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Abstract

We have investigated the interferon (IFN)-inducing activity of Hochu-ekki-to (HET) in
mice in comparison with that of poly I: C, a well-known IFN inducer. HET (62.5 to 2000
mg/kg) and poly I: C (2 mg/kg) were administrated by intraperitoneal and intravenous
injection, respectively. In the sera from poly I : C-injected mice, the antiviral activity by the
induced IFN peaked at 2 hours after injection, versus 48 hours for HET-injected mice. The
antiviral activity was demonstrated using murine 1929 cells but not a canine kidney-derived
cell line, indicating that the activity shows host-species specificity. The optimum dose of
HET for IFN induction was 250 mg/kg, at which the highest antiviral activity was 160 units
(U)/ml corresponding to 400 international units (IU)/ml IFN-alpha. When the inducing
activity of each component in HET was examined, only Saiko (62.5 mg/kg) induced [FN at
12 hours after injection, and the highest antiviral activity was 320 U/ml corresponding to 800
IU/ml IFN-alpha. Poly I : C-induced IFNs required both anti-murine IFNs-alpha and beta
antibodies to neutralize the activity, whereas HET- and Saiko-induced IFNs were neutralized
only by anti-murine IFN-alpha antibody but not by anti-murine IFN-beta or -~gamma
antibody. Although we could not eliminate the possibility of IFN-beta and/or -gamma
induction by HET at the undetectable level in our assay system, it was evident that HET
induced primarily IFN-alpha. This feature was the most distinctive from that of poly I . C
which induced both IFNs-alpha and beta.

Key words interferon inducer, mice, Hochu-ekki-to, Saiko, poly I : C, antiviral activity,
murine interferon-alpha.

Abbreviations CPE, cytopathogenic effect ; FBS, fetal bovine serum ; HET, Hochu-
ekki-to (Bu-Zhong-Yi-Qi-Tang), i85 ; IFN, interferon ; Juzen-taiho-to (Shi-Quan-
Da-Bu-Tang), +&Xfi# . mAB, monoclonal antibody ; MEM, minimal essential medium ;
PBS, phosphate-buffered saline ; poly I : C, polyriboinosinic-polyribocytidylic acid ; SST,
Sho-saiko-to (Xiao-Chai-Hu-Tang), /M.
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Introduction

Since the discovery of interferon (IFN) as a
virus inhibitory factor}) it has been observed that
I[FNs are host-coded proteins and thereby host-
species specific?) Many studies on the biological
and immunological characterization have led to
the classification of both human and murine IFNs

evidences suggest that IFNs act upon cellular
differentiation and immunomodulation, and there-
by IFNs are considered to be one of lymphokines
or monokines which play an important role on the
expression and development of host defense mech-
anisms. "

Kampo formulations (traditional Chinese
medicines) are used frequently for the treatment
of chronic diseases in contrast to the western

into alpha, beta and gamma species ¥ Recent medicines. Hochu-ekki-to (HET) has been used
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from old times for chronic diseases due to the
deficiency of vital energy ( ‘Ki” in Chinese medical
concept), and for infectious diseases efc. in
patients with a weak constitution. In clinical
studies, HET has been applied to the patients in
various immunological disorders (weak immu-
nity, immunosuppressive state and autoimmune
diseases)f” Recently, it has been shown that
HET possesses various immunomodulating activ-
ities in experimental studies, 7. e., activation of
macrophages?) effects on human natural killer
' IFNs
also possess the above biological activities, and it
is probably supposed that HET might induce
IFNs. However, laboratory studies on IFN-in-

cell activity,m) and anti-tumor effects’'

ducing activity of HET have not yet been report-
ed.

In the present study, we demonstrated IFN-
inducing activity of HET and its components in
mice. Here we show that HET and Saiko induce
primarily IFN-alpha in sharp contrast to poly I :
C which induces both IFNs-alpha and -beta.
This is the first report of HET as an IFN inducer.

Materials and Methods

Mice . An outbred specific - pathogen -free
strain of ICR female mice aged 8 weeks were
obtained from Japan SLC Co. Ltd. (Hamamatsu,
Japan). Five mice were used for each experimen-
tal group.

Cells and virus . Murine L929 cells and Madin-
Darby canine kidney (MDCK) cells were grown
in Eagles’s minimal essential medium (MEM)

supplemented with 10% heat-inactivated (56°C for
30 min) fetal bovine serum (FBS), penicillin G (100
U/ml) and streptomycin (100 xg/ml). VERO
cells, an established cell line from the kidney of
the African green monkey, were also grown in the
same medium. These cells were maintained as a
monolayer culture in a humidified atmosphere
containing 5% CO, at 37°C.

Encephalomyocarditis virus (EMCV), which
was kindly supplied by Chiharu Kishimoto
(Toyama Medical and Pharmaceutical Univer-
sity, Japan) was grown in monolayer cultures of
VERO cells. Virus stock solution was prepared
as described elsewhere'” and stored in small
portions at —80°C. The 50% tissue culture infec-
tious dose (T'CIDs,) of the virus stock solution was
10*/0.1 ml assayed on 1929 cells.

HET, its component and poly I . C . The
germ-free lyophilized powder of HET and 10
components included in HET were kindly sup-
plied from Tsumura & Co. (Tokyo, Japan). The
constitution of HET is listed in Table 1. Poly
I : C was obtained from Sigma (St. Louis, USA).
After weighing under aseptic conditions, these
drugs were dissolved in sterile phosphate-buffer-
ed saline (PBS) and treated with ultrasonication
for 1 min (except poly I : C).

IFN induction in vivo : 0.5 ml of HET were
given by intraperitoneal (z.p.) injection at various
doses (62.5 to 2000 mg/kg). Its component was
given in the same way (31.25 to 500 mg/kg). As
a positive control, 0.2 ml of poly I : C (2 mg/kg)
were given by intravenous (Z.».) injection accord-
ing to the method of Suzuki et al ¥ At the

Table 1T Constitution of Hochu-ekki-to.

Components Amount Origin
Astragari Radix (Ogi) 4.0g Japan
Atractylodis Lanceae (Sojutsu) 4.0g China
Rhizoma
Ginseng Radix (Ninjin) 4.0g Korea
Angelicae Radix (Toki) 3.0g Japan
Bupleuri Radix (Saiko) 20g Japan
Zizyphi Fructus (Taiso) 2.0g China
Aurantii Nobilis (Chinpi) 2.0g Japan
Glycyrrhizae Radix (Kanzo) 1.5g China
Cimicifuge Rhizoma (Shoma) 1.0g China
Zingiberis Rhizoma (Shokyo) 0.5¢g China




MEREEY2E (Vol.8 No.3

indicated times after injection, blood samples
were obtained from axillary vessels and kept at
4°C for 12 hr.
after centrifugation at 7000 rpm for 10 min and
stored at —80°C until used.

IFN titration - IFN titration was carried out
according to the method of cytopathogenic effect
13 15) With
slight modifications. Briefly, sera were initially
diluted 10-fold with MEM supplemented with 2%
FBS and then serial two-fold dilutions in 50 ] of
the same medium were prepared in each row of 96-
The last well
of each row (total 12 wells) was filled with 50 w!l

Thereafter, the sera were collected

(CPE) assay as reported elsewhere

well microplates (Corning, USA).

of the medium to serve as virus and cell controls
(6 wells each). Thereafter, 100 xl of suspension
of L1929 cells (6x10* cells/well) were added to
each well and the plates were incubated at 37°C
for 24 hr in a CO, incubator.
medium, 100 x4l of EMCV suspension containing
virus titer of 100 TCID;, were added to each well
except the cell control wells and the plates were

After removing the

further incubated in the same way until the virus
control wells displayed CPE of 1009%. There-
after, the remaining cells were fixed with acetone-
methanol (1 : 3 v/v) for 5 min and stained with 0.1
9% crystal violet solution in 20% ethanol for 10
min. IFN titer was read as the highest reciprocal
serum dilution at which 50% of cell monolayers
was protected from the CPE determined by visual
examinations of the monolayers with the aid of
microscopy. Unless otherwise stated, IFN titer
was expressed as units (U)/ml based on the above
determination. To test host-species specificity
of antiviral activity, MDCK cells were used
instead of 1.929 cells. Moreover, reference stan-
dard murine IFNs-alpha, -beta (both obtained
from PAESEL LOREI, Frankfurt, Germany) and
-gamma (from Genzyme, Boston, USA) were in-
cluded in each assay to standardize the IFN titer.

Neutralizing test of IFNs . To determine the
types of induced IFN, neutralizing tests were
carried out using monoclonal antibodies (mABs)
against murine IFNs-alpha, -beta (both obtained
from Yamasa Shoyu Co., Ltd, Tokyo, Japan) and
-gamma (Holland Biotechnology, Leiden, Neith-

erland). The serum specimens were incubated
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with an equal volume of mAB (neutralizing
titer : more than 320 IU/ml to the respective
reference standard in this assay system) at 37°C
for 1 hr.
activity was titrated in the same way as above.

Thereafter, the remaining antiviral

In some experiments, this test was performed in
the simultaneous presence of two different mABs.

Statistical analysis . Mann-Whitney test was
used to evaluate significant difference between
the independent two groups.

Results

IFN -inducing activity of HET

To confirm that the sensitivity of our assay
system used in this study was comparable to that
reported by Suzuki ef al.}"” sera from poly 1: C
injected mice were initially titrated. Asshown in
Fig. 1, antiviral activity could be detected in all
sera from poly I . C-injected mice but not in sera
from untreated mice. The antiviral activity was
maximum at 2 hr after injection (mean 960 U/
ml ; peak 1280 U/ml).
that our assay system showed almost the same

These data demonstrated

sensitivity as the above report.m

We therefore examined antiviral activity in
sera collected at various periods after i.p. injec-
tion of HET at doses of 62.5 to 2000 mg/kg. As
a result, in a group which received 250 mg/kg of
HET, a significant increase in antiviral activity
(mean 60 U/ml ; peak 160 U/ml) was observed at
48 hr after injection, but not earlier or later than
48 hr (Fig. 2).
antiviral activity (mean 30 U/ml ; peak 80 U/ml)
was also detectable in sera from mice injected
with 500 mg/kg of HET, but the effect of other
doses was negligible (Fig. 3).
al activity was not detected in sera collected at
other than 48 hr at any dose (data not shown).
Host—species specificity of induced antivival activ-
ity

To test host-species specificity of the detected

At this period after injection,

Moreover, antivir-

antiviral activity, the same assay carried out
using MDCK cells. As shown in Fig. 4, the
antiviral activity induced by the injection of 250
or 500 mg/kg of HET was reduced to the control
level, confirming that antiviral activity induced
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Fig. 1 Time-related IFN induction by poly I . C. Poly I . C was given with z.v. injection at
a dose of 2 mg/kg. Untreated mice served as a control. At the indicated times after
injection (abscissa), sera were collected to assay antiviral activity. IFN titer (ordinate)
was expressed as the mean antiviral activity (U/ml) of five mice (thick bar) + SEM (thin
bar) which assayed on L929 cells. The definition of antiviral activity was described in the
text. Asterisks indicate significant difference from the control (p <0.01).
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Fig. 2 Time-related IFN induction by HET. HET was given with 7p. injection at a dose
of 250 mg/kg. Untreated mice served as a control. At the indicated times after injection
(abscissa), sera were collected to assay their antiviral activity on L1929 cells. At each
experimental point, IFN titer (ordinate) was expressed as the mean antiviral activity (u/
ml) of five mice (thick bar) = SEM (thin bar). IFN titer at 48 hr showed significant
difference from the control (p <0.05).
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Fig. 3 Dose-related IFN induction by HET. HET was given with Zp. injection at the
indicated doses (abscissa). Untreated mice served as a control. At 48 hr after injection,
sera were collected to assay their antiviral activity on 1929 cells. At each experimental
point, IFN titer (ordinate) was expressed as the mean antiviral activity (U/ml) of five mice
(thick bar) = SEM (thin bar). IFN titer at 250 and 500 mg/kg showed significant differ-
ence from the control (p <0.05).
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Fig. 4 Host-species specificity of antiviral activity induced by HET. Mice were given HET
with 7.p. injection at a dose of 250 or 500 mg/kg (abscissa) and sera were collected at 48 hr
after injection. IFN titer (ordinate) in sera was titrated on 1929 cells or canine MDCK cells
and expressed as the mean antiviral activity (U/ml) of five mice (thick bar) + SEM (thin
bar).
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Fig. 5 Time-related IFN induction by Saiko. Saiko was given with 7.p. injection at a dose
of 62.5 mg/kg. Untreated mice served as a control. At the indicated times after injection
(abscissa), sera were collected to assay their antiviral activivity on 1929 cells. At each
experimental point, IFN titer (ordinate) was expressed as the mean antiviral activity (U/
ml) of five mice (thick bar) £ SEM (thin bar). IFN titer at 12 hr showed significant
difference from the control (p <0.05).
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Fig. 6 Neutralization test of IFNs induced by HET, Saiko, and poly I . Cby murine IFN type-
specific mABs. Serum samples collected from HET(a), Saiko(b), and poly I : C(c) injected
mice were treated with each mAB alone or anti-(alpha+beta) mABs at 37°C for 60 min.
Samples without mABs were served as a control and designed “(—)”. Thereafter, remain-
ing IFN titers were assayed and expressed as the mean antiviral activity (U/ml) of five mice
(thick bar) = SEM (thin bar). Significant differences from the control were observed by
anti-IFN-alpha in a and b, and anti-IFN-alpha-+beta in c, respectively (p <0.01).
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by HET is host-species specific.
IFN -inducing activity of each component includ-
ed in HET

HET consists of 10 components as listed in
Table 1. Thus, we examined which components
acted as an IFN inducing agent. Among the
components, only Saiko (62.5 mg/kg) could induce
antiviral activities at 12 hr after injection (mean
108 U/ml ; peak 320 U/ml) to a comparable level
to that induced by HET (Fig. 5). In this case, the
duration period for induction became somewhat
shorter (compare 12 and 48 hr for Saiko and HET,
respectively). Sojutsu and Shoma showed some
activities (not significant) at 48 hr, but other
components showed no activities to induce IFN
(data not shown).

Neutralization test of the induced antivival activity
by mABs against murine IFNs-alpha, -beta and -
gamma

Based on the host-species specificity, it was
suggested that the antiviral activity was exerted
by IFN. Hence, we attempted to identify the
type of induced IFN by a neutralizing test using
IFN type-specific mABs. As shown in Fig. 6a-c,
HET- and Saiko-induced IFNs were completely
neutralized by anti~IFN-alpha mAB. However,
both mABs against IFNs-beta and -gamma could
not neutralize its activity. On the other hand,
poly I : C-induced IFNs could be neutralized only
in the simultaneous presence of both mABs
against IFNs-alpha and -beta. Anti-IFN-alpha
or -beta alone could not neutralize the activity
completely.

Based on these findings, we attempted to
standardize the IFN titers induced by HET and
Saiko to international units (IU/ml) using refer-
ence standard IFN-alpha. As a result, 1 U/ml] of
induced IFN corresponded to 2.5 IU/ml of refer-
ence standard IFN-alpha in our assay system.
Therefore, 160 and 320 U/ml, which was the
maximum IFN titers induced by HET and Saiko,
could be expressed as 400 and 800 IU/ml IFN-
alpha, respectively.

Discussion

With reference to others’ reports, im-

munomodulating activities of Kampo formula-
tions including HET can be summarized as fol-
lows : the induction of polyclonal antibodies in
peripheral blood mononuclear cells ,16) the activa-
tion of macrophages ?) the augmentation of natu-
ral killer or lymphokine activated killer cell

17.18) . 11,19)
and anti-tumor effects.

cytotoxicity ,1 *
Because IFNs are recognized as one of the impor-
tant immunomodulating cytokines:H) it allows us
to postulate that the immunomodulating activity
of HET may be intimately associated with the
induction of IFNs. Indeed, several reports have
shown the IFN-inducing activity of Kampo for-
mulations. In the case of human, Sho-saiko-to
(SST) induced IFN-alpha *  and -gamma 2V
Juzen-taiho-to enhanced the production of phyto-
hemagglutinin-induced IFN-gamma * In the
case of mice, SST induced IFN-alpha-+beta 2
Naito ef al.”’ reported that 17 Kampo formula-
tions (except HET) induced murine IFN-like sub-
stance, but they made no identification of murine
IFNs themselves. However, laboratory studies
on IFN inducing activity of HET has not yet been
reported. In this study, we demonstrated the
IFN-inducing activity of HET in mice for the
first time.

It has been reported that poly I: C induced
IFNs-alpha and beta powerfully which peaks at 2~
3 hr and disappears at 6-8 hr after either 7.0. or
i.p. injection 220 Consistent with this study
(Fig. 1). At the neutralization test of poly I : C-
induced IFNs (Fig. 6¢), anti-IFN-beta mAB could
not reduce the IFN titer (comparable to the con-
trol level), although sufficient amounts of each
mAB were used to this test. This finding might
be explained that the residual IFNs after the
treatment of this mAB was enough to prime 1929
cells in wells of high dilutions (low contents of
residual IFNs), and that the following challenge
of EMCV induced newly high titer IFNs from
L929 cells by this priming effect. Thus, we esti-
mated that the IFN titer at this test might be
expressed as antiviral activities of cells treated by
both residual IFNs (low diluted wells) and newly
induced IFNs (high diluted wells).

The highest IFN titer induced by HET was
only 1/8 of that induced by poly I: C, and HET
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required a much longer period for induction than
poly I : C in this study.

HET were comparable to those in other Kampo
4)

However, these results in
formulations studied in mice™>>® Moreover, it is
shown that even an extremely low amount (less
than 10 U/ml) of IFN is enough to induce cellular
responses.m Thus, we can speculate that HET is
actually an IFN inducer in vivo.

Although we could not eliminate the possibil-
ity of IFNs-beta and/or -gamma induction by
HET at the undetectable level in our assay sys-
tem, it was evident that HET induced primarily
IFN-alpha (Fig. 6a).
distinctive from that of poly I . C which induced
both IFNs-alpha and beta.
ported previously have produced both IFN-alpha

This feature was the most

All murine cells re-

and -beta in response to poly I . C or Newcastle
disease virus (NDV).
murine cells producing IFNs-alpha or -beta in-
HET,
thereby, may be useful for obtaining better in-

Moreover, the existence of

dependently have remained unknown.

sights into the distinct mechanisms of IFN-alpha
induction on cellular and inducer levels in mice.

Among the components included in HET,
Saiko also induced primarily IFN-alpha (Fig. 6b).
Although HET and SST share Saiko as one of
their components, several reports demonstrated
that SST induced IFNs-alpha, -gamma, and -
alpha+beta, in human and mice’”*""*”  Because
SST includes Pinelliae Tuber (Hange) and Scutel-
lariae Radix (Ogon) which HET does not include,
this constitutional difference might influence the
induction of plural IFN subtypes in SST.

It is interesting to know that the duration time
for induction was somewhat longer by HET
This might
First,
environment may delay the

compared with that by Saiko alone.
be explained with several mechanisms.
intraperitoneal
absorption of HET into the circulation system.
Secondly, IFN inducing agents (possibly included
in Saiko) may be converted more slowly into
active forms when given as HET. Thirdly,
although the inducing effects of Sojutsu and Shoma
were weak (data not shown), these components
might act as IFN inducers at a later time (48 hr)
in response to the priming effect of Saiko exhibit-

ed at an earlier time (12 hr). However, further

studies are needed to clarify this issue.

It was shown that HET and Saiko induced
IFN only in the optimum dose range (250-500 mg/
kg and 62.5 mg/kg, respectively). One explana-
tion for this might be that some agents in HET
and Saiko act as inducers while others show
suppressive effects. Thus, IFN induction may
occur in the optimum dose range depending on a
balance between enhancing and suppressive
effects of the agents included in HET and Saiko.
Abe et al”¥ also reported that Sairei-to im-
This
phenomenon might be a characteristic of Kampo

proved nephrosis rats at the optimal dose.

formulations.

Finally, we might explain that activation of
macrophages and augmentation of natural killer
cell cytotoxicity were mediated by HET-induced
IFN-alpha.
potency, we can confidently apply HET in clinical

Considering this immunostimulating
cases.
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