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ABSTRACT

Background: Dietary fat has been suggested to be the cause of various health issues. Obesity, hyper-
tension, cardiovascular disease, diabetes, dyslipidemia, and kidney disease are known to be associated
with a high-fat diet (HFD). Obesity and associated conditions, such as type 2 diabetes mellitus and
nonalcoholic fatty liver disease (NAFLD), are currently a worldwide health problem. Few prospective
pharmaceutical therapies that directly target NAFLD are available at present. A Traditional Chinese
Medicine, ginseng-plus-Bai-Hu-Tang (GBHT), is widely used by diabetic patients to control glucose level
or thirst. However, whether it has therapeutic effects on fat-induced hepatic steatosis and metabolic
syndrome remains unclear.
Methods: This study was conducted to examine the therapeutic effect of GBHT on fat-induced obesity,
hepatic steatosis, and insulin resistance in mice.
Results: GBHT protected mice against HFD-induced body weight gain, hyperlipidemia, and
hyperglycemia compared with mice that were not treated. GBHT inhibited the expansion of adipose
tissue and adipocyte hypertrophy. No ectopic fat deposition was found in the livers of HFD mice treated
with GBHT. In addition, glucose intolerance and insulin sensitivity in HFD mice was also improved by
GBHT.
Conclusion: GBHT prevents changes in lipid and carbohydrate metabolism in a HFD mouse model. Our
findings provide evidence for the traditional use of GBHT as therapy for the management of metabolic
syndrome.

© 2018 The Korean Society of Ginseng, Published by Elsevier Korea LLC. This is an open access article

under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

dyslipidemia, and kidney disease [1—3]. Dysregulation of insulin
action in the liver is strongly associated with these symptoms and is

It is well-known that a high-calorific diet, which is rich in car- now a worldwide health problem [4]. Nonalcoholic fatty liver dis-
bohydrates and fat, can lead to various health issues, such as ease (NAFLD) is a common metabolic symptom caused by an

obesity,  hypertension,

cardiovascular

disease, diabetes, imbalance of lipid metabolism; patients with long-term NAFLD may
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progress to an inflammatory subtype, nonalcoholic steatohepatitis
(NASH), which has great potential to develop into hepatic fibrosis,
leading to cirrhosis and other advanced liver diseases [5]. NAFLD
patients are also at high risk of type 2 diabetes mellitus (T2DM),
which is associated with the pathological characteristics of excess
adiposity and insulin resistance [6—8]. Current therapies for fatty
liver disease are aimed at reducing body weight and improving
insulin sensitivity to alleviate the associated metabolic syndrome
[9,10]. No pharmacotherapy that targets NAFLD has received gen-
eral approval. Therefore, most NAFLD patients have been directed to
treat the individual symptoms of metabolic syndrome, such as
obesity, diabetes, hypertension, and dyslipidemia [5].

Bai-Hu-Tang (BHT), composed of Anemarrhena asphodeloides
Bunge (Zhi-Mu), Gypsum fibrosum (Shi-Gao; inorganic CaSQy), root
of Glycyrrhiza uralensis Fisch. (Gan-Cao), as seed of Oryza sativa L.
(Jing-Mi), is a Traditional Chinese Medicine described in the Chinese
medicine book “Discussion of Cold Damage” (“Shang-Han-Lun” in
Chinese), which has been used in China for over 1800 years. BHT
potentiates insulin-stimulated glucose uptake in vitro [11]. The
formula used in this study was ginseng-plus-Bai-Hu-Tang (GBHT),
which is an enhanced formula of BHT prepared by addition of Panax
ginseng Meyer. GBHT is the most common herbal formula pre-
scribed by Traditional Chinese Medicine doctors for the treatment
of T2DM [12]. Previously, GBHT has been reported to have signifi-
cant antihyperglycemic activity [13]. In addition, we reported the
treatment of diabetic dyslipidemia with GBHT [14]. However,
whether it has a therapeutic effect on fat-induced hepatic steatosis
and metabolic syndrome remains unclear.

In this study, we used the high-fat diet (HFD) C57BL/6] mouse
model to investigate the clinical effects of GBHT on fat-induced
hepatic steatosis and insulin resistance. We found that the mice
displayed clear symptoms of dyslipidemia and abnormality of
glucose metabolism and expressed markers of hepatic steatosis
under a HFD. This suggests that the model may be valuable for
studying the effect of GBHT on diet-induced obesity, dyslipidemia,
and liver-related metabolic syndrome.

2. Materials and methods
2.1. GBHT formula and preparation

GBHT is composed of five crude ingredients with root of
P. ginseng (Ren Shen), rhizome of A. asphodeloides Bunge (Zhi-Mu),
Gypsum fibrosum (Shi-Gao; inorganic CaSQOy4), root of G. uralensis
Fisch. (Gan-Cao), and seed of O. sativa L. (Jing-Mi). To confirm the
identity of the five ingredients of GBHT, all the specimens were
sliced manually by hand, fixed in a solution of 50% glycerin in water,
and observed under a microscope (Carl Zeiss Inc., Germany). The
GBHT powder was prepared as described previously [14]. In brief,
GBHT was prepared in a classical dosage ratio used in the tradi-
tional Chinese era (3 parts P. ginseng, 6 parts by weight of
A. asphodeloides Bunge, 16 parts Gypsum fibrosum, 2 parts G. ura-
lensis Fisch., and 8 parts O. sativa L.). To prepare the water extracts,
35 g of the mixture or the corresponding weight of each single
ingredient (e.g. 3 g of P. ginseng) was added to 400 ml of water and
refluxed at 100°C for 1 h, then the supernatant was collected,
clarified by centrifugation at 1000 g for 10 min at 4°C, and either
used directly or lyophilized and dissolved in ddH20 in animal
experiments.

2.2. High performance liquid chromatography sample preparation
The dried GBHT powder (0.5 g) was dissolved in 5 mL of 70%

MeOH, then filtered through a 0.45 um syringe filter, and a volume
of 20 pL of filtrate was used for analysis. Stock solutions of

ginsenoside Rg1, ginsenoside Rg3, mangiferin (M), glycyrrhizic acid
(GA), liquiritin apioside (LA), and liquiritin (L) in MeOH (2 mg/mL)
were prepared. A mixed standard solution containing the six
compounds was prepared by diluting them with 70% MeOH to
obtain a concentration of 200 pg/mL of each component. Working
standard solutions were prepared by diluting the mixed standard
solution with 70% MeOH to give the concentrations 100, 60, 50, 20,
and 10 pg/mL of each component; these were used for the valida-
tion and to produce the calibration curves.

2.3. High performance liquid chromatography analysis

High performance liquid chromatography (HPLC) analyses were
performed on a Shimadzu-HPLC system comprising a chromato-
graphic pump (LC-20AT), an autosampler (SIL-20A) equipped with a
100 pl sample loop, and a photodiode array detector (SPD-
M20A) controlled by LabSolution software. A Purospher® STAR RP-
18e column (4.6 x 250 mm, 5 pm, Merck, Darmstadt, Germany) was
used to analyze the samples. The mobile phase consisted of A sol-
vent: water (with 0.001% H3PO,4) and B solvent: acetonitrile (with
0.001% H3PO4). An eluting program was set, from 10% B to 55% B over
0 min to 35 min, maintaining 55% B to 40 min, increasing to 90% B
from 40 min to 41 min, and then maintaining 90% B to 50 min, all at a
flow rate of 1.0 pL/min. The injection volume was 20 pL. DAD
detection was performed in the 200—600 nm range, and the
recorder wavelengths were set at 203 nm (for ginsenoside Rgland
ginsenoside Rg3), 254 nm (for M and GA), and 276 nm (for LA and L).

2.4. Calibration curves

Five concentrations (10, 20, 50, 60, and 200 mg/mL) of the mixed
standard solution were injected in triplicate (Table 1), and their
regression equations were calculated in the form of y = Ax + B. The
following are the results: ginsenoside Rgl, y = 5857.3x — 15769,
? = 0.9997; ginsenoside Rg3, y = 7975.2x — 23491, r° = 0.9998; M,
y = 78287x — 211564, ¥ = 0.9997; GA, y = 10746x — 22914,
% =0.9998; LA, y = 19231x — 57237, % = 0.9998; and L, y = 39549x
— 79948, r* = 0.9999. Data are expressed as the mean =+ standard
deviation from three independent experiments.

2.5. Animals

Thirty 4-week-old male C57BL/6] mice were purchased from
The National Laboratory Animal Center, Taipei, Taiwan. All mice
were housed individually under a constant temperature (24°C) and
12 h light/dark cycle at the Animal Center of the National Research
Institute of Chinese Medicine, Taipei, Taiwan. The use of animals for
this research was approved by the Animal Research Committee of
the National Research Institute of Chinese Medicine (IACUC no. 105-
520-1), and all procedures followed The Guide for the Care and Use
of Laboratory Animals (NIH publication, 85-23, revised 1996) and
the guidelines of the Animal Welfare Act, Taiwan. Mice fed with a
standard diet and adapted to the environment for 1 week were
subsequently divided randomly into three groups and fed a normal
diet (ND, n = 10), HFD (n = 10, 30% fat and 1% cholesterol), or HFD
with 0.5% (w/w) GBHT (n = 10) for 12 weeks. All experimental diets
were prepared weekly and stored at —20°C. At the end of the
experimental period, serum samples were collected before sacri-
fice. The liver tissue and epididymis adipose tissue (EAT) were
harvested for further analysis.

2.6. Histological analyses of the liver and fat tissues

The liver and EAT were removed from each mouse. Samples
were subsequently fixed in 10% paraformaldehyde/PBS and
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Table 1
Precision and accuracy of the HPLC-UV method for the determination of standards ginsenoside Rg1, ginsenoside Rg3, mangiferin, glycyrrhizic acid, liquiritin apioside, and
liquiritin

Ginsenoside Rgl Ginsenoside Rg3 Mangiferin
Nominal conc. Observed conc. Precision Accuracy Observed conc. Precision Accuracy Observed conc. Precision Accuracy
(ng/mL) (ng/mL) (RSD, %) (Bias, %) (ng/mL) (RSD, %) (Bias, %) (ng/mL) (RSD, %) (Bias, %)
10 11.32 + 0.04 037 -11.69 11.64 + 0.04 0.38 -14.12 11.73 £ 0.25 2.14 -14.78
20 19.89 + 0.04 0.18 0.57 19.64 + 0.11 0.55 1.82 19.57 + 0.02 0.10 221
50 50.41 + 0.35 0.69 -0.81 48.98 +0.11 0.22 2.08 50.32 + 0.13 0.25 —-0.64
60 57.91 + 2.61 4.51 3.61 59.32 + 1.04 1.75 1.15 57.86 + 2.25 3.88 3.71
200 200.47 + 0.62 0.31 -0.23 200.41 + 143 0.71 -0.21 200.52 + 0.02 0.01 —0.26
Glycyrrhizic acid Liquiritin apioside Liquiritin
Nominal conc. Observed conc. Precision Accuracy Observed conc. Precision Accuracy Observed conc. Precision Accuracy
(ng/mL) (ng/mL) (RSD, %) (Bias, %) (ng/mL) (RSD, %) (Bias, %) (ng/mL) (RSD, %) (Bias, %)
10 11.06 + 0.08 1.95 —10.88 11.06 + 0.08 0.71 -9.55 11.44 + 041 3.61 —12.58
20 19.95 + 0.29 0.22 2.77 19.95 + 0.29 1.47 0.26 19.93 + 0.35 1.75 0.35
50 51.17 + 0.12 0.26 -1.50 51.17 £ 0.12 0.24 -2.28 50.90 + 0.11 0.21 -1.78
60 57.38 + 0.66 4.17 3.06 57.38 + 0.66 1.15 4.56 57.17 +1.49 2.60 4.96
200 200.45 + 2.71 0.20 -0.17 20045 + 2.71 135 -0.22 200.56 + 0.57 0.28 —0.28

embedded in paraffin or frozen for staining with hematoxylin and
eosin or with Oil red O (ORO). All specimens were observed
microscopically (Carl Zeiss Inc., Germany) at 200 x magnification.

2.7. Biochemical analysis of plasma

The plasma triglyceride (TG), total cholesterol (TC), high-density
lipoprotein-cholesterol (HDL-C), glutamic oxaloacetic trans-
aminase (GOT), glutamic pyruvic transaminase (GPT), lactic dehy-
drogenase, total bilirubin, uric acid, and lipase levels were
measured using enzymatic assay kits with a FUJI DRI-CHEM
analyzer (Fujifilm, Tokyo, Japan). The non—HDL-C level was calcu-

2.8. Blood glucose, plasma insulin, the homeostasis model
assessment of insulin resistance index, and intraperitoneal glucose
tolerance test

Every 2 weeks, the 12 h fasting blood glucose was measured in
tail vein blood with a glucose analyzer (EASYTOUCH, Miaoli County,
Taiwan). An enzymatic assay was used to measure the plasma in-
sulin concentration (Cisbio, MA, USA). The homeostasis model
assessment of insulin resistance (HOMA-IR) was calculated as
[fasting insulin concentration (mU/L) x fasting glucose concentra-
tion (mg/dL) x 0.05551]/22.5. For the intraperitoneal glucose
tolerance test, the analysis was performed during the 12th week
after the start of the diet experiments, mice fasted for 12 h were

lated as [(TC) - (HDL-C) - (TG/5)].

A
S
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[ret

Panax ginseng Gypsum Fibrosum Glycyrrhiza uralensis Fisch. Oryza sativa L.

100 pm 500 pm

Panax ginseng Anemarrhena asphodeloides Bunge  Glycyrrhiza uralensis Fisch.

Fig. 1. The macroscopic appearance of the five herbs used to prepare GBHT was examined. (A) Specimens of the five herbs are shown. (B) The microscopic appearance of the
P. ginseng (a), Anemarrhena asphodeloides Bunge (b), and Glycyrrhiza uralensis Fisch. (c).

GBHT, ginseng-plus-Bai-Hu-Tang.
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injected intraperitoneally with glucose (1 g/kg body weight), and
the blood glucose level was determined in tail vein blood at 0, 30,
60, 90, and 120 min after glucose injection.

2.9. Statistical analysis

All values are expressed as the mean + standard deviation from
at least three separate experiments. Area under the curve analysis
was performed using the trapezoidal method. One-way analysis of
variance followed by Dunnett’s multiple comparison test was used
to compare differences among groups of samples. Asterisks indi-
cated that the values were significantly different from the control
(*p < 0.05; **p < 0.01).

3. Results
3.1. Characterization of the five ingredients of GBHT

GBHT is composed of five crude ingredients: root of P. ginseng
(Ren Shen), rhizome of A. asphodeloides Bunge (Zhi-Mu), Gypsum
fibrosum (Shi-Gao, inorganic CaSO4), root of G. uralensis Fisch.
(Gan-Cao), and seed of O. sativa L. (Jing-Mi). The appearance and
microscopic features of each ingredients were confirmed (Fig. 1A
and B). In microscopic identification, the transverse section of the
P. ginseng was cork consisting of several rows of cells and phloem,
showing clefts outside (Fig. 1B, panel a). The transverse section of
the dried A. asphodeloides Bunge showed cork consisting of several

A \V (x1,000,000)
1.00Pataq[fi1p6-BHGT-La.lcd PDA Ch1 203nm,4nm

0.754
0.50] GBHT
0.25] Rgl Rg3
e MN\JL__,N ) - e
0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 40.0 45.0 min
V(x1,000,000)
2.0Data1:1106-6STD-200a.lcd PDA Ch1 203nm,4nm
1.0 Rgl Rg3 Standard
0‘0 J‘ln e A
0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 40.0 450 min
B 1 _25-3/a(txa11 910100g9é>lz|GT~La.lcd PDA Ch2 254nm,4nm
1.007 M 5
0.75
GBHT
0.501
0.25] GA
0.007 Lf\ Al
0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 40.0 45.0 min
uV (x1,000,000)
2.5{Data1:1106-6STD-200a.lcd PDA Ch2 254nm,4nm
N GA Standard
0.0 : : ——h : - z ; ; 7
0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 40.0 45.0 min
C \V/ (x100,000)
5_O-Da'a1 1106-BHGT-La.lcd PDA Ch3 276nm,4nm
4.09
3.0] L GBHT
2.07 v
LA
- il
0.0 LA
0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 40.0 45.0 min
V(x100,000)
ata1:1106-6STD-200a.lcd PDA Ch3 27€Enm,4nm
5.0 A AJ\ Standard
0.0
0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 40.0 45.0 min

Fig. 2. HPLC analysis and LC-UV chromatogram of GBHT. The HPLC analysis was performed in a reverse-phase column C18, gradient mobile system of acetonitrile in 0.001%
phosphoric acid, flow rate set at 1.0 mL/min, and an LC-UV chromatogram of GBHT was recorded at UV 203 nm (A, upper panel), UV 254 nm (B, upper panel), and UV 276 nm (C,
upper panel). Representative LC-UV chromatograms of standards of mangiferin, ginsenoside Rg1, ginsenoside Rg3, glycyrrhizic acid, liquiritin apioside, and liquiritin that were
recorded at UV 203 nm (A, lower panel), UV 254 nm (B, lower panel), and UV 276 nm (C, lower panel).

GBHT, ginseng-plus-Bai-Hu-Tang; GA, glycyrrhizic acid; HPLC, high performance liquid chromatography; LA, liquiritin apioside; L, liquiritin; M, mangiferin; Rg1, ginsenoside Rg1;

Rg3, ginsenoside Rg3.
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to over 30 rows of cells and spiral or vessels about 10~50 pum
(Fig. 1B, panel b). The transverse section of G. uralensis Fisch. was
cork consisting of several layers of brown cells, and the cortex was
relatively narrow (Fig. 1B, panel c).

3.2. Development of an HPLC-UV analytical method to determine
the identity and consistency of GBHT

An HPLC-UV analytical method was developed to determine the
identity and consistency of GBHT. As shown in Fig. 2, a high-
resolution chemical fingerprint of GBHT was obtained. Quantita-
tive analyses of the marker compounds ginsenoside Rg1 and gin-
senoside Rg3 (key principles of P. ginseng); M (key principle of A.
asphodeloides Bunge); and L, LA, and GA (key principles of G. ura-
lensis Fisch.) were performed, and representative HPLC chromato-
grams are shown. Calibration curves were established at
concentrations of 10, 20, 50, 60, and 200 pg/mL. Correlated linear
relationships were obtained for all standards, with a coefficient of
estimation 2 > 0.9995. The accuracy (% bias) and precision (% RSD)
values of the six standards are presented in Table 1, and all per-
centages for the bias and RSD values are within 15% and acceptable
for this quantification method. This validated method was used to
analyze the GBHT sample. The contents of the GBHT sample were
1.05 + 0.01 mg/g (M), 0.67 + 0.02 mg/g (L), 0.84 + 0.00 mg/g (LA),
0.37 + 0.01 mg/g (GA), 0.75 + 0.01 mg/g (ginsenoside Rg1), and
0.51 4+ 0.00 mg/g (ginsenoside Rg3).

3.3. GBHT lowered weight of body and food efficiency ratio in HFD
mice

Our previous study confirmed the inhibitory effect of GBHT on
the accumulation of palmitate-induced cellular lipid through the
AMP-activated protein kinase (AMPK) pathway [14]. Therefore, we
examined the effect of GBHT on fatty liver and lipemia syndrome in
our HFD mouse model. Five-week-old male C57BL/6] mice were fed
a HFD along with or without 0.5% GBHT for 12 weeks. The HFD mice
were significantly heavier than the ND and HFD—GBHT mice after
12 weeks of diet (Fig. 3A). Also, we observed that GBHT lowered the
food efficiency (Fig. 3B). This inferred that the HFD mice have a sign
of metabolic syndrome, with the main characteristics of central
obesity with fat accumulation around the waist, and the GBHT
treatment significantly inhibited an increase in body weight and
food efficiency ratio compared with the HFD group.

3.4. GBHT inhibits fat deposition in adipocytes in HFD mice

A feature of metabolic syndrome is increasing fat within the
trunk region, caused by excessive visceral fat deposits. Next, we
dissected and measured the size of the EAT as a criterion. The mass
of EAT in the HFD group was significantly greater than the ND group
(Fig. 4A). In contrast, the HFD—GBHT mice had a smaller EAT mass.
The size of the adipocytes was measured in each group (Fig. 4B and
C). ORO staining was used to identify the neutral lipid and fatty acid
contents, a red color indicating intracellular triglycerides. A sub-
stantial amount of intracellular lipid was stained by ORO in the EAT
section in the HFD group. GBHT administration significantly
reduced such intracellular lipid accumulation. Compared with ad-
ipocytes from the HFD group, the GBHT-fed group showed a lower
EAT adipocyte diameter, size, and lipid content, which suggested
that GBHT may inhibit fat deposition in HFD mice.

3.5. Hyperlipemia was prevented by GBHT treatment in HFD mice

Because it is well known that alteration of the lipid composition
in serum is a sign of metabolic deficiency [15,16], we profiled the
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Fig. 3. The effect of GBHT on body weights and food efficiency ratio in C57BL/6] mice
fed an HFD. (A) Changes in body weight. (B) Food efficiency ratio (FER). Data are shown
as means + SEM. ND vs. HFD: *p < 0.05; **p < 0.01; **p < 0.001. HFD vs. GBHT: *p
< 0.05; ¥ p < 0.01; ¥ p < 0.001.

GBHT, ginseng-plus-Bai-Hu-Tang; HFD, high-fat diet; ND, normal diet; SEM, standard
error of mean.

plasma lipid levels in our mouse model. Plasma TG, TC, HDL-C, and
non—HDL-C were measured, revealing significantly high TG, TC,
and non—HDL-C in the HFD group (Fig. 5A, B, and D). The TG, TC,
and non—HDL-C were significantly lower in the HFD—GBHT group
than the HFD group, except for HDL-C (Fig. 5C). The results indicate
that GBHT prevented an increase of plasma lipid levels in HFD
mice.

3.6. GBHT inhibited HFD-induced intracellular lipid accumulation
in the liver

Fatty liver disease is mainly attributable to triglyceride accu-
mulation in hepatocytes [17]. To determine whether lipid accu-
mulation in hepatocytes is inhibited by GBHT, using the HFD mouse
model, we examined the liver weight and morphology to observe
lipid deposition and accumulation with hematoxylin and eosin
staining. We first weighed the livers and found those of the HFD
group were heavier than the ND group (Fig. 6A). The liver weight
was significantly lower in the HFD—GBHT mice than the HFD group.
In addition, the hepatocytes of the HFD mice were swollen and
larger in size, with a foaming morphology and lack of staining,
suggesting more lipid deposition (Fig. 6B). The increased size of the
hepatocytes reduced the diameter of the central vein and dimin-
ished the sinusoids. Interestingly, tissue morphology revealed that
intracellular lipid accumulation was lower in the GBHT group than
the HFD group.

3.7. GBHT inhibited increase in the levels of hepatic steatosis-
related markers under high fat conditions

Generally, hepatic steatosis was considered to be a common
feature of nonalcoholic fatty liver patients [18]. Several hepatic-
steatosis markers were examined to determine the effect of GBHT
on HFD-induced steatohepatitis. The levels of aspartate



H.-E Lu et al | GBHT ameliorates diet-induced hepatic steatosis and insulin resistance 243

A Epididymis Adipose Tissue (EAT) B Adipocyte diameter
3.50 4 il s d *rx it
T 1 1 140.0 1 T 1T 1

120.0 1
100.0 1
80.0 4
60.0 o

40.0 4

Cell diameters (um)

20.0 4

Fig. 4. The effect of GBHT on fat deposition in C57BL/6] mice fed an HFD. (A) The weight of epididymis adipose tissue (EAT). (B) The adipocytes diameters were measured. (C)
Hematoxylin-eosin staining showed adipocytes in the EAT of the mice. (D) Qil-red O staining showed lipid contents in the EAT of the mice. Data are shown as means & SEM. ND vs.
HFD: ***p < 0.001. HFD vs. GBHT: #*#p < 0.001.

GBHT, ginseng-plus-Bai-Hu-Tang; HFD, high-fat diet; ND, normal diet; SEM, standard error of mean.
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Fig. 5. The effect of GBHT on plasma lipid levels in C57BL/6] mice fed an HFD. (A) The levels of plasma TG. (B) The levels of total-C. (C) The levels of HDL-C. (D) The levels of non—
HDL-C. Data are shown as means + SEM. ND vs. HFD: ***p < 0.001. HFD vs. GBHT: *p < 0.01; ##p < 0.001.
GBHT, ginseng-plus-Bai-Hu-Tang; HFD, high-fat diet; ND, normal diet; SEM, standard error of mean; TG, triglyceride; HDL-C, high-density lipoprotein-cholesterol.
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Fig. 6. The effect of GBHT on lipid accumulation in the livers of C57BL/6] mice fed an HFD.

(A) Changes in liver weight. Data are shown as means + SEM. ND vs. HFD: **p < 0.01.

HFD vs. GBHT: #*##p < 0.001. (B) Hematoxylin and eosin staining of transverse liver sections (original magnification x 200).
GBHT, ginseng-plus-Bai-Hu-Tang; HFD, high-fat diet; ND, normal diet; SEM, standard error of mean.

aminotransferase (AST/GOT) and alanine aminotransferase (ALT/
GPT), as well as lactase dehydrogenase and total bilirubin, in serum
can help diagnose injury to hepatic tissue [19,20]. These markers of
hepatic lipotoxicity were upregulated in HFD mice but were
significantly lower in the GBHT-treated HFD mice (Fig. 7A—D). Also,
GBHT significantly inhibited increases in the marker for renal dis-
ease, uric acid [21], which was much higher in the HFD group
(Fig. 7E). Finally, we examined the marker of acute pancreatitis,
lipase, and found no differences among the three groups (Fig. 7F).
This suggests that HFD and GBHT uptake may not cause serious

injury to the pancreas. To sum up, a HFD-induced steatohepatitis
and kidney damage and GBHT showed a significant effect in pre-
venting the syndrome.

3.8. GBHT prevented HFD-induced insulin resistance and glucose
tolerance

It has been reported that hyperglycemia tends to develop in
mice within 4 weeks of a HFD [22]. Moreover, the high-fasting in-
sulin level is considered to be the earliest clinical reaction during
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Fig. 7. The effect of GBHT extract treatment on the levels of hepatic steatosis-related markers in C57BL/6] mice fed an HFD. (A-D) The plasma levels of the hepatic lipotoxicity
markers GOT, GPT, LDH, and total bilirubin. (E) The plasma levels of the kidney lipotoxicity markers UA. (F) The plasma levels of the pancreas lipotoxicity marker lipase (LIP). Data
are shown as means + SEM. ND vs. HFD: *p < 0.05; **p < 0.01; **p < 0.001. HFD vs. GBHT: *p < 0.05; *p < 0.01; ##p < 0.001.

GBHT, ginseng-plus-Bai-Hu-Tang; GOT, glutamic oxaloacetic transaminase, GPT, glutamic pyruvic transaminase; HFD, high-fat diet; LDH, lactic dehydrogenase; ND, normal diet;

SEM, standard error of mean; UA, uric acid.
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Fig. 8. The effect of GBHT on glucose metabolism and insulin resistance in C57BL/6] mice fed an HFD. (A) Blood glucose levels after 12 h of fasting. (B) Plasma insulin levels after 12 h
of fasting. (C) Area under the curve (AUC) of blood glucose and insulin levels. (D) The HOMA-IR index calculated using fasting blood glucose and insulin levels. Data are shown as
means + SEM. ND vs. HFD: *p < 0.05; **p < 0.01; ***p < 0.001. HFD vs. GBHT: #p < 0.05; #**p < 0.01; *# p < 0.001.

GBHT, ginseng-plus-Bai-Hu-Tang; HFD, high-fat diet; HOMA-IR, homeostasis model assessment of insulin resistance; ND, normal diet; SEM, standard error of mean.

metabolic syndrome [23]. We measured the fasting blood glucose
and insulin levels in HFD-C57BL/6] mice with or without GBHT. The
high fasting blood glucose level in the GBHT group was significantly
lower than the HFD group (Fig. 8A). The plasma insulin level was 4-
fold higher in the HFD mice but inhibited by GBHT (Fig. 8B). The
IPGTT revealed that GBHT significantly improved glucose tolerance
(Fig. 8C). The HOMA-IR index was calculated and found to be at the
control level with GBHT treatment (Fig. 8D), indicating inhibition of
insulin resistance.

4. Discussion

Phytomedicine, with antiobesity, hypolipidemic, and antidia-
betic effects, has been widely used throughout history. One com-
mon herbal treatment, GBHT, which is an enhanced formula of
BHT prepared by addition of P. ginseng (Ren Shen), has been used to
reduce the symptoms of thirst in T2DM patients [12]. Ginsenoside
Rb1 (Rb1), a compound extracted from ginseng root, significantly
reduces body weight, improves glucose tolerance, and enhances
insulin action in HFD-induced obese rats [24] and has a glucose-
lowering action in vitro [25]. A water extract of ginseng root was
found to have a fat-lowering action in vivo [26]. Using the model we
reported previously, we showed that GBHT reduced total lipid and
triglyceride accumulation in hepatocytes by upregulating
AMPK and downregulating acetyl-CoA carboxylase signaling [14].
Therefore, in this study, we sought to determine whether GBHT
could prevent hepatic fat accumulation associated with obesity and
to evaluate the therapeutic effects of GBHT in metabolic syndrome.

Using our model, we found that mice with a HFD experienced
significant weight increase, lipid accumulation within liver, dysli-
pidemia, steatohepatitis, and insulin resistance. These symptoms
are consistent with a previous study that identified metabolic
syndrome [27]. The presence of hypertriglyceridemia and high
cholesterol is consistent with the symptoms of obesity and diabetes
in humans [28,29], suggesting that the HFD mouse model is suit-
able as an animal model of metabolic syndrome and for investi-
gation of the bioactivity of GBHT. Interestingly, when GBHT was
administered to mice under a HFD, metabolic abnormalities were
significantly prevented. GBHT blocked the storage of total fat in EAT
and liver and prevented increases in triglycerides and cholesterol in

the plasma, which consequently diminished the organ weight. This
suggests that the inhibitory effect of GBHT on lipid metabolism is
applicable to HFD-induced metabolic syndrome.

GBHT is the most common herbal formula prescribed by
Traditional Chinese Medicine doctors for the treatment of
T2DM [12] and has been reported to have antihyperglycemic ac-
tivity [13]. In fact, impaired glucose tolerance has a great proba-
bility of developing into T2DM [30] in obese patients. Generally,
insulin resistance is calculated using HOMA-IR [23], and increased
HOMA-IR values have a great impact on T2DM incidence in the
human population [31]. While a HFD increased the symptoms of
diabetes, such as high fasting blood glucose, insulin level, glucose
tolerance, and HOMA-IR value, in HFD mice, when the mice were
treated with GBHT, along with the HFD, the high blood glucose and
insulin resistance were ameliorated.

On the other hand, a high HDL-C level was detected in both the
HFD and HFD—GBHT groups and may be attributable to the high
cholesterol diet. However, the high level of non—HDL-C, usually
referred to as a "bad" cholesterol transportation carrier, was
considered as a harmful sign in the HFD group, and GBHT efficiently
prevented an increase of non—HDL-C in our mouse model. In
addition, insulin resistance has been associated with a HFD and is
accompanied by obesity in rodent models [32,33]. Moreover, a HFD
has been suggested to be a potential positive regulator of DNA
methylation in genes that are associated with energy homeostasis
in adipocytes [34]. Therefore, we suggest that GBHT may modulate
lipid and carbohydrate metabolism and be able to restore homeo-
stasis. Although we have proved that GBHT reduced fatty liver
through an AMPK-activating mechanism in a mouse model of in-
sulin resistance, the biological mechanism of GBHT in inhibition of
HFD-induced metabolic syndrome remains uncertain and should
be clarified in the future.

NASH is considered to be a health-threatening, chronic liver
disease that can progress to cirrhosis [35]. Histologically, NASH can
be diagnosed only by liver biopsy [36]; however, this invasive
procedure may not be cost effective and has inherent risks [37]. It
has been reported that GOT (AST) and GPT (ALT) are crucial pa-
rameters when we consider the incidence of NASH, on the basis of
noninvasive serum assays [38]. By measuring markers of steato-
hepatitis in plasma, we confirmed that the HFD caused severe
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NASH-like symptoms. Surprisingly, when GBHT was combined
with the HFD, there was less secretion of markers of steatohepatitis,
which indicates that the mice were less likely to develop NASH. This
not only implies the clinical therapeutic effect of GBHT but also
suggests this rodent model may be valuable for screening potential
serological markers of NASH. Using such a model for screening may
facilitate the diagnostic analysis of life-threatening NASH in the
future.

5. Conclusion

In summary, we have demonstrated that GBHT prevented
changes in lipid and carbohydrate metabolism in a HFD mouse
model. Our findings provide evidence for the traditional use of
GBHT as therapy for the management of metabolic syndrome.
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