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Anti-hypertensive Effect of the Dongchunghacho, Isaria sinclairii,

in the Spontaneously Hypertensive Rats
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The present study examined the effect of the methanol extract of Isaria sinclairii, a kind of Don-
chunghacho (Tochukaso), on blood pressure in spontaneously hypertensive rats (SHR). Blood
pressure and heart rate were measured after treatment with the methanol extract of I. sinclairii
by the indirect tail-cuff method and the direct in vivo model. Starting at 12 weeks of age, male
SHR were treated with the extracts for 2 or 4 weeks. We found that, when compared to
untreated control SHR, oral treatment with I. sinclairii methanol extract (30 mg/kg/day) remark-
ably decreased systolic blood pressure from 200 to 112 mmHg and decreased diastolic blood
pressure from 114 to 88 mmHg. Furthermore, efficacy of methanol extract of I. sinclairii was
superior to captopril (30 mg/kg/mL, positive control), an angiotensin-converting enzyme inhibi-
tor, with a lowering effect that dropped systolic blood pressure from 201 to 130 mmHg and
diastolic blood pressure from 102 to 92 mmHg. However, in normal Wistar Kyoto rats, I. sin-
clairii methanol extract did not significantly change the normal blood pressure, suggesting that
this type of Dongchunghacho has a selective effect against hypertension. Therefore, methanol
extract of I. sinclairii may be used as an anti-hypertensive food/agent. Furthermore, this extract
also has multiple actions such as No production in endothelial cells, inhibiting thrombin-
induced blood coagulation by thrombin and mildly decreasing in prostaglandin E2 levels in cul-
tured macrophage cells, all of which might contribute to protection against atherogenesis and
thrombus formation. HPLC and MS analysis of methanol extract of I. sinclairii revealed the
presence of adenosine.
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INTRODUCTION

Dongchunghacho (Tochukaso) is a traditional Oriental

medicine that is composed of the fruiting bodies of

Cordyceps sinensis and its parasitic host larva (Ikumoto et

al., 1991). Nowadays, it contains various species of Cor-

dyceps and Paecilomyces (Isaria), including Paecilomyces

tenuipes (=Isaria japonica) and Paecilomyces cicadae

(Miquel) Samson (=Isaria sinclairii) are also entomogenous

fungi thought to be of the anamorph stage of Cordyceps

(Takano et al., 2005). Cicada Dongchunghacho (Isaria

sinclairii) has recently been introduced in a powdered form

as a potential new crude drug, and contains the fruiting

bodies of Isaria sinclairii and its parasitic host larva.

FTY720 (mimic sphingosine), an isolated compound from

I. sinclairii, was shown to be immunosuppressive because

it induced apoptosis in lymphocytes (Fujino et al., 2001

and 2002) and acted on sphingosine-1-phosphate (SIP)

receptors as a subfamily of G-protein-coupled receptors

(Im, 2003).

Moreover, the fruiting bodies of Isaria fungi have been

used to treat cancer patients in Korea (Oh et al., 2001). It

was suggested that these activities are due to the effects

of a combination of adenosine, 5'-adenosine monophos-

phate and several other nucleic acid-related compounds

that are present in the extracts.

Hypertension causes hypertrophy of the heart and

blood vessels, and is a major cause of stroke (apoplexy),

disorders of the coronary arteries, myocardial infarction,
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and cardiac insufficiency (Christopher et al., 1997; Cleland,

1999).

Since the fruiting bodies of Isaria fungi have various

pharmacological effects as described above, we tested

the possibility that fruit bodies of silkworms infected with I.

sinclairii might have an anti-hypertensive activity with

good safety margin, using direct and indirect hypertension

assessment in the spontaneously hypertensive rats (SHR)

and Wista Kyoto rats (WKY) by repeated oral treatment

over one-month period 

Our study was subsequently designed to characterize a

possible anti-hypertensive mechanism of action of I.

sinclairii methanol extract which might be associated with

endothelial NO dependent vasorelaxation, prostaglandin

E2 level in LPS (inflammatory)-induced macrophage cell

and thrombin-induced blood coagulation. We then analyzed

the main components of I. sinclairii methanol extract to

help understand one of the possible active ingredients with

sensitive high performance liquid chromatography (HPLC)

and tandem mass spectrometry (EI-MS).

MATERIALS AND METHODS

Materials

I. sinclairii was collected on Mountain Halla located in

Cheju-do, South Korea. This fungus endophytically para-

sitizes dead or living Cicadae spp. This strain was isolated

from conidiospores and cultured in a potato dextrose agar

(PDA) medium, and then sprayed (inoculated) on silkworms

for infection. By evading the defensive mechanisms of the

host insect upon both the penetration of the cuticle and

the reaching of the hemocoel, I. sinclairii proliferated inside

of the insect body and was cultivated with forming fruiting

bodies in the Department of Agricultural Biology, National

Institute of Agricultural Science and Technology, Republic

of Korea.

Animals
Male spontaneously hypertensive rats (SHR) and

Wistar Kyoto rats (WKY), weighing 200±5 g at 9 weeks of

age, were supplied from Japan SLC Co. (Shizuoka,

Japan) and divided into four groups of ten rats including:

the SHR control group, I. sinclairii-treated SHR group, the

WKY control group and the I. sinclairii-treated WKY group.

All procedures were performed in accordance with the

NIH Guidelines for Care and Use of Laboratory Animals.

The rats were kept for one week under normal physical

conditions (23±2oC, 55±10%, humidity and regular day/

night cycle) and fed with standard diet and water ad

libitum before they underwent hypertension testing. The

SHR were selected to have a systolic blood pressure

above 160 mmHg upon the test of hypertension by the

indirect (tail) method using a blood monitoring system

(Japan Muromachi Co., MK-100). 

Preparation of I. sinclairii extract
The dried I. sinclairii (50 g) was homogenized in a

blender and soaked with deionized water or methanol for

the extract. The samples were filtered with Whatman paper,

concentrated by evaporation, and freeze-dried. The dried

powder (water/methanol extract) was dissolved in saline

as a test solution. 

Measurement of blood pressure, pulse, and heart

rate
Direct model in vivo 

After an adaptation period of a week, each SHR was

anesthetized using pentobarbital (35 mg/kg, i.p.), a tube of

polyethylene was inserted into its carotid artery and

jugular vein, and the blood pressure was measured by

Grass 7p polygraph (Glass7H, Grass Instruments, Quincy,

MA) connected to a Startham pressure transducer (Viggo-

Spectramed, Oxnard, CA). To prevent blood coagulation,

heparin (30 IU/kg) was supplied at intervals of 0.5 h. The

heartbeat of each SHR was maintained with artery pres-

sure by a tachometer under equal conditions consistent

with temperature and anesthesia. Average blood pressure

and pulse pressure were calculated as follows: twenty

minutes after the operation, the blood pressure and heart-

beat were equilibrated, the vehicle and sample were

respectively injected into the jugular vein, and the change

in blood pressure (systolic, diastolic, and pulse) was

measured.

Average blood pressure = (systolic blood pressure +

diastolic blood pressure) / 2

Pulse pressure = systolic blood pressure - diastolic

blood pressure

Measurement by tail-cuff method on a weekly basis

The blood pressure was measured in all groups using

the tail-cuff method under light general anesthesia induced

by CO2. Using a blood monitoring system, we monitored

SHR/WKY rats, which had received a single daily dose of

30 mg/kg of I. sinclairii methanol extract orally (diluted in

saline) for 2 or 4 weeks. The corresponding control SHR/

WKY rats received an equivalent volume of saline. All

groups received normal diet and water during this period.

Measurements were performed one week before and four

weeks after surgery (before starting the experimental

protocol).

Statistical analysis
For determination of systolic blood pressure (SBP), the

average of three measurements was taken at the time of

recording. The data presented was the mean ± SEM.
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Each group was compared to its respective control group

using a paired Student’s t-test (p<0.05).

Measurement of accumulated prostaglandin E2

(PGE2)
The concentration of PGE2 was determined by enzyme-

linked immunoassay (EIA) according to the manual of the

manufacturer (Cayman Chemicals, Ann Arbor, MI). The

PGE2 (pg/µg protein) accumulated in the culture media in

which rat macrophage RAW 264.7 cells (2×10 4 cells/well)

were grown for 24 h. The total protein in each sample was

determined according to the methods of Lowry et al.

(1951).

Nitrite assay
The production of NO was measured as the nitrites that

accumulated in the culture medium by using a colorimetric

reaction with Griess reagent. In brief, samples were

collected 24 h after treatment with CPAE (cultured bovine

vascular endothelial) cells. The absorbance at 540 nm

was measured with a VERSAmax microplate reader

(Molecular Devices, Menlo Park, CA, U.S.A.). The nitrite

concentration was determined from a sodium nitrite

standard curve (Nims et al., 1995).

Effects on coagulation systems
Human plasma from the Blood Bank of Seoul National

University Hospital was used for measuring clotting time

as both activated partial thromboplastin time (aPTT) and

thrombin time (TT) (Ahn et al., 2002). The clotting time

tests were performed on a Beckton Dickenson BBL

Fibrosystem (Cockeysville, MD).

Components of methanol extract of I. sinclairii

(ISMC)
Components of ISMC were analyzed by HPLC (Thermo

Separation Products-Spectrasystem, San Jose, U.S.A.)

using a 5 µm Luna C18 (4.6 cm C 250 mm) column. Semi-

preparative separation was obtained by linear gradient

elution, using a linear gradient for 50 min from 100%

solvent A, (water) to 100% solvent B (100% methanol).

The separation was analyzed using a photodiode UV-

Fig. 1. Effects of I. sinclairii methanol extract (ISMC) on artery blood pressure (mmHg) in 10-week-old Wistar-Kyoto (WKY) and spontaneously

hypertensive rats (SHR) by intravenous treatment (direct method). Systolic blood pressure (A), diastolic blood pressure (B), pulse pressure (C), and

heart rate (D). Values are means ± SE. Each strain had 5 subgroups with saline, 10, 30, 100, or 300 mg/kg/ml methanol extract of I. sinclairii as the

vehicle. * P < 0.05, ** P < 0.01 vs. each vehicle, # P < 0.05, ## P < 0.01 vs. WKY.
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Vis detector (Spectrasystem UV 3000, San Jose, U.S.A.)

at 214 nm, and the fraction was collected for mass

analysis.

Adenosine identification of EI mass spectrometry
MS analysis was performed using a high-resolution

tandem mass spectrometer (Micromass Autospec OA-

TOF, Manchester, U.K.) with an EI (electron ionization)-

mode and Electron 70 eV DIP (Direct Inlet Probe) mode

in the National Instrumentation Center for Environmental

Management at Seoul National University. All MS data

were processed in the mass databases by the WebBoook

program (NIST, Gaithersburg, MD).

RESULTS

Effects of I. sinclairii methanol extract on blood

pressure
Changes in blood pressure were assessed following

administration of various extracts of I. sinclairii using a

direct in vivo model. Comparison with systolic, diastolic,

and pulse pressure of SHR (hypertensive rats) and WKY

(normal rats) treated with water/methanol extract of fruit

bodies of cultivated fungus showed a blood pressure

lowering effect, a retardation of diminution of heart rate,

and an increase of pulse pressure at the range of 10~100

mg/kg of the extract in the direct model (Fig. 1A~1D). When

assessing the data (systolic pressure, diastolic pressure,

pulse pressure, and heart rate), the methanol extract was

found to be better than any other extract in preventing the

slowing of the heart rate and increasing pulse pressure.

As shown in Fig. 1, and Fig. 2, when intravenously injecting

100 mg/kg of methanol extract, SHR contraction pressure

was restored to a normal state, which shows a potent

anti-hypertensive effect, but no prominent effect in normal

rats at less than 100 mg/kg.

Baselines or changed values of carotid arterial blood

pressure and heart rate at 1 min before or during 10 min

with 1 min interval after ISMC (10 mg/kg, i.v.) treatment in

10-week-old SHR treated were shown in Fig. 2A and 2B.

As shown in Fig. 1 and Fig. 2, in the case of SHR rats,

systolic blood pressure was reduced from 161 mmHg to

110 mmHg, a normal blood pressure, by methanol extract

of 100 mg/kg of I. sinclairii. In normal (WKY) rats, however,

there was little activity, which cause a decrease in blood

pressure from a normal level to a hypotensive level. In

SHR rats, the methanol extract of I. sinclairii showed a

significant lowering effect on systolic blood pressure, but

in WKY rats, it only showed a mild action, suggesting that

the selective effect of this extract could be useful for

hypertensive patients without disturbing normal blood

pressure homeostasis. In addition, the extract showed a

selective anti-hypertensive effect not only on the blood

pressure, but also the pulse, and heart rate of SHR

without affecting much on those of normal rats.

SHR were treated for 2 weeks per day with a 30 mg/kg

I. sinclairii methanol extract. The rats recovered to a normal

blood pressure level after the repetitive of treatment and

maintained these levels for the 2-week treatment period

(Fig. 3).

After administering an intraperitoneal/oral injection of 30

mg/kg methanol extract everyday for 2 weeks, SHR con-

Fig. 2. Baseline values 10 minutes after surgery for arterial blood

pressure (A) and heart rate (B) in 10-week-old SHR treated with ISMC

(10 mg/kg). 0 min. indicates the time of ISMC infusion.

Fig. 3. Effect of ISMC on systolic blood pressure in 10-week-old SHR

intraperitoneally treated with ISMC for a 2-week daily treatment by

indirect (tail) method. Values are means ± SE. Each strain had 2

subgroups with saline (black bar) or 100 mg/kg/mL of ISMC (stripe bar)

as the vehicle. * P < 0.001 vs. each vehicle (control group).



Anti-hypertensive effect of Isaria sinclairii 497

traction pressure was restored to a normal condition by

the second day, and the antihypertensive effect continued

for 2 weeks. This result suggests that this extract might

have more dramatic potential as an anti-hypertensive

drug than angiotensin-converting enzymes inhibitors like

captopril (30 mg/kg), which are currently on the market.

SHR were treated for one month per day with a 30 mg/

kg methanol extract of I. sinclairii. Following treatment, the

blood pressures of the rats recovered to a normal level.

Compared to captopril, a commercial drug (angiotensin-

converting enzyme inhibitor), the extract of I. sinclairii

showed remarkable antihypertensive activity (Fig. 4A). In

WKY rats, the extracts had little effect on the blood pres-

sure, pulse, and heart rate (Fig. 5A, 5B).

Additionally, when the antihypertensive effects of ethyl-

acetate, butanol, and water fraction were compared ac-

cording to various extraction schemes, methanol extract

was found to be a better antihypertensive agent than any

other agents at 30 mg/kg oral dose for one week per day

by tail-cuff method in SHR (data not shown). When the

efficacy was compared according to infection stages of I.

sinclairii, methanol extract of fruit bodies of cultivated

fungus have better antihypertensive activity than that of

infected pupae or infected silkworms respectively, at 30

mg/kg oral doses when measured by the direct blood

pressure method in SHR (data not shown).

Even the most low concentration, 10 mg/kg (i.v.) of I.

sinclairii, methanol extract, showed a lowering effect on

systolic pressure of SHR, even though the blood pressure

was restored to a early state during 10 min after treatment

(Fig. 2). Treatment of ISMC in WKY (normal) rats did not

cause blood pressure-lowering activity, if so, which would

trigger hypotension and heart failure, showing a selective

anti-hypertensive effect. At 30 mg/kg oral doses, the safe

and selective antihypertensive effect with normal heart

rate (Fig. 1D, Fig. 4B and Fig. 5B) and retardation of heart

beat diminution with pulse pressure (Fig. 1C) might be

anticipated.

Fig. 4. Effects of ISMC on arterial blood pressure (mmHg) (A) and

heart rate (beat/min.) (B) in 12 to 16 week-old SHR upon one month of

oral treatment (direct method). Values are means ± SE. Each strain

had 3 subgroups with saline (control), ISMC (30 mg/kg/mL), or captopril

(30 mg/kg/mL) as the vehicle. * P < 0.05, ** P < 0.01 vs. each vehicle

(SHR).

Fig. 5. Effects of ISMC on arterial blood pressure (mmHg) (A) and

heart rate (beat/min.) (B) in 12 to 16 week-old WKY upon one month of

oral treatment (direct method). Values are means ± SE. Each strain

had 2 subgroups with saline (control) or ISMC (30 mg/kg/ml) as the

vehicle. 
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Measurement of accumulated prostaglandin E2

(PGE2) and NO levels
Other factors indicating anti-inflammation, such as the

decrease in levels (16.57%) of prostaglandin E2 (PGE2) in

a dose-dependent manner, were observed in the ISMC

group in macrophage 264.7 cells (Fig. 6). ISMC increased

nitric oxide (NO) production in vascular endothelial cells

(10.34 µM/0.2 mg ISMC), which might contribute to vaso-

relaxation of blood vessels in vivo leading to lowering of

blood pressure (Fig. 7).

Effects on coagulation systems
ISMC strongly increased blood coagulation time by

more than 137.7% (Thrombin time, 1 mg/mL) and 114.1%

(aPTT, 1 mg/mL) in a dose-dependent manner (Fig. 8).

Components of the ISMC
Components of ISMC were assessed by HPLC.

Components were eluted from the column with mixtures

of MeOH and water, and were analyzed by UV detection

at 214 nm. The chemical profile of ISMC is shown in Fig.

9A. The 2-hydroxy ethyl adenosine compound (23.9 min)

was identified in ISMC. 

Adenosine identification by LC-tandem mass spec-

trometry
Mass spectrometry (MS) analysis indicated the pre-

sence of adenosine 5’-acetate in the extract of ISMC. Fig.

9B shows the full mass spectrometric scan, which demon-

strates that the molecular ion detected at m/z 310 [M+H]+

was consistent with adenosine 5’-acetate (MW 309). The

daughter ion peak at m/z 268 [M+H]+ was adenosine (MW

267), which was produced resulting from successive

losses of the acetate moiety (Fig. 9B) compared to

another report (Huang et al., 2003).

DISCUSSION

I. sinclairii was collected on a mountain, isolated from

conidiospores, cultured in medium, sprayed on silkworms

Fig. 6. Changes in levels of prostaglandin (PG) E2 in RAW 264.7 cells

24 hours after ISMC treatment. Values are means ± SD. Each strain

had 3 subgroups with saline as the vehicle, lipopolysaccharide (LPS)

(10 µg/mL) as the inflammatory inducer, and 1, 10, or 100 µg/mL ISMC

treatment after LPS. * P < 0.05 vs. each vehicle (LPS).

Fig. 7. Nitric oxide values in CPAE cells after treatment with ISMC.

ISMC was treated 0, 0.05, 0.15 and 0.2 mg per well of 96 well plate in

a dose-dependent manner.

Fig. 8. Measurement of ISMC for activities on blood coagulation.

Activated partial thromboplastin time (aPTT) and thrombin time (TT)

were measured by 0.1, 1.0, and 10 µg/mL ISMC. * P < 0.05 vs. each

vehicle (PBS).
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for infection, and cultivated for study. I. sinclairii consists of

7.0% fat, 65.74% protein, 6.55% ash, 11.9% carbohydrate,

and 6.39% fiber (unpublished data). Using methanol

extract of I. sinclairii (ISMC), control of blood pressure in

SHR was achieved with 30 mg/kg oral doses. In the group

treated with 30 mg/kg/day, the methanol extract was

capable of lowering the blood pressure to normal level in

one month. This finding is consistent with the observation

from oral, intraveneous, and intraperitoneal treatments

showing a normalization of blood pressure in SHR after

supplementation with methanol extract of I. sinclairii. This

significant antihypertensive effect could be based on

several mechanisms.

As a positive control, captopril is a well-known angio-

tensin converting enzyme inhibitor, group of products that

are generally used as an antihypertensive drugs

(Barbagallo et al., 1999). It is certainly an important finding

that, in SHR, one month oral doses of I. sinclairii methanol

extract significantly lowered systolic blood pressure levels

by 28.2% (116.3 mm Hg) as compared to control (saline,

188. 3 mm Hg), while captopril (same dosage) weakly

lowered systolic blood pressure levels by only 20.1%

Fig. 9. (A) HPLC of ISMC (1 mg/200 µL) was injected directly into HPLC system. The separation was obtained by linear gradient elution, using

eluents A (0% MeOH in water and B (100% MeOH in water) according the profile as indicated in Methods and analyzed by UV detection at 214

nm. Fraction (Fr) 3, retention time 23.9 min) was pooled for Mass Spectrophotometer analysis. (B) Full mass spectrometric scan (50-400 amu)

product ion spectra of ISMC- Fr3.
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(131.7 mmHg) as compared to I. sinclairii methanol

extracts. 

A fundamental process in the regulation of vascular

tone is the production of NO. NO, an endothelial-de-

pendent relaxing factor counteracts the vasoconstrictive

effects of adrenaline and noradrenaline (Fitzpatrick et al.,

1998). In the present study, NO concentrations somewhat

increased in CPAE cells during the ISMC treatment period

(Fig. 7). Additionally, other factors indicating anti-inflam-

mation, such as the fact that prostaglandin E2 (PGE2)

levels were decreased (16.57%) in a dose-dependent

manner, were observed in macrophage 264.7 cells in the

ISMC group, which suggests anti-inflammatory action

(Fig. 6).

Other biological effects of ISMC may contribute to the

protection of the vascular system of hypertensive rats.

The excellent ability of ISMC to inactivate free radicals

was demonstrated in several systems, e.g., the oxygen

radical absorbance capacity of the blood of obese rats is

indeed higher after intake of ISMC (unpublished data).

Therefore, it can be expected that endothelial dysfunction

resulting from oxidative stress could be reduced after

supplementation with ISMC. Oxidative stress and LDL

levels contribute to the development of atherosclerosis.

Isaria sinclairii positively influences the atherosclerotic

index of lipoproteins by lowering LDL and triglycerides

(Ahn et al., 2004).

Inhibition of thrombin time (no reaction in fibrinolytic

activity) by ISMC in the in vitro test (Fig. 8) is also very

important in blocking another detrimental factor associated

with the risk of arteriosclerosis and thrombus formation in

the blood coagulation pathway (Conway et al., 2003). To

summarize, in addition to lowering blood pressure, all of

these favorable effects of ISMC may reduce risk factors

for patients with hypertension.

Perhaps the methanol extract of I. sinclairii (ISMC) may

also contain a nucleoside-like component associated with

the vasorelaxation activity. One report suggested that an

adenosine component of Antrodia camphorata, a medicinal

fungus, could possibly be involved in endothelium-depen-

dent pathway-induced vasorelaxation (Wang et al., 2003).

From our sensitive HPLC and MS analysis, adenosine

was also identified and confirmed in the ISMC extract.

The extract was found to include adenosine 5’-acetate

which suggests that is a vasoactive substance that may

improve blood pressure lowering effects, related to the

known vasorelaxing activity of adenosine.
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