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	is study is to investigate the therapeutic e
ects of the recipe composed of Atractylodes macrocephala polysaccharide, chlorogenic
acid, and geniposide (named ACG) on experimental nonalcoholic fatty liver (NAFL). 	e research was divided into two parts
as screening experiment and veri�cation experiment. In the screening experiment, we used high-fat diet (HFD) induced NAFL
rat model and uniform design to get the recipe from �ve Chinese herbal active components. In the veri�cation experiment,
HFD induced fatty liver rat and mouse NAFL models and free fatty acid (FFA) induced HepG2 cell model were used to verify
the e
ects of ACG. According to the multiple regression equation of the hepatic triglyceride (TG) contents of each group in the
screening experiment, the recipe ACG was obtained and the doses of Atractylodes macrocephala polysaccharide, chlorogenic acid,
and geniposide for rats were 266.67, 3.33, and 45mg/kg, respectively.	e results of veri�cation experiment veri�ed that ACG could
signi�cantly reduce hepatic TG contents of NAFL rats and mice, as well as the cellular TG content of FFA-induced HepG2 cells.
ACG could also improve HOMA-IR and hepatic mitochondrial ultrastructure of NAFL mice. Our study veri�ed that ACG recipe
could regulate lipid metabolism of NAFL in vivo and in vitro.

1. Introduction

Nonalcoholic fatty liver disease (NAFLD) is characterized
by excessive deposition of fat in the liver in the absence
of excessive drinking of alcoholic and any secondary cause.
It can develop slowly from simple nonalcoholic steatosis
to nonalcoholic steatohepatitis (NASH) if in
ammation is
also present and subsequently to �brosis, cirrhosis, and even
hepatocellular carcinoma [1, 2]. 	e increasing prevalence of
NAFLD has been considered as an epidemic public problem
worldwide. Twenty percent to 30% of the general population
in the western world su
er fromNAFLD [3]. In Asia, NAFLD
has been found in the range of 15% to 30% in the general

population and over 50% in patients with diabetes and
metabolic syndrome [4]. Studies have shown that hepatic
steatosis is associated with increased mortality from cardio-
vascular disease, cancer, and liver disease compared with age
and gender-matched populations within the same country
[5].

NAFLD is considered an important public health issue,
but there is currently no e
ective therapy. Several pharma-
cological agents have been studied in an e
ort to improve
insulin resistance and the proin
ammatory mediators that
may be responsible forNASHprogression.Vitamin E and thi-
azolidinedione derivatives are currently the most evidence-
based therapeutic options, but only limited clinical evidence
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Table 1: 	e amount of active ingredients in each group of screening experiment (mg/kg/d).

Groups Chlorogenic acid (�1) Polydatin (�2) Atractylodes polysaccharide (�3) Gardenoside (�4) Curcumin (�5)
Number 1 0.67 1.00 106.67 27.00 22.00

Number 2 0.67 2.00 160.00 45.00 11.00

Number 3 1.33 3.00 106.67 18.00 27.50

Number 4 1.33 4.00 53.33 45.00 16.50

Number 5 2.00 5.00 266.67 18.00 5.50

Number 6 2.00 1.00 213.33 36.00 27.50

Number 7 2.67 2.00 266.67 9.00 16.50

Number 8 2.67 3.00 53.33 36.00 5.50

Number 9 3.33 4.00 160.00 9.00 22.00

Number 10 3.33 5.00 213.33 27.00 11.00

is available regarding their long-term e�cacy and safety
[6].

In China, traditional Chinese medicine is usually used in
treating NAFLD. Qushi Huayu Decoction (QHD) is Chinese
formulae which has a long history of using in clinical
practice to alleviate NAFLD [7]. It consists of �ve herbs
(Herba Artemisiae capillaris, Polygonum cuspidatum, Hyper-
icum japonicum 	unb, Gardenia, and Rhizoma Curcumae
Longae). 	e e
ects of QHD on experimental NAFL have
been proved in previous studies [8–10]. It could inhibit hep-
atic lipid accumulation by activating AMP-activated protein
kinase (AMPK) [10], increasing serum adiponectin, modu-
lating HFD induced gut microbiota to a healthier structure,
and so forth [11, 12].

However, due to the complicated components of tradi-
tional Chinese recipe, it is di�cult to identify useful and
useless ingredients in the decoction. And it is hard to control
quality and be accepted by all. Since the e�cacy of the recipe
attributes to the active components, can we reestablish a new
e
ective recipe only using some key active components of the
traditional recipe, which has clearer ingredients and is easier
to control quality? In this study, we tried to get a new e
ective
recipe composed of QHD’s active compounds and then verify
its e
ect on NAFLD.

	e study was divided into two parts as screening ex-
periment and veri�cation experiment. In the screening ex-
periment, we selected �ve active compounds (polydatin,
geniposide, chlorogenic acid, curcumin, and Atractylodes
macrocephala polysaccharide) from QHD by means of lit-
erature review, then duplicated high-fat diet (HFD) induced
NAFL rat model and used uniform design, and then got the
new active components recipe. In the veri�cation experiment,
we duplicated HFD induced fatty liver rat and mouse NAFL
models and free fatty acid (FFA) induced HepG2 cell model
to verify the curative e
ect of ACG on NAFL in vivo and in
vitro.

2. Materials and Methods

2.1. Uniform Design of the Screening Experiment. Uniform
design was applied to screen the dosage and formula of the
mixture. Uniformdesign tables are expressed as��(��), where
� stands for the uniform design, � stands for the number

of experimental trials, and � and � stand for the number of
levels and the maximum number of factors, respectively. In

this study, the uniform design table �11(1110) was applied
to arrange the experiments. 	e levels and factors are listed
in Table 1. Chlorogenic acid, polydatin, Atractylodes macro-
cephala polysaccharide, geniposide, and curcumin were �ve
factors; each factor has �ve di
erent doses’ levels of gradient
increment and each of them repeated two times. 	e total
is divided into ten groups (number 1∼number 10) by the
method of block design.

2.2. Drug Preparation of Screening Experiment. Chlorogenic
acid (drug concentration was 98%, lot number GY0900705)
derived from Herba Artemisiae capillaris, polydatin (drug
concentration was 98%, lot number RE090703) derived from
Polygonum cuspidatum, Atractylodes macrocephala polysac-
charide (drug concentration was 80% UV, lot number
GY090510) derived from Rhizoma Atractylodis Macrocepha-
lae, geniposide (drug concentration was 98%, lot number
CY101018) derived from Gardenia, and curcumin (drug
concentration was 95% UV, lot number CU090912) derived
from Rhizoma Curcumae Longae. All the active ingredients
were purchased from Xi’an Guanyu Biotechnology Co. Ltd.
Combining conventional clinical dosage of each herb and the
separation rate of each active ingredient from Chinese herb,
the dose range of each e
ective compound was determined
a�er conversion. 	e doses of chlorogenic acid, polydatin,
Atractylodes macrocephala polysaccharide, geniposide, and
curcumin are ranging from 0.67 to 3.33, 1 to 5, 53.33 to 266.67,
9 to 45, and 5.5 to 27.5mg/kg rat weight. We arranged all the
factors and levels according to the uniform design table and
then carried out the block design and ultimately determined
the dosage of each group. 	e doses of each group are shown
in Table 1.

2.3. Animal Grouping and Treatment of Screening Experiment.
Sixty male Sprague Dawley (SD) rats, weighing 150 ± 10 g,
were obtained from Shanghai Experimental Animal Center
of Chinese Academy of Sciences, China. 	ey were main-
tained under controlled temperatures (22 ± 1∘C) and relative
humidity (56 ± 5∘C) and on a 12-hour light, 12-hour dark
cycle in the animal center (Shanghai University of Traditional
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Chinese Medicine, Shanghai, China). All animals had free
access to diet and water during the screening experiment.
	e study was carried out under the guidelines for animal
experimentation, and the protocol was approved by the
animal studies ethics committee of Shanghai University of
TCM.	e animal protocol number is 20130168.

A�er one-week acclimation, animals were randomized
into 10 groups (number 1∼number 10, 4 rats in each group).
All the rats were fedwithHFD (Shanghai LaboratoryAnimal,
Shanghai, China; protein: 18.9%, carbohydrate: 44.6%, and
fat 36.5% kcal/g). A�er 4 weeks, rats were dosed by oral
gavage once per day for 4 weeks with active ingredients
compounds from groups number 1 to number 10 listed in
Table 1, respectively. At the end of the 8th week, all the
animals were sacri�ced and the liver was removed and stored
at −70∘C for subsequent analysis.

2.4. Evaluation of Lipid Content in Liver Tissues. Exactly 3mL
of anhydrous ethanol-acetone (1 : 1) was added to the hepatic
tissues (200mg), which was then homogenized in an ice bath
and mixed thoroughly at 4∘C overnight. A�er 12 h, the liver
tissues were centrifuged at 3000 rpm and 4∘C for 20min.
Subsequently, the supernatant was transferred to a new tube,
and TG as the screening index was measured based on the
instructions on TG assay kit (Dong’ou diagnostic products
Co. Ltd., Zhejiang, China) using the colorimetric method.

2.5. 	e Method of Obtaining the Components and Doses of
the Recipe ACG. A�er liver tissue TG data were obtained in
each screening experiment group, the data were analyzed by
DAS 3 so�ware. 	e best e
ect equation was obtained by
using multiple stepwise regression analysis and the statistical
test with � = 0.05 as a signi�cant level. When 	 value of the
regression equation is the minimum, the composition and
dosage of the compound were got.

2.6. Veri�cation Experiment Design. 	e veri�cation experi-
ment was divided into three parts; we compared the e�cacy
of the recipe ACG with the QHD on NAFLD in SD rats,
C57BL/6 mice, and the fatty acid induced HepG2 cells; RGZ
was selected as positive control drugs in in vivo experiments
to verify the e
ects of the ACG.

2.7. Drug Preparation of Veri�cation Experiment. 	e dosage
of the recipe ACG was based on the results of the regression
equation. Atractylodes macrocephala polysaccharide, chloro-
genic acid, and geniposide for SD rats were 266.67mg/kg,
3.33mg/kg, and 45mg/kg, respectively, and the dosage of
C57BL/6 mice was twice that of the rats. QHDwere prepared
according to the previous preparation methods [10]. 	e �ve
dried crude herbs of QHD were purchased from Huayu Chi-
nese Traditional Medicine Co., Ltd. RGZ (GlaxoSmithKline
Limited, Tianjin, China, lot number 10045192) was dissolved
in double distilled water and made into 0.067 g/L solution.
	e dosage of RGZ was 0.67mg/kg rat weight.

2.8. Animal Grouping and Treatment of Veri�cation Experi-
ment. Male SD rats (weighing 150±10 g) and C57BL/6BL/6J

(weighing 20 ± 3 g) mice were purchased from Shanghai
Experimental Animal Center of Chinese Academy of Sci-
ences (Shanghai, China) and kept under controlled temper-
atures (22 ± 1∘C) and relative humidity (56 ± 5∘C) and on a
12-hour light, 12-hour dark cycle. All animals had free access
to diet and water during the veri�cation experiment.

	e SD rats were randomized into 5 groups: normal diet
(ND) group (� = 9), HFD group (� = 9), HFD + QHD
group (� = 9), HFD + ACG group (� = 9), and HFD + RGZ
group (� = 9). Rats in the ND group were fed with 13.8%
kcal fat diet (Shanghai Laboratory Animal, Shanghai, China;
protein: 27.5%, carbohydrate: 60.5%, and fat 13.8% kcal/g) and
the NAFLD modeling method was the same as the screening
experiment. A�er 4 weeks, rats of medication administration
teams were dosed by oral gavage once per day for 4 weeks,
respectively, of 10mL/kg/d. Furthermore, rats of ND group
and HFD group were dosed by oral gavage once per day
with drinking water. At the end of the 8th week, all animals
were fasted overnight and sacri�ced. 	e liver was removed
and stored at −70∘C for subsequent analysis. 	e serum was
separated for further investigation.

	e C57BL/6 mice were also randomized into 5 groups:
ND group (� = 9), HFD group (� = 9), HFD + QHD group
(� = 9), HFD + ACG group (� = 9), and HFD + RGZ
group (� = 9). Except for the ND groupmice, others were fed
with HFD (Research Diets, New Brunswick; protein: 26.2%,
carbohydrate: 26.3%, and fat: 34.9% kcal/g) for 12 weeks to
establish the NAFLD model. From the beginning of the 9th
week, mice of medication administration teams were dosed
by oral gavage once per day for 4 weeks.

2.9. Biochemical Analysis. 	e alanine aminotransferase
(ALT) activity, aspartate aminotransferase (AST) activity,
total cholesterol (TC), triglycerides (TG), FFA, high-density
lipoprotein cholesterol (HDL-c), and low-density lipoprotein
cholesterol (LDL-c) of serum were determined by using
commercially available kits (Jiancheng Institute of Bio Engi-
neering, Inc., Nanjing, China) according to the manufac-
turer’s instructions. Fasting blood glucose (FBG) was deter-
mined with a blood glucose meter (Roche diagnostic GmbH,
Germany). Fasting insulin level was measured using the
Mouse Insulin ELISA (ALPCO, America). 	e homeostasis
model assessment of basal insulin resistance (HOMA-IR)
was calculated using formula FBG (mM) × FIN (IU/L)/22.5.
	e preparation of liver homogenate was the same as the
screening experiment.	e hepatic TG, TC, and FFA contents
were determined using commercially available kits (Dong’ou
Diagnostic Products Co. Ltd., Zhejiang, China) according to
the manufacturer’s instructions.

2.10. Histological Observation. 	e liver sectionswere stained
with hematoxylin and eosin (H&E) (Jiancheng Institute
of Bio Engineering, Inc., Nanjing, China) and Oil-Red O
(Sigma, St. Louis, MO, USA). 	e fresh liver tissue samples
were �xed in 10% neutral formalin and embedded in para�n.
	e samples were cross-cut into slices of 4 
m and stained
with H&E. Snap frozen tissues were placed in optimal cutting
temperature compound and then sectioned and stained with
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Oil-Red O. All the stained sections were observed and pho-
tographed under a microscope (with 200x magni�cation).
Disease activity was assessed with the use of the nonalcoholic
fatty liver disease activity score (NAS), which is based on
a standardized grading system for steatosis (on a scale of
0 to 3), lobular in
ammation (on a scale of 0 to 3), and
hepatocellular ballooning (on a scale of 0 to 2), with the
higher score indicating as increasing severity [13].

2.11. Transmission Electron Microscope. 	e liver tissues were
immediately dissected into 1mm3 cubes and placed into 3%
glutaraldehyde for 5 minutes at 4∘C. 	e samples then were
washed with PBS bu
er 0.1M for three times, post�xed 2
hours at room temperature in 1% osmium tetroxide, blocked
for 1 hour in 3%uranyl acetate, dehydrated through graded
series of ethanol and acetone, in�ltratedwith 100% resin for 12
hours, and embedded in the 100% resin beam capsule. 	en,
the samples were polymerized in the 60∘C oven for 12 hours
before semithin sectionswere done at 500 nm. Following that,
the samples were stained with toluidine blue for 20 seconds
and were examined under light microscope to choose the
area needed for further ultrathin sectioning at 70–90 nm.	e
ultrathin sections were then put in the grid and then stained
with uranyl acetate for 10 minutes and plumbum citrate for
5 minutes. Finally, the samples were viewed under electron
microscope for lipid inclusion in the hepatocytes cytoplasm
and morphology of mitochondria.

2.12. Preparation of Drug-Containing Serum. 	e 30 SPF
rats, weighing 160 ± 20 g, were randomly divided into four
groups. Rats in the vehicle control serum group were given
5mL/kg of physiological saline; rats in the ACG-containing
serum groupwere orally administered the dose received from
screening experiment; rats in the QHD-containing serum
group were orally administered the dose as the previous
studies [9, 10]. 	e medication lasted 3 consecutive days
(twice/day, 5mL/kg/time). Bloodwas collected aseptically via
the abdominal aorta 1 h a�er the last treatment and then cen-
trifuged. 	e sera from the same group were pooled, �ltered
through 0.22
m �lters, inactivated at 56∘C for 30min, split,
and stored at −70∘C for future use [14].

2.13. Cell Culture and Experimental Design In Vitro. HepG2
cells (Institutes of Biochemistry and Cell Biology, Shanghai
Institutes for Biological Sciences, CAS, Shanghai, China)
were cultured in DMEM supplemented with 10% heat-
inactivated fetal FBS, penicillin at 100U/mL, and strep-
tomycin at 100 
g/mL at 37∘C in a 5% CO2 atmosphere.
	e experiment started when the cells grew to 70%–80%
con
uence. Cellular steatosis was induced by a mixture of
1mM FFA (the ratio of oleate to palmitate is 2 : 1) in DMEM
containing 1% BSA for 24 h [15]. 	en HepG2 cells were
divided into four groups as normal group, FFA group, FFA +
10% ACG-containing serum group (FFA + ACG), and FFA +
10% QHD-containing serum group (FFA + QHD). To ensure
that the di
erence in the e
ects of theACG-containing serum
and the QHD-containing serumwas attributable to the drugs
not to the sera, 10% vehicle control serum was added to

Table 2: 	e TG content of liver tissue in each group of rats in the
screening experiment.

Groups TG (mg/g liver tissue)

Number 1 41.66 ± 9.14
Number 2 29.90 ± 8.48
Number 3 43.13 ± 22.36
Number 4 73.26 ± 10.00
Number 5 48.30 ± 15.81
Number 6 31.30 ± 24.81
Number 7 42.14 ± 9.18
Number 8 69.34 ± 33.37
Number 9 40.25 ± 17.55
Number 10 39.45 ± 9.79
Data are expressed as means ± SD (� = 4; “�” means the rat number of each
group).

normal group and FFA group. A�er the cells were treated
with the drug containing serum or vehicle control serum
for another 24 h, the cells were stained with Oil-Red O and
imaged.

2.14. Cell Oil-Red O Staining. 	e cells were washed with
PBS twice, �xed with 10% formalin at room temperature for
10min, and stained with a freshly prepared working solution
of Oil-Red O (Sigma, St. Louis, MO, USA) at 60∘C for
10min. 	e cells were observed in an Olympus (Olympus
Corporation, Tokyo, Japan) microscope and documented.

2.15. Measurement of Cellular TG Content. Total lipids in
the cells and the medium were extracted and puri�ed by
using the method by Heider and Boyett [16]. 	e content of
TG was determined with a biochemistry assay kit (Dongou
Biology Technique Co. Ltd., Zhejiang, China), according to
the manufacturer’s instructions, and expressed as mg/g prot.

2.16. Statistical Analysis. Datawere expressed asmean± stan-
dard deviation for quantitative variables, � (%) for categorical
variables. Data were analyzed by using t-test or one-way
analysis of variance as well as the least signi�cant di
erence
test and � < 0.05 was considered statistically signi�cant.

3. Results

3.1. Determination of Composition and Dosage of the Active
Ingredients Compound ACG. In the screening experiment,
the content of triglyceride in liver tissue of rats in each
group was measured (Table 2), and the stepwise regression
analysis was carried out. 	rough these processes we get the
regression equation:

	 = 15.083�1 + 5.321�2 − 5.186�3 − 16.157�4
+ 9.35�5 + 17.667�3�4 − 8.422�1�2
− 6.617�3�5 + 16.571.

(1)
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Table 3: Body weight, food intake, liver weight, liver/body weight ratio, and serum transaminase in di
erent groups of SD rats.

Parametersa ND HFD HFD + ACG HFD + QHD HFD + RGZ

Body weight (g) 438.33 ± 23.96 588.89 ± 52.05## 478.67 ± 56.05∗∗ 484.22 ± 58.47∗∗ 495.22 ± 44.61∗∗
Food intake (g/day) 19.65 ± 2.2 21.53 ± 2.6 20.82 ± 2.3 20.00 ± 2.1 21.44 ± 2.2
Liver weight (g) 12.82 ± 1.36 23.06 ± 3.68## 16.23 ± 1.23∗∗ 18.24 ± 2.13∗ 18.92 ± 2.64∗
Liver/body weight ratio 2.92 ± 0.26 3.89 ± 0.34## 3.42 ± 0.41∗ 3.74 ± 0.40 3.81 ± 0.32
ALT (U/L) 25.63 ± 11.23 39.24 ± 14.10# 26.42 ± 8.68∗ 21.45 ± 7.85∗∗ 37.56 ± 8.97
AST (U/L) 22.87 ± 4.52 39.34 ± 14.40## 26.11 ± 8.27∗ 23.29 ± 4.91∗∗ 27.13 ± 2.37∗
aData are expressed as mean ± SD (� = 9).
Statistical analysis of the data was performed using the one-way ANOVA test followed by Tukey’s post hoc test.
##� < 0.01 versus the ND group.
#� < 0.05 versus the ND group.
∗∗� < 0.01 versus the HFD group.
∗� < 0.05 versus the HFD group.

Table 4: Body weight, food intake, liver weight, liver/body weight ratio, and serum transaminase indi
erent groups of C57BL/6 mice.

Parametersa ND HFD HFD + ACG HFD + QHD HFD + RGZ

Body weight (g) 29.69 ± 2.89 45.85 ± 2.23## 34.69 ± 2.84∗∗ 32.75 ± 2.66∗∗ 33.54 ± 2.57∗∗
Food intake (g/day) 2.60 ± 0.09 2.77 ± 0.14 2.65 ± 0.10 2.62 ± 0.08 2.73 ± 0.08
Liver weight (g) 1.06 ± 0.10 2.45 ± 0.14## 1.35 ± 0.38∗∗& 1.56 ± 0.45∗∗ 1.67 ± 0.43∗∗
Liver/body weight ratio 3.60 ± 0.37 5.36 ± 0.30## 3.95 ± 1.39∗ 4.78 ± 1.52 5.04 ± 1.46
ALT (U/L) 30.31 ± 7.54 91.65 ± 20.78## 55.18 ± 13.66∗∗ 71.98 ± 19.55 81.68 ± 20.5
AST (U/L) 20.42 ± 4.26 87.83 ± 18.26## 60.46 ± 13.51∗∗ 74.84 ± 11.91 82.44 ± 16.76
aData are expressed as mean ± SD (� = 9).
Statistical analysis of the data was performed using the one-way ANOVA test followed by Tukey’s post hoc test.
##� < 0.01 versus the ND group.
∗∗� < 0.01 versus the HFD group.
∗� < 0.05 versus the HFD group.
&� < 0.05 versus the HFD + RGZ group.

According to this equation, the prescriptionwhich can reduce
the TG content of liver tissue to the maximum extent is
Atractylodes macrocephala polysaccharide (266.67mg/kg) +
Chlorogenic acid (3.33mg/kg) + Geniposide (45mg/kg) and
we named this composition as ACG.

3.2. E�ects of ACG on Body Weight, Liver Weight, and Liver
Index (Liver/Body Weight Ratio) of HFD Fed Rats and Mice.
At the end of the last experimental week, the body weight,
liver wet weight, and liver index of the SD rats in HFD group
were higher than those in ND group (Table 3, � < 0.01).
Compared with the HFD group, the body weight and liver
wet weight of rats in HFD +ACG group, HFD +QHD group,
and HFD + RGZ group signi�cantly decreased (Table 3, � <
0.01). In addition, only in the HFD + ACG group, the liver
index of rats signi�cantly decreased compared with that in
the HFD group (� < 0.01); those of the other groups have no
signi�cant di
erence compared with that of the HFD group.

	e body weight, liver wet weight, and liver index of
the C57BL/6 mice in HFD group signi�cantly increased
compared with those in the ND group (Table 4, � < 0.01).
Compared with the HFD group, the body weight and liver
wetweight ofmice inHFD+ACGgroup,HFD+QHDgroup,
and HFD + RGZ group signi�cantly decreased (Table 4, � <
0.01) and the liver wet weight of the HFD + ACG group
signi�cantly decreased comparedwith theHFD+RGZ group
(� < 0.01). In the same way, the liver index of mice in the

HFD + ACG group signi�cantly decreased compared with
that in the HFD group (� < 0.01).

3.3. E�ects of ACG on Hepatic Lipids of HFD Fed Rats and
Mice. In SD rats, the levels of TG and FFA in liver tissues of
the HFD group signi�cantly increased compared with those
in the ND group (� < 0.01) (Figure 1(c)). 	e hepatic TG in
the treatment groups signi�cantly decreased compared with
those in the HFD group (� < 0.01), but in the HFD + ACG
group they were signi�cantly lower than that in the HFD +
RGZ group (� < 0.05). In addition, the hepatic FFA contents
of the three treatment groups were lower than that in the
HFDgroup (� < 0.01), but there was no signi�cant di
erence
among the groups.

Similarly, ACG treatment also decreased hepatic TG and
FFA concentration of C57BL/6 mice when compared to HFD
group, and the e
ect of ACGonTGwasmore signi�cant than
that of RGZandQHD(� < 0.01) (Figure 2(d)).Moreover, the
results of the cholesterol content of liver tissue in C57BL/6
mice also showed that the cholesterol content of the HFD
+ ACG group was signi�cantly lower than that in the HFD
group (� < 0.01) (Figure 2(d)). 	e data showed that ACG
treatment ameliorated hepatic steatosis signi�cantly.

3.4. E�ects of ACG on Serum Lipids Content and ALT, AST
Activities of HFD Fed Rats andMice. Compared with the ND
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Figure 1: ACG ameliorates lipid accumulation in the liver of HFD induced obesity SD rats. (a) H&E staining of liver sections (×200). (b)
Oil-Red O staining of liver sections (×200). (c) E
ects of ACG on hepatic TG and FFA levels. 	e values reported in the �gure represent the
means ± SD (� = 9). ##� < 0.01 versus the ND group; ∗∗� < 0.01 versus the HFD group; &� < 0.05 versus the HFD + RGZ group.

group of SD rats, serum ALT and AST activities signi�cantly
increased in HFD group (� < 0.01 or � < 0.05). HFD +
ACG group and HFD + QHD group showed lower ALT,
AST levels and HFD + RGZ group only decreased AST
when compared with the HFD group (� < 0.01) (Table 3).
	e serum ALT and AST activities signi�cantly increased in
HFD group compared with the ND group of C57BL/6 mice
(� < 0.01); ALT, AST levels only decreased in HFD + ACG
group compared with the HFD group (� < 0.01) (Table 4).
	ese results suggest that ACG could protect the liver injury
induced by the HFD feeding.

On the serum lipid level, serumTG,TC, and LDL-C levels
signi�cantly increased and serum HDL-C level decreased in
the HFD group mice (� < 0.01) (Figure 2(e)) compared
with the ND group C57BL/6 mice. Although there was no
notable di
erence in serum TC, LDL-C, and HDL-C among
the three treatment groups, the serumTG in the HFD +ACG
group was lower than that in the HFD group (� < 0.05)
(Figure 2(e)).

3.5. E�ects of ACG on Blood Glucose, Insulin Level, and
HOMA-IR of C57BL/6Mice. 	eblood glucose level reduced
signi�cantly only inC57BL/6mice a�ermedicatingwithRGZ
(� < 0.05) (Figure 2(f)), whilemedicationwithACGorQHD
did not in
uence the level of blood glucose of the animals.

Insulin levels and HOMA-IR were signi�cantly reduced in
three treatment groups following the HFD and there was no
signi�cant di
erence between HFD + ACG group, HFD +
QHD group, and HFD + RGZ group. 	ese results suggest
that the e
ect of ACG or QHD on blood glucose is not
signi�cant, but it has a certain e
ect on the level of insulin
and insulin resistance.

3.6. E�ects of ACG on Liver Histopathology. 	e histological
changes in liver samples were examined in H&E and Oil-
Red O stained sections. H&E staining of liver tissues in both
SD rats and C57BL/6 mice showed that the liver samples in
the HFD group had di
erent degrees of fatty degeneration,
hepatocyte ballooning, punctiform necrosis, and leukocyte
in�ltration. Compared with the HFD group, the degree of
steatosis and in
ammation of liver samples in HFD + ACG
group were signi�cantly decreased (Figures 1(a) and 2(a)).
Histological examination with Oil-Red O staining showed
that ACG treated animals’ livers had signi�cantly less fat
deposition in hepatocytes when compared to those of HFD
group rats and mice (Figures 1(b) and 2(b)).

Average score of histopathological �ndings in liver sam-
ples of SD rats showed that the degree of hepatic steatosis
and ballooning in HFD group was more serious than that in
ND group (� < 0.01). 	e degree of hepatic steatosis and
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Figure 2: Continued.
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Figure 2: E
ects of ACG on lipidmetabolism and glycometabolism inHFD induced obesity C57BL/6mice. (a) H&E staining of liver sections
(×200). (b) Oil-Red O staining of liver sections (×200). (c) 	e transmission electron micrograph of hepatocytes at magni�cation ×9900. N:
nucleus and LV: lipid vacuoles. (d) Hepatic TG, TC, and FFA levels. (e) Serum lipid: TG, TC, HDL, and LDL. (f) Blood glucose, insulin level,
and HOMA-IR. 	e values reported in the �gure represent the means ± SD (� = 9). ∗� < 0.05 versus the HFD group; ##� < 0.01 versus the
ND group; ∗∗� < 0.01 versus the HFD group; &&� < 0.01 versus the HFD + ACG group.
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Table 5: Average score of histopathological �ndings in livers of SD rats.

Parametersa ND HFD HFD + ACG HFD + QHD HFD + RGZ

Steatosis 0 ± 0 2.56 ± 0.53## 1.56 ± 0.53∗∗ 1.56 ± 0.53∗∗ 2.0 ± 0.50
In
ammation 0 ± 0 0.56 ± 0.53 0.22 ± 0.44 0.22 ± 0.44 0.33 ± 0.5
Ballooning 0 ± 0 1.89 ± 0.33## 1.11 ± 0.33∗∗ 1.22 ± 0.44∗∗ 1.44 ± 0.52
aData are expressed as mean ± SD (� = 9).
Statistical analysis of the data was performed using the one-way ANOVA test followed by Tukey’s post hoc test.
##� < 0.01 versus the ND group.
∗∗� < 0.01 versus the HFD group.

Table 6: Average score of histopathological �ndings in livers of C57BL/6 mice.

Parametersa ND HFD HFD + ACG HFD + QHD HFD + RGZ

Steatosis 0 ± 0 2.67 ± 0.50## 1.67 ± 0.71∗∗ 1.56 ± 0.53∗∗ 1.89 ± 0.60∗
In
ammation 0 ± 0 1.22 ± 0.97## 0.44 ± 0.53∗ 0.56 ± 0.52 0.89 ± 0.33
Ballooning 0 ± 0 2.00 ± 0## 1.22 ± 0.83∗ 1.33 ± 0.50∗ 1.56 ± 0.53
aData are expressed as mean ± SD (� = 9).
Statistical analysis of the data was performed using the one-way ANOVA test followed by Tukey’s post hoc test.
##� < 0.01 versus the ND group.
∗∗� < 0.01 versus the HFD group.
∗� < 0.05 versus the HFD group.

ballooning in HFD + ACG group and HFD + QHD group
decreased signi�cantly compared to that in HFD group (� <
0.01). However, the in
ammation in each group’s rats is not
prominent (Table 5).

Average score of histopathological �ndings in livers of
C57BL/6 mice showed that the score of fatty degeneration
and in
ammation of liver signi�cantly increased in HFD
group compared with the ND group (� < 0.01) (Table 6).
	e degree of liver steatosis in HFD + ACG group, HFD +
QHD group, and HFD + RGZ group signi�cantly decreased
compared to that in HFD group (� < 0.01 or � < 0.05). 	e
degree of in
ammation and ballooning inHFD+ACGgroup
and HFD + QHD group was less than that in HFD group
(� < 0.01).

3.7. E�ects of ACG on Hepatic Steatosis and Mitochondrial
Ultrastructure. 	ehepatic steatosis with evidence of deposi-
tion of lipid vacuoles in the cytoplasm of hepatocyte is shown
in Figure 2(c). In HFD group, majority of lipid vacuoles were
arranged either in singlet or in groups of 2-3 vacuoles and
the nuclei of them were pushed to the periphery. In the ND
group, the size of mitochondria ranged between 0.5 and 2 
m
and the cristae of the mitochondria were well de�ned and
arranged closely to one another. In contrast, the mitochon-
dria cristae in the HFD group were disrupted and sparse
between one another and thematrix was decreased in density
or hypodense. 	e distribution density of fat in HFD +
ACG group and HFD + QHD group was lower than that of
HFDgroup, and the abnormal ultrastructure ofmitochondria
was lighter than that of HFD group (Figure 2(c)).

3.8. E�ects of ACG-Medicated Serum on FFA-Induced Cellular
Lipid Steatosis and TG Content in HepG2 Cells. 	e HepG2
cells in the normal group had almost no steatosis, whereas
severe steatosis and macrolipid droplets were observed in

the FFA group.	e number and size of the lipid droplets were
reduced in the FFA + 10% ACG-containing serum group and
the FFA + 10%QHD-containing serum group compared with
those in the FFA group (Figure 3(a)).

Furthermore, the intracellular TG content increased sig-
ni�cantly in the FFA group compared with that in the normal
group (� < 0.01) and decreased signi�cantly in the FFA +
10% ACG-containing serum group (� < 0.05 versus the FFA
group).

4. Discussion

	ere is still no satisfactory treatment for NAFLD. Use
of currently available antihyperlipidemia, hypoglycemia, or
anti-in
ammation drugs to treat NAFLD has not achieved
desirable outcomes. A growing attention thus has been paid
towards natural products as alternative means in treating
NALFD.

QHD, a Chinese herbal formula, has been proven to be
e
ective on alleviating NAFLD in human and rats [7, 17].
Previous studies also showed that its pharmacological mech-
anism is related to activatingAMPK, reducing tumor necrosis
factor-� (TNF-�) expression, regulating the intestinal 
ora
of disbalance, and so forth [9–11]. QHD containing several
herbs to ameliorate a set of abnormalities is a special feature
of traditional Chinesemedicine formula. But the complicated
composition is di�cult to understand and control. To avoid
the limitations, we tried to explore a new e
ective recipe,
which was composed of several clear and de�nite Chinese
herbal compounds. If the new recipe has similar curative
e
ect compared to the traditional formula, it would be much
better due to its advantages of clear constituent and quality
stability.

QHD contains �ve herbs and each herb has many speci�c
and unspeci�c ingredients. Which compounds should we
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Figure 3: E
ects of ACG on HepG2 cellular steatosis. (a) 	e cells were stained with Oil-Red and observed under microscope (×200). (b)
ACG reduces intracellular triacylglycerol accumulation in HepG2 cells. 	e values reported in the �gure represent the means ± SD (� = 9).
##� < 0.01 versus the normal group; ∗� < 0.05 versus the FFA group.

select from somany active ingredients?How couldwe reorga-
nize the new recipe? Our research team successfully launched
several studies on Chinese herbal active components recipes
by using the mathematical model of uniform design which
was proposed by Fang [18–20].

Uniform design is an experimental design originated
from number theory and multivariate statistical. 	e design
makes each test point more representative and then reduces
the number of trials. So it is suitable for multifactor and
multiple level tests. Meanwhile, it can also be used to analyze
the e
ect of various experimental factors and search for the
optimal experimental parameters by using multiple stepwise
regression analysis [19].

In the screening experiment of our study, the uniform

design table�11(1110) was applied to arrange the experiments.
We selected chlorogenic acid, polydatin, Atractylodes macro-
cephala polysaccharide, geniposide, and curcumin, which is,
respectively, main active compound of �ve Chinese herbs in
QHD according to the Chinese pharmacopoeia and related
literature reports. Because NAFLD is characterized by the
accumulation of TGs in liver, the hepatic TG content is
the main items of NAFLD. 	e hepatic TG content was
selected as the screening index during screening new active
compounds recipe.	e equation was obtained frommultiple
stepwise regression analysis of each group’s TG content.
According to the equation, when Atractylodes macrocephala
polysaccharide, chlorogenic acid, and geniposide combined
together according to the proportion of 266.67 : 3.33 : 45, the
hepatic TG content would be lowest.	erefore, we organized
the three compounds together as the new recipe ACG.

A�er the active components recipe being obtained, we
further need to validate whether ACG is e
ective on NAFLD

and whether its pharmacological e
ect is similar to QHD. So
in the following veri�cation experiment, HFD induced fatty
liver rat and mouse NAFL models and FFA-induced HepG2
cell model were duplicated to verify the e
ects of ACG in vivo
and in vitro. RGZ was selected as positive control drugs in in
vivo experiments.

	e results of high-fat induced NALF models of rat and
mouse demonstrated that the treatment of the ACG, QHD,
and RGZ all blocked the body weight gain induced by HFD,
while the food intake of SD rats was not changed markedly,
indicating that the e
ect is not caused by a decrease of
calorie intake. 	e lipid deposition degree in the liver is the
main reviewing items of NAFLD. 	e results of both rats
and mice showed that ACG had similar e
ects to QHD on
decreasing the hepatic TG and FFA. HE staining and Oil-Red
staining results showed that the ACG obviously improved
fatty deposits and in
ammation of liver tissue. 	e average
activity scores of HFD + ACG group in rats and mice also
declined. All these results indicated that the administration
of ACG can dramatically inhibit hepatic lipid deposition and
in
ammation. Twelve weeks of HFD feeding in C57BL/6
mice caused dyslipidaemia with high levels of serum TG, low
levels of HDL-C, and elevations in LDL-C concentrations.
ACG could decrease serum TG signi�cantly.

In order to further study the e
ect of ACG on lipid
deposition in hepatocytes in vitro, HepG2 cells were incu-
bated with a mixture of FFA (oleic acid : palmitic acid at
2 : 1) to induce cellular steatosis. 	e results showed that
10% ACG-containing serum could signi�cantly reduce the
accumulation of lipid droplets and inhibit the increasing
of intracellular TG content induced by FFA. In previous
study, we con�rmed that the doses of 5% and 10% (vol/vol)



BioMed Research International 11

QHD-containing serum are safe based on the MTT assay in
vitro and 10% QHD-containing serum could inhibit cellular
TG content and alleviate cellular fatty drops signi�cantly
[9]. 	is is the reason why we still used the 10% QHD-
containing serum in the present study. 	e results of the in
vitro experiment demonstrated that ACGmight have a direct
e
ect on hepatocellular lipid metabolism.

	iazolidinediones currently in clinical use include ros-
iglitazone and pioglitazone. 	is class of oral medications
works by activating the peroxisome proliferator-activated
receptor � (PPAR-�), a nuclear receptor expressed in the
liver, muscle, and adipose tissue that regulates adipocyte
di
erentiation, fat metabolism, and in
ammation. Activa-
tion of the receptor leads to multiple potential bene�cial
e
ects for NAFLD including inhibiting hepatic fatty acid
synthesis [21], remodeling adipose tissue to sequester fatty
acids [22], and promoting an insulin sensitive pro�le by
increasing adiponectin levels [23]. 	erefore, we chose RGZ
as a positive control drug in in vivo experiment. Speci�cally,
ACG treatment has more favorable e
ects on hepatic TG
than RGZ. In addition, the e
ect of ACG on fasting insulin
levels andHOMA-IR of C57BL/6mice is also similar to RGZ.
	e results indicated that the inhibitory e
ect of ACG on
hepatic lipid deposition may be related to the improvement
of insulin sensitivity in C57BL/6mice and the concrete action
mechanism is worth further study.

To further investigate the potential in
uencing of ACG
on the energy metabolism of hepatocytes, the changes in
the structure of mitochondria in NAFLD C57BL/6 mice by
using TEM were observed also. 	e mitochondria in HFD
group of C57BL/6 mice showed morphological disruption
whereby the sizes were increased, the cristae were disrupted,
and the matrix was hypodense compared to the ND group.
However, these changes in the QHD and ACG groups were
less than those in the HFD group. 	e microscopic mor-
phology observed by TEM indicated that ACG might have
protective e
ect on the mitochondrial dysfunction induced
by HFD, which is also consistent with the e
ect of inhibiting
the hepatic steatosis. 	erefore, the mechanism of ACG on
mitochondria is worthy of further study.

As expected, the active ingredients compound in ACG
can inhibit hepatic lipid deposition and hepatocellular
in
ammation as well as QHD. As we know, herbal active
ingredients contain multiple naturally occurring compounds
that can target di
erent pathological pathways involved in
the disease, providing therapeutic e
ects via a spectrum
of actions. Other previous experimental studies show that
polysaccharides have the e
ects of antioxidant, reducing the
damage of viral liver and improving the immune function
[24]. Furthermore, it has protective and therapeutic e
ect
of ischemia reperfusion injury on liver in rats, which may
be related to its antioxidant properties and inhibition of the
activity of nuclear factor 
B [25]. Geniposide, which is iridoid
glycoside from the fruit of Gardenia jasminoides Ellis, is
recognized as being useful against hyperlipidemia and fatty
liver and the mechanism may be related to the antioxidant
properties and the expression of PPAR-� [26]. In addition,
the liver protective e
ect of geniposide may be related to its
inhibition of the activity of cytochrome P450s and promoting

e
ect of the expression of glutathione-S-transferase gene [27].
Chlorogenic acid, a major constituent in Artemisia capillaris
and green co
ee bean and so forth, has shown a signi�-
cant in
uence on glucose metabolism [28, 29]. Moreover,
chlorogenic acid has the e
ect of lowering cholesterol and
improving the fatty liver in rats induced by high cholesterol
diet through upregulating the expression of PPAR-� and the
increase of the fatty acid unit [30]. 	ese previous studies
have indicated that the three active ingredients of ACG
have positive e
ects on the liver, and some pharmacological
studies results may be used as references for the further
study of the mechanism. Interestingly, the dose proportion
ofAtractylodesmacrocephala polysaccharide, geniposide, and
chlorogenic acid in ACG was 89 : 15 : 1, so how do they work
together? All these need to be further explored in the later
research.

5. Conclusion

In conclusion, the results of the present study show that recipe
ACG can inhibit the hepatic lipid deposition and has good
therapeutic e
ect on NAFLD. Further studies are needed to
be carried out to evaluate the mechanism involved in reversal
of hepatic steatosis.
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