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Effects of Kampo medicine

on immune complexes binding to macrophages in vitro
—Blend effects of components of Toki-shakuyaku-san—
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Abstract

The effects of Toki-shakuyaku-san (TSS) and each ingredient on the binding of immune
complexes to macrophages were demonstrated. To elucidate the activity, the investigation
carried out the peroxidase anti peroxidase complex (PAP), as model immune complex, binding
to macrophage in vitro. Samples were prepared from decoction. To exclude tannins and
polyphenols, the decoctions were applied to Sephadex LH-20. The eluates with water were
lyophilized to get sample extracts. Decoctions of TSS and crude drugs were applied to
Sephadex LH-20 to exclude tannins and polyphenols, and liophlized to get the test samples.
Immune complexes binding was significantly enhanced by the TSS extract. To clarify the role
of the complex of six ingredients ; we have examined the activity of individual ingredients, and
“minus one crude drug prescriptions”. No significant changes were observed in the individual
components. The enhancing activity of TSS has still remained in “minus one crude drug
prescriptions” except the TSS minus Angelicae Radix extract. Although no activity was
detected in a simple mixture of Angelicae Radix extract and TSS minus Angelicae Radix
extract, the enhancing activity was obtained in the combined extract of Angelicae Radix and
Atractylodis Lanceae Rhizoma. The results obtained in this experiment indicated the follow-
ing ; TSS enhanced the ability of the immune complexes binding to macrophages ; this action
of TSS was mainly contributed by Angelicae Radix, and the combination of Angelicae Radix
and Atractylodis Lanceae Rhizoma had an important role on the appearance of the enhancing
activity of TSS.

Key words Toki-shakuyaku-san, immune complexes, macrophages, Angelicae Radix,
Atractylodis Lanceae Rhizoma, blend effects.

Abbreviations ALI, Alismatis Rhizoma ; ALR, Atractylodis Lanceae Rhizoma ; AR,
Angelicae Radix ; CICs, circulating immune complexes ; CR, Cnidii Rhizoma ; EIC, enzymatic
immune complexes clearance ; H, Hoelen ; MPS, mononuclear phagocytic system ; OPD, O-
phenylenediamine dihydrochloride ; PAP, peroxidase anti peroxidase complex ; PBS, phos-
phate buffered saline ; PR, Paeoniae Radix ; SLE, systemic lupus erythematosus ; TSS, Toki-
shakuyaku-san ; Toki-shakuyaku-san (Dang-Gui-Shao-Yao-San), /25385,

tion in systemic lupus erythematosus (SLE)
Introduction patientsl'wand they have been considered to be a
causative agent of glomerulonephiritis, vasculitis
It has been suggested that deposition of and skin diseases.” "

immune complex to tissues is one of the important Recently, some clinical reportsm have indicat-
pathogenesis of autoimmune diseases. Immune ed that the traditional Japanese (Kampo) medi-
complexes are generally detected in the circula- cines improved the patients with autoimmune
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diseases. And also, during our course of study on
the effects of Kampo medicines on the immune
system, we revealed ®that the clearance of
immune complexes from the circulation of auto-
immune disease model mice (i» vivo enzymatic
immune complex clearance assay: in vivo EIC
assay) was significantly increased by Toki-sha-
kuyaku - san (Dang - Gui - Shao - Yao - San in
Chinese ; Pulvis paeoniae et angelicae) treatment.

Toki -shakuyaku -san (TSS) is one of the
most common Kampo prescriptions. TSS is one of
Kampo formulations frequently applied to
gynaecological disorders. According to classic
Kampo textbooks, TSS has been shown to
improve ovarin dysfunction, and has been empiri-
cally used as a remedy for amenorrhea, luteal
phase dyafunction, and anovulatory syndrome.
TSS is a combination of six medicinal plants ;
Angelicae Radix (AR), Cnidii Rhizoma (CR),
Paconiae Radix (PR), Hoelen (H), Atractylodis
Lanceae Rhizoma (ALR), and Alismatis Rhizoma
(ALI). According to our i vivo EIC assay,ﬁ) this
medicine improved the clearance of immume
complexes, however no effect was observed in
each ingredient of TSS. This finding suggested
that the combination of medical plants might
have an important role on the activity of this
prescription. Therefore, our next endeavour was
focused on examining if Toki-shakuyaku-san has
potential effects on in vitro immune complexes
binding to macrophages, and to clarify the inter-
action of ingredients.

Materials and Methods

Crude drugs: Crude drugs (medical plants)
were purchased from Uchida Wakan - Yaku
(Tokyo, Japan). Toki-shakuyaku-san was pre-
pared by decoction. Six herbs (Angelicae Radix,
from Nara, Japan, 3.0 g; Cnidii Rhizoma, from
Hokkaido, Japan, 3.0 g; Paeoniae Radix, from
Nara Japan, 4.0 g; Hoelen, from Korea, 4.0g;
Atractylodis Lanceae Rhizoma, from Hubeli,
China, 4.0 g; Alismatis Rhizoma, from Guizho,
China, 4.0 g) were mixed with 600 ml of distilled
water, and the whole was boiled until the volume
was reduced to 300 ml. The decoction was filtrat-

ed immediately. The residue was added to 600 ml
of water, and boiled again. This procedure was
repeated twice. The filtered hot water extracts
were combined, and lyophilized. To exclude tan-
nins and polyphenols, the extract was suspended
with 20 ml of water, and applied to Sephadex LH-
20 (10 ml), and eluted with 50 ml of water. The
eluate was lyophilized again. To evaluate the
interaction of each ingredient, we also made a
“single crude drug” decoction and “minus one
crude drug” decoction in the same way.

The weight of the lyophilized extracts were
as follows : the yield (%), calculated by the weight
of TSS extract was 100 %, is given in parenth-
eses; TSS, 6.131 g (100 %) : AR, 1.457 g (23.8) ; CR,
0.959 g (15.6) ; PR, 1.361 g (22.2); H, 0.085g (1.4);
ALR, 1459 ¢ (23.8); ALI, 0.538 g (8.8); TSS—AR,
4.655 g (75.9) ; TSS—CR, 5.203 g (84.9) ; TSS—PR,
4.757 g (77.6) ; TSS—H, 6.124 g (99.8) ; TSS—ALR,
4.451 g (72.6) ; TSS—ALI, 5.627 g (91.8).

Animals : Male C3H He/J mice (6 weeks of
age) used in this experiment were purchased from
Nihon SLC Co. Ltd (Hamamatsu, Japan). A light-
ing schedule (12 hours of light ; 12 hours of dark-
ness) and controlled temperature were used. They
had free access to standard diet and drinking
water.

Chemicals : Thioglycollate medium were
obtained from Eiken Chemical Co., Ltd. (Osaka,
Japan). Neat goat peroxidase anti peroxidase
(PAP) were obtained from Lipshaw / Immunon
Company (Michigan, USA). Nonidet P-40 were
obtained from Iwai Kagaku Co., Ltd. (Tokyo,
Japan). O - phenylenediamine dihydrochloride
(OPD) were obtained from Tokyo Kasei Company
(Tokyo, Japan).

Measurement of immune complexes binding :
The binding of immune complexes to macro-
phages were measured as previously described.”
In brief, mice were injected with 2 ml of thio-
glycollate medium intraperitoneally. After 96
hours of injection, macrophages were obtained
from the peritoneal cavity. Macrophage density
was adjusted to 1X10°® cells per ml with RPMI
1640 medium. A 200 g1 aliquot of cell suspension
was added with 20 gl of a test solution, and was
cultured in 96 wells microplate for 20 hours at
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However, in the case of “minus one crude drug”
decoction, only “TSS— Angelicae Radix” decoc-
tion represented the significant decrease of PAP
binding compared to TSS treatment. Other
“minus one crude drug” decoctions (—Cnidii
Rhizoma, —Paeoniae Radix, — Hoelen, — Atra-
ctylodis Lanceae Rhizoma, and — Alismatis
Rhizoma) still had the same PAP binding activity
as TSS (Fig. 2).

Furthermore, we tested the effects of the
combination. The results were showed in Fig. 3.
The mixture of Angelicae Radix etract and TSS
— Angelicae Radix extract no effect was observed
on PAP binding. These observations strongly
suggested that Angelicae Radix contributed to the
enhancement activity of TSS on binding of ma-
crophages to the immune complexes. Also, its
combination with other crude drugs might be
important to express the activity. Therefore, the
next experiment was designed to examine if the
blend of two crude drugs decoction has an enhanc-
ing activity on the binding of macrophage.

-
o
T

©
©
T

o
»
T

e
9
T

Immune complexes binding (0.D.492 nm)
(=]
-]
T

Contreol

Fig. 3 Effects of the mixture of “Angelicae
Radix extract and Toki-shakuyaku-san minus
Angelicae Radix extract” on immune complexes
binding to macrophages.

TSS : Toki-shakuyaku-san, AR: Angelicae
Radix, (TSS - AR): Toki - shakuyaku - san
minus Angelicae Radix

Sample concentration was calculated as des-
cribed in “the test”.Each value expresses the
mean+S.D. (n=8) Significant difference from
the control, *p <0.001

Effect of the combination of two crude drugs,
Angelicae Radix and other crude drugs on
immune complexes binding

Angelicae Radix and other component of
TSS were decocted together, and the effect on

immune complexes binding were assayed. The
weight of “combination of two crude drugs”
extracts were as follows, the yield is given in
parentheses ; TSS, 6.131 g (100 %) ; AR+CR, 2.749
g (44.8); AR+PR, 2.486 g (40.5); AR+H, 1352 ¢
(22.1); AR+ALR, 2.700 g (44.0); AR+ALI 1891 g
(30.8). Each sample was dissolved with normal
saline to an adequate concentration, which gave
the same concentration of TSS (1000 xg / ml,
final), calculated by the yeild. As shown in Fig. 4,
macrophages treated with the extract of An-
gelicae Radix and Atractylodis Lanceae Rhizoma
significantly enhanced immune complexes bind-
ing. No signifivant changes of immune complexes
binding were observed in other combinations.

Immune complexes binding (0.D.492 nm)
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R
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Fig. 4 Effects of combination of two crude drugs
on immune complexes binding to macrophages.
TSS: Toki-shakuyaku-san, AR : Angelicae
Radix, CR : Cnidii Rhizoma, PR ; Paeoniae
Radix, H : Hoelen, ALR : Atractylodis Lan-
ceae Rhizoma, ALI : Alismatis Rhizoma
Sample concentration was calculated as des-
cribed in “the text”. Each value expresses the
mean+S.D. (n=8) Significant difference from
the control, *$ <0.001

Discussion

When exposed to antigens, an individual
responds by producing specific antibodies, which
combine with the inciting antigens to form
immune complexes. This response is well
designed to eliminate and/or neutralize antigens,
and is beneficial for the host. However, the proc-
ess is sometimes accompanied with a variety of
inflammatory reactions, known as the Type III

. 8-10)
reaction.
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37°C under 5 % CO, condition. Each lyophilized
sample was dissolved with normal saline to make
a test solution. After incubation, each well was
washed with 200 u1 of phosphate buffered-saline
(PBS) once. PAP was used in this study as a
model immune complex. A 100 x1 of PAP (0.5 ug/
ml) was added to each well, and incubated for 4
hours at 4°C. Each well was washed with 200 gl of
PBS four times and 50 ¢l of Nonidet P-40 was
added as a detergent. A 200 gl of OPD (4 mg/ml
containing 0.015 % H,O,), as substrate of perox-
idase was added to each well. After 15 minutes,
reaction was stopped with 50 1 of 3 M hydrochlor-
ide. Optical density of the well was measured at
492 nm using micro-plate reader (TOSOH., MPR
A4). The binding of PAP to macrophage was
expressed at the optical density.

Statistics : Data were analyzed by Student’s £-
test to determine significance.

Results

Effect of Toki-shakuyaku-san on immune com-
plexes binding

Twenty hours incubtion with Toki-shakuya-
ku-san resulted in an increase of PAP binding in
a dose depending manner. As shown in Fig. 1, the
binding was significantly increased at the concen-
tration of 500 xg/ml and 1000 xg/ml (» <0.05, and
1 <0.001, respectively).
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Fig. 1 Effect of Toki-shakuyaku-san on immune
complexes binding to macrophages. Each value
expresses the mean+S.D. (n=8) Significant dif-
ferences from the control, *p <0.05, **p <0.001

Effects of “single crude drug” decoctions and
“minus one crude drug” decoctions on immune
complaxes binding

Table I shows the results of the immune com-
plexes binding treated with single crude drug
decoctions. The concentration of each sample was
converted the same as that of TSS (1000 xg/ml,
final concentration), calculated by the yield of
each extract. No significant change was observed.

Table 1 Effect of single crude decoction on
immune complexes binding to macrophages.

Immune complexes binding

Herbs (0.D.492 nm)
Control 0.686+0.038
Angelicae Radix 0.704x0.025
Cnidii Rhizoma 0.6631+0.049
Paeoniae Radix 0.693+0.014
Hoelen 0.686+0.032
Atractylodis Lanceae Rhizoma 0.699+0.038
Alismatis Rhizoma 0.6911+0.047

Toki-shakuyaku-san 0.850%0.038*

The immune complexes bindings were determined
as described in “Materials and Methods”. Sample
concentraion was described in “the text”. Each
value expresses the mean+S.D.(n=8). Significant
difference from the control, *p <0.001
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Fig. 2 Effects of “minus one crude drug” decoc-
tions on immune complexes binding to macro-
phages.

TSS : Toki-shakuyaku-san, AR : Angelicae
Radix, CR : Cnidii Rhizoma, PR : Paeoniae
Radix, H : Hoelen, ALR : Atractylodis La-
nceae Rhizoma, ALI : Alismatis Rhizoma
Sample concentration was calcuated as des-
cribed in “the text”. Each value expresses the
mean=+S.D. (n=8) Significant difference from
Toki-shakuyaku-san represent, *p <0.001
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Circulating immune complexes (CICs) are com-
monly detected in many diseases, i.e. systemic

1,2)
’

lupus erythematosus (SLE),"” neoplastic dis-
eases,m hepatitis,m asthma,m Behcet’s diseases,m
rheumatoid arthritis."” Recently, adhesion of
immune complexes to tissues has been considered
to be a pathogenesis of autoimmune diseases, and
to be a causative agent of glomerulonephiritis,
vasculitis and skin diseases.”

In the course of our study of the Kampo
medicines on the immune system, we revealed
that the immune complex clearance i vivo exper-
iment was significantly improved by TSS treat
ment.” The amount of glucose oxidase anti-glu-
cose oxidase complexes, as a model immune com-
plex, in the circulation was decreased in the TSS
treated group. This result is thought to be
achieved by the complexes binding to Fc rece-
ptors of the mononuclear phagocytic system
(MPS) cells. Therefore, this experiment was
designed to confirm the action of TSS on the
immune complexes binding to macrophages using
in vitro assay.

The binding ability of PAP to macrophages
was enhanced in dose depending on the concentra-
tions of TSS as shown in Fig. 1. it was reported
that a tannin-rich fraction enhanced the non-spe-
cific binding of CICs to macrophages.” Nishiz-
awa et al."”isolated the gallotannins (polygalloyl-
glucose) from Paeonia albiflora, one of the ingredi-
ents of TSS, using Sephadex LH -20 column
chromatography. The samples tested in this
experiment were prepared from the decoctions
and treated with Sephadex LH-20 in a similar
manner to that report,” to expect to exclude
tannins and polyphenols. The eluates were
checked with ferric chloride solution for negative.
Therefore, the effects of TSS were not through
the non-specific binding effects of these compo-
nents. This result agrees with the in vivo observa
tions,& and suggests that TSS may facilitate the
ability of Fc receptors of the MPS cells bind to
immune complexes and consequently enhance the
CICs clearance in vivo.

Secondly, the experiment was designed to
clarify the active components of this prescription.
No enhancing activity was detected in each ingre-

1993)

dient of TSS (Table I). However, when tested
“minus one herb prescription”, the enhancing
activity disappeared in “TSS— Angelicae Radix”
(Fig. 2). The enhancing activity was not obtained
with a simple combination of “Angelicae Radix”
extract and “TSS — Angelicae Radix” extract
(Fig. 3). In this experiment, we adjusted the con-
centrations of samples the same as that of TSS,
calculated by the yield of each sample, because
this experiment was designed to evaluate the
contribution of each ingredient on the enhancing
effects of TSS. These results indicate the follow-
ing ; (1) the enhancing action of TSS was mainly
contributed to by Angelicae Radix, (2) the appear-
ance of this action required the combination and
decoction of Angelicae Radix and other crude
drug(s) together.

The effects of combination of two crude
drugs were then assayed. As shown in Fig. 4, the
enhancing activity was observed only in the com-
bination of Angelicae Radix and Atractylodis
Lanciae Rhizoma. Since the enhancing activity of
“TSS — Atractylodis Lanciae Rhizoma” had a
tendency to decrease (Fig. 2), these results seemed
to coincide with each other. The active
component(s) and action mechanisms are still
unclear. Studies on the active component(s) have
been underway in our laboratory, but the details
also needed to investigated farther.

Autoimmune disorders has emerged in the
past decade as a major public health problem.m
The etiology of the disorders has progressed, but
at present there is little cure. Considerable efforts
have gone into devising therapeutic strategies
which might restore function in these systems.
The results demonstrated here indicate the possi-
bility of the prescription and/or crude drug(s)
may have potential therapeutic effects for treat-
ing patients with autoimmune diseases.
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