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New antiviral agents from traditional medicines
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We summarized the flow of our research on the development of antiviral traditional medicines, which was a col-
laboration with the late Professor Tsuneo Namba. Even if traditional medicines and compounds purified from them
have strong antiviral activity in vitro, we believe they are just inhibitors and not medicines if they have no therapeutic
efficacy in vivo. Therefore our study is based on the confirmation of the oral therapeutic efficacy with traditional dos-
ages in humans. We first screened the in vitro-antiviral activity of typically and easily available traditional medicines
that are currently used for the treatment of various chronic diseases in China, India and Japan. Then we selected the
extracts of traditional medicines with prophylactic and therapeutic antiviral activity in animal infection models. By
verifying the antiviral activity of extracts in vivo, their new indications for the use of viral infection would be estab-
lished. In consequence, the drinking of the extracts of traditional medicines like a daily tea or coffee may be used as
prophylaxis and therapy for diseases caused by viral infection and improve the quality of life. Here, we describe how
the antiviral extracts of traditional medicines and active compounds involved in them were explored and characterized,
based on a view that antiviral activity should be active in vivo.
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I Introduction

Efficacy of traditional medicines for diseases has been
historically established by trial on humans. Many effective
drugs, such as aspirin, morphine, atropine, reserpine, ephed-
rine, digitoxin, etc., were developed from traditional medi-
cines including natural products. Thus, the development of
such drugs may have resulted from the recognition of the ef-
ficacy of traditional medicines. In this respect, traditional
medicines might not be considered as therapeutic agents for
diseases caused by specific virus infection for a long time.
In traditional therapy, thus, less traditional medicines are
used as antiviral agents against specific viral infection, such
as acyclovir (ACV) which anti-herpes simplex virus (HSV)
activity was scientifically proved.

Many antiviral agents, mainly synthetic nucleoside
analogs, have been developed and practically used for the
treatment of virus infection in immunodeficient patients
such as AIDS and organ-transplanted patients. However the
long-term administration of the antiviral agents has caused
the appearance of the resistant virus strains. The develop-
ment of new antiviral agents with various kinds of antiviral
actions is now required. Thus we focused on traditional
medicines including plants, insects, animal organs efc.
rather than synthetic nucleoside analogs, because traditional
medicines have their own metabolites originating from natu-
ral products and some of them may recognize the differ-
ences between viral and host metabolism resulting in
antiviral activity. The traditional medicines may be useful
sources to explore new antiviral agents with different

antiviral actions from those of known antiviral agents.

Many traditional medicines have been historically used
as hot water-extracts for the treatment of various diseases,
like a cup of tea. Such oral use is very popular in China and
Japan. Also, information on their appropriate use and ad-
verse reactions has been historically accumulated. Therefore
if the antiviral therapeutic efficacy of traditional medicines
is verified in vivo, we would be able to use them
prophilactically and therapeutically for the treatment of viral
infection by drinking them as coffee or tea. Further, if we
can isolate and identify antiviral compounds from the tradi-
tional medicines, the purified compounds would be also
available as antiviral agents, like western medicines. Here
we focus on the hot water-extracts of traditional medicines
that are orally administered and describe how the direct
antiviral activity of the extracts were verified, and then how
the active compounds in the extracts were prepared and
identified from the extracts.

IT Antiviral activity in vitro

Hot water-extracts of traditional medicines contain
many kinds of compounds. It is difficult to estimate their
antiviral concentrations in vifro. Thus, we established the
concentrations of compounds to be examined in an in vitro-
assay based on the assumption that all antiviral active com-
pounds that were administered orally are absorbed in vivo."
For example, glucose is one of the typical compounds that
are rapidly and easily absorbed from alimentary tracts in
human. Its maximal serum concentration is reported to in-
crease by approximately 300 mg/dl (300 pg/ml) after its 100
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g (10 g) oral administration in humans with diabetes
mellitus.? Some components in the extracts may be ab-
sorbed as rapidly and efficiently as glucose. Since the ex-
tracts (approximately 3-30 g) prepared from approximately
30-100 g of dried traditional medicines have been orally ad-
ministered in humans, a dose (100 pg/ml) of the extracts in
in vitro-assay may correspond to their putative concentra-
tions in serum after oral administration. Further higher con-
centrations (such as 300 or 500 pg/ml) would be helpful to
survey the possible antiviral activity of compounds in the
extracts that were not selected at 100 pg/ml. Therefore, in
vitro-assay using these doses is designed to examine
antiviral activity at the putative concentration of substances
in serum and none of the possible antiviral substances for
oral use would be lost in this assay. Concentrations more
than those would not be available for an in vitro-antiviral
assay, because the higher concentrations do not correspond
to the concentrations to reach in vivo.

Based on this view, we screened the anti-HSV type 1
(HSV-1), poliovirus and measles virus activities of 142 (so
far, more than 400) extracts of traditional medicines at 100
and 300 or 500 pg/ml using a plaque reduction assay, which
are historically used in China, India, and Japan." We
found anti-HSV-1, anti-poliovirus and anti-measles virus
extracts as shown in Table 1. The plaque reduction assay is
a useful method for searching substances, such as ACV,
which act directly in infected cells and exhibits direct
antiviral activity after absorption in vivo.” Thus, the in vitro-
assay may not be available for substances that act as precur-
sor drugs or biological response modifiers (BRM).*”
Finally we found that five among 142 extracts of traditional
medicines inhibited the plaque formation of both HSV-1
and poliovirus; one extract was effective against both HSV-
1 and measles virus; three were active to HSV-1 only. All
HSV-1-inhibitory extracts other than the nine extracts de-
scribed above were also effective against both poliovirus
and measles virus. Thus thirty two extracts were classified
into 4 groups based on antiviral activities for poliovirus and
measles virus.” Since the three viruses have different struc-
tures and replication systems, the four groups were sug-
gested to include extracts showing different modes of
antiviral action.

Four of the thirty two extracts showed cytotoxicity in
plaque reduction assay. However, two among the four were
finally found to exhibit significant therapeutic efficacy in
vivo. This suggests that antiviral components in the extracts
were selectively absorbed from alimentary tracts in vivo and
exerted an HSV-1-inhibitory effect that was not associated
with toxicity. Extracts contain various kinds of compounds.
Some compounds may be absorbed from alimentary tracts,

Table 1 Traditional medicines with anti-HSV-1
activity in vitro

Anti-HSV-1 32/142H
Anti-poliovirus 55/142
Anti-measles virus 30/142

DRatio of antiviral traditional medicines in the 142 examined
in vitro.

139

and others may not. Even if the antiviral compounds are ab-
sorbed, their concentrations in vivo vary possibly by the rate
of absorption, metabolism, and excretion. Therefore we se-
lected all thirty two extracts as possible anti-HSV-1 extracts

(Fig. 1).
III Antiviral therapeutic activity in vivo

Animal infection experiments are very important to de-
termine whether or not substances possess therapeutic
antiviral efficacy in vivo. In in vivo-antiviral assay, antiviral
efficacy is evaluated by assessing the development of symp-
toms caused by viral infection, virus yields in organs and
mortality of infected animals. Thus, an animal infection
model reflecting the efficacy of substances in humans
should be properly chosen. For that reason, the following
would be required, 1) the selection of animals to which the
virus to be examined can infect and its infection way, 2) an
animal model to be used reflects the course of virus infec-
tion in human, 3) quantitative evaluation of therapeutic effi-
cacy on virus infection, 4) use of animal models that are
accepted internationally.

Therapeutic efficacies of thirty two anti-HSV-1 ex-
tracts selected by in vitro-assay were examined in a

Screening of anti-HSV activity from traditional medicines
142 extracts of traditional medicines
In vitro screening using Plaque assay.

¢
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¢
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Fig. 1 Development of anti-HSV-1 agents from traditional medicines.
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cutaneous HSV-1 infection model in mice (Fig. 2)." This
murine model is very useful to evaluate the therapeutic effi-
cacy of extracts on not only mortality but also the develop-
ment of herpetic skin lesions as seen in humans. In this
model, the treatment of 5 mg/kg of ACV significantly pro-
longed mean survival times and delayed the development of
skin lesions although there was no significant reduction of
mortality. The dosages of extracts used for this murine
model was deduced by the dose for human use based on the
body surface area. Twelve extracts with therapeutic anti-
HSV-1 activities were finally selected in a cutaneous HSV-1
infection model (Fig. 1). The efficacies of the extracts were
repeatable in the different lots of extracts. Those selected
extracts showed therapeutic anti-HSV-1 activity similar to
that of ACV at 5 mg/kg corresponding to a dose in mice de-
duced from human use (Table 2)."® Thus, the extracts
could be also effective for humans. Any toxicity of the ex-
tracts was not observed in mortality and weight loss. Also,
the anti-HSV-1 activity of 12 extracts selected was con-

Score 6

Score 0

Score 8

Score 10

5.6 cdays aficr ant =101 days aftor indoation (Seors 13}

wation (Soore 4y

Fig. 2 The development of herpetic skin lesions in murine cutaneous HSV-
| infection model. Skin lesions were scored as follows: 0, no lesion; 2,
vesicles in local region; 4, erosion and/or ulceration in local region; 6,
mild zosteriform lesion; 8, moderate zosteriform lesion; 10, severe
zosteriform lesion; and death.
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firmed to be absorbed from alimentary tracts into the serum
of guinea pigs administered orally with the extracts.” In
order to search extracts with in vivo-antiviral activity, this
serum-pharmacological assay may be useful as a screening
procedure of extracts before animal experiments.”

IV Mode of antiviral action

ACV is a selective antiherpetic agent™'" and has been
widely used for the treatment of HSV and varicella-zoster
virus infection.'*'® Combined treatments of two drugs with
different modes of anti-HSV action have been shown to in-
crease the therapeutic anti-HSV activity expected from the
treatment with each drug against HSV infection.'" We
found that 12 extracts of traditional medicines have thera-
peutic anti-HSV type 1 (HSV-1) activity in mice infected
with HSV-1 cutaneously.” These traditional medicines can
be obtained easily in Japan and China. Their extracts have
been directly and orally used for the treatment of various
human diseases.”>** The application and dosage of these
herbal extracts for each disecase have been historically se-
lected and established by their efficacies and adverse reac-
tions in human use. Thus the extracts that exhibited anti-
HSV-1 activity in vivo may supplement the anti-HSV-I
activity of ACV and augment clinically the therapeutic effi-
cacy of ACV at their conventional doses without major ad-
verse reactions. The combination of ACV with extracts
may be beneficial for the treatment of human HSV-1 infec-
tion. Therefore we characterized the anti-HSV-1 activity of
extracts by examining their combined effects of ACV for
human use of extracts, themselves.””

Among the 12 extract selected in vivo assay, 4 extracts
[Geum japonicum THUNB. (G. japonicum), Rhus javanica
L. (R. javanica), Syzygium aromaticum (L.) MERR. et
PERRY (S. aromaticum), Terminalia chebula RETZUS (T.
chebula)] in combination with ACV reduced virus yields in
the brain and skin more strongly than acyclovir alone (Fig.
1).2? The combination of ACV with extracts exhibited
stronger anti-HSV-1 activity in the brain than in the skin, in
contrast to acyclovir treatment by itself. This effectiveness
of extracts in the brain was confirmed in mice infected
cuteneously with HSV type 2 (HSV-2) or phosphonoacetic
acid (PAA)-resistant HSV-1 (ACV-PAA-resistant HSV-
1).® Any treatments with ACV and/or extracts were not sig-
nificantly toxic in mice. Combination of ACV with histori-
cally used traditional medicines showed strong combined

Table 2 Effect of R. javanica extract and ACV on murine cutaneous HSV-1 infection model.

Mean time (days+SD)"

Treatment - - - ) Mortality
Vesicles Zosteriform Survival time
Control (Water) 3.3950.15 5.15+0.38 6.92+0.64 34
ACV (2.5 mg/kg) 3.6210.51 5.02+0.87 7.73=1.49 11/14
ACV (5 mg/kg) 4.0810.292 5.70 £0.48% 9.00x1.33% 9/12
R. javanica (5 mg/kg) 4.10£0.99 6.50=0.549 8.33*1.23 9/10

"Mean time at which vesicles, zosteriform, death were first observed after infection.

2P <0.05
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therapeutic anti-HSV-1 activity in mice, especially reduc-
tion of virus yield in the brain. Further, the 4 extracts were
confirmed to inhibit the DNA synthesis of HSV-2 or ACV-
PAA-resistant HSV-1 strains in Vero cells.”® These results
indicated that the 4 extracts possess a different mode of anti-
HSV-1 action from that of ACV. The dosages of these ex-
tracts have been established in traditional therapy and used
safely for humans for several thousand years. The dose
(mg/kg/day) of extracts in mice was calculated from the
dose (mg/kg/day) in human and was not toxic in mice as ex-
pected from the experiences in humans use. Thus the con-
ventional use of 4 herbal extracts would be applicable as
anti-HSV-1 medicines for augmenting therapeutic anti-
HSV-1 efficacy of ACV in humans.

V Prophylactic and therapeutic anti-HSV activity

A long-term oral administration of the extracts of tradi-

tional medicines has been utilized for the treatment of

chronic diseases such as chronic pharyngolaryngitis, gastric
and duodenal ulcer, empyema, etc. using traditional therapy.
It would be expected that their long-term administration
may be safely and cautiously managed based on the infor-
mation accumulated historically. In these points of view,
we examined the prophylactic efficacy of extracts against
recurrent viral diseases in mice and guinea pigs.”**"

HSV replicates locally in epithelial cells of skin after
primary infection and is transported via peripheral nerves to
central neural tissues such as trigeminal ganglia. Latently
infected virus is activated and grows in the neural tissues
after physical stimuli such as UV irradiation and then the
produced virus is transported to skin via peripheral nerves
and causes skin lesions. Mice intradermally infected with
HSV-1 in the pinna were commonly used as an experimantal
model for such recurrent HSV-1 infection.”” Also, we used
a genital infection model in guinea pigs, which is the best
animal model for spontaneous recurrent HSV-2 genital dis-
eases’'¥ to evaluate the efficacy of extracts against recur-
rent HSV infection.

The prophylactic treatment with 4 extracts arrested the
progression of recurrent HSV-1 diseases after UV irradia-
tion in mice (Fig. 3).*” In spontaneous recurrent HSV-2

Erythema, Swelling ;

after irradiation

Fig. 3 Skin lesions of pinna after UV irradiation. Mice were infected
intradermally with HSV-1 in the upper surface of the right pinna as pri-
mary infection. Four months later, the upper surface of right pinna origi-
nally infected was exposed to ultraviolet (UV) B light.

genital model in guinea pigs, the representative skin lesions
of latently infected-guinea pigs are shown in Fig. 4. R.
Javanica was prophylactically effective against spontaneous
recurrent genital lesions caused by HSV-2 in guinea pigs
without apparent toxicity. Its efficacy was confirmed by the
two independent crossover experiments of extracts and wa-
ter-administration (Fig. 5).*” Thus, the prophylactic long-
term use of 4 extracts was verified to be effective against
recurrent HSV diseases in mice and guinea pigs.

All 4 herbal extracts exhibited therapeutic anti-HSV-1
activity in a cutaneous HSV-1 infection model in mice and
strengthen the anti-HSV activity of ACV."*"# Thus they
would be able to be continuously used as therapeutic agents
in ACV therapy after prophylaxis and the combinations of
ACV with extracts may be expected to enhance anti-HSV
activity of ACV in humans. Since the extracts also exhib-
ited strong antiviral activity against ACV-PAA-resistant
HSV-1 mutants and HSV-2,%® the continuous prophylactic
and therapeutic treatments with extracts may be effective in
reducing the growth of ACV-resistant HSV that may occurs
during ACV therapy. Thus, the prophylactic and therapeu-
tic efficacy of extracts that we selected from in vitro-
screening was verified in animal infection models.

VI Prophylactic and therapeutic anti-cytomegalovirus
(CMYV) activity

CMV infection is one of the troublesome infections in
immunocompromised patients, especially, transplant recipi-
ents and patients with AIDS.**3** Symptomatic CMV infec-
tion has been successfully treated with ganciclovir, but the
appearance of ganciclovir-resistant viruses is a current prob-
lem in the treatment of immunocompromised patients with
CMV infection. As interstitial pneumonia is one of the
major target of antiviral chemotherapy, we evaluated the
anti-CMV activity in vivo of 4 herbal extracts (G.
Japonicum, R. javanica, S. aromaticum, and T. chebula) by

Score 5

Score 0 Score 3

Fig. 4 Genital skin lesions in guinea pigs were scored at 3 to 5 months
after primary infection as follows: 0, no lesion; 1. swelling; 2, weak
erythema (less than 50% of genital skin); 3, weak erythema with swel-
ling; 4, strong erythema (more than 50% of genital skin); S, strong
erythema with swelling; 6, strong erythema with vesicles and/or crust; 7,
strong erythema with erosion and crust; 8, strong erythema with erosion;
9, erosion or ulcer with crust.
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Fig. 5 Prophylactic effects of extracts of traditional medicines on the spon-
taneous recurrent HSV-2 infection. Guinea pigs were intravaginally in-
fected with HSV-2. Three month later, the latently infected guinea pigs
were divided into 2 groups. Each group contained 10 guinea pigs (n =
10). R. javanica (625 mg/kg/day) was supplied within drinking water.
Crossover experiments were performed and T. Chebula was used as an
inactive extract. Guinea pigs were administered with R. Javanica for 2
months (day 0 to day 60) and then the administration was changed to
water after the first 2 months or guinea pigs were administered with
water for 2 months (day 0 to day 60) and then the administration was
changed to T. chebula (day 60 to day 90) and water after the first 2
months. The development of skin lesions was observed daily and the se-
verity of the lesions was scored as shown in Fig.4. Each line shows
changes of skin score of one guinea pig in each group. Many spikes in-
dicate that recurrent infection occurs frequently.

Eugeniin

OH

OH

OH OH

J. Trad. Med. (Vol. 22 Suppl.1 2005)

using the lung infection®*” in mice immunosuppressed by

cyclosporine.*"*? The 4 extracts dose-dependently inhibited
the growth of human and mouse CMV in the plaque reduc-
tion assay.*” In the immunosuppressed mice, G. japonicum,
S. aromaticum, and T. chebula significantly exhibited pro-
phylactic efficacy compared with water-administered
mice.*” Especially, efficacy of oral treatment with 750 mg/
kg/day of G. japonicum-extract was similar to that of the
intraperitoneal administration with 2 mg/kg/day of
ganciclovir in increasing the body weight of infected mice
and reducing the virus yield in the lungs.*” Thus the 3 ex-
tracts were proven to be effective for the prophylactic treat-
ment of not only HSV infection but also CMV infection.

VII Identification and characterization of anti-HSV
compounds

As many agents such as aspirin, morphine, digoxin,
ephedrine, etc. have been developed from natural sources,
novel antiviral compounds may be also developed from tra-
ditional medicines. We have proved the anti-HSV activity
of the extracts by clarifying the antiviral actions of the puri-
fied compounds. Anti-HSV compounds were purified from
extracts using different chromatographic fractionations
guided by anti-HSV activity. The fractionations guided by
antiviral activity was very effective to prepare active com-
pounds against HSV.*Y This way was also an effective way
to obtain the fraction of Prunella vulgaris spikes that inhib-
its human immunodeficiency virus type 1 replication at re-
verse transcription.*

Finally eugeniin (Figs. | and 6) was purified as an anti-
HSV compound from the different species of plants, G.
Japonicum and S. aromaticum, of the 4 herbal extracts.*
This is a surprise because the two herbs are different plant
species. Also, this confirmed the validity, accuracy and fea-
sibility of our screening and assay systems, when the active
compound is in the extract. This compound was character-
ized to inhibit not only the growth of wild type HSV-1 but
also ACV-resistant HSV-1, PAA-resistant HSV-1 and wild
HSV-2. A major target site of inhibitory action of eugeniin
was found to be viral DNA synthesis. It showed higher

Moronic acid

OH

OH

COOH

° /N

Fig. 6 Chemical structures of eugeniin and moronic acid.
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specificity for the inhibition of HSV-1 DNA polymerase ac-
tivity than that of cellular DNA polymerase activities. Its
specificity for HSV-1 DNA polymerase as well as its thera-
peutic index was higher than those of 9-B-D-
arabinofuranosyladenine, Vidarabine, that has been
clinically used for the treatment of herpetic disease.**®) The
inhibitory action of eugeniin for HSV-1 DNA polymerase
was found to be non-competitive, such as a non-nucleoside
inhibitor of reverse transcriptase of HIV-1, Nevirapine.*”

Further, we have purified and identified an anti-HSV
compound, moronic acid (Figs. 1 and 6), from one (R.
Javanica) of the 4 herbal extracts that alleviated spontaneous
and ultraviolet-induced recurrent HSV-2 genital disease in
guinea pigs.”” Moronic acid showed stronger anti-HSV-1
activity in the brain of HSV-1 infected mice than in the skin
similar to the extract of R. javanica, indicating different
anti-HSV activity in the skin and brain between ACV and
moronic acid. This may result from differences in their dis-
tribution in the body after absorption or their affinity for the
central nervous system. Moronic acid may be expected to
be beneficial in preventing central nervous system compli-
cations. This compound as well as eugeniin exhibited thera-
peutic anti-HSV-1 and ACV-PAA-resistant HSV-1 activity
in a cutaneous HSV infection model in mice.”>® We veri-
fied the therapeutic anti-HSV activity of extracts by identi-
fying the antiviral actions and therapeutic activity of the
purified compounds.

VIII Conclusion

We believe that the antiviral activity of natural prod-
ucts should be verified to be effective in vivo to obtain the
right evaluation as antiviral agents. There have been many
studies to evaluate the antiviral substances prepared from
natural products over the years. However, less antiviral sub-
stances found from natural products have been clinically
used. In this report we introduced how traditional medi-
cines that show direct antiviral activity was explored and
how the therapeutic activity was characterized and verified.
In fact, we could find antiviral traditional medicines and
some active compounds from them as candidates for new
antiviral agents. We hope that our antiviral screening proc-
esses based on the view that antiviral activity should be ac-
tive in vivo would be helpful for the development of
antiviral agents from traditional medicines including natural
products.
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