Medi cal

and Pharmaceutical Society for WAKAN- YAKU

Short Communication

J. Trad. Med. 22, 321328, 2005

321

Anti-herpes simplex virus activities of traditional Chinese
medicines, used in Yunnan and Tibetan provinces of China

Michiko Jo,” Norio NakAMURA,” Masahiko Kurokawa,™® Katsuko Komatsu,” Kimiyasu Stirak1,” and

Masao HATTORI™®

Dfnstitute of Natural Medicine, University of Toyama, 2630 Sugitani, Toyama, 930-0194, Japan. ¥ Department of Virology,
University of Toyama, 2630 Sugitani, Toyama 930-0194, Japan. ¢ Present address: Department of Biochemistry, School of
Pharmaceutical Sciences, Kyushu University of Health and Welfare, 1714-1 Yoshino, Nobeoka, Miyazaki 882-8508, Japan.

(Received August 29, 2005. Accepted October 11, 20035.)

One hundred and sixty-eight traditional Chinese medicines collected in the Yunnan and Tibetan provinces were
screened for their anti-herpes simplex type 1 (HSV-1) activity by using a plaque reduction assay using Vero cells. Of
these, 24 extracts exhibited appreciable inhibitory activities against HSV-1. They were further examined for their
therapeutic efficacies in mice infected with HSV-1; mice were infected cutaneously with HSV-1 and the extracts were
orally administrated three times daily. Among them, nine extracts of Terminalia chebula (T42), Tripterygium
hypoglaucum (Y42M), and Moghania philippinensis (Y86M), and a water extract of Tripterygium hypoglaucum (Y44H)
delayed the development and progression of skin lesions. Methanol extracts of Cassia fistula (T59), and Choerospondias
axillaries (T73), and water extracts of Begonia evansiana (Y2TH), Maytenus fookerii (Y60OH) and Potentilla griffithii
(Y63H) showed therapeutic effects. These extracts may be candidates for the development of anti-HSV-1 compounds.

Key words

Introduction

Herpes simplex virus type 1 (HSV-1) is a major cause
of morbidity in humans. It causes a variety of diseases rang-
ing in severity from mild to debilitating and life threatening.
After primary infection, HSV-1 establishes latency in sen-
sory and autonomic neurons innervating mucosal mem-
branes.” This location can then serve as a site for recurrent
infection that may be provoked by a number of stimuli such
as sunlight, stress, febrile illnesses, and immunosuppression.
However, a significant risk of drug resistance has been ob-
served during therapy, especially for chronic infection and
for immunocompromised patients.” The treatment against
HSV-1 is generally taken with acyclovir (ACV) and other
nucleoside derivatives. However, these agents develop re-
sistant mutant HSV-1 strains and thus, there is a need to de-
velop new anti-HSV agents that complement ACV.

As reported from a large number of antiviral screenings
on medicinal plants,*® several compounds with anti-HSV
activity were isolated from their extracts, including polysac-
charides, triterpenes, polyphenols and fatty alcohols.”'® In
our previous papers, we reported that some Chinese tradi-
tional medicines such as Centella asiatica, Mangifera indica
and Stephania cepharantha were active against HSV.'*19
Especially, morphinane alkaloid, FK-3000, isolated from S.
cepharantha showed potent activity in the plaque reduction
assay with a 50% inhibitory concentrations of plaque forma-
tion (ICs) value of 18.0 pg/ml.'> This prompted us to fur-
ther search potential anti-HSV candidates from Chinese
traditional medicinal plants. In this study, 168 Chinese tra-
ditional medicinal plants were collected in the Yunnan and

herpes simplex virus, Chinese medicine, plaque reduction.

Tibetan provinces. Since these plants are characterized as
the plants that grow in harsh conditions, such as low oxygen
pressure, intense ultraviolet rays and low temperature, they
are expected to be novel natural resources with different
characteristics from lowland plants. Some of these extracts
have been demonstrated to exhibit inhibitory effects on viral
enzymes essential for the proliferation of human immuno-
deficiency virus (HIV) reverse transcriptase (RT) and hepa-
titis C virus (HCV) RNA-dependent RNA polymerase.'®

In the present paper, we report the results of screening
of methanol and water extracts prepared from the 168 plants
for their inhibitory activity against HSV-1 using a plaque re-
duction assay. Further, the extracts showing appreciable
anti HSV-1 activity in vitro were evaluated for their thera-
peutic efficacies in HSV-1 infected mice.

Materials and Methods

Cell and virus. Vero cells (E6 strain) were grown and
maintained in Eagle's minimum essential medium (MEM)
supplemented with 5% (v/v) and 2% (v/v), respectively,
heat-inactivated calf serum in a humidified 5% CO: incuba-
tor at 37°C. The wild-type HSV-1 (7401H strain) was
propagated in Vero cells using a low multiplicity of infec-
tion as previously described.”

Medicinal plants. Chinese traditional medicinal plants
used in this report were collected in Yunnan and Quig-hai
Provinces of China during 2000 for the Japan Society for
the Promotion of Science (JSPS) Project of Overseas Survey
on Ethnical Medicines. These specimens are deposited in
the Herbarium of Materia Medica of Toyama Medical and
Pharmaceutical University.'¢1®

*To whom correspondence should be addressed. e-mail : saibo421(@ms.toyama-mpu.ac.jp
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Preparation of extracts. The crude drugs were pulver-
ized and extracted separately with water and methanol. The
solution was evaporated in vacuo to give a residue, which
was dissolved in DMSO and used for the following assays.

Anti-HSV assay in vitro. Duplicate cultures of Vero
cells in 60 mm dishes were infected with 100 plaque form-
ing units (PFU) of HSV-1, for one hour. Subsequently,
cells were overlaid with 5 ml of nutrient media (MEM, 2%
calf serum and 0.8% (w/v) carboxymethylcellulose) in ei-
ther the absence or presence of extracts. The cells were then
incubated for 3 d at 37°C. The infected cells were fixed with
5% formalin solution and stained with 0.03% methylene
blue. Numbers of plaques were counted under a binocular
microscope. Additionally, cytotoxicity of extracts was visu-
ally determined by comparing their cell monolayers with
that of the control, and scored as follows: (++) complete cell
detachment; (+) 50% of cell detachment; (-) no detachment
of cells.? ICso values were determined from a curve relating
the plaque number to the concentration of drugs.

Cytotoxicity assay of drugs in cell culture. Cytotoxicity
was examined by the growth inhibition of Vero cells as de-
scribed previously.? The cytotoxicity of the extract was de-
termined at concentrations higher than those used in the
plaque reduction assay. Vero cells were seeded at a concen-
tration of 2.5 x 10* cells/well in 24-well plates and grown at
37°C for 2 d. The culture medium was replaced by fresh me-
dium containing the extract at various concentrations, and
cells were further grown for 2 d. The cells were treated with
trypsin and the number of viable cells was determined by a
trypan blue exclusion method. The concentrations of the ex-
tracts reducing cell viability by 50% (CCso) were deter-
mined from a curve of percent cell viability to the
concentration of drugs.

Therapeutic efficacy in mouse HSV-1 infection model.
Female BALB/c mice (6-week-old) were purchased from
Sankyo Laboratory Service Co., Ltd., Tokyo, Japan. The
right midflank of each mouse was clipped and depilated
with a chemical depilatory, Hair Remover (Shiseido, Co.,
Ltd., Tokyo, Japan). One or two days later, the naked skin
was scratched using a 27-gauge needle and an HSV suspen-
sion containing 1 x 10° PFU applied to the scratched
area.'”?” Extracts (5 mg) was orally administered in a vol-
ume of 0.2 ml/mouse once at 8§ h before and three times
daily for 7 successive days after HSV-1 infection. The de-
velopment of skin lesions and mortality were continuously
monitored every 8 h daily and scored as follows: 0, no le-
sion; 2, vesicles in local lesion; 4, erosion and/or ulceration
in local lesion; 6, mild zosteriform lesion; 8 moderate
zosteriform lesion; 10, severe zosteriform lesion; and death.
The infected mice were held at least for a month after infec-
tion. The Student's t-test was used to evaluate the signifi-
cance of differences between control and the extract-treated
mice in mean survival times and mean times at which skin
lesions were initially scored as 2 or 6 after infection.

Results and Discussion

Inhibitory effect of traditional Chinese medicines on

Anti-HSV activity of TCMs

HSV-1 in vitro. One hundred and sixty-eight traditional
Chinese medicines were extracted with water or methanol
and the extracts were screened for their anti-HSV-1 activi-
ties using a plaque reduction assay at a concentration of 100
pg/ml (Tables 1 and 2). As reported previously, the maxi-
mal serum concentration of glucose, a typical chemical with
rapid absorption from alimentary tracts in humans, is ap-
proximately 300 pg/ml after oral administration at a dose of
10 g in humans with diabetes mellitus.?? In addition, some
low molecular weight components in extracts may be
absorbed as rapidly and efficiently as glucose. Thus, a 100
ng/ml dose in the plaque reduction assay was designed to
examine possible antiviral activity at the putative concentra-
tion of extracts in serum. Further, the concentration of ex-
tracts which reduce plaque forming ability to less than 50%
would be expected to be effective in vivo." We used a 50%
reduction in the screening as our definition of anti-HSV-1
activity. It was postulated that a 100 pg/ml concentration
which was active in the plaque reduction assay may also
achieve an adequate serum concentration in mice to also
render an in vivo antiviral activity.¥ Twenty-four extracts in-
cluding eighteen and six methanol- and water-extracts re-
duced plaque forming ability to less than 50%, although
some of them showed visible cytotoxicity (Table 1 and 2).

We also examined the therapeutic indexes (ratio of CCsy
to ICso values) of 24 to estimate possible candidates as
therapeutic anti-HSV-1 extracts in vivo (Table 3). Their
ICso values ranged from 20.6 to 134.0 pg/ml and their
CCso values varied from 35.2 to 384 pg/ml. The ICso values
of 21 extracts were lower than their CCso values, indicating
that inhibition of plaque formation was not due to
cytotoxity. The therapeutic indexes of these extracts were
1.14 to 8.18. However, methanol extracts of Aquilaria
sinensis (T18), Choerospondias axillaries (T73), and a
water extract of Maytenus fookerii (Y60H) were cytotoxic
to Vero cells and had no anti-HSV-1 activity.

Of the 24 extracts, the methanol extract of Tripterygium
hypoglaucum or Tripterygium forrestii (Y42M) showed the
highest therapeutic index, 8.18. Plants of the genus
Tripterygium (Celastraceae) have been used as a remedy for
a treatment of auto-immune diseases and an insecticide in
traditional Chinese medicine.?** In the recent study, alka-
loids of T. hypograucum were reported to induce apoptosis
of HL-60 cells through ¢-myc and NF-xB signaling path-
ways.¥

The methanol extracts of T. chebula (T42) and a botanical
name unknown sample (T61) with anti-HSV-1 activity in
vitro also exhibited anti HIV RTase acitivity, anti HCV
RdRp activity.16) Thus some of 24 extracts that showed
anti-HSV-1 activity in vitro were suggested to contain bio-
logical active components.

Inhibitory effect of traditional Chinese medicines on
HSV-1 in vivo. Twenty four extracts that reduced plaque
forming ability to less than 50% were examined for their
therapeutic efficacy in a cutaneous HSV-1 infection model
in mice (Table 4). Although the methanol extract of A.
sinensis (T18) was active in vitro (Table 3), it was not
enough to prepare the animal test samples. The 23 extracts
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Table 3. /n vitro anti-HSV-1 activity of Tibetan and
Yunnan medicinal plants.

Extract NO. Local name (pfg/froll) (Eg(/:rﬁ)]) Thelrsg:rtlc
T7 [y 55.1 117.9 2.14
Ti4 Ll TR 73.8 205.4 2.78
T42 BTE 64.8 133.8 2.06
T59 T 71.0 311.6 439
T60 R 66.7 113.9 1.71
T61 FIAZA 61.4 286.5 4.66
TI8 i 49.4 352 0.71
T72 SRR 55.8 227.6 4.08
T73 RG] 134.3 113.5 0.85
YIM BRI IE N 48.6 265.6 5.46
Y3M TR A 56.8 3843 6.77
Y6M il 73.4 >400 >5.45
Y42M N3 20.6 168.2 8.18
Y57TM Hir (PRRED) 97.0 164.8 1.70
Y75M [t 55.4 170.1 3.07
Y86M TFrik 577 203.3 3.52
Y8TM frA 67.1 76.2 1.14
Y91M N 72.8 179.1 2.46
Y27H Ll 73.2 150.0 2.05
Y44H ER01 54.4 251.3 4.62
Y52H KHTHY 67.1 332.1 4.95
Y60H T ETEA 85.70 59.87 0.70
Y61H {AETRZS 119.8 143.2 1.19
Y63H DR 60.4 119.1 1.97

M, methanol extract
H, water extract

involving T73 and Y60H that had no anti-HSV activity in
vitro (Table3) were examined in vivo. In this study, metha-
nol extracts of 7. chebula (T42), T. hypograucum (Y42M),
and Moghania philippinensis (Y86M), and a water extract
of T. hypoglaucum (Y44H) delayed the development and
progression of skin lesions. Methanol extracts of Cassia fis-
tula (T59), and Choerospondias axillaries (T73), and water
extracts of Begonia evansiana (Y2TH), Maytenus fookerii
(Y60H), and Potentilla griffithii (Y63H) significantly pro-
longed mean survival times. Nine extracts showed therapeu-
tic anti-HSV-1 activity in the murine infection model.

For a methanol extract of Veratrum taliense (Y5TM),
most of the mice were dead before skin lesions could be
scored, because of the possible toxicity of the extract being
administered. This plant was historically known to have po-
tent toxicity. However, Y57M did not show strong
cytotoxicity in vitro (Table 3). Further T73 and Y60H were
toxic in vitro (Table 3) but active in vivo (Table 4). Thus,
the some components of extracts were selectively absorbed
from alimentary tracts and metabolized and exerted anti-
HSV-1 activity which was not associated with toxicity.”

Fourteen of the 23 extracts examined in vivo exhibited
anti-HSV-1 activities in the plaque reduction assay but did
not show any therapeutic efficacy against HSV-1 infection
in mice (Table 4). These results suggest that active constitu-
ents of these crude drugs may not be absorbed from alimen-
tary tracts. Even if the anti-HSV-1 constituents are absorbable,

Table 4. Effect of Tibetan and Yunnan medicinal plants on cutaneous HSV-1 infection in BALB/c mice.

Mean time (day = S.D.)

Exp. Extract NO.  Sample Seore 2° Score 64 Survival® Mortality ¢

1 control 3.00£0.00 4.75%0.45 6.4120.79 10/10
T14 Tl 1A 3.00%0.00 5.00%0.00 6.17£0.82 10/10

T60 RELE 2.83+0.41 4.83%0.41 6.00£0.63 10/10

Y3M FLEAZI 3.00£0.00 4.670.52 6.0070.63 10/10

YoM Bl 2.83+0.41 4.600.55 6.00+£0.00 10/10

Y75M 8 B 3.00=0.00 4.67=0.58 6.00£0.00 10/10

Y9IM Rt 2.80+£0.45 5.00£0.00 5.80+0.45 10/10

Y44H ESLS 3.00+0.00 4.25+1.50¢ 5.80+0.45 10/10

Y52H AATH 3.00£0.00 5.00+0.00 6.25%0.50 10/10

2 control 3.00%0.00 4.17£0.39 6.670.65 10/10
T7 AT 3.14%0.38 4.14£0.38 6.86%0.69 10/10

T42 5 A e 3.14%0.38 4.71+0.49° 6.860.69 10/10

T61 ATAEHE 3.00=0.00 4.437%0.53 6.86+1.21 10/10

T72 IR0 413 3.00%0.00 4.00+0.00 6.4370.53 10/10

Y42M Lk 3.2910.49 4.860.38¢ 7.28=1.38 10/10

Y5 45T (PR ET) NDs ND ND 10/10

Y86M Trrike 3.00=0.00 4.71+0.49° 6.57+0.53 10/10

B Yo6lH fLFFH 3.00£0.00 429+049 6.57=0.53 10/10
3 control 3.00%0.00 4.36%0.50 5.45+0.82 10/10
T59 I htke 3.000.00 4.57+0.53 6.4270.53" 10/10

T73 N & 3.000.00 4.71%0.49 6.5710.53¢ 10/10

YIM Tt Re i 3.00%0.00 4.57%0.53 5.71+0.49 10/10

Y8TM FIA 3.00=0.00 4.29+0.49 6.0010.58 10/10

Y27H il e 3.00£0.00 4.86-0.38 6.43%0.53f 10/10

Y60H EEEAC 3.00%0.00 4.29%0.49 6.4370.530 10/10

Y63H R 3.000.00 4.29=0.49 6.2970.49" 10/10

#Mean time at which score 2 or 6 was first observed after infection. The infected mice which were not scored were excluded from
the calculation of mean time. ®Surviving mice were not included for calculation of mean survival times. ¢ Number of dead mice/
number of mice tested. ¢ Mean times are significantly prolonged (p<0.01 vs. control by Student's #-test). © The extracts exhibiting
significant therapeutic efficacy in this HSV-1 infection model. "Mean times are significantly prolonged (p<0.05 vs. control by
Student's t-test). ¥#ND, not detected.
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they might not be kept at appropriate concentrations neces-
sary for anti-HSV-1 in the blood stream or organs due to
pharmacokinetic efficiency including the rate of absorption,
metabolism and excretion. This results in that an in vitro
assay would not always correlate to their therapeutic anti-
HSV-1 efficacy in vivo.¥ Since most of them showed high
tannin contents (data not shown), tannins may contribute to
their inhibitory action in vitro, the monomeric hydrolysable
tannins, oligomeric ellagitannins and condensed tannins,
having galloyl groups or hexahyroxydiphnoyl groups, have
been reported to have the potent anti-HSV activity.?”

Since most of traditional Chinese medicines as well as
folk medicines have been used for treatment of various dis-
eases and the maintenance of health conditions, it may be
expected that the components of these traditional medicines
may be candidates for development of anti-viral agents
against HSV.
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EREMTF Ny b ATEXTRE L 72168F 0 hiE/DHE
YD KRG A & 7 =+ 205 HSV-1 k%7 5 —
7 RO TRET Lo, 2480 = F 212Ht HSV-17E
R SN, S5 HSV-1 2Ry X &2 H
W, IS0z F A& LBEEORE L, TofER,
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Maytenus fookerii (Y60H), Potentilla griffithii (Y63H)
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