Figure 2). The content of
adenosine and cordycepin of fruiting body in this research is consistent with results of Li et al. (2007) and Lu et al.
(2019). However, in comparison with the content of adenosine, and cordycepin of the fruiting body sample from
the strain C. cicadae MP12 cultivated in China, Wang et al. (2012), our results are 2.27 times and 1.95 times
higher, respectively. In comparison with other species from the same genera Cordyceps, the content of
cordycepin in C. cicadae fruiting body in this study is also higher than in C. militaris (that is 2.654 mg/g), and
especially 2.77 times higher than in the fruiting body of the natural strain of C. sinensis (that is 0.9801 mg/g)
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cultivated in China (Huang et al., 2009). In conclusion, we have initially identified the optimal cultivation conditions
which will propose a potential source of high-quality C. cicadae fruiting body in the future.

Effects of fungus fruiting body extract liquid on the blood biochemical indices of Swiss white mice

During the process of the experiments, all mice showed normal expression in morphology, behaviors in eating,
drinking and other activities. After 4 weeks of applying the mushroom extract liquid on mice, it was recorded that
all mice in different experiments lived healthily. This proven that the oral dose of 250 yL/mouse/day which was
equivalent to approximately 780 mg of dried C. cicade/kg of body weight was safe to Swiss white mice. Thus,
fungus C. cicadae does not cause acute toxicity and is safe towards mice when used at doses of 780 mg dried
fungus/kg of body weight. These results are completely consistent with the study of Holliday and Cleaver (2008)
which proved that Cordyceps fungi have no toxin with wide threshold (Holliday, Cleaver., 2008).

To give a more accurate evaluation about the effects of C. cicadae extract liquid on the experimental mice, we
studied the changes in their blood biochemical indices. The analysis results of mice from the control group (group
3) and experimental groups (group 1 and 2) were taken after 4 weeks of experiments, represented in Table 1. We
then used the T-test function to evaluate the differences between the control group and the experimental groups
in terms of the blood biochemical indices, and the results demonstrated that these differences were not
statistically significant (p>0.05). This means that there was no sign of toxicity in the mice fed with the C. cicadae
extract liquid at the oral dose of 250 yL/mouse/day equivalent to approximately 780 mg of dried C. cicadae/kg of
body weight. The results obtained from the control group were similar to those published by different authors
(Wirth et al., 2009). However, there has been no report about the effects of C. cicadae extract liquid on mice
blood biochemical indices before.

Table 1. Blood biochemical indices of mice in three experiment groups

Experiment groups

Group 1 Group 2 Group 3

Index Unit (extracted by water) (Extracted by alcohol) (Control)
p-Control p-Control

WBC 10%/L 5,57 £ 0,32 > 0,05 52%0,10 >0,05 57%0,2
RBC 10%/L 7,84%135 >0,05 7,66 1,69 >0,05 7,98%0,28
HGB gL 99 * 22,71 >0,05 100,67 * 28,43 > 0,05 110,67 £ 4,16
HCT LL 0,33 £0,08 >0,05 0,32+ 0,09 > 0,05 0,34 £0,01
PLT 10°L 434,33+ 92,14 >0,05 430,67 * 31,56 > 0,05 433,67 * 10,60

WBC: White blood cells; RBC: Red blood cells; HGB: Hemoglobin; HCT: Hematocrit; PLT: Platelets

Changes in the function of liver and kidney after 4 weeks affected by the mushroom extract liquid were
determined through the indices of enzyme glutamic oxaloacetic transaminase (GOT), glutamate-pyruvate
transaminase (GPT) and creatinine (Table 2). We then used the T-test function to compare the indices of GOT,
GPT and creatinine between the control group and the experimental groups, the results showed that the
differences among the indices are not statistically significant (p>0.05). Thus, the C. cicadae extract liquid does not
cause damage to liver and kidney function of the mice at the oral dose of 250 pL/mouse/day equivalent to
approximately 780 mg of dried C. cicadae/kg of body weight in 4 continuous weeks.

Table 2. Biochemical indices of liver and kidney of the mice in three experiment groups

Experiment groups
Group 1 Group 2 Group 3
Index Unit (extracted by water) (Extracted by alcohol) (Control)
p-Control p-Control
Creatinin umol/L 19+ 3,47 > 0,05 21,33 3,06 > 0,05 22173
AST (GOT) UL 223,33 * 145,74 >0,05 237 £ 47,51 >0,05 227,67 % 35,44
ALT (GPT) UL 50,33 14,05 >0,05 49,33 9,29 > 0,05 50,67 7,77
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CONCLUSION

We have successfully optimized the major cultivation factors affecting the biosynthesis of cordycepin and
adenosine in the fruiting body of C. cicadae BG0O1 which include the culture medium MT2, the temperature of
20°C, the light intensity of 500 lux (lighting 12 hours/day) and harvesting after 50 days of cultivation.

The C. cicadae extract liquid is safe for Swiss white mice at the oral dose of 250 uL/mouse/day (equivalent to
approximately 780 mg dried fungus/kg of body weight) in 4 continuous weeks of usage.
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TOI UU DIEU KIEN SINH TONG HOP CORDYCEPIN, ADENOSINE O
Cordyceps cicadae BG01 VA TAC DONG CUA DICH CHIET TONG SO
LEN CHI SO SINH HOA MAU CHUQT NHAT TRANG SWISS

Vii Xuan Tao'?, Tran Bao Tram', Tran Vin Tuan?

" Trung tdm Sinh hoc Thuc nghiém, Vién Ung dung Cong nghé, B6 Khoa hoc va Céng nghé
2 Phong Genomic, Phong thi nghiém Trong diém Céng nghé Enzyme va Protein, Truong Pai hoc Khoa hoc
Tw nhién, Pai hoc Quéc gia Ha Néi

TOM TAT

Nam Cordyceps cicadae 1a mot trong nhirng loai nam dugc lidu c6 chira nhiéu loai hop chat co gia tri gitp nang
cao suc khoe cho con nguoi, phong chbng ung thu... Trong nghién ciru ny ching t6i da t6i wu dwoc mot sb yeu
t6 chinh anh huorng téi sy sinh tong ho‘p cordycepin, adenosine trong qua the nam C. cicadae BGO1 va danh gia
dugc tic dong cua dich chiét qua thé ndm 1€n chudt nhét tring Swiss. Diéu kién tdi wu cho qua trinh sinh téng
hop cordycepln va adenosine trong qua thé nam 1a: méi truong MT2, nhiét d§ 20°C, cuong do chiéu sang 500
lux (chiéu sang 12h/ngay) va thoi gian thu qua thé ndm 1a sau 50 ngay nudi cay. O dleu kién toi wu ham luong
cordycepln adenosine trong qua the nam tuong ung dat 2,72 mg/g va 3,23 mg/g. Dong thoi, trong nghién ctru
nay tac dong cua dich chiét qua thé ndm 1én chi sb sinh hoa mau chudt nhét tring swiss ciing dugc xac dinh. Két
qua nghién ctru vé sinh héa méau cho thay, dich chiét qué the nam C. cicadae BGO1 khong giy ngd doc ciing nhu
ton thuong vé chuc nang gan va than cho chudt voi lidu udng 250 ul/chudt/ngay tuong duong khoang 780 mg
nam C. cicadae/kg thé trong trong 4 tuan lién tiép.

Tir khéa: adenosine, cordycepin, Cordyceps cicadae, chudt nhit trang swiss, qua thé nim.
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