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Orengedokuto inhibits neointimal formation, proliferation

and migration of rat vascular smooth muscle cells in vivo
and in vitro
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Orengedokuto (OGT), a traditional Chinese formulation containing four crude drugs (Scutellariae Radix, Coptidis
Rhizoma, Phellodendri Cortex and Gardeniae Fructus), has been used for various conditions accompanied with
atherosclerotic-related disorders. Oral administration of OGT for 3 days before and 7 days after balloon injury re-
sulted in a dose-dependent attenuation of neointimal formation and vascular smooth muscle cell (VSMC) proliferation
in balloon-injured carotid arteries in cholesterol-fed rats. Furthermore, the serum collected from cholesterol-fed rats
orally treated with OGT significantly reduced the migration of cultured VSMC. Thus, OGT may attenuate carotid ar-
tery neointimal formation following balloon endothelial denudation via inhibition of VSMC proliferation and migra-
tion. The inhibitory effects of OGT on neointimal formation were mediated primarily by Scutellariae Radix and
Coptidis Rhizoma composed of OGT. The present results suggest that OGT may be promising candidates as preventive

agents for atherosclerosis in humans.
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Introduction

Orengedokuto (OGT, ¥ ## # %5: Huanglian-Jiedu-
Tang in Chinese) is a traditional Chinese formulation
(Kampo formulation in Japanese) consists of 4 crude drugs
such as Scutellariae Radix, Coptidis Rhizoma, Phellodendri
Cortex and Gardeniae Fructus. OGT has been used to pro-
duce relief from various conditions, including hot-flash, irri-
tability and headache accompanied with atherosclerotic-
related disorders” and cerebro-vascular disorder.” However,
it is still unclear how OGT regulates the atherosclerotic le-
sions using in vivo experimental models.

The pathophysiology of atherosclerosis includes abnor-
mal accumulation of vascular smooth muscle cell (VSMC)
in response to endothelial injury,” a state that can be ap-
proximated using the neointimal formation model of balloon
injury in the rat carotid artery.” The neointimal formation
model has, at least in part, pathological characteristics simi-
lar to the atherosclerotic lesions in humans and is consid-
ered to be and "accelerated atherosclerosis."® In this model,
crude drug,” some crude drug preparations”® and Kampo
formulations®'? have been shown to reduce progression of
neointimal formation. Further, hypercholesterolemia aug-
ments various processes involved in atherogenesis, includ-
ing neointimal formation.'” Preliminarily study of 8
Kampo formulations has reported that OGT may inhibit
neointimal formation in normal diet-fed rats model.? Thus

the goal of the present study was to characterize the effects
of OGT on neointimal formation and VSMC proliferation in
cholesterol-fed rats. To clarify the role of 4 crude drugs
conforming OGT in the expression of the efficacy, effects of
4 variant formulations, in which one of the 4 crude drugs
was deprived from OGT, were also examined. Furthermore,
the inhibitory effects of OGT on the migration of cultured
VSMC were also evaluated by using the serum (OGT-
serum) collected from cholesterol-fed rats treated orally
with OGT for 10 days.

Materials and Methods

Crude drugs and chemicals. OGT was formulated
using Scutellariae Radix (SCR: imported from China, 3.0
g), Coptidis Rhizoma (COR: produced in Japan, 2.0 g),
Phellodendri Cortex (PHC: imported from China, 1.5 g) and
Gardeniae Fructus (GAF: imported from China, 2.0 g), all
of which were purchased from Tochimoto Tenkaido Co.,
Ltd. (Japanese Pharmacopoeia XIV standard grade; Osaka,
Japan). A voucher specimen of crude drugs was established
in the Department of Kampo-Pharmacutics of the Toyama
Medical and Pharmaceutical University. After formulation,
8.5 grams of OGT was boiled in 600 ml of water for 40 min
and then filtered and freeze-dried into powder (final weight,
2.49 * 0.04 g) which corresponds to the common human
(60 kg) daily dose.

Variant formulations of OGT were prepared by removing
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one of the four constituents before the freeze-drying step to
produce OGT without SCR (OGT-SCR: extract yield, 1.33
1 0.02 g), OGT without COR (OGT-COR: 2.09 £ 0.03 g),
OGT without PHC (OGT-PHC: 2.05 * 0.04 g), and OGT
without GAF (OGT-GAF: 1.77 * 0.03 g) (mean * S.D,,
n = 6). In order to assure consistent quality of the OGT for-
mulations, extracts were analyzed with high-performance
liquid chromatography conditions as previously described'”
(Fig. 1).

The hydroxymethylglutaryl coenzyme A (HMG-CoA)
reductase inhibitor simvastatin (SV), which was reported to
inhibit VSMC proliferation in the balloon injury model,"”
was used as a positive control. SV and the other reagents,
including, antiproliferating cell nuclear antigen (PCNA)-
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Fig. 1 High performance liquid chromatography (HPLC)-fingerprint of the

methanol-soluble portion of the OGT extracts and its four variant formu-
lations
In the methanol-soluble portion of the freeze-dried extracts of OGT,
geniposide (3.94 * 0.03 mg/g), baicalin (12.6 = 0.1 mg/g), baicalein
(0.35 = 0.01 mg/g), and berberine (5.26 = 0.03 mg/g) were identified
by comparison with retention time and UV spectra of standard com-
pounds purchased from Toray Co. Ltd (Japan).
HPLC analysis: JASCO HPLC system (DG 1580-54 degasser, PU-1580
pump, HG-1580-32 mixer CO-1565 column oven) with Wakosil-II 5C18
HG reversed-phase column (4.6 x 150 mm) and UV spectrometer (MD-
2010, detection at 256 nm). The mobile phase was composed of A (50
mM phosphoric buffer-2% SDS-H20, pH 4.00) and B (A: acetonitrile=
20: 80). Linear gradient elution was performed (0 min, 90: 10; 10 min,
80: 20; 20 min, 75: 25; 28 min, 50:50; 45 min, 45:55). Chromatography
was performed at 450C with a low-rate of 1.0 mL/min.
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antibody (PC-10), and biotinylated anti-mouse secondary
antibody streptavidin-conjugated peroxidase were used in
our previous report.'® The same chemical reagents used for
Dullbecco's modified Eagle's medium (DMEM, NISSUI
PHARMACEUTICAL CO., LTD), fetal bovine serum
(FBS, JRH BIOSCIENCES), penicillin (GIBCO BRL) and
streptomycin (GIBCO BRL) in cultured VSMC experiment
were used as used in our previous report.'¥

Animal treatments. Balloon endothelial denudation was
performed in the left carotid artery of pentobarbital-
anesthetized rats (n= 8) as previously described.'” A nor-
mal diet containing 1% cholesterol and OGT extract (210,
420, and 630 mg/kg/day) or one of the four variant extracts
for 3 days before and then for 7 days after the injury. After
this period, rats were killed and injured carotid arteries were
removed for histopathologic evaluation of neointimal for-
mation and VSMC proliferation as previously described.'”
At the time of animal sacrifice, blood samples were also ob-
tained for measurement of total cholesterol, high-density
lipoprotein (HDL)-cholesterol and low-density lipoprotein
(LDL)-cholesterol using commercial assay kits according to
our previous method.'”

All animal experiments were performed in accordance the
Guidelines of the Animal Care and Use Committee of
Toyama Medical and Pharmaceutical University approved
by the Japanese Association of Laboratory Animal Care.

Migration of cultured VSMC. VSMC (rat thoracic
aorta SMCs: A7rS, Dainippon Pharmaceutical Co., Ltd.
Tokyo, Japan) were grown in DMEM supplemented with an
antibiotic mixture (penicillin G: 100 unit/ml and streptomy-
cin: 100 pg/ml) with 10% FBS and incubated at 37 °C in a
humidified atmosphere with 5% CO.. VSMC migration was
evaluated using a two-compartment microchemotaxis cham-
ber (Fig. 2) and as previously described.'” Briefly, a VSMC
suspension (1.5 x 10° cell / ml in DMEM) was placed in the
upper chamber, and DMEM (600 pl) containing 5% OGT-
serum (or SV-serum) was placed in the lower chamber.
Three OGT-serums were collected from rats treated orally
with OGT (at 210, 420 and 630 mg/kg) from 3 days before
to 7 days after balloon endothelial denudation. SV-serum
was collected from rats treated orally with SV for the same
period as OGT administration. After 4 h of incubation, the
number of VSMC that had migrated from the upper com-

[upper chamber]
VSMC suspension

1 T [ B
Polycarbonate filter -3 OGT-serum,/DMEM

[lower chamber)

Fig. 2 Examination of migration of cultured VSMC using OGT-serum in
two-compartment microchemotaxis chamber
Migration activity was calculated as the mean number of migrated cells
observed (five measurements).
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partment to the lower surface through the polycarbonate fil-
ter (8 um in diameter: Nucleopore Corp.) was determined
microscopically.

Statistics. Data are represented as mean £ S.D. of the
indicated number (n) of experiments. Statistical comparison
between different treatments was determined by one-way
analysis of variation (ANOVA). Differences with probabil-
ity (p) values less than 0.05 were considered statistically
significant.

Results

Body weight (Table 1) and serum lipids. During the 10
days experimental period, no fatal accident was observed.
Further, there was no difference in food intake and body
weight (Table 1) when comparing the experimental groups,
despite using super physiologic of the extracts of OGT and
4 variant formulations (15-fold higher than the common
human daily dose).

The serum total cholesterol (88.8 = 12.9 mg/dl) and
LDL-cholesterol (47.3 = 12.5 mg/dl) in the cholesterol-fed
group were significantly (p < 0.05) increased compared with
those in the normal diet-fed group (56.9 = 7.0 and 12.4
* 4.0 mg/dl, respectively), but serum lipid peroxides were
similar when comparing the two groups. OGT administra-
tion had no effect on serum lipids (data not shown).

OGT and neointimal formation (in vive) (Fig. 3).
Seven days after denudation, intimal area was significantly
(p < 0.05) higher in the cholesterol-fed control group (0.049
* 0.007 mm?) than in the normal diet-fed normal group
(0.041 £ 0.006 mm?). Further, luminal (0.329 * 0.052
mm?®) and medial areas (0.124 = 0.014 mm?) tended to be
smaller in the cholesterol-fed control group than in the nor-
mal group (0.346 £ 0.038 mm? and 0.131 * 0.012 mm?),
but these differences did not reach the level of statistical sig-
nificance. However, oral administration of OGT resulted in
a dose-dependent attenuation of this increase of intimal area
(Fig. 3) and decrease of luminal but not medial area in the

Table 1 Effect of OGT extract on body weight in cholesterol-fed rats

\
3 days before o 7 days after
Drugs T~ denudation (%) 0 day (%) denudation (%)
SV 1016 £ 16 | 1016+23 | 99.4+33
(0.83 mg / kg / day) ' ' ’ ' ’ ’ B
OGT N N N \
210 mg / kg / day) 99.7 £ 1.1 100.2 + 0.9 99.2 = I.SJ
T 1
OGT 1001 %17 | 1009+ 19 | 9.1 20
(420 mg / kg / day) ’ ’ ’ : ’ '
OGT + + +
| (630 mg / kg / day) 101.6 £ 1.6 | 101.5 £1.8 ¥99.1 +24

Each value represents the % of the control body weight in the cholesterol-
fed control group (denuded) and the mean £ S.D. (n =B).

OGT and SV were orally administered for 3 days before and 7 days after
denudation in cholesterol-fed rats.

The SV dose (0.83 mg/kg/day) represents a dose 10-fold higher than the
common human daily dose. The OGT extract doses (210, 420, 630 mg/
kg/day) represent doses 5-, 10-, and 15-fold higher than the common
human daily dose.
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cholesterol-fed rats when compared to cholesterol-fed rats
treated with vehicle. Therefore as shown in Fig. 3, OGT ad-
ministration resulted in a decrease in the intimal/medial
layer area (I/M) ratio. SV also attenuated neointimal forma-
tion.

Variant OGT and neointimal formation (in vivo) (Fig.
4). As shown in Fig. 1, the profiles of four variant formula-
tions were apparently different from original OGT profile;
e.g., peaks of baicalin and baicalein in the profile of OGT
without SCR disappeared, and the peak of berberine in the
profile of OGT without COR was diminished when com-
pared to the original OGT profile.

Administration of either OGT-SCR or OGT-COR had no
effect on intimal area (left panel in Fig. 4) and I/'M ratio
(right panel in Fig. 4) in cholesterol-fed rats. By contrast,
administration of either OGT-PHC or OGT-GAF resulted in
attenuation of the increase in intimal area and I/M ratio, but
this effect tended to be weaker than that seen with the origi-
nal OGT formulation.

VSMC proliferation (in vivo) and migration (in vitro)
(Fig. 5). Intimal VSMC proliferation, as assessed by the
PCNA labeling index, was significantly (p<0.05) larger in
cholesterol-fed control group (30.5 = 3.4%) than in the nor-
mal diet-fed group (25.1 = 2.7%).

Fig. 5 (left panel) shows that intimal VSMC proliferation
was dose-dependently reduced by the administration of
OGT (at 3 doses), resulting in a significant (p<0.05)
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Fig. 3 Effect of OGT on neointimal formation in carotid arteries 7 days
after balloon endothelial denudation in cholesterol-fed rats
Each value represents the % of the normal value (normal diet-fed rat)
(mean * S.D. : n=8).
I/M ratio: (intimal area) / (medial area).
Cont: cholesterol-fed rats denuded;
SV: Simvastatin (0.83 mg/kg/day); OGT extracts (210, 420, 630 mg/kg/
day).
OGT extracts and SV were administered 3 days before and 7 days after
denudation.
*Significantly different from the control group (cholesterol-fed rats de-
nuded) at p<0.05.
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Fig. 4 Effects of four variant formulations of OGT on neointimal forma-
tion in carotid arteries 7 days after balloon endothelial denudation in
cholesterol-fed rats
Each value represents the % of the contro! value (cholesterol-fed rats de-
nudes) (mean = S.D. : n=8).

OGT extracts (630 mg/kg/day); OGT-SCR (OGT without Scutellariae
Radix, 440 mg/kg/day), OGT-COR (OGT without Coptidis Rhizoma,
510 mg/kg/day), OGT-PHC (OGT without Phellodendri Cortex, 520
mg/kg/day), and OGT-GAF (OGT without Gardeniae Fructus, 330 mg/
kg/day),

OGT or one of the four variants of OGT extract was administered 3 days
before and 7 days after denudation.

*Significantly different from the control group (cholesterol-fed rats de-
nuded) at p<0.05.

decrease in the PCNA labeling index in cholesterol-fed rats
at the 420 and 630 mg/kg OGT dose when compared with
cholesterol-fed rats treated with vehicle. Administration of
SV to cholesterol-fed rats also resulted in a decrease in
intimal VSMC proliferation.

Fig. 5 (right panel) shows that two OGT-serums collected
from cholesterol-fed rats orally treated with OGT (at doses
415 and 623 mg / kg of rat) significantly (p<0.05) reduced
the migration of cultured VSMC when compared with
serum collected from cholesterol-fed rats treated with vehi-
cle. SV-serum also significantly (p<0.05) reduced VSMC
migration.

Discussion

The present study demonstrated that OGT administered
3 days before and 7 days after endothelial cell denudation
resulted in a dose-dependent reduction in neointimal forma-
tion in the rat carotid artery (Fig. 3) and in VSMC prolifera-
tion (Fig. 5 left panel). Further, OGT-serum, which was
collected from rats treated orally with OGT for 10 days, re-
duced migration of cultured VSMC (Fig. 5 right panel).
These results suggest that the ability of OGT to inhibit
neointimal formation may be mediated by its effects on
VSMC proliferation and migration.

It is remarkable that OGT-serum inhibited the cultured
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VSMC proliferation (in vivo)

VSMC migration (in vitro)
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Fig. 5 Effects of OGT on VSMC proliferation (PCNA labeling index) in
carotid arteries 7 days after balloon endothelial denudation in choles-
terol-fed rats and OGT-serum on cultured VSMC migration
In the left panel, each value represents the % of the normal value (nor-
mal diet-fed rat denuded) (mean = S.D. : n=8).

VSMC proliferation was examined using the PCNA labeling index (%):
(number of PCNA-positive VSMCs in the intimal area) x 100 / (number
of total VSMCs in the intimal area).

SV (Simvastatin: 0.83 mg/kg/day) and OGT extracts (210, 420, 630 mg/
kg/day) were administered 3 days before and 7 days after denudation.
In the right panel, each value represents the % of the control value (cho-
lesterol-fed rat denuded) (mean = S.D. : n=8).

Migration activity was assessed according to the method described in
Fig. 2.

OGT-serum 210, 420 and 630 represent the serum collected from rats
treated orally with OGT (at 210, 420 and 630 mg/kg) for 10 days (from
3 days before to 7 days after balloon endothelial denudation). SV-serum
was collected from rats treated orally with SV (at 0.83 mg/kg) for 10
days.

*Significantly different from the control group (cholesterol-fed rats de-
nuded) at p<0.05.

VSMC migration. This in vitro method of adding serum ob-
tained from rats treated with Kampo formulations to the cul-
ture medium has been used to evaluate their pharmacological
effects.'#!>'® This method is particularly useful when in-
vestigating the pharmacological properties of Kampo
formulations after absorption and metabolism, as these com-
pounds contain many non-absorbable components. Further
analytical studies of the bioactive components of OGT-
serum would be of benefit.

Although plasma lipids lowering effects of OGT have
been reported,'” the present study demonstrated that a 10
day course of OGT had no effect on serum cholesterol lev-
els in cholesterol-fed rats. These results suggest that the
ability of OGT to reduce neointimal formation was not de-
pendent on changes in LDL-cholesterol levels. This is con-
sistent with studies that have demonstrated that OGT-
mediated inhibition of plaque formation in cholesterol-fed
rabbits by OGT occurs independent of any improvements in
lipid metabolism."®

Omission of either Scutellariae Radix or Coptidis
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Rhizoma from the OGT formulation resulted in a significant
decrease in bioactivity (Fig. 4), suggesting that these two
crude drugs mediate a large portion of the effect of OGT on
neointimal formation. This is consistent with prior studies
that have reported that two crude drugs (Scutellariae Radix
and Coptidis Rhizoma)'” and baicalein,”® an ingredient of
Scutellariae Radix, inhibit proliferation of VSMC.

OGT may prevent neointimal formation via effects on
cells other than VSMC. First, activated platelets and free
radical production may contribute to neointimal formation
after endothelial cell injury.?” Studies have reported that
Coptidis Rhizoma and its ingredient, berberine,””? and
Scutellariae Radix and baicalein,” all have anti-platelet
properties, furthermore, scavenging effect of Copridis
Rhizoma on nitric oxide,?® and of Scutellariae Radix>> have
free radical scavenging properties. Second, Scutellariae
Radix stimulates endothelial cell proliferation and inhibits
high glucose-induced endothelial cell apoptosis.”® Third,
atherosclerosis can be characterized as a state of chronic in-
flammatory disease?” comprised of endothelial cell injury,
generation of cytokines, and generation of reactive
oxygen species.”® Therefore, inhibitory effects of OGT on
experimental inflammatory lesions,” cyclooxygenase-2 ac-
tivity,*® free radical production,*” and enzymatic lipid per-
oxidation,” might contribute to its ability to inhibit
neointimal formation after endothelial denudation.

Kampo formulations are administered for specific con-
ditions or symptoms according to a unique differential diag-
nosis system (yin-yang theory). For example, in Kampo
clinical practice, OGT has been used to treat patients with
hot-flashes, irritation and headache,” which correspond to
the "yang-syndrome" (B5iE: Yo-sho in Japanese) or "heat
syndrome" (B4 Netsu-sho in Japanese). These symptoms
are similar to those in patients with modern medical syn-
dromes as "Metabolic syndrome" or ‘"the deadly
quartet."® Further, OGT has been used to treat "oketsu"
(RIfi: Yuxue in Chinese), which is a manic state resulting
from stagnation of the circulation or coagulation of blood.
The therapeutic effect of OGT on "oketsu" may result from
its ability to inhibit free radical-induced oxidation of red
blood cell.*¥

Previous studies using the same denudation model
have reported that the potency of the Kampo formulations
used for "yang-syndrome" such as OGT, saikokaryukotsu-
boreito (SHIMEF 4L Y5 55) and daijokito (KHESKHE) on
neointimal formation and VSMC proliferation were some-
what greater than those of the formulations used for "yin-
syndrome (FX3L)", such as shakanzoto (% H%%3) and tokito
(Yf##%5).” Since the Kampo formulations such as OGT
used for "yang-syndrome" possess anti-inflammatory prop-
erties, these formulations may act by preventing the VSMC
accumulation that typically occurs after endothelial injury.

In summary, the present study demonstrated that oral
administration of OGT attenuated the increase of carotid ar-
tery neointimal formation following balloon endothelial
denudation in cholesterol-fed rats via inhibition of VSMC
proliferation and migration. Further, the effects of OGT on
neointimal formation were mediated primarily by Scutellariae

Radix and Coptidis Rhizoma. Studies to investigate
whether OGT has therapeutic effects in the context of
human atherosclerosis would be of benefit.
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b b OBIIREE/LHEZ 1< 13 PR H RS 25 i e < I A B Al
DEFELBEENEEN TV, 7y FOTEIREZER L /2%
DOWIEIEE (neointimal formation) % #fid 2 #Ekiz, o
B2 108 THIRTE 5 DT “accelerated atherosclerosis”
model LW TWVWE, ILRFo—AEHMT S ENKE
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T52EBIASDITIE -7 (in vitro), BB DERTE
LDL-cholesterol 73 EIMiEAEE O LEIER 3D S ish -
teo T, HEFEGONBEIREIIME N MO & & E
DM B EEZ 5N 5,
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BOVWTER L 1o, HERE50ERAET ORT 5% OR
BETH s, ShEo0FEERER I ERBZEVBIRELHE D
—if 210 5 NARAEIE A2 %] U AR SR IS IERE % P
Bid 2 AEMEARIE L TV B,
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