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Abstract

We focused on the important and basic 6 Kampo formulae, Mao-to (MOT ; ¥##), Shimbu-to
(SBT ; #Lii5), Ninjin-to (NJT ; A2:4)), Shigyaku-san (SGS ; M#0), Keishi-to (KST ; #ki5), and
Shimotsu-to (SMT ; VU¥i%) and compared their pharmacological activity to examine the specificity of
actions of Kampo formulae. In this study, we investigated the effects of these formulae on the immune
system in ovariectomized mice and MRL/Mp-/pr/lpr (MRL) mice.

The alterations of intrathymic T cell subpopulations were observed in ovariectomized mice, where
CD4*CD8* cells decreased and the other subpopulations (CD4-CD8-, CD4*CD8- and CD4-CD8*) in-
creased. These alterations were inhibited by NJT-or SGS-treatment. MOT tended to accelerate the
alteration. Quite similarly, a decrease in CD4+*CD8" and increases in the other subpopulations were also
observed in the thymus of MRL mice. Further, increases and decreases in CD4*CD8* and CD4-CD8",
respectively, were observed in NJT- and SGS-treated groups. Splenic y8-T lymphocyte tended to be
lower in PSL-, SGS- and SMT- treated groups, however, these parameters are not always parallel with
the results in thymocyte subpopulation.

Any decreases in circulating immune complexes (CICs) were not observed in all experimental
groups. In addition, the difference was not statistically significant, however, CICs in the SGS-treated
group were slightly higher than in the control.

Present data suggests that NJT and SGS improve the abnormalities in intrathymic T lymphocytes
in the models of the climacteric disorder and the autoimmune diseases.

Key words Kampo formulae, Autoimmune disease, ovariectomy, thymus, T lymphocytes, MRL/
Ipr mice.

Abbreviations B6, C57BL/6 ; CICs, Circulating immune complexes ; KST, Keishi-to, #fiz
MOT, Mao-to, %#&# ; MRL, MRL/Mp-/pr/lpr ; NJT, Ninjin-to, AZ# ; OVX, ovariectomy ; PBS,
phosphate buffered saline ; SBT, Shimbu-to, ELi} ; SGS, Shigyaku-san, Mi¥Ek ; SLE, systemic lupus
erytematosus ; SMT, Shimotsu-to, M4%3:.
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Introduction

Recently, it has been reported that various
Kampo-medicines were effective for prevention and
therapy of several diseases and that the mechanisms
of their actions were revealed by basic studies. How-
ever, these studies did not aim to clarify the specificity

of each Kampo formula but the actions of Kampo
formulae which have been clinically used for a long
time. There are numerous combinations of herbs in
Kampo-medicine. However their formulae can be
categorized into a few basic formulae from a genea-
logical point of view. We focused on the important
and basic 6 Kampo formulae which differ in their
utility and contain relatively less kinds of herbs. Mao-
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to (BRE ), Shimbu-to (FE##), Ninjin-to (AZi),
Shigyaku-san (P4 3# #), Keishi-to (&£ *% %), and
Shimotsu-to (VU4i%) are not often used clinically by
themselves, however, these formulae are the basis of
many widely used Kampo formulae. The objective of
this investigation is to examine the specificity of
actions of Kampo formulae by comparing the phar-
macological activity of these 6 formulae.

Many autoimmune diseases in women have two
peaks of incidence during periods of major hormonal
changes, first after puberty and the second one at
menopause.1 “ 1t is clear that sex steroids regulates
the immune system, since the immune response is
altered by pregnancy, gonatectomy and hormone
therapy *? and the onset of certain autoimmune
diseases are inhibited by estorogen administration.
Ovariectomy is useful model for the climacteric dis-
order. The alterations in the immune system observed
in this model may be mediated with the pathogenesis
of autoimmune disease. On the other hand, MRL/Mp-
Ipr/lpr (MRL) mice are models for human systemic
lupus erytematosus (SLE). This strain spontaneously
develops the autoimmune disease with massive
lymphadenopathy characterized by immune-complex
glomerulonephritis, arthritis, vasculitis, hypergam-
magloburinemia and the production of autoantibodies
to nucleic acid.” "*’

In this study, we investigated the effects of the
basic 6 Kampo formulae on the immune system in
ovariectomized mice and MRL mice.

Materials and Methods

Animals : C57BL/6N Jcl, C3H/He Jcl and Jcl :
ICR female mice were obtained from Clea Japan, Inc.
at 7 weeks of age. MRL/Mp-{pr/lpr female mice
were obtained from Charles River Japan Inc. at 8
weeks of age. The animals were kept in plastic cages
with wood shavings, 4-6 each, maintained in an ani-
mal room, which was air-conditioned (24-25°C) and
artificially illuminated (12 hours of light from 8:00
AM to 8:00 PM) and provided with standard com-
mercial pellet and tap water ad libitum.

Treatments : At 8 weeks of age, C57BL/6 (B6)
mice were ovariectomized or sham-operated after i.p.
injection of 50mg/kg of sodium pentobarbital

(Dainippon, Osaka, Japan). The sham-operated and
ovariectomized control B6 mice were provided tap
water ad [libitum throughout the experiment. The
experimental mice were given extracts (kindly pro-
vided by Tsumura, Co.) of Mao-to (MOT, TJ-27, lot
#240027010 ; Glycyrrhizae Radix (1.5), Armeniacae
Semen (5), Cinnamoni Cortex (4) and Ephedrae
Herba (5)), Shimbu-to (SBT, TJ-30, lot #250020010 ;
Paeoniae Radix (3), Zingiberis Rhizoma (1.5), Atrac-
tylodis Lanceae Rhizoma (3), Hoelen (4) and Aconiti
Tuber (0.5)), Ninjin-to (NJT, TJ-32, lot #920032001
PO ; Zingiberis Siccatum Rhizoma (3), Glycyrrhizae
Radix (3), Atractylodis Lanceae Rhizoma (3) and
Ginseng Radix (3)), Shigyaku-san (SGS, TJ-35, lot
#250035010 ; Glycyrrhizae Radix (1.5), Aurantii Fructus
Immaturus (2), Bupleuri Radix (5) and Paeoniae
Radix (4)), Keishi-to (KST, TJ-45, lot #230045010 ;
Glycyrrhizae Radix (2), Cinnamoni Cortex (4),
Paeoniae Radix Zingiberis Rhizoma (1.5) and Zizyphi
Fructus (4)) and Shimotsu-to (SMT, TJ-71, lot #
250071010 ; Rehmanniae Radix (3), Paeoniae Radix
(3), Cnidii Rhizoma (3) and Angelicae Radix (3)) at
the concentration of 0.8 9§ as drinking water from 7
days before the ovariectomy. Three days after ovar-
iectomy, mice were killed by decapitation under light
ether anesthesia. MRL/Mp-/{p7/{pr (MRL) mice were
given samples from 9 weeks of age for 20 days as
described above. Positive control mice were injected
with prednisolone (2 mg/kg ; Sigma) subcutaneously
3 times every 3 day. Intact B6, C3H/He, ICR and MRL
mice were also used for the flow cytemetric analysis
9, 8, 8 and 12 weeks of age, respectively.

Preparation of Iymphocytes : At autopsy, the
thymus and spleen was immediately removed, weigh-
ed and pressed with slide glass in phosphate buffered
saline (PBS)(-). The cell suspension was passed
through a #200 metal sieve and layered onto Ficoll-
Conray solution (Immuno-Biological Laboratories,
Fujioka, Japan) and centrifuged at 400 g for 30 min
at room temperature. The interface layer was col-
lected and washed 3 times with PBS(-).

Antibodies - Monoclonal antibodies used for flow
cytometric analysis were R-phycoerythrin (PE) -con-
jugated rat anti-mouse CD4 IgG and fluorescein iso-
thiocyanate (FITC) -conjugated rat anti mouse CD8a
IgG, FITC-conjugated hamster anti-mouse a8TCR
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IgG, PE-conjugated rat anti-mouse ydTCR (Phamin-
gen, San Diego, CA, USA).

Flow cytometric analysis . Splenic and thymic
lymphocytes were incubated with 1 ug/million cells of
fluorescein-conjugated antibodies for 1 h at 4°C. Fluo-
rescence-activated cells were washed 3 times with
PBS(-) and analyzed by an EPICS Elite flow cyto-
meter (Coulter Cytometry Co., Hialeah, FL, USA). A
fluorescence histogram of at least 5,000 counts was
collected in each sample.

Circulating immune complexes . Before and after
the treatment of samples, blood was collected from
the retro-orbital plexus. Each blood sample was as-
sayed for CICs by anti-C3b ELISA method."”

Statistics

among the groups was evaluated by Student’s f-test

The difference in each parameter

or analysis of variance.

Results

Alterations of the thymocyte subpopulations in ovar-

tectomized mice (Fig. 1)

Thymocyte subpopulations were determined on
day 1, 3, 5 and 7 after the ovariectomy (OVX ).
CD4*CD8* cells decreased with a peak at 3 days after
OVX. On the other hand, CD4-CD8~, CD4*CD8~ and
CD4-CD8* cells were increased at 3 days after OVX.
In addition, little differences were seen in the
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Fig. 1 Time course study of the intrathymic T cell
subpopulations in ovariectomized mice (mean + SE.).
*or**Significantly different from the intact group (day 0)
at p<0.05 or 0.01.
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Fig. 2 The effects of Kampo formulae on the intrathymic T cell subpopulations in ovariectom-
ized mice (mean+S.E.). *or**Significantly different from the ovariectomized control (Cont) at
p<0.05 or 0.01. Sham : Sham-operated, Cont : Ovariectomized control, MOT : Mao-to, FE & 45,
SBT : Shimbu-to, ¥iiits, NJT : Ninjin-to, A%, SGS : Shigyaku-san, MLk, KST : Keishi-

to, ks, SMT : Shimotsu-to, V4.
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Table I Thymocyte subpopulation in MRL and other normal mice (Mean+S.E.)

Number

Strain . CD4-8~ CD4*8* CD4%8~ CD4-8*
of mice
C57BL/6 4 0.32+0.02* 87.9%0.5¢ 10.7+0.42 1.1£0.1°
C3H/He 4 0.65+0.10* 88.0+1.8" 9.1+1.52 2.4%£0.3*
ICR 5 2.68+£0.52° 79.8+2.12 14.9+1.7* 2.6+0.1°
MRL/Mp 6 7.58+£1.37° 51.2x2.7° 23.6+2.0° 17.7+1.2°

“*Values with different superscripts are significantly different at p <0.05.

thymocyte subpopulations between intact and sham-
operated mice (data not shown).

Body weight, water intake and dose in ovarviectomized
B6 mice

In all groups, there were no significant differences
in body weight, while water intake was apparently
lower in the MOT-treated group (data not shown).
Doses (g/kg/day) of Kampo medicines calculated
from water intakes were MOT : 1.4, SBT : 1.5 NJT:
1.9, SGS: 1.9, KST: 2.0 and SMT : 2.0.

Effects of the Kampo wmedicines on the thymocyte
subpopulations in ovariectomized wmice (Fig. 2)

Ovariectomized control mice showed significantly
higher CD4-CD8, CD4*CD8~ and CD4-CD8* and lower
CD4*CD8* than sham-operated mice. While, in the
NJT-and SGS-treated mice, significant increases of
CD4+CD8" and decreases of CD4*CD8~ and CD4-CD8*
were observed, compared to the control. These indi-
cate that NJT and SGS inhibited the alteration of
thymocyte subpopulation induced by OVX. In the
MOT - treated group, CD4-CD8", CD4*CD8  and
CD4-CD8" tended to increase, compared to the con-
trol, however, the differences were not statistically
significant.

Thymocyte subpopulation in MRL wmice (Table I)

To examine if the alterations in thymocyte
subpopulation observed in ovariectomized mice are
involved in the pathogenesis of autoimmune diseases,
the thymocyte subpopulation in MRL mice, a model
for human systemic lupus erythematosus, were
compared with mice regarded as immunologically
normal. Similarly to ovariectomized mice, MRL mice
showed significantly higher CD4-CD8~, CD4*CD8§~
and CD4-CD8* and lower CD4+*CD8* than B6, C3H/
He and ICR.

Body weight, water intake and dose in MRL wmice
(Table II)

Table II Effects of Kampo formulae on body weight
and water intake in MRL mice

Body Weight (mean =S.E.) Water intake

Group (mean)
Initial (g) Final (g)  (g/mouse/day)
Control 26.8+0.8 29.3+1.1 6.42
PSL 27.0+0.7 28.2+0.7 7.01
MOT 26.8+0.7 24,7+0.8** 2.57
SBT 27.3%£0.6 29.3£0.8 4.40
NJT 27.3£0.8 29.5%1.2 5.07
SGS 27.0%£0.9 29.4%1.7 5.20
KST 26.9+0.9 30.2£0.6 4.99
SMT 26.9+1.0 29.0+1.4 6.60

n=6 in each group. **Significantly different from the con-
trol at » <0.01. PSL : prednisolone, MOT : Mao-to, Fk¥& 43,
SBT : Shimbu-to, 1L, NJT : Ninjin-to, AZ#5, SGS :
Shigyaku-san, Pdif, KST : Keishi-to, fEffis, SMT:
Shimotsu-to, V4.

Table III Effects of Kampo formulae on weights of thymus
and spleen in MRL mice (Mean+S.E))

Group Thymus (mg) Spleen (mg)
Control 64.2+2.50 239+18.1
PSL 34.0+1.91%* 246+39.8
MOT 50.9+£3,32** 190 16.6
SBT 56.4%1.80* 264+55.0
NJT 57.0+2.02* 287+25.4
SGS 53.2+2.71** 428 +98.9*
KST 57.7%£1.97* 229+11.9
SMT 54.1+£3.93* 276+21.7

n=6 in each group. *or **Significantly different from the
control at p <0.05 or 0.01. PSL : prednisolone, MOT : Mao-
to, ¥k, SBT : Shimbu-to, 194, NJT : Ninjin-to, A%
%5, SGS : Shigyaku-san, Wik, KST : Keishi-to, fEfEss,
SMT : Shimotsu-to, ik,

In the MOT-treated mice, body weight and water
intake were apparently lower than in the control
group. Doses (g/kg/day) of Kampo medicines calcu-
lated from water intakes were MOT : 0.7, SBT : 1.2,
NJT : 14, SGS : 1.4, KST : 1.4 and SMT : 1.9.
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Fig. 3 The effects of Kampo formulae on the intrathymic T cell subpopulation in MRL mice
(mean=+S.E.). *or**Significantly different from the control at » <0.05 or 0.01. (Cont : Control,
PSL : prednisolone, MOT : Mao-to, #&##s, SBT : Shimbu-to, ¥Lit#}, NJT : Ninjin-to, A%,
SGS : Shigyaku-san, M4k, KST : Keishi-to, ¥4, SMT : Shimotsu-to, T4

Weights of thymus and spleen (Table III)

Thymus weights were significantly lower in PSL-
treated and all experimental groups, where these
differences were marked in PSL-, MOT- and SGS-
treated groups. In spleen weights, the SGS-treated
group was significantly higher than the control.

Effects of Kampo wmedicines on thymocyte subpopula-

tion in MRL wmice (Fig. 3)
In the NJT-and SGS-treated mice, CD4*CD8" and

v8-T cell (%}

KST

SMT

Fig. 4 The effects of Kampo formulae on the ag-and y5-T
lymphocytes in MRL mice (meant+S.E.). *or**Signifi
cantly different from the control at p <0.05 or 0.01. Cont :
Control, PSL : prednisolone, MOT : Mao-to, #ki{ts, SBT :
Shimbu-to, fLs445, NJT : Ninjin-to, AZ#, SGS : Shigya-
ku-san, i, KST : Keishi-to, 645, SMT : Shimotsu-
to, Pz,

CD4-CD8* cells were significantly increased and
decreased, respectively, compared to the control.
CD4-CD8~ cells were significantly lower in the MOT -
and NJT -treated group than in the control. In the
PSL-treated group, CD4*CD8* and CD4*CD8~ were
further decreased and increased, respectively.
af- and yo-T lymphocytes (Fig. 4)

af3-T lymphocytes in the spleen were significant-
ly higher in the PSL-, SBT-, SGS-, KST- and SMT-
treated group than in the control. In the PSL-, SGS-
and SMT-treated group, yd-T lymphocytes tended to

Table IV Effects of Kampo fomulae on CICs (Mean+S.E.)

CIC (O.D. 405nm) Change

Group
Initial Final (%)

Control 0.160+0.061 0.156+0.044 121+21

PSL 0.140+0.024 0.151+0.034 110£19
MOT 0.135£0.024 0.140+0.022 12529
SBT 0.109£0.024 0.140%0.022 130£18
NJT 0.123+£0.011 0.130£0.015 115+8

SGS 0.15540.069 0.223£0.041 190£57
KST 0.093+0.007 0.137£0.023 155433
SMT 0.095+0.013 0.147+0.022 159+ 14

n=6 in each group. PSL : prednisolone, MOT : Mao-to, f##
#, SBT : Shimgu-to i, NJT : Ninjin-to, AZ#s, SGS -
Shigyaku-san, Vg, KST : Keishi-to, fEtii, SMT :
Shimotsu-to, PUiEs.
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decrease compared to the control, however, these
differences were not statistically significant.
Circulating immune complexes (CICs ; Table IV)

There were not any significant differences in
CICs between the control and experimental groups,
however, CICs in the SGS-treated group were slightly
higher than in the control.

Discussion

Inactivation of intrathymic T cell differentiation
was observed by aging,m bacterial infection,h)
. . . 16 18) . . 19 21)

estrogen administration and malignancies.
These data showed that CD4+*CD8* cells and the other
subpopulation in the thymus were decreased and in-
creased, respectiveb}f mExtrathymic T lymphocytes

often develop at the thymic involution phase """

and, in some cases, contain yé‘wor self-reactive "
cells, which in turn are responsible for certain autoim-
mune diseases.

In this study, the alterations of intrathymic T cell
subpopulations were observed in ovariectomized mice,
where CD4*CD8* cells decreased and the other
subpopulations increased, similarly to the published
data described above.” *’ Imbalance in sex steroids
in ovariectomized mice was thought to induce these
changes, through the specific receptors for gonadal
steroids in thymus.22 * These alterations were im-
proved by the NJT- or SGS-treatment. Thus, this
data suggests that NJT and SGS inhibit the abnormal
intratymic T cell differentiation at the climacteric
phase and possibly prevents the onset of autoimmune
diseases.

It is known that pathogenesis of diseases in MRL
mice is thymus—dependent.zm Neonatal thymectomy
prevents lymphadenopathy, nephritis and production
of autoantibodies to DNA and immune-complexes
and improves survival rate in this strain”® Quite
similarly to the ovariectomized mice, a decrease in
CD4*CD8" and increases in the other subpopulations
were also observed in the thymus of MRL mice.
Further, increases and decreases in CD4*CD8* and
CD4-CD8*, respectively, were observed in the NJT-
and SGS-treated group. Thus, our data suggests that
NJT and SGS improve the defects of intrathymic
differentiation in MRL mice. In addition, PSL seems

to increase the abnormality in thymocyte subpopula-
tion in this model.

A significant fraction of y¢8-T lymphocyte is
regarded to differentiate extrathymicly and recognize
self-reactive antigens in mice.”” It is also reported
that y6-T lymphocytes increase in patients with some
autoimmune diseases such as Sjogren’s syndromZeg,)
Hashimoto’s thyroiditis,m multiple sclerosis 7 and
celiac disease.””’ Present data showed that yo-T
lymphocyte tended to be lower in the PSL-, SGS- and

- SMT-treated group, however, these parameters are

not always parallel with the thymocyte subpopula-
tion.

Immune complexes are one of the pathogenesis of
autoimmune disease. Circulating immune complexes
(CICs) are frequently detected in patients with
autoimmune diseases such as systemic lupus eryth-
ematosus,” " rheumatoid arthritis’" and others. The
deposition of immune complexes in the tissues led to
glomerulonephritis, vasculitis and skin diseases” ™
In this study, any decreases in CICs were not observed
in all experimental groups. This was perhaps due to
the age of the mice, 9 weeks of age at the beginning of
the experiment, in which the disease of the mice might
have already progressed. In addition, the difference
was not statistically significant, however, CICs in the
SGS-treated group was slightly higher than in the
control. Since an increase in spleen weight was also
observed in SGS-treated group, we cannot deny the
possibility that the SGS accelerates the disease by its
immunopotentiation.

Taken together, NJT may regulate or normalize
the abnormal intrathymic differentiation and their
actions are clearly different from PSL.
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