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ABSTRACT

We previously reported that Dai-saiko-to (Da-Chai-Hu-Tang), a traditional Japanese kampo medicine, increased LDL
receptor mRNA expression in the liver of the hypercholesterolemic rabbits. In this study, we focused on LDL receptor
gene expression in a human hepatoma cell line (HepG2) treated with Dai-saiko-to extract and the extracts of eight herbs
presented in Dai-saiko-to. Dai-saiko-to extract significantly increased LDL receptor gene and SREBP2 gene expression
compared with the control. The extracts of four herbs, Bupleurum root, Pinellia tuber, Scutellaria root and Peony root
significantly increased the LDL receptor gene expression. Whereas, Jujube, Immature orange, Ginger and Rhubarb ex-
tracts did not change the gene expression. These results suggest that Dai-saiko-to increased the expression of the choles-
terol transport gene (LDL receptor) regulated by SREBP2 gene in the human hepatoma cell line. The pharmacological
activity of Dai-saiko-to against hypercholesterolemia and atheromatous lesions related for these four herbal components.
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1. Introduction peutic effects against atherosclerosis. Dai-saiko-to inhib-
ited the development of atheromatous plaques and de-
creased both LDL cholesterol and plasma cholesterol
levels. Moreover, Dai-saiko-to showed antioxidative ac-
tivity both in vivo and in vitro. Therefore, this medicine
is beneficial for the treatment of hypercholesterolemia
and atheromatous lesions. Unfortunately, the antiathero-
sclerotic effect of each component of Dai-saiko-to is not
understood and further study is needed to elucidate the
mechanism of action. The aim of the present study was
to determine the effects of Dai-saiko-to on LDL receptor
gene expression in a human hepatoma Cell line (HepG2)
to clarify the pharmacological mechanism of Dai-saiko-to.

It is well known that hypercholesterolemia is a major risk
factor for coronary heart disease [1,2]. Several kinds of
drugs are used to improve the plasma lipid levels of pa-
tients with hypercholesterolemia [3-6]. Some traditional
Japanese kampo medicines are used clinically to treat hy-
perlipidemia, diabetes mellitus, and obesity in Japan [7].
Dai-saiko-to (Da-Chai-Hu-Tang) is used clinically to
alleviate hypertension, cholestasis, and various causes of
liver dysfunction. We previously reported that Dai-saiko-
to inhibited the progression of atherosclerotic lesions in
heritable hyperlipidemic model rabbits (KHC rabbits)
[8-10]. In addition, plasma lipid levels were decreased
and low density lipoprotein (LDL) receptor mRNA ex- 2 Methods

pression in the liver was increased in the Dai-saiko-to

treated KHC rabbits. In the present study, we demon-  2.1. Dai-Saiko-To Extract
strated that the antiatherosclerotic effects of Dai-saiko-to
arise from many factors, including antioxidation and re-
lation to gene expression. Our results demonstrate that
Dai-saiko-to provides a combination of beneficial thera-

Dai-saiko-to manufactured by Tsumura & Co. is a dried
decoction of a mixture of eight medicinal herbs (Lot. No.
2040008010). Six grams of Bupleurum root (Bupleurum
falcatum L.), 4 g of Pinellia tuber (Pinellia ternata Breit),
“Corresponding author. 3 g of Scutellaria root (Scutellaria baicalensis Georgi), 3
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g of Peony root (Paeonia lactiflora Pallas), 3 g of Jujube
(Zizyphus jujuba Mill. var. inermis Rehder), 2 g of Im-
mature Orange (Citrus aurantium L. var. daidai Makino),
1 g of Ginger (Zingiber officinale Roscoe) and 1 g of
Rhubarb (Rheum palmatum L.) were each added to 700
mL of water and the mixture was boiled for 1 hour. Then,
the mixture was filtered and concentrated to 300 mL.
This decoction was spray-dried to yield 4.5 g of pow-
dered extract, which represented the daily clinical dose.
The quality of each crude drug was tested in accordance
with the Japanese pharmacopoeia. Moreover, the test sam-
ple was analyzed by three-dimensional HPLC and the in-
gredients were checked.

2.2. Preparation of Extracts of Herbal Drugs

Each eight herbal drugs was ground and added to twenty
times of water and boiled until the volume was reduced
to half the original volume. Each decoction was filtered
through gauze while hot and evaporated under reduced
pressure at 40 degrees to give extract.

2.3. Cell Culture

The human hepatoma cell line HepG2 was purchased
from the American Type Culture Collection (Rockville,
MD, USA). HepG2 cells were grown in monolayer cultures
to confluency in 75 cm?” flasks containing 15 mL of Eagle’s
minimal essential medium (MEM) supplemented, with
10% (v/v) FBS, penicillin (100 units/mL), streptomycin
(100 ug/mL), and glutamine (4 mM). HepG2 cells were
maintained in an incubator at 37 degrees centigrade in 5%
CO,. Cells were seeded into six-well plates at 8 x 10° cells/
well and maintained for 4 days until examination.

Dai-saiko-to extract (0.5 and 1mg/mL) or Bupleurum
root (0.26 mg/mL), Pinellia tuber (0.17 mg/mL), Scutel-
laria root (0.13 mg/mL), Peony root (0.13 mg/mL), Ju-
jube (0.13 mg/mL), Immature Orange (0.09 mg/mL),
Ginger (0.04 mg/mL) and Rhubarb (0.04 mg/mL) ex-
tracts were added to HepG2 cell line and incubation was
carried out for 8 hours.

2.4. Detection of LDL mRNA Levels in Human
Liver Cell Line

Total RNA was extracted from the cells using a Qiagen
Rneasy Mini Kit (Qiagen GmbH, Hilden, Germany) ac-
cording to the manufacturer’s protocol and then stored at
—80 degrees centigrade until use.

cDNA was synthesized from 1 microgram of RNA us-
ing a SuperArray cDNA synthesis kit (SuperArray Bio-
science Co. Frederick, MD, USA). The following prim-
ers were used: for LDL receptor, F, 5°-CCC CGC AGA
TCA AAC CCC CAC TC and R, 5’-AGA CCC CCA
GGC AAA GGA AGA CGA. For GAPDH, F, 5’-CCT CCC
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GCT TCG CTC TCT and R, 5’-GCT GGC GAC GCA AAA
GA were used as internal controls. For SREBP2, F, 5°-CGC
CAC CTG CCC CTC TCC TTC C TC and R, 5’-A TGC
CCT GCC ACC TAT CCT CTC ACG.

PCR using these primes were performed with an initial
cycle of 5 min at 95 degrees centigrade followed by 30
cycles of 95 degrees centigrade for 15 min, 95 degrees
centigrade for 15 sec, 55 degrees centigrade for 30 sec
and 72 degrees centigrade for 30 sec. After electrophore-
sis by ethidium bromide staining, the amount of PCR
products was analyzed with a Molecular Imager FX Pro
system (BIO-RAD) and represents the expression ratio of
mRNA to glyceraldehyde 3-phosphate dehydrogenase
(GAPDH).

2.5. Statistical Evaluation

Results are expressed as means + S.E. Differences be-
tween groups were analyzed by ANOVA with the Dun-
nett’s test for post hoc analysis. Differences were con-
sidered significant at P < 0.05.

3. Results

3.1. Three-Dimensional HPLC Profile of
Dai-Saiko-To

A three-dimensional HPLC profile of the methanol solu-
tion of Dai-saiko-to is shown in Figure 1. The UV-ab-
sorption-based analysis clearly showed the presence of
the following constituents in the Dai-saiko-to powder:
saikosaponins bl and b2 (originating from Bupleurum
root); wogonin, wogonin 7-O-glucuronoside, baicalin, bai-
calein 7-O-glucoside and skullcapflavone II (from Scutel-
laria root); paeoniflorin, albiflorin and benzoylpaeoniflo-
rin (from Peony root); naringin, naringenin, narirutin,
hesperidin and neohesperidin (from Immature Orange);
rhein, rhein 8-O-glucoside, and chrysophanols 1-O-glu-
coside and 8-O-glucoside (from Rhubarb).

3.2. Yields of Extract of Eight Herbal Drugs

The yields of each extract were presented in Table 1.
Each yield from each herbal drug was from 4.2% to 60%,
respectively.

3.3. LDL Receptor mRNA Expression in HepG2
Cells

The expression ratios of LDL receptor and SREBP-2
mRNA to GAPDH in HepG2 cells are presented in Fig-
ures 2 and 3. LDL receptor and SREBP-2 mRNA ex-
pression levels were significantly increased by Dai-
saiko-to. Moreover the mixture of eight herb extracts also
expressed the LDL receptor mRNA. Table 2 shows that
the four herbal extracts such as Bupleurum root, Pinellia
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Figure 1. Three-dimensional HPLC profile of the methanol solution of Dai-saiko-to. The analysis based on UV-absorption
clearly showed the presence of the following constituents in the Dai-saiko-to powder.

Table 1. The yields of extract of eight herbal drugs.

Herbal Drugs Yields
Bupleurum Root 8.2%
Pinellia Tuber 4.7%
Scutellaria Root 19.8%
Peony Root 23.3%
Jujube 60.7%
Immature Orange 42.0%
Ginger 15.7%
Rhubarb 28.8%

tuber, Scutellaria root and Peony root were significantly
increased the LDL receptor mRNA expression levels. In
contrast, the other four herbal extracts did not change the
mRNA expression levels compared with the control.

4. Discussion

Lifestyle-related disease such as dyslipidemia, are one of
the most important risk factors for coronary artery dis-
ease and atherosclerosis. Previous trials have shown that

Copyright © 2013 SciRes.
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Figure 2. Effect of Dai-saiko-to on the expression of LDL-
receptor mRNA in HepG2 cells. Representative data of
LDL receptor mRNA RT-PCR productsin HepG2 cells.
Effect of Dai-saiko-to on the expression of LDL receptor
mMRNA quantified relative to GAPDH in the HepG2 cells
shows RT-PCR products. Vertcal bars indicated the mean +
S.E. (n =3). "P < 0.05 and P < 0.01, significantly different
from the control.

3-hydroxy-3-methylglutaryl coenzyme A (HMG CoA)

reductase inhibitors, such as statins, decreased plasma
lipid levels and inhibited coronary artery disease [11,12].
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Figure 3. Effect of Dai-saiko-to on the gene expression of
SREBP-2 mRNA in HepG2 cells. The data represented the
SREBP-2 mRNA gene quantified relative to GAPDH.

Table 2. LDL receptor mRNA expression rate of herbal
drugs in HepG2 cell.

Herbal Drugs LDL-Receptor/GAPDH Ratio

Control 3.43+£0.20
Bupleurum Root 450+0.41
Pinellia Tuber 429+0.16"
Scutellaria Root 455+027
Peony Root 5.30+0.66"™
Jujube 2.40+0.03"
Immature Orange 2.60+0.25
Ginger 2.81+0.24
Rhubarb 237017
Mixture of the Above the Eight Herbs 420+0.51

Each value represents the mean + S.E. P < 0.05, "P < 0.001, significantly
different from the control.

A number of hypocholesterolemic drugs are used to im-
prove plasma lipid levels of patients. Low-density lipo-
protein cholesterol lowering drugs suppressed the LDL
receptor gene expression in the liver, thereby reducing
cardiovascular disease risk and plaque progression in the
artery [13-15].

To our knowledge, this is the first study to demon-
strate the molecular mechanism of inducible regulation
of Dai-saiko-to extraction in human liver cells. The LDL
receptor, a transmembrane glycoprotein, is one of the
most important regulators of plasma LDL cholesterol
levels. LDL is the major cholesterol-carrying lipoprotein
in plasma. The receptor protein binds LDL and transports
it into cells via endocytosis. The phenotypes of HepG2
cells are similar to those of human hepatocytes and
commonly used to screen for lipid-regulating drugs [16-
18]. To evaluate the molecular basis of the hypocholes-
terolemic effect of Dai-saiko-to, we selected HepG2
cells as a model to study the regulation of LDL receptor
expression.

Copyright © 2013 SciRes.

We previously reported the pharmacological effects of
Dai-saiko-to on the expression of apolipoprotein (apo)-B,
apo-E, and LDL receptor mRNA in the liver of KHC
rabbits, but did not clarify the effects on major human
organs, specifically the liver [19]. Therefore, we focused
on LDL receptor gene expression in the human hepatoma
Cell line treated with Dai-saiko-to. Dai-saiko-to contains
eight herbs. The purpose of this study was to determine
whether or not. Dai-saiko-to increased LDL receptor
mRNA expression, which direct stimulated effect and/or
direct for gene expression signal in the HepG2 cells.

Yamamoto et al. reported that one of the pharmacol-
ogical mechanism of Dai-saiko-to is the reduction of
cholesterol synthesis. Reduced VLDL synthesis and ex-
cretion were noted in a HepG2 cell line cultured with
Dai-saiko-to [20]. In our present study, both Dai-saiko-to
and the mixture of eight herbal extracts significantly in-
creased LDL-receptor mRNA expression in HepG2 cells.
Moreover, four herbal extracts, namely, Bupleurum root,
Pinellia tuber, Scutellaria root, and Peony root, also in-
creased LDL receptor mRNA expression.

These four herbs contain flavonoids and flavonoids-
rich compounds that have frequently been reported to
inhibit the modification of LDL [21,22]. Catechins in
green tea increased the LDL receptor mRNA expression
as well [23]. Gylling et al. reported that plant sterols
regulated cholesterol metabolism [24]. To increase he-
patic LDL receptor mRNA expression, SREBPs should
bind to the LDL receptor gene. When cellular cholesterol
levels fall SREBPs, which exist in the inactive form in
the cytoplasma are cleaved by proteases and activated as
transcription factors [25]. Then, the activated SREBPs
migrate to the nucleus where they bind to the LDL re-
ceptor gene to stimulate LDL receptor protein production,
thereby allowing more cholesterol to enter the cell. There-
fore, we hypothesize that flavonoids and flavonoid-like
constructs stimulate LDL receptor mRNA expression
and/or up-regulate sites which act SREBPs in HepG2
cells. On the other hand, f-sitosterol is present in large
amounts in Scutellaria root. Beta-sitosterol is a ster-
oid-like structure and cholesterol and steroid structural
components stimulate sterol regulatory element binding
protein-2 (SREBP-2) [26].

Although the main active compounds are unclear and
LDL receptor mRNA expression effects didn’t reveal the
details of the synergistic mechanism of crude drugs.

A single oral administration of Scutellaria root de-
creased serum and hepatic lipid levels in hyperlipidemic
rats [27]. We suspect that those effects may play an im-
portant role in the inhibition of the progression of athero-
sclerotic lesions. To inhibit the progression of athero-
sclerosis and atherosclerotic lesions, not only antioxida-
tive effects but also other protective effects on blood,
cells, artery wall, lipids and other structures, may be at
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work. In addition, LDL receptor mRNA gene expression
in the liver cells may protect against hypercholesterolemia
and atheromatous lesions.

Together the results show that the effect of Dai-saiko-

to on LDL receptor mRNA expression in HepG2 cells is
at least related to those of the four herbs. Further studies
are needed to elucidate the mechanism of the antiathero-
sclerotic effect of Dai-saiko-to.
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