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Protective effect of Shigyaku-to, a traditional Chinese herbal medicine, on the infection 
of herpes simplex virus type 1 (HSV-1) in mice 
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Abstract. The antiviral activity of Shigyaku-to (TJS-109), a traditional Chinese herbal medicine, was investigated 
in mice infected with herpes simplex virus type 1 (HSV-1). TJS-109 is a combination of the medicinal plant extracts 
from Zingiberis siccatum rhizoma, Aconiti tuber and Glycyrrhizae radix in a specific proportion. Mice infected with 
a 10 LDso dose of HSV-1 were treated with TJS-109 orally at doses of 1.25 to 20 mg/kg 2 days before, and 1 and 
4 days after the infection. The treated groups had 80% (1.25 mg/kg), 40% (5 mg/kg) and 23% (20 mg/kg) mortality 
rates 25 days after the infection as compared with a 100% mortality rate in control mice treated with saline. When 
HSV-1 infected mice (recipients) received CD8 + T cell fractions derived from spleens of mice treated with TJS-109 
(donors), 70% of recipients survived, as compared with 0% survivors in the groups of mice treated with saline, B 
cell fractions, CD4 + T cell fractions or macrophage-enriched fractions prepared from the same donors. TJS-109 did 
not show any virucidal activities against HSV-1 or any virostatic activities on the growth of HSV-1 in Vero cells. 
These results suggest that TJS-109 protected mice exposed to lethal amounts of HSV-1 through the activation of 
CD8 + T cells. 
Key words. Traditional Chinese herbal medicine; herpes simplex virus; antiviral effects; CD8 + T cells. 

Traditional Chinese herbal medicines are a combination 
of the crude extracts from several herbs and medicinal 
plants in a specific proportion. The prescription of one 
of the extracts alone is not common. The various ex- 
tracts are said to exert a synergistic effect. Traditional 
Chinese herbal medicines have been used in China and 
Japan for hundreds of years. Recently, traditional Chi- 
nese herbal medicines have become increasingly popular 
as treatments in Japan, because some of them have been 
accepted as doctors' prescriptions in Japanese hospitals. 
More than 120 prescriptions in these medicines are 
currently available to treat cancer ~, allergic diseases 2, 
bacterial infections 3, viral infections 4 and other ail- 
ments, despite there being no strict scientific basis for 
their use. They are being used clinically on the basis of 
traditional experience. 
Shigyaku-to (TJS-109), one of these traditional Chinese 
herbal medicines, is a combination of the extracts from 
3 medicinal plants including Glycyrrhizae radix, Zin- 
giberis siccatum rhizoma and Aconiti tuber at a ratio of 
3:2:15 . This agent has also been used traditionally for 
treatment of various infections for thousands of years in 
China s. In this report, we investigated the antiviral 
activity of TJS-109 in mice and in tissue culture cells 
infected with herpes simplex virus type 1 (HSV-1). 
Results obtained suggest that TJS-109 protects mice 
against lethal amounts of HSV- 1 through the activation 
of CD8 + T ceils. 

Materials and methods 
Mice, cells and viruses. Seven- to 8-week-old male 
BALB/c mice, obtained from The Jackson Laboratories 
(Bar Harbor, Maine, USA), were used in experiments. 
Vero cells were grown in Eagle's modified minimum 
essential medium (EMEM) supplemented with 10% fe- 
tal calf serum (FCS), 2mM L-glutamine, 100U/ml 
penicillin and 100 ~tg/ml streptomycin. The KOS strain 
of HSV-1 was propagated in Vero cells and stored at 
- 7 0  ~ until use 6. The titer (determined by a plaque 
assay using Vero cells) of the stock virus solution 
was 1.8 x 107pFU/ml  6. In our experimental system, 
4 x 103 PFU/kg was equivalent to a 1 LDs0 dose in 
BALB/c mice inoculated intraperitoneally (i.p.) 6. 
Reagents. TJS-109 was supplied from Tsumura & Co., 
Ltd. (Tokyo, Japan). With sonication, TJS-109 was 
dissolved in saline at the appropriate concentration. In 
this study it was administered orally into mice infected 
with HSV-1. Anti-L3T4 and anti-Lyt 2.2 monoclonal 
antibodies (mAb) were purchased from Accurate 
Chemical and Scientific Corporation (Westbury, New 
York, USA), and the low toxic M rabbit complement 
was obtained from Cedarlane Laboratories (Hornby, 
Ontario, Canada). 
In vivo antiviral test. BALB/c mice, infected i.p.with a 
10 LD50 dose of HSV-1, were treated orally with 0.2 ml/ 
mouse of appropriate concentrations of TJS-109. Mice 
were treated with various doses (1.25-80 mg/kg) of the 
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agent 2 days before, and 1 and 4 days after the infec- 
tion. Infected mice treated with saline (0.2 ml/mouse) 
served as controls. The antiviral activity of the agent 
was evaluated 25 days after the viral infection based 
upon the mortality rate and mean survival time in days 
(MSD) of the infected mice 6. The number of survivors 
or MSD in the drug-treated groups was compared with 
that of control groups by means of .~2 analysis (survival 
%) or Student's t - tes t  ( M S D )  6. If the p value obtained 
was below 0.05, the drug dose was considered to have 
antiviral activity 6. 
In vitro antiviral test. To determine antiviral activities 
of TJS-109 in tissue culture cells, its cytotoxic activities 
were determined first. Cytotoxicity was determined by 
the cytopathic effect and growth inhibitory effect of the 
agent on the monolayer cultures of Vero cells 7. Using 
non-cytotoxic concentrations, the antiviral activity of 
TJS-109 was determined in Vero cells infected with 
HSV-18. Vero cells cultured in 24-well plates were prein- 
cubated with 30 to 500~tg/ml of TJS-109 for 2h  at 
37 ~ After adsorption of 5-100 PFU/ml of HSV-1 for 
1 h, these cells were treated again with 30-500 pg/ml of 
TJS-109 and incubated for 24 h, 48 h or 72 h at 37 ~ 
Cells were then frozen and thawed three times. After 
centrifugation (1200 x g, 30rain), the supernatants of 
these cell cultures were tested for their viral titers in 
Veto cells by our standard plaque titration methods 6. 
Splenic effector cells. As described previously 9, spleens 
were obtained aseptically from mice treated with or 
without the agent, and single cell suspensions (whole 
spleen cells, WSC) were prepared from these spleens. In 
some experiments WSC were separated into two frac- 
tions: plastic surface adherent cells (PAC) and plastic 
surface non-adherent cells (non-PAC)9. Briefly, WSC (2 
to 5 • l0  7 cells/10ml) were placed into petri dishes 
coated with FCS. The dishes were then incubated for 
15 rain at 37 ~ to allow macrophages to attach. At the 
end of the incubation period, floating cells were re- 
moved with warm RPMI 1640 medium supplemented 
with 25 mM 4-(2-hydroxyethyl)-l-piperazineethanesul- 
fonic acid buffer. PAC were harvested by scraping them 
from the dishes with a rubber scraper, after the dish was 
kept for 10 min at 4 ~ For the preparation of non- 
PAC, WSC suspended in the media at 2 x 107 cells/ 
10 ml were introduced to FCS-coated petri dishes. The 
dishes were kept for 60 rain at 37 ~ to allow adherent 
cells to attach, non-PAC were harvested by gently 
swirling the dishes. Two additional 60-min incubations 
of the recovered non-PAC were performed on the FCS- 
coated petri dishes. The non-PAC obtained by this 
procedure contained 1% or fewer phagocytic macro- 
phages 9. To obtain T or B cell fractions, the non-PAC 
fraction was further fractionated by a nylon wool 
column l~ Cells passed through a nylon wool column 
were used as enriched T cells (WTC). Cells which ad- 
hered to the nylon wool were subsequently recovered by 

compression of the nylon wool with the plunger of the 
syringe and used as a B cell-enriched fraction. WTC 
were further separated into CD4 + T cells and CD8 + T 
cells ~. In order to prepare the CD8 + T cell fraction, 
WTC were treated with a 1:200 dilution of anti- 
L3T4 mAb followed by complement for 30rain at 
37 ~ In order to prepare the CD4 + T cell fraction, 
WTC were treated with a 1:50 dilution of anti-Lyt 
2.2 mAb and complement for 30 min at 37 ~ After 
treatment of the cell fraction with mAbs, the remaining 
cells were washed with media twice and resuspended in 
serum-free media at appropriate concentrations. Treat- 
ment of WTC, CD4 + T cell fractions and CD8 + T cell 
fractions with anti-CD3e mAb plus complement re- 
sulted in a 99% reduction of viable cells. Treatment of 
CD4 + or CD8 + T cell fractions with anti-L3T4 mAb 
plus complement resulted in a 99% or 1% reduction of 
viable cells, respectively. In contrast, treatment of CD4 + 
or CD8 + T cell fractions with anti-Lyt 2.2 mAb plus 
complement resulted in a 1% or 99% reduction of num- 
bers of viablecells. These results indicate that the purity 
of these cell preparations is more than 99%. 
Adoptive transfer of various preparations of splenic cells 
to mice exposed to HSV-I. To examine in vivo antiviral 
mechanisms of TJS-109, mice exposed to lethal amounts 
of HSV-1 were treated with various splenic effector cells 
from mice injected with TJS-109. Mortality rates and 
mean survival time in days (MSD) of these mice were 
compared with those of control mice treated with saline. 
The following cells were adoptively transferred i.v. to 
the mice: WSC (whole spleen cells, 2 x 107 cells/mouse), 
PAC (macrophage-enriched fraction, 5 • 106 cells/ 
mouse), non-PAC (macrophage-free splenic lymphocyte 
fraction, 1 x 107 cells/mouse), WTC (T cell-enriched 
fraction derived from non-PAC, 1 x 107 cells/mouse), B 
cell-enriched fraction derived from non-PAC (1 x 107 
cells/mouse), WTC depleted with CD4 + T cells (CD8 + 
T cell fraction, 5 x 106 cells/mouse) and WTC depleted 
with CD8 + T cells (CD4 + T cell fraction, 5 x 106 cells/ 
mouse). Two hours after the adoptive transfer, recipient 
mice were exposed to a 10 LDso dose of HSV i.p., and 
survival % and the MSD of these mice were compared 
with those of controls treated with saline. 

Results 
As shown in the figure, when 30 infected mice were 
treated orally with a 20 mg/kg dose of TJS- 109, 74% of 
them survived more than 25 days after the infection, 
while all controls (30 mice) treated with saline died 
within 13 days. The dose-response antiviral effect of 
TJS-109 on the HSV-1 infection in mice is shown in 
table 1. The highest protective effect was revealed when 
infected mice were treated with TJS-109 at a dose of 
20 mg/kg (77% survival in treated mice vs 0% survival 
in the control, p < 0.001; >21.3 MSD in treated mice vs 
9.6 MSD in the control, p < 0.001). As compared with 
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Effect of TJS-109 on the HSV-1 infection in mice. 30 mice infected 
with a 10 LDso dose of HSV-1 were treated orally with a 20 mg/kg 
dose of TJS-109 2 days before, and 1 and 4 days after the 
infection (0) .  As a control (�9 30 mice treated with saline were 
infected with the same amount of HSV-1. 

Table 1. Effect of various doses of TJS-109 on the survival of 
mice infected with HSV-1. 

TJS-109 a No. of Survival Mean survival time 
(mg/kg) mice (%) b (days) b 

0 (Saline) 30 0 (0) 9.5 
1.25 l0 2 (20) c > 14.2 m 
5 10 6 (60) c > 18.8 d2 

20 30 23 (77) ~ >21.3 d2 
80 10 0 (0) 8.5 

aMice infected with a l0 LDs0 dose of HSV-1 were treated orally 
with various doses TJS-109 2 days before, and 1 and 4 days after 
the infection. 
bThe protective effect of TJS-109 was evaluated 25 days after the 
viral infection based upon the mortality (survival %) and mean 
survival time in days of the treated groups as compared with those 
of control groups treated with saline. 
cZ2 analysis, p < 0.001. 
dStudent's t-test, dip < 0.02, d2p < O.OOl. 

the control (0% survival), significant reduction in mor- 
tality of infected mice was demonstrated when they 
were t reated with TJS-109 at doses o f  1.25 mg /kg  (20% 

survival ,  p < 0.001; > 14.2 M S D ,  p < 0.02) and 5 m g / k g  

(60% survival,  p < 0.001; > 18.8 M S D ,  p < 0.001). N o  

protect ive  effect was observed in mice treated with  TJS-  

109 at a dose o f  80 mg/kg.  All o f  the infected mice 

t reated with  this a m o u n t  o f  TJS-109 died within 9 days 

(8.5 MSD) ,  which was a shorter  per iod  than  for con-  

trols (9.6 MSD) ,  suggesting that  the adminis t ra t ion  o f  

TJS-109 at a dose o f  80 m g / k g  induced some toxic side 

effects in mice. These results suggested that  TJS-109 

have  clear ant iviral  activities in mice exposed to a 

lethal  a m o u n t  o f  HSV-1.  Therefore ,  in the next  experi-  

ment ,  possible ant iviral  mechanisms  of  the agent  were 

studied. The  viabil i ty o f  HSV-1 (105 P F U / m l )  was no t  

reduced by incubat ion  with a 250 gg/ml  concen t ra t ion  

o f  TJS-109 in E M E M  at 37 ~ for 1 h. The  cytotoxic  

effect o f  TJS-109 at concent ra t ions  o f  more  than  

500 gg/ml  was demons t ra t ed  in b o t h  C P E  tests and  

growth  inhibi t ion tests using Vero cells (da ta  no t  

shown). Concen t ra t ions  less than  250 gg/ml  o f  TJS-109 

did no t  show any cytotoxici ty  in Vero cell cultures or  

any inhibi tory  activities on the growth  of  HSV-1 in 

these cells (da ta  now shown). Since TJS-109 possessed 

neither virucidal  no r  virostat ic  activities in vi tro,  it was 

suggested that  the agent  expressed its ant iviral  effect 

th rough  host  funct ions in HSV-1 infected mice. There-  

fore, instead o f  the TJS-109 adminis t ra t ion,  var ious  

effector cells der ived f rom TJS-109- t reated mice were 

adopt ive ly  t ransferred to mice exposed to a 10 LDs0 

dose o f  HSV-1.  As shown in table 2, infected mice 

(recipients)  were inocula ted  with whole  spleen cells 

(WSC)  obta ined  f r o m  uninfected mice (donors)  t reated 

with TJS-109. The  survival  o f  recipients was increased 

to  60% as c o m p a r e d  with  0% survival  o f  cont ro l  

mice (p  <0.001) .  However ,  the adopt ive  t ransfer  o f  

Table 2. Effect of adoptive transfer of various splenic cell fractions on the mortality and mean survival time of mice exposed to a 
l0 LDs0 dose of HSV-I. 

Infected mice were treated witha: No. of mice Survival (%)  b Mean survival time (days) b 

Saline 
Whole spleen cells (WSC) 
PAC prepared from WSC 
Non-PAC prepared from WSC 
B cells prepared from non-PAC 
T cells prepared from non-PAC 

30 0 (0) 9.8 
10 6 (60) c > 19.4 a 
lO 0 (0) 9.0 
10 6 (60) ~ >20.0 d 
l0 0 (0) 9.8 
18 12 (67) c >20.3 d 

aSplenic cells from mice treated with TJS-109 (20 mg/kg, oral) were fractionated into WSC (whole spleen cells), macrophage-enriched 
fractions (PAC, plastic adherent cells), macrophage-depleted fractions (non-PAC, plastic non-adherent cells), B cell-enriched fractions 
(nylon wool adhered non-PAC) or whole T cells fractions (nylon wool non-adhered non-PAC). Two hours before the infection of 
HSV-1 at a dose of 10 LDs0 , these cell preparations were adoptively transferred i.v. to mice at cell numbers of 2 x 107 cells/mouse 
(WSC),  5 • l06 cells/mouse (PAC), 1 x 107 cells/mouse (non-PAC), 1 x 107 cells/mouse (WTC) and 1 x 107 cells/mouse (B cells). 
bThe protective effect of transferred cells was evaluated 25 days after the viral infection based upon mortality (survival %) and survival 
time (mean survival time in days) of the treated groups as compared with those of control groups treated with saline. 
~l z analysis, p < 0.001. 
dStudent's t-test, p < 0.001. 
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Table 3. Effect of adoptive transfer ofT cell subsets, derived from spleens of TJS-109-treated mice, on the mortality and mean survival 
time of mice infected with a l0 LDs0 dose of HSV-1. 

Recipients were treated with": No. of mice Survival (%)b Mean survival time (days) b 

Saline 30 0 (0) 10.1 
T cells prepared from non-PAC (WTC) 18 I2 (67) c >20.3 a 
CD4 + T cell-depleted WTC 10 7 (70) c >22.0 a 
CD8 + T cell-depleted WTC 10 0 (0) 9.8 

aMice exposed to a 10 LDso dose of HSV-1 were treated i.v. with 1 x 10  7 cells/mouse of WTC (whole T cell populations), 5 x 106 
cells/mouse of CD4 + T cells (CD8 + T cell-depleted WTC) or 5 x 106 cells/mouse of CD8 + T cells (CD4 + T cell-depleted WTC), derived 
from WSC of TJS-109-treated mice. 
bThe protective effect of transferred cells was evaluated 25 days after the viral infection based upon the mortality (survival %) and 
survival time (mean survival time in days) of treated groups as compared with those of the control group treated with saline. 
cZ2 analysis, p < 0.001. 
dStudent's t-test, p < 0.001. 

macrophage-enriched fractions (PAC) or B cell en- 
riched fractions prepared from these WSC resulted in 
no change in the morta l i ty  and morbidi ty  of  recipient 
mice exposed to the virus. These results indicated that 
the protective effect of  TJS-109 in mice infected with 
HSV-1 might be expressed through the function of  
lymphocyte populat ions contained in spleens of  TJS- 
109-treated mice. In fact, PAC-depleted WSC (non- 
PAC) protected mice from death due to HSV-1 (60% 
survival, p < 0.001). The protective activity of effector 
cells prepared from TJS-109-treated mice was also dis- 
played when recipients were inoculated with whole T 
cell fractions prepared from non-PAC populat ions 
(WTC, 67% survival, p < 0.001). WTC fractions were 
further fractionated into CD4 + T cell-depleted WTC 
and CD8 § T cell-depleted WTC to examine what sub- 
populat ion of  T cells was responsible for the antiviral 
activity of  TJS-109 (table 3). Recipients treated with 
CD4 + T cell-depleted WTC had a 70% survival rate 
(p <0.001) and a MSD > 22 (p < 0.001), while the 
group treated with CD8 § T cell-depleted WTC had a 
0% survival rate and a 9.8 MSD. At  this time, a 0% 
survival rate and a 10.1 M S D  was demonstrated in the 
control  group treated with saline. These results suggest 
that  TJS-109 might protect  mice from the infection of  
HSV-1 through its immunostimulat ing activity medi- 
ated by CD8 + T cells. 

Discussion 
In this study we demonstrated the antiviral activity of  
TJS-109 in mice which were infected with a lethal dose 
of  HSV-1. As compared with controls, the survival rate 
and mean survival time in days (MSD)  of  mice exposed 
to HSV-1 were significantly increased when they were 
treated orally with TJS-109 at doses ranging from 
1.25 mg /kg -20  mg/kg. The 20 mg/kg oral dose of  TJS- 
109 was found to be the most effective of  the doses 
tested with infected mice, having significant improve- 
ments in survival rates. Since the agent did not  show 
any virucidal or virostatic activities against HSV-1, it 
has been suggested that  TJS-109 may express its antivi- 

ral activity in vivo through the stimulation of  the host 's 
antiviral functions. When whole spleen cells (WSC), 
non-PAC (macrophage-depleted WSC), whole T cell 
preparat ions derived from non-PAC (WTC) or CD8 § T 
cell preparat ions (CD4 § T cell-depeleted WTC),  which 
were prepared from spleens of  mice treated with TJS- 
109, were adoptively transferred to mice (recipients) 
exposed to HSV-1, marked increases in resistance of  
recipient mice against the infection was demonstrated. 
However, the mortal i ty rates stayed at 100% for recipi- 
ent mice when they were inoculated with macro- 
phage-enriched cells (PAC),  B cell-enriched populat ions 
(nylon wool-adhered non-PAC fraction) or CD4 § T cell 
populat ions (CD8 § T cell-depleted WTC).  These results 
suggest that the protective antiviral activities of  TJS-109 
may be expressed through the host functions mediating 
CD8 § T cells. 
The host 's  antiviral immune systems responding to 
HSV-1 include: generation of  cytotoxic T cells 
(CTLs) 12,13, activation of  natural  killer cells 14, the 

product ion of  humoral  antibodies is, the induction of  
ant ibody-dependent  cellular cytotoxicity 16, and the pro- 
duction of  various cytokines ~4. T lymphocytes have 
been reported to play a critical role in the protection 
and recovery of  hosts infected with HSV-117,I8. The 
development of  symptoms from HSV-1 infection was 
completely inhibited by the adoptive transfer o f  virus 
specific CTLs ~9. Our results presented here also indicate 
that  CD8 § T cells are involved in the anti-HSV-1 re- 
sponses in mice treated with TJS-109.1Jurther investiga- 
tions into the details of  the antiviral mechanism of  
TJS-109 are in progress. 
There are many differences in treatments between West- 
ern drugs and Chinese herbal medicines. In Western 
medicine a diagnosis is made and a drug is chosen that 
has been proven effective for that disease 2~ Chinese 
herbal medicines on the other hand are chosen to treat 
the patients symptoms and the disease 2~ We are using 
current immunological  methods to evaluate Chinese 
herbal  medicines for their effectiveness in treating spe- 
cific diseases. One example of  this is demonstrated in 
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this paper  describing the antiviral  effect of  TJS-109 that  
inhibi ted HSV-1 infect ion th rough the act ivat ion of  the 
host ' s  CD8 + T cells. Therefore it ma y  be possible for 
var ious  other  Chinese herbal  medicines to be evaluated 
by recently developed immunolog ica l  methods.  
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