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Abstract

The effect of Sho-saiko-to and its components was studied in golden hamsters inoculated
with herpes simplex virus type 1 (HSV-1) in cornea. When evaluated as inhibitors of HSV-
1 in the animal model, Sho-saiko-to and its components with in vifro therapeutic indexes=
10 (Pinelliae Tuber, Glycyrrhizae Radix, Scutellariae Radix and Bupleuri Radix) were found
to have statistically significant efficacy at a dose of 200 mg/kg per day tested in terms of the
delay of appearance of primary lesions and prolongation of survival time. Some of the in-
fected animals treated with the extracts survived without herpes simplex encephalitis, while
all animals of the control group treated with placebo (water) died by 8 days postinfection.
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Introduction

Sho-saiko-to (Xiao-Chai-Hu-Tang) is a well
known traditional Chinese medicine which con-
tains various components extracted from several
plants and used frequently for the treatment of
chronic hepatitis and nephritis in Japan and
China, although their pharmacological basis is
poorly understood. In our previous paper,” we
reported that Sho-saiko-to and its components
were evaluated for the im wvitro action on the
replication of herpes simplex virus type 1 (HSV-
1), using plaque forming assay system in Hel.a
cells. Therapeutic index (IDs,/EDso) was 12 for
Sho-saiko-to, 27 for Pinelliae Tuber, 26 for Gly-
cyrrhizae Radix, 12 for Scutellariae Radix and
10 for Bupleuri Radix, all of those showing rela-
tively high selectivity.

In the present study, we report the effective-
ness of the oral use of Sho-saiko-to and its com-

HSV-1, herpes simplex virus type 1 ; PFU, plaque forming unit ; Sho-

ponents with high selectivity against HSV-1 in-
fection in the golden hamster model.

Materials and Methods

Preparation of Sho-saiko-to and its compo-
nents . Powdered extracts of Sho-saiko-to and
its components were obtained from Tsumura &
Co. (Tokyo, Japan) and were prepared according
to the method in our previous paper.1J

Virus - HSV-1 strain HF was used for inocu-
lation. HeLa cells grown in Eagle’s minimal
essential medium (MEM) supplemented with 10%
calf serum were used for virus propagation and
titration.

Animals . Four-week old golden hamsters
weighing 50—55 g or six - week old hamsters
weighing 65—70 g supplied by Shizuoka Labora-
tory Animal Center were used.

Application of drugs for animal treatment .
For oral dosage, the drug was suspended in dis-
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tilled water, and placebo treatment was done with
distilled water. Treatment was started just after
inoculation with an oral application of the 0.5 ml
of drug two times per day for 6 or 7 days.

Inoculation of animals and evaluation of
HSV -1 infection : For infection, 10 gl of virus
suspension in MEM containing 5X10° plaque form-
ing units (PFU) was placed on the right eye of
the hamster. For each animal 45 linear scarifica-
tions and a further 45, perpendicular to the first,
were made with twenty 23-gauge needles. The
development and severity of the facial lesions and
survival times were recorded every day. The
scores of the lesions are as follows . 0, no lesion .
1, slight and local erosion . 2, moderate erosion .
3, severe erosion. The average lesion score was
calculated as the mean severity for all animals in
a treatment group.

Statistical analvsis . The significance of differ-
ences between the results of different groups was
examined by use of Wilcoxon-Mann-Whitney

test.
Results

Therapeutic efficacy of Sho-saiko-to against exper-
imental HSV -1 corneal infection of hamsters

The efficacy of Sho-saiko-to at a dose of 40,
200 or 2,000 mg/kg body weight per day against
experimental infection with HSV -1 was evalu-
ated using 4-week old hamsters. Figure 1 shows
the results of the drug on the primary facial
erosions. Treatment with 40 mg/kg per day
decreased significantly the average lesion score at
the 4th (p<0.05), 5th (» <0.001) and 6th (» <0.05)
days. Also, at the dose of 200 mg/kg per day, a
significant reduction in the average lesion score
was recorded on days 4, 5 and 6 at the level of
0.05, 0.001 and 0.001, respectively. On the other
hand, at a higher dose of 2,000 mg/kg per day
a statistical difference from H,O-treated group
was seen only at the 5th day (p <0.05).

The results of the survival rate of the ham-
sters are presented in Fig. 2. From these data it
is clear that at the highest dose (2,000 mg/kg)
tested Sho-saiko-to caused no protection com-

pared with the control group and all animals died
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Fig. 1 Effect of Sho-saiko-to on the growth of
HSV-1 in the hamster cornea.

Treatment was begun immediately after in-
fection and was continued for 7 days. Each
score is the mean of the lesions in a single
experiment. @ : Control . O : 40 mg/kg/day .
A 200 mg/kg/day ; & 2,000 mg/kg/day.
*Statistically different from placebo-treated
infected hamsters (p <0.05).

**Statistically different from placebo-treated
infected hamsters (p <0.001).
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Fig. 2 Treatment of HSV-infected hamsters
with Sho-saiko-to.
Each symbol is the same as in Fig. 1.

by 10 days postinfection, while a number of late
deaths were observed in the groups with the dose
of 40 or 200 mg/kg per day.
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Table T Effect of Sho-saiko-to on acute HSV-1 corneal infection of hamsters.
Mean lag phase of Mean survival
Treatment Survivors  animals that developed time of animals
group /Total facial lesions that died
(daysxS.D) (days£S.D)
None 0/10 4.3+0.46 6.7+0.9
40 mg/kg/day 0/10 5.430.928 8.8+1.4°
200 mg/kg/day 2/10 6.3+1.19° 9.5+1.4°
2000 mg/kg/day 0/ 9 4.840.87 7.220.6

aSignificantly different from placebo-treated infected animals (p <0.01).
“Significantly different from placebo-treated infected animals (p <0.001).

Table I summarizes the therapeutic efficacy
of the drug when administered orally for 7 days.
The efficacy was assesed in terms of the time
required for the appearance of herpetic lesions
and survival times. When animals were treated
using doses of 40 or 200 mg/kg per day, the
appearance of acute lesions took a significantly
longer time (p <0.01 or p<0.001) in both groups
compared with the placebo (water)-treated con-
trol group where all animals showed the lesion by
5 days postinfection. The mean survival times
of the hamsters were also found to be prolonged
by the drug at the doses of 40 and 200 mg/kg
(p<0.001). At the dose of 2,000 mg/kg per day,
however, no significant effect on both primary
infection and survival time was observed.

Effect of Sho-satko-to and its components on the
course of HSV infection

Six-week old hamsters were treated immedi-
ately after viral infection with the suspension in
distilled water of all extratcs listed in Table II at
the same dose of 200 mg/kg per day for 6 days.
Figure 3 shows the results where these drugs were
evaluated for acute infection in animals. All
extracts exerted a significant inhibitory effect on
the appearance of herpetic lesions compared with
the control group at 4 days postinfection (p <0.001
for Sho-saiko-to, Glycyrrhizae Radix and Bup-
leuri Radix, and p <0.01 for Scutellariae Radix
On the 5th day all drugs
except Pinelliae Tuber showed significant reduc-

and Pinelliae Tuber).

tion of average lesion scores (p <0.01 for Sho-
saiko-to and Scutellariae Radix, and, p <0.05 for
Glycyrrhizae Radix and Bupleuri Radix), and on
the 6th day only one group treated with Glycyr-
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Fig. 3 Effect of Sho-saiko-to and its compo-
nents on the development of facial lesions after
corneal inoculation of HSV-1 into golden ham-
sters.

Treatment was started immediately after
inoculation and consisted of 2 daily oral appli-
cation of 0.5 ml of drug at a dose of 200 mg/kg/
day. @ : Control . O : Sho-saiko-to . A ! Bup-
leuri Radix . A ! Glycyrrhizae Radix ;
Scutellariae Radix ; [] : Pinelliae Tuber. *p <
0.05, **p <0.01, ***p <0.001.

rhizae Radix produced a significant effect (p <
0.05).

The results obtained from this experiment are
HSV-infected control
animals developed acute disease with a mean

summarized in Table II.

lag phase of 4.0 days, while Sho-saiko-to-, Bup-
leuri Radix -, Glycyrrhizae Radix-, Scutellariae
Radix~ or Pinelliae Tuber-treated animals devel-
oped the disease with a mean lag phase of 6.0 (p <
0.05), 5.2 (p <0.01), 6.7 (p<0.05), 4.8 (» <0.05) or 5.0
(p <0.01) days, respectively. The former four
extracts were shown to be significantly effective
on the prolongation of the mean survival times
(p<0.05), but Pinelliae Tuber showed no effect
compared with the control group. While all
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Table II

Effect of Sho-saiko-to and its components on

experimental HSV-1 corneal infection

Mean lag phase of

Mean survival

Treatment Survivors  animals that developed time of animals
group /Total facial lesions that died

(daystS.D) (days+S.D)
None 0/10 4.0+0.45 7.2+0.87
Sho-saiko-to 4/10 6.0£2.41° 8.3+1.37
Pinelliae Tuber 3/10 5.0+0.89° 7.7+0.70
Glycyrrhizae Radix 4/10 6.7+3.208 8.8+1.95°
Scutellariae Radix 3/ 9 4.8+0.872 10.0+£1.29°
Bupleuri Radix 0/10 5.24+0.75° 8.4+1.43°

Hamsters were infected with 5x10° PFU of HSV-1 strain HF and treated per-
orally two times per day at a dose of 200 mg/kg/day for 6 days.

aSignificantly different from placebo-treated animals (p <0.05).

Significantly different from placebo-treated animals (p <0.01).

animals of control- and Bupleuri Radix-treated
groups died, some of the animals treated with the
other drugs remained alive with the survival rates
of about 30—40%.

Discussion

In a hamster model used in this study, all
animals of the non-treated control group died of
herpes simplex encephalitis by 8 days after HSV
infection.
for the evaluation of antiviral activity as reported

This in vivo assay system is suitable

previously.Z)

Sho-saiko-to showed statistically significant
effect on the prolongation of both the appearance
of primary disease and the survival time at a dose
of 40 or 200 mg/kg per day, the latter dose corre-

Table Il

sponding to the daily dose for humans. At the
highest dose tested, 2,000 mg/kg per day, while
animals did not show apparent evidence of tox-
icity (change in activity or appetite) over the
survival period, a significant difference from the
control group could not be seen. This might re-
flect the immunosuppressive action of Sho-saiko-
to at a relatively higher dose, which can result in
the reactivation of viral growth in the body »
Nasr ef al’ reported that unless iz vitro antiviral
activity was separated from cytotoxicity by at
least seven- to eightfold, samples might not merit
additional consideration. On this basis, the com-
ponents of Pinelliae Tuber, Glycyrrhizae Radix,
Scutellariae Radix and Bupleuri Radix were con-
sidered to merit further investigation, so that
those were subjected to im wvivo assay. The

A comparison of Sho-saiko-to and its components evaluated

in the in vitro and in vivo assay systems.

In vitro

In vivo tests

Extract therapeutic Delay of Prolongation
index® development of

of lesions® survival time®
Sho-saiko-to 12 Yes Yes
Pinelliae Tuber 27 Yes No
Glycyrrhizae Radix 26 Yes Yes
Scutellariae Radix 12 Yes Yes
Bupleuri Radix 10 Yes Yes

2Previously reported elsewhere?.

*Extracts producing a statistically significant delay in the development of primary
disease or prolongation of survival time are listed as “Yes.” Extracts failing to exert

significant effects are listed as “No.”
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results obtained from previous work Y and pres-
ent study are summarized in Table III. There is
in general a positive correlation between in vitro
therapeutic index and activity in the corneal
herpes hamster model ;. namely, in vitro therapeu-
tic indexes210 correlate with activity in the
animal model.

Among many antiviral drugs, acyclovir pro-
vides a potent and specific treatment for selected
human herpes virus infections ® The in vitro
selectivity index of acyclovir was reported to be
2,416 and the suvival rate of mice treated intra-
peritoneally with the doses of 100 — 130 mg/kg
per day was 50‘80%?) But the development of
acquired resistance to this drug has been shown in
clinical isolates. From this problem and the
lack of efficacious chemicals for severe and life-
threatening herpes virus infections, the search for
new, safe and more effective antiviral therapeu-
tics has been continued.

From the data obtained in this experiment, it
appears that there is potential clinical application
for oral delivery of Sho-saiko-to and several
components.
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