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Toyama Prefecture of Japan has promoted the production of traditional formulations containing crude drugs for
self medication (Haichi-Yaku), which are designed for use by patients who have a fragile constitution. In 2001, a coop-
erative research project was organized to update the conventional tonic Haichi-Yaku to satisfy the requests of patients
(or pre-patients) with lifestyle-related diseases due to excessive food intake. The present review describes the selection
procedure for the 11 crude drugs included in a new formulation on the basis of precedents in conventional tonic formu-
lations, traditional Chinese medical tacit knowledge and scientific pharmacological evidence. It also reports that the
new formulation has pharmacological activities suitable for preventing lifestyle-related disease lesions, as planned.

These results indicate that the new formulation is a promising candidate for modern-day self-medication.

In August 2005, permission for practical production of the new formulation (named PanaWang) was granted by
the Ministry of Health, Labor and Welfare of Japan, and this formulation will be sold in a home-selling system from

the beginning of 2006.
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1. Introduction

Numerous past and current studies have been con-
ducted in order to obtain scientific support for tacit knowl-
edge and the art of traditional medicine, especially
traditional Chinese medicine (Kampo medicine in Japanese).
In the current studies (Table 1), following previous chemi-
cal and pharmacological studies, clinical and bio-
pharmaceutical studies of the efficacy and safety of
traditional Chinese formulations are recently of great inter-

Table 1. Rescarch field of traditional Chinese medicine (Kampo medicine)

1. Succession of tacit knowledge and materials of traditional Chinese medicine
Historical science of traditional Chinese medicine and pharmacy
Securing and quality control of natural medicinal resources (crude drugs)

2. Evaluation and development of traditional Chinese medicine
Chemical analysis of active ingredients of crude drugs and formulations
(~development of a new chemical medicines)
development of quality control analysis of crude drugs)
Pharmacological and biochemical evaluation of crude drugs and formulations

! Clinical evaluation of traditional Chinese formuiations

: (evaluation of Kampo medical diagnostics “Sho”)
(~establishment of personalized medicine)

Bio-pharmaceutical evaluation of traditional Chinese formulations

: (ADME: absorption, distribution, metabolism and elimination )

(drug-drug and drug-food interaction)

; Subjects recently
1 attracting notice

Development of a “new” formulation including crude drugs Promising subject

est. Proteomic analysis of pathogenic alterations (i) diag-
nosed by Kampo medicine to establish tailor-made treatment
is in progress in the 215t century COE (Center of excellence)
program of Toyama Medical and Pharmaceutical University
(the present University of Toyama).'>® However, much still
remains to be studied in order to devise "new" formulations
of crude drugs suitable for the prevention of modern dis-
eases, such as lifestyle-related diseases. In the present re-
port, the outline of a newly devised formulation of crude
drugs for self-medication is reviewed.

Toyama Prefecture of Japan is well-known as a center
of production and commerce of traditional formulations
containing crude drugs used for self-medication. Since the
Edo period (17th century), various formulations produced in
Toyama have been sold on credit in a home-selling system
throughout Japan. The traditional formulations used in this
unique "drugs-on-deposit system" have been designated
Haichi-Yaku (B2i&3E) or Oki-Gusuri (i £3). At present,
approximately 35% of households in Japan use Haichi-Yaku
for self-medication and primary health care. Although more
than 50% of the national output of Haichi-Yaku was pro-
duced in Toyama (approximately 23.1 billion yen in 2004),
this output is far below the previous year's level.

In 2001, a cooperative research project to devise a new
"Toyama original brand of Haichi-Yaku" was organized by
the pharmaceutical industries, University of Toyama, and
local prefectural government in Toyama in order to promote

*To whom correspondence should be addressed. e-mail : tanitdt@ms.toyama-mpu.ac.jp
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Fig. 1. Summary of the cooperative research project for "Toyama original
brand Haichi-Yaku".

the Haichi-Yaku business in Toyama (Fig.1). Three labora-
tories of Toyama Medical and Pharmaceutical University
(the present University of Toyama) took an active part in the
project to form the collaborative research base among indus-
try, Toyama Prefecture and academia, the so-called "San-
Gaku-Kan-Gaku (BE#'E)" project. In the present review,
the contents and pharmacological outline of a new formula-
tion (trade name: PanaWang) are summarized.

2. Concept of the new formulation

In the initial discussions regarding the cooperative re-
search project, it was decided that a new formulation should
be devised within the administrative classification of the
conventional tonic Haichi-Yaku (##i#1#]) regulated by
the Ministry of Health, Labor and Welfare of Japan.
Although conventional tonic Haichi-Yaku have been de-
signed for use by customers who are infirm or have a fragile

B: Pathological lesions in life-style-related diseases
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Frustration
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excess syndrome

constitution, the number of these customers is decreasing,
while the number of patients (or pre-patients) with so-called
lifestyle-related diseases is currently increasing. Therefore,
it was decided that the new formulation should be designed
for the treatment of distress in either patients with a delicate
and infirm constitution or those suffering from obesity and
hypercholesterolemia due to excessive food intake and lack
of exercise.

The symptoms and pathological lesions that can be
treated with a new formulation are classified into two
unique differential syndromes according to traditional
Chinese medical diagnostics (Kampo diagnostics). The
symptoms (A in Fig.2) due to infirmity or a fragile constitu-
tion are diagnosed as "deficiency syndrome (MEZE)", which
is the indication for treatment with tonic Kampo formula-
tions such as Hochuekkito (#it4505), Juzentaihoto (4%
R##5) and Hachimijiogan (/\PkH## #L), which strengthen
weakened body resistance.

On the other hand, the symptoms and pathological le-
sions (B in Fig.2) classified into "excess syndrome (9Z&E)"
are similar to those observed in patients with risk factors for
ischemic coronary artery disease and atherosclerosis in
modern medicine (the so-called deadly quartet). "Excess
syndrome" is the sign for treatment with Kampo formula-
tions such as Bofutsushosan (FfiJE# 22 %), Orengedokuto
(P EF A B), Saikokaryukotsuboreito (5% =B 4117 %%)
and Keishibukuryogan (H:#£1K453L), which eliminate the
domination of pathogenic factors. We have reported the
usefulness of Bofutsushosan,” Orengedokuto,>” Saikoka-
ryukotsuboreito® and Keishibukuryogan® in cardiovascular
risk-reduction therapy.

In Kampo medical treatment, the two therapeutic meth-
ods of nourishment and elimination are usually used in co-
ordination for actual complicated cases. Therefore, it was
decided to devise a new formulation adaptable to patients
with either "deficiency syndrome" or "excess syndrome".

{Bofutsushosan(MiRBEH#) |
' Orengedokuo(E: & A5 5)
! Saikokaryukotsuboreito

Palpitation:

| (EMMERHS) i
i Keishibukuryogan (BEAR R % 34L) |

deficiency syndrom
(EEELE)

Juzentaihoto (+2 K#;5)

Tokito (2418353) A

N
suone|nwio) odwey| souslaley

A: Pathological lesions treated with conventional tonic Haichi-Yaku

Fig. 2. Concept of the new formulation (Toyama original brand Haichi-Yaku).
The new formulation was designed to regulate either (A) symptoms responsive to conventional tonic Haichi-Yaku or (B) symp-
toms associated with lifestyle-related diseases. It was also designed on the basis of conventional Kampo-formulations used for

excess syndrome and deficiency syndrome.

NI | -El ectronic Library Service



Medi cal

and Pharmaceutical Society for WAKAN- YAKU

1. Trad. Med. (Vol 23 No 1 2006) 7

3. Selection of crude drugs for the new formulation

The crude drugs for the new formulation were selected
in accordance with precedents for conventional tonic
Haichi-Yaku, traditional Chinese medical tacit knowledge
and scientific pharmacological evidence.

3.1. Precedents for conventional tonic Haichi-Yaku

First, from market research on the frequencies of crude
drugs used in conventional tonic Haichi-Yaku, Ginseng
Radix (A2, ginseng) and Allii Bulbus (K3%, garlic) were
selected as representative crude drugs used for conventional
tonic Haichi-Yaku. Ginseng Radix and Allii Bulbus are
also representative crude drugs used for "deficiency syn-
drome" in Kampo medicine. Since Ginseng Radix (Panax
ginseng root) was ranked as the main component of the new
formulation, it was named "PanaWang (Z2E)", which is de-
rived from "King (Wang) of Haichi-Yaku containing Panax
ginseng".

Bezoar Bovis (cattle gallbladder stones: “f-#, Go-o in
Japanese) was also chosen as a compound for PanaWang,
because it is one of the representative crude drugs present in
Haichi-Yaku, such as Rokushingan (7Nf#iAL), prepared in
Toyama. Bezoar Bovis was also selected on the basis of re-
ported pharmacological evidence'® that it suppressed an
"accelerated atherosclerosis model", as assessed by
neointimal formation in the rat carotid artery after balloon
endothelial denudation.

3.2. "Deficiency or hypofunction syndrome"

The other crude drugs included in PanaWang were se-
lected on the basis of traditional Kampo medical knowledge
(Fig. 3).

The symptoms and pathological lesions (A in Fig. 3)

B: Pathological iesions in life-style-related diseases

ot flush
Headache

\ -

that are expected to respond to PanaWang are the impaired
digestion, fatigue, palpitations and frequent urination at
night found during prolonged illness, the restoration stage of
some diseases and senile asthenia. These are diagnosed as
"deficiency or hypofunction syndrome" caused by Qi-
deficiency (5U%7E) and Xue-deficiency syndrome (IfLFE3E).
In Kampo medicine, Qi (X\) represents the physiological
functions that participate in the growth and development of
the human body, activate the formation and circulation of
Xue (I.: blood) and maintain body resistance against dis-
eases. Therefore, a part of Qi function refers to the immune
response in modern medicine. Xue (IfL) has the functions of
nourishing and moistening the whole body and refers to
blood function in modern medicine.

Among the crude drugs (#i%i#:) that invigorate and
enrich Qi-deficiency, Ginseng Radix and Astragali Radix
(#%) were chosen as compounds for the new formulation.
Xue-deficiency is treated by using crude drugs that regulate
and enrich Xue (fIM1%), such as Angelicae Radix (Z4/#),
Cnidii Rhizoma (JIl#) and Paeoniae Radix (*j%).
Combinations of Ginseng Radix and Astragali Radix and of
Angelicae Radix and Cnidii Rhizoma have generally been
used in Kampo formulations. Furthermore, since Qi-
deficiency often leads to increased Xue-deficiency, it was
decided to use these five crude drugs together in the new
formulation. The five crude drugs are fundamental compo-
nents of Juzentaihoto (T2 K#f#)""'>-'» which is an impor-
tant tonic Kampo formulation that invigorates and enriches
both Qi- and Xue-deficiency and has been used for both
general debility after illness and reducing the side effects of
chemotherapy.'¥

Cnidii Moniieri Fructus (YK 1) was also selected,
since it is one of the crude drugs used for Qi-deficiency (es-
pecially Shen-deficiency: B HZAL), a morbid state of aging

Bezoar Bovis
Cinnamomi Cortex
[Corydalis Tuber ]

[ Magnoliae Cortex J

inseng Radix
Allii Bulbus
Astragali Radix
Angelicae Radix
Cnidii Rhizoma
Paeoniae Radix
Cnidii Monnieri Fructus

nyeA-Yo1eH Mau ay) ul sBnip apnio usasle

A: Pathological lesions treated with conventional tonic Haichi-Yaku

Fig. 3. Selection of crude drugs for the new formulation (Toyama original brand Haichi-Yaku).
Crude drugs were selected for the new formulation on the basis of precedents in conventional tonic formulations and Kampo-

formulations, traditional Chinese medical tacit knowledge and scientific pharmacological evidence.

Based on traditional

Chinese medical knowledge, crude drugs that can nourish deficiencies in Qi and Xue and regulate their stagnation were selected.
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manifested as fatigue, dry mouth, dizziness, lower back
pain, frequent urination at night, and so on.

3.3. "Excess or hyperfunction syndrome"

The other symptoms and pathological lesions (B in Fig.
3) expected to respond to PanaWang are hot flushes, head-
aches and frustration, which are associated with so-called
lifestyle-related diseases due to excessive food intake.
These are diagnosed as "excess or hyperfunction syndrome"
due to Qi-stagnation (5\f#aE) and Xue-stasis syndrome (%
IMZE: Oketsu in Japanese).

Qi-stagnation is a disorder of vital energy activity
manifested as local distention or pain and is treated by using
crude drugs that regulate Qi (B53), such as Cinnamomi
Cortex (H:5Z), Magnoliae Cortex (241 and Cnidii Rhizoma
(JIIF). These three drugs were therefore selected as com-
pounds for PanaWang.

There is also a good pharmacological reason to select
Magnoliae Cortex, since magnolol, an ingredient of
Magnoliae Cortex, was shown to inhibit intimal thickening
after balloon injury of the aorta in rabbits.'” It was also re-
ported that Cinnamomi Cortex'® and Magnoliae Cortex'?
have inhibitory effects on platelet activation, which triggers
the migration and proliferation of vascular smooth muscle
cells (VSMC) in the intimal area (a pathological lesion of
atherosclerosis) after endothelial cell injury.'®

Bezoar Bovis has also been used for Qi-stagnation,
which is caused by emotional depression and anger, and
manifests as dizziness, palpitations, flushed face and irrita-
bility.

Xue-stasis syndrome is a morbid condition involving
stagnation of the blood circulation or a pre-thrombosis state
manifested as dark red gingiva and tongue, and is also a
basic pathologic lesion of "excess syndrome". Xue-stasis is
of special interest as one of the risk factors for ischemic

Table 2. PanaWang, a new formulation
(Toyama original brand Haichi-Yaku)

PanaWang
6 pills three times a day after meals
Ginseng Radix (extract) 450 mg/day
(corresponds to 3015 mg of drug)
Corydalis Tuber (extract) 60 mg
(corresponds to 600 mg of drug)
Cnidii Monnieri Fructus (extract) 30 mg
(corresponds to 300 mg of drug)
Prepared Allii Bulbus (Powder) 100 mg
Bezoar Bovis (Powder) 5mg
Magnoliae Cortex (Powder) 90 mg
Angelicae Radix (Powder) 200 mg
Paeoniae Radix (Powder) 200 mg
Cnidii Rhizoma (Powder) 200 mg
Cinnamomi Cortex (Powder) 200 mg
Astragali Radix (Powder) 200 mg

166 mg.~pill (6 mm diameter black pill)

coronary artery disease.'”

Among the crude drugs for removing blood stasis and
promoting blood circulation (#%1il3%), Corydalis Tuber (X
#1%), Angelicae Radix, Cnidii Rhizoma and Cinnamomi
Cortex were selected. Corydalis Tuber was also chosen on
the grounds of its anti-platelet activity.?” Since Xue-stasis
syndrome is predominantly caused by Qi-stagnation, crude
drugs that activate the circulation of both Qi and Xue, such
as Cnidii Rhizoma (JII%) and Cinnamomi Cortex (HK),
were chosen for use together in PanaWang.

3.4. Eleven crude drugs included in PanaWang

Therefore, a total of 11 crude drugs (Table 2) were se-
lected as compounds for inclusion in PanaWang to regulate
intermingled "deficiency syndrome" and "excess syn-
drome". The selection process combining Kampo medical
tacit knowledge with scientific pharmacological evidence
regarding crude drugs is an important aspect of Kampo
pharmaceutics. The composition of the crude drugs in-
cluded in PanaWang was decided based on experimental
data on the effects of various pill preparations and on
knowledge obtained through preparing the documents re-
quired for the production application.

4. Pharmacological effects of PanaWang

To clarify the pharmacological activities of PanaWang,
the effects of PanaWang were assessed in a model animals
of lifestyle-related diseases,”” reactive oxygen species,??
neointimal formation after endothelial injury,?® and the bal-
ance of type I helper T cells (Th1) and Th2 cells.??

4.1 Effects of PanaWang on lifestyle-related disease
models ???

The preventive effects of PanaWang on lifestyle-
related diseases models were assessed?’. Eight-week-old
male spontaneously hypertensive rats (SHR) and 30-week-
old male spontaneously diabetic rats (WBN/Kob) were used
in these studies. After the SHR were maintained for 1
week, they were randomly assigned to two groups. The
control group received hypercholesterol chow consisting of
standard chow with 4% cholesterol and 1% cholic acid, and
the PanaWang group received hypercholesterol chow con-
taining 1% (wt/wt) PanaWang for 8 weeks. Similarly,
WBN/Kob rats were randomly assigned to two groups. The
control group received diabetes-accelerating chow, and the
PanaWang group received diabetes-accelerating chow con-
taining 1% (wt/wt) PanaWang for 4 weeks. The rats were
anesthetized and sacrificed by drawing blood from the heart.
The levels of serum cholesterol, triglyceride, HDL choles-
terol, lipid peroxide and fibrinogen were measured. The re-
sults showed that triglyceride and lipid peroxide decreased
significantly in the PanaWang group compared to the con-
trol group of SHR (Fig. 4a), and lipid peroxide and fibrino-
gen decreased significantly in the PanaWang group
compared to the control group of WBN/Kob (Fig. 4b).

The vasomotion of the thoracic aorta was also studied
by the organ bath method. The results showed that
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a) SHR b) WBN/Kob

Triglyceride Lipid peroxidase Lipid peroxidase Fibrinogen

(mg/dl) (nmol/ml) (nmol/ml) (mg/dl)

100 - 3.0 1 * 3.0 q T 400 *
. * T .
80 1 ]
e
300
] 2.0 1 2.0
60
R E - 200
40 g
1.0 4 1.0+
=
100
20 h i
: el , 04 ool L s
Wistar  SHR SHR Wistar  SHR SHR Wistar WBN/Kob WBN/Kob Wistar WBN/Kob WBN/Kob
Control Control PanaWang Control Control PanaWang Control Control PanaWang Control Control PanaWang

Fig. 4. Effects of PanaWang on the levels of serum triglyceride and lipid peroxidase in SHR (a), and lipid peroxidase and fibrino-
gen in WBN/Kob (b).

Values are mean* S E., n=4, *p<0.05 compared with SHR or WBN/Kob control. (Modified from Ref. 21)
(%)
40 * Fig. 5. Effect of PanaWang on PLAz-induced vasocontraction.
l—\ All rat aortas had intact endothelium and had been treated with L-NAME. Contraction was
expressed a percentage of the maximum contraction induced in 60 mM KCI. Values are
30 - — mean*S.E., n=4, *p<0.05 compared with SHR control. (Modified from Ref. 21)
c
L
S 201 phospholipase A: (PLA:)-induced contraction in the
*E PanaWang group of SHR was significantly decreased as
8 compared to that in the control group (Fig. 5).
10 - The effects of PanaWang on reactive oxygen species
(ROS) were also assessed.”” The original powder of
PanaWang (100g) was extracted with boiling water (500 ml)
Wistar _ SHR SHR for 50 min, and then converted to freeze-dried powder
Control Control PanaWang
(%) a) Superoxide anion (%) b) Hydroxyl radical
100 100 4
| B | N
80
c c
2 60 2
) )
€ # E
°\~o 40 D\o
20
1 1 1

1 T I

0 02 20 20 0 0.2 20 20 (mg/ml) 0 02 20 20 0 002 02 2.0 (mg/ml)

PanaWang extract L-ascorbic acid PanaWang extract  L-ascorbic acid
Fig. 6. Superoxide anion (a) and hydroxyl radical (b) scavenging activities of PanaWang extract and L-ascorbic acid.

Scavenging activities were assessed by the ESR technique. Values are mean®S.E., n=3, **p<0.01, #p<0.0001 compared with
control (pure water). (Modified from Ref. 22)
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(yield, 44.5%). Superoxide anion (O2™-) and hydroxyl radi-
cal (HO ‘) scavenging activities were assessed by the elec-
tron spin resonance (ESR) technique. The results showed
that PanaWang extract showed O:™- scavenging activity at
the concentrations of 0.2 mg/ml and over, and its ICso was
1.43 mg/ml (Fig. 6a). The extract showed HO - scavenging
activity at the concentrations of 0.2 mg/ml and over, and its
ICso was 4.01 mg/ml (Fig. 6b). Peroxynitrate anion (ONO
O"), which was produced by the reaction of O; - and nitric
oxide (NO) free radical (NO-), and HO -, are known to be
especially highly toxic reactive oxygen species to neuronal
cells. Therefore, we studied whether PanaWang extract had
a protective effect against NO donor-induced neuronal death
in cultured cerebellar granule cells from rats in the MTT
assay. The results showed that PanaWang extract (100
pg/ml) inhibited neuronal death induced by application of
sodium nitroprusside (SNP) (30 uM) for 24 hours (Fig. 7).

From the present studies, it was clarified that
PanaWang improves the plasma levels of triglyceride, lipid
peroxide and fibrinogen in lifestyle-related disease models.
Further, PanaWang inhibited PLA2-induced vasocontraction,
so it is suggested that this drug has a protective effect on en-
dothelial function. It is known that ROS play important
roles in the progression of arteriosclerosis and disturbances
of multiple organs. We showed that PanaWang has scaveng-
ing ability against ROS. Based on these results, we believe
that PanaWang is a useful drug for the prevention of life-
style-related diseases.

Invention of a new crude drug formulation

(%)
80 7 Fig. 7. Effect of PanaWang extract
i against SNP-induced neuronal
death.

60 Cell viability was evaluated by the
2 MTT assay in cultured cerebellar
o 1 granule cells from rats. Cells were
© incubated with SNP (30uM) with
> 40 or without various concentrations
5 ] of PanaWang cxtract. Values are
&) mean = S.E., n=3, *p<0.05 com-

20 1 pared with control.
(Modified from Ref. 22)

0 L

0 10 30 100 (ug/ml)
PanaWang extract

SNP (30uM)

4.2. Effects of oral administration of PanaWang on an
"accelerated atherosclerosis" model>>

The preventive effects of PanaWang on atherosclerosis
were assessed by examining neointimal formation and the
proliferation of vascular smooth muscle cells (VSMCs) after
balloon endothelial denudation in balloon-injured carotid ar-
teries in rats. Balloon endothelial denudation was per-
formed in the left carotid artery of anesthetized Wistar rats
(n= 8) administered a normal diet containing PanaWang
(three doses, as shown in Fig. 8) for 3 days before and then

0d

-3d

Neointimal formation
Intimal area Stenosis ratio

% of control

Cont tra 305 460 610

PanaWang PanaWang

Fig. 8. Effects of PanaWang on an "accelerated atherosclerosis" model.

Cont tra 305 460 610 (mg/kg)

PanaWang administered for 3 days before and 7 days after denudation (Wistar \;%
7d

extirpation

Neointimal formation

___________________________________________________

VSMC proliferation
in intimal area

L

Cont tra 305 460 610 (mg/kg)
PanaWang

Each value represents the percentage (mean * S.D.) relative the control value (n= 8). Cont: Control. Tra: tranilast, a positive control compound that
was initially identified as an inhibitor of mast cell degranulation and was recently shown to inhibit VSMC proliferation in the balloon injury model.
*: p<0.05 vs. the control. Stenosis ratio (%): (intimal area) x 100 / (intimal area + luminal area).

VSMC proliferation in the intimal area was assessed by the proliferating cell nuclear antigen (PCNA) labeling index, an index of the number of VSMCs

in the growth phase in the intimal area evaluated using a monoclonal anti-PCNA antibody.

(Modified from Ref. 23)
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7 days after the injury. After this period, the rats were sac-
rificed and the injured carotid arteries were removed for
histopathologic evaluation of intimal thickening and
immunohistochemical analysis of VSMC proliferation. The
present neointimal formation model in rat carotid arteries
possesses, at least in part, similar pathological characteris-
tics to atherosclerotic lesions in humans and is considered to
represent "accelerated atherosclerosis".?® Some Kampo for-
mulations have been shown to reduce the progression of
neointimal formation in this model.>"®

As shown in Fig. 8 (left panel), the increase in the
intimal area at 7 days after endothelial denudation was re-
duced by treatment with PanaWang compared with that in
the denuded control group. The stenosis ratio (middle panel
of Fig.8), which is an index of the increase in the intimal
area and decrease in the luminal area, was dose-dependently
and significantly reduced in the PanaWang-treated groups.
Intimal VSMC proliferation (right panel of Fig.8), which is
an index of the number of VSMCs in the growth phase in
the intimal area, was evaluated using a monoclonal anti-
proliferating cell nuclear antigen (PCNA) antibody and
found to be dose-dependently reduced by treatment with
PanaWang (3 doses) for 10 days. VSMC proliferation is
considered to be a major factor in the pathogenesis of
neointimal formation.?®

Furthermore, PanaWang extract was found to have pro-
tective effects against SNP-induced neuronal death in cul-
tured cerebellar granule cells (Fig. 7). Among the crude
drugs contained in PanaWang, Magnoliac Cortex and
Corydalis Tuber had strong scavenging activities for
superoxide anions and hydroxyl radicals.!” These reactive
oxygen species induced by mechanical disruption of endo-
thelial cells during injury result in macrophage oxidation,
which triggers the migration and proliferation of VSMCs?”
and progresses to atherosclerosis as a chronic inflammatory
disease state.?® Therefore, the inhibitory effects of the crude
drugs present in PanaWang on free radical production may
contribute to its ability to inhibit neointimal formation after
endothelial denudation.

Thus, PanaWang may attenuate carotid artery intimal

thickening following balloon endothelial denudation via in-
hibition of VSMC proliferation (Fig.9). Although this was
a preliminary study, the results suggest that PanaWang is a
promising candidate for preventing atherosclerosis resulting
from long-term inappropriate lifestyles.

4.3. Effects of oral administration of PanaWang on the
balance of Th1/Th2 in immune responses2¥

Crude drug prescriptions have been recognized as po-
tentially valid by the scientific medical establishment, and
their use has been increasing. Since traditional crude drug
prescriptions are generally prepared from combinations of
many crude drugs on the basis of oriental prescriptions and
herbalogy, they may have combined effects that differ from
the sum of the effects of the individual constituent crude
drugs. PanaWang has been constructed based on traditional
philosophy and scientific evidence, as described above.

CD4" helper T cells can be subdivided into Thl and
Th2 cells.?” As shown in Fig. 10, Thl cells predominantly
synthesize interferon-y (IFN-y) and interleukin-2 (IL-2), and
induce cellular immunity (e.g. against cancer and infection).
On the other hand, Th2 cells produce IL-4, IL-5 and IL-13,
and induce humoral immunity.*® Tt has been demonstrated
that the Thl and Th2 types of immune response are recipro-
cally regulated in vivo.3'*? The Thl cytokine IFN-y inhibits
the proliferative response of Th2 cells, whereas Th2
cytokines [L-4 and IL-10 can inhibit the production of IL-2
and IFN-y. Therefore, the balance of Thl and Th2 cells is
considered to be important for the regulation of immune
functions. It has also been suggested that many diseases
are partially caused by a skewed Th1l and Th2 cytokine bal-
ance.”> For example, an increase in Th2 type cytokine
production is observed in patients with systemic lupus
erythematosus (SLE) or asthma.**® Conversely, Thl cells
mediate inflammatory diseases such as graft versus host dis-
ease (GVHD).3?

To obtain scientific evidence regarding the immuno-
modulating potential of PanaWang, focusing on the balance
of Th1/Th2 cytokines, ex vivo experiments were carried out
using splenocytes from normal mice orally given PanaWang
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Fig. 9. Effects of PanaWang and its components on an "accelerated atherosclerosis model".
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Fig. 10. Innate immunity and adaptive immunity

Phagocytosis is an important step for host defense against microbial pathogens. Innate immune cells, such as macrophages and dendritic cells, engulf
pathogens by phagocytosis, and subsequently present pathogen-derived peptide antigens to naive T cells. In addition, Toll-like receptors (TLRs) rec-
ognize pathogen-derived components and induce expression of genes such as those encoding co-stimulatory molecules and inflammatory cytokines.
Thus, phagocytosis-mediated antigen presentation, together with TLR-mediated expression of co-stimulatory molecules and inflammatory cytokines,
instructs the development of antigen-specific adaptive immunity. Th1 cells predominantly synthesize interferon-y (IFN-y) and interleukin-2 (IL-2), and
induce cellular immunity (e.g. against cancer and infection). On the other hand, Th2 cells produce IL-4, IL-5 and IL-13, and induce humoral immunity.
The Thl and Th2 types of immune response are reciprocally regulated in vivo. Thl cytokine IFN-y inhibits the proliferative response of Th2 cells,
whereas Th2 cytokines IL-4 and IL-10 inhibit the production of IL-2 and IFN-y. Therefore, the balance of Th1 and Th2 cells is considered to be im-
portant for the regulation of immune functions. Many diseases are partially caused by a skewed Thl and Th2 cytokine balance.
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Fig. 11. Effects of PanaWang on the production of IFN-y and IL-4 in nor-
mal splenocytes.
BALB/c mice were treated with 12.2 mg of PanaWang or water orally
for 7 days. One day after the last administration, mice were sacrificed
and whole splenocytes (2.5x10%/well) suspended in RPMI medium sup-
plemented with 10% FBS were cultured in 24-well culture plates with or
without 4 ng/ml of Con A for 24 h. After the termination of the culture,
the supernatants were collected and the amounts of IFN-y and IL-4 were
measured by ELISA. The results are represented by the mean = S.D. for
five mice. *, p <0.01 as compared with the control using Student's two-
tailed #-test. (Modified from Ref. 24)

Fig. 12. Effect of PanaWang on the amount of DNP-specific IgE in serum.
BALB/c mice were intraperitoneally immunized with DNP-KLH+Alum.
Boosting was carried out on day 14. Daily oral administration of
PanaWang or water started on the day of priming. Sera were obtained
on day 28 and the amount of DNP-specific IgE was measured by ELISA.
The results are expressed as the mean * S.D. for five BALB/c mice.
N.D. means not detectable. *, p < 0.05. (Modified from Ref. 24)
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for 7 days. Splenocytes were stimulated with the T cell
mitogen Con A for 24 h, and the secretion of a Thl cytokine
(IFN-y) and a Th2 cytokine (IL-4) was examined by ELISA.
Fig. 11 shows that IFN-y production was significantly en-
hanced by treatment with PanaWang for 7 days. On the
other hand, IL-4 production was not affected. These results
suggest that Thl responses were up-regulated by
PanaWang.

It has been shown that immunization with DNP to-
gether with Alum induces the production of antigen-specific
IgE, which is a marker for Th2-mediated immune responses.
To examine the effect of PanaWang on IgE production,
mice were primed with DNP-KLH on day 0 and boosted on
day 14. Daily oral administration of PanaWang started from
the day of priming. DNP-specific IgE in serum was deter-
mined on day 28 after priming by ELISA (Fig. 12). There
was no discernible difference between the PanaWang-
treated group and control group in the production of IgE in
the serum, suggesting that PanaWang did not affect the
DNP-induced Th2 immune responses in vivo.

As described in Fig. 11, PanaWang enhanced Con A-
induced production of IFN-y, but not IL-4, in splenocytes of
normal mice. We next investigated the effect of PanaWang
on antigen-induced IFN-y and IL-4 production in
splenocytes of DNP-immunized mice. Administration of
PanaWang enhanced antigen-induced IFN-y production,
whereas it did not affect IL-4 production (Fig. 13). Thus,
oral administration of PanaWang leads predominantly to en-
hanced production of Thl cytokine in Th2-activating mice
as well as normal mice.

Antigen-mediated stimulation is known to induce
proliferative responses of lymphocytes. Therefore, we

IFN-y

13

examined the effect of PanaWang on the antigen-induced
proliferation of splenocytes. Splenocytes from immunized
mice were treated with DNP for 72 h and cell proliferation
was examined by the WST-1 assay. As shown in Fig. 14,
Con A-stimulated proliferation of splenocytes from immu-
nized mice was significantly enhanced by administration of
PanaWang. These results indicate that oral administration
of PanaWang can lead to the dominant induction of Thl-
type immune responses, possibly through the induction of
IFN-y production. Since PanaWang has been shown to have
a protective effect on NO-induced neuronal cell death, it is
possible that down-regulation of NO function is related to
the enhancement of Thl responses by PanaWang.

Thl cytokines induce cellular immunity by activating
CD8" T cells, natural killer cells and macrophages. Thl-
dominant immune responses are responsible for the induc-
tion of protection against bacterial and viral infections, and
of anti-tumor effects. On the other hand, it is well accepted
that allergic reactions are controlled by Th2-dominant im-
mune responses. Therefore, enhancement of IFN-y produc-
tion by PanaWang may potentiate Thl-mediated immunity
and consequently reduce Th2-mediated allergic pathogene-
sis.

In summary, we demonstrated that PanaWang stimu-
lates Thl cytokine production from splenic lymphocytes.
Further studies on the production of other cytokines by lym-
phocytes and antigen-presenting cells such as dendritic cells
will advance our understanding of the immunomodulating
activity of PanaWang. In addition, we performed ex vivo
experiments in this study; therefore, it is necessary to further
clarify the enhanced Thl responses in vivo, especially in
some pathogenic animal models.

IL-4
=4000 3007 Cell proliferation
E =
= £
=4 250} -~ 020¢ *
£3000 2 I £
i < 200f c
ra B 015}
£ 2000 5 150 2 0
.- A
Q e °
t S 100} h
3 1000 ] P4 0 10F
*] E 50 ¢ o "
= < 2 ~
< , LND 0 N.D. ]
Water Water PanaWang Water Water PanaWang é 0.05}
Normal mice | d mice Normal mice Immunized mice
L4 ] Y

Water
Normal mice

Water PanaWang

Fig. 13. Effect of PanaWang on the production of IFN-y and IL-4 in im-
munized splenocytes.
Female BALB/c mice were immunized with DNP-KLH+Alum and ad-
ministered PanaWang as described in Fig.12. Mice were sacrificed on
day 28 and splenocytes (2.5x10/well) were cultured with DNP-KLH
(1 pg/mL) for 72 h. The supernatants were collected and the amounts of
INF-y and IL-4 were measured by ELISA. N.D. means not detectable.
The results are expressed as the mean *+ S.D. for five mice. *, p < 0.05.

(Modified from Ref. 24)
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Fig. 14. Effect of PanaWang on antigen-induced proliferation of immu-
nized splenocytes.
Female BALB/c mice were immunized with DNP-KLH+Alum and ad-
ministered PanaWang as described in Fig.12. Mice were sacrificed on
day 28 and splenocytes (2.5 x10¢/well) were cultured with DNP-KLH
(1 pg/mL) for 72 h. WST-1 solution was added 4 h before the termina-
tion of the culture. The absorbance of the culture was measured at 450
nm. The results are expressed as the mean = S.D. for five mice.
* p<0.05 **p<00l. (Modified from Ref. 24)
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5. General discussion

The aim of the present cooperative research project
was to devise a new formulation of crude drugs to satisfy
the requests of patients (or pre-patients) with lifestyle-
related diseases due to excessive food intake. After consid-
eration of the general principles of Kampo medical
treatment, the 11 crude drugs were chosen on the basis of
their effects on strengthening the body resistance (X1E) for
"deficiency syndrome (HZRE)" or eliminating pathogenic fac-
tors (#:40) for "excess syndrome (5E3F)".

Furthermore, the pharmacological findings indicate
that PanaWang may be a useful drug for the prevention of
lifestyle-related diseases and may potentiate Th1-mediated
immunity and consequently reduce Th2-mediated allergic
pathogenesis. These results suggest that PanaWang is use-
ful for both "deficiency syndrome" and "excess syndrome",
as planned. Therefore, PanaWang, a new formulation in-
cluding 11 crude drugs Table 2, may be a promising formu-
lation suitable for modern-day self medication.

In August 2005, PanaWang received a license for prac-
tical production regulated by the Ministry of Health, Labor
and Welfare of Japan, and will be sold in the home-selling
system from the beginning of 2006.
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