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Fatty liver disease (FLD), also called commonly as fatty
liver or hepatic steatosis, is a condition of the excessive
accumulation of lipids in hepatocytes.The prevalence of FLD
in the general population ranges from 10% to 24% in various
countries [1]. Fatty liver is generally classified as alcoholic
steatosis (alcoholic FLD) or nonalcoholic fatty liver disease
(NAFLD), depending on the contribution of alcohol to the
FLD pathogenesis [2]. Due to decreased number of hepatic
viruses carriers and increased population with obesity, FLD
has become the most common cause of abnormal liver
function tests in developed countries recently [3].

Fatty liver is a leading step to chronic liver diseases includ-
ing steatohepatitis (nonalcoholic steatohepatitis, NASH, and
alcoholic steatohepatitis, ASH), liver fibrosis, and cirrhosis
worldwide [4]. In addition, FLD is also associated with
other diseases such as metabolic syndrome and diabetes
mellitus [5]. FLD has a complex pathology involving the
imbalance between lipogenesis and lipolysis, followed by
inflammatory response [6]. The high prevalence of FLD
is considered as a medical issue worldwide; yet there are
no currently available drug-based therapies. For this reason
medicinal herbs-derived remedies are emerging as potential
therapeutics against FLD due to high efficacy and low risk of
side effects [7, 8].

This special issue is an attempt to contribute to the
knowledge on CAM treatments for fatty liver diseases and its

associated disorders. We called for articles that have explored
effectiveness and mechanisms of medicinal herbs and their
compounds on FLD. A collection of seven original research
articles are presented, which address the animal (six articles)
or cell-based (one article) pharmacological effects of herbal
drugs or their compounds on FLD. This issue presets herbal
resources which consisted of three multiherbal formulae
(Dahuang Zexie Decoction,Yinchen Linggui ZhuganDecoc-
tion, and Seyoeum), three of medicinal plants (Artemisia
iwayomogi plus Curcuma longa, Salvia-Nelumbinis Natu-
ralis, and Euphorbia kansui), and one citrus bioflavonoid
(Hesperidin) against NAFLD, nonalcoholic steatohepatitis
(NASH), and lipid metabolic disorders, respectively.

This special issue provides valuable information to practi-
tioners and researchers working in the field of FLD regarding
new potential medicinal herbs and pathophysiological fea-
tures of multitargets in FLD. We hope that it will become
their inspiration or reference to develop new therapeutic
strategies against FLD based on herbal-derived multidrugs
and bioactive compounds.
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Increasing evidence suggests that intestinal dysbiosis, intestinal barrier dysfunction, and activated Toll-like receptor 4 (TLR4)
signaling play key roles in the pathogenesis ofNAFLD.DahuangZexieDecoction (DZD) has been verified to be effective for treating
NAFLD, but the mechanisms remain unclear. In this study, we investigated the effects of DZD on NAFLD rats and determined
whether such effects were associated with change of the gut microbiota, downregulated activity of the TLR4 signaling pathway,
and increased expressions of tight junction (TJ) proteins in the gut. Male Sprague Dawley rats were fed high-fat diet (HFD) for
16 weeks to induce NAFLD and then given DZD intervention for 4 weeks. We found that DZD reduced body and liver weights of
NAFLD rats, improved serum lipid levels and liver function parameters, and relieved NAFLD.We further found that DZD changed
intestinal bacterial communities, inhibited the intestinal TLR4 signaling pathway, and restored the expressions of TJ proteins in
the gut. Meanwhile ten potential components of DZD had been identified. These findings suggest that DZD may protects against
NAFLD by modulating gut microbiota-mediated TLR4 signaling activation and loss of intestinal barrier. However, further studies
are needed to clarify the mechanism by which DZD treats NAFLD.

1. Introduction

Nonalcoholic fatty liver disease (NAFLD), as the hepatic
manifestation of metabolic syndrome [1], is typified by
fat accumulation in the liver without significant alcohol
consumption [2]. Recently, NAFLD has become the most
common cause for chronic liver disease worldwide [3–5].
The prevalence rate of NAFLD is 25.24% globally, being
highest in the Middle East and South America and lowest
in Africa. NAFLD has been associated with obesity, type
2 diabetes mellitus, hyperlipidemia, hypertension, fibrosis,
and hepatocellular carcinoma [6]. However, the pathogenesis
of NAFLD has not been completely clarified. It is well-
established that the gut microbiota is significantly involved
in the pathogenesis of NAFLD [7, 8]. The gut is open

to the outer environment, and the gut microbiota is a
complex microbial community inhabiting the intestinal tract
that includes 100 trillion bacteria with over 1000 species.
It contains genetic materials severalfold those of human
genome and produces considerablemetabolites and peptides.
Accumulating evidence has proven that NAFLD increased
energy harvesting upon intestinal dysbiosis or bacterial over-
growth [9, 10]. Patients with NAFLD have lower percentages
of Bacteroidetes and Ruminococcaceae than those in normal
subjects [11, 12]. Besides, damage of the intestinal barrier also
significantly contributes to NAFLD. The intestinal mucosal
mechanical barrier is the first defense of intestinal barrier,
which is composed of intestinal epithelial cells (IECs), tight
junction (TJ), and the mucous layer that covers the surface of
IECs. TJ plays a crucial role inmaintaining the integrity of the
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intestinal barrier, which promotes nutrient and water trans-
port and also protects against gut-derived pathogens [13]. In
the case of NAFLD, intestinal bacterial overgrowth generates
gut-derived pathogens such as endotoxin or lipopolysaccha-
ride (LPS) which are the main components of cell walls in
Gram-negative bacteria. Meanwhile, they can activate the
Toll-like receptor 4 (TLR4) signaling pathway. After binding
TLR4 on the cell membrane, they increase the intestinal
permeability by downregulating TJ proteins. As we all know,
the liver is located in the proximity of the gut, receiving 75%
of its blood supply through the portal vein. The portal vein
flownot only carries nutrients, but also translocatesmicrobial
products and bacteria. Due to increased intestinal perme-
ability (leaky gut), gut-derived pathogens can penetrate the
intestinal barrier into the portal vein and cause NAFLD by
inducing liver inflammation and fat deposition.

In Western countries, there is still no proven medical
therapy for NAFLD hitherto. In contrast, traditional Chi-
nese medicine drugs have exhibited remarkable therapeutic
effects on NAFLD. Dahuang Zexie Decoction (DZD), as
a Chinese herbal formula, consists of three herbs, Zexie
(Alisma orientale), Baizhu (Atractylodes macrocephala), and
Dahuang (Rheum palmatum). It was developed from Zexie
Decoction, a classical prescription documented in Synopsis
of the Golden Chamber, which was completed in the Chinese
Han dynasty (206 BC-220 AD). Zexie Decoction only has
two herbs, Zexie (A. orientale) and Baizhu (A. macrocephala).
It can obviously mitigate NAFLD and decrease blood lipid
levels [14]. Thereby motivated, we established a rat model of
high-fat diet- (HFD-) induced NAFLD and then evaluated
the effects of DZD on the liver function and gut microbiota,
together with the expressions of intestinal TJ proteins and
members in the TL4 signaling pathway in these rats.

2. Materials and Methods

2.1. Preparation of DZD. We prepared DZD by a mixture
comprising the following three dried herbs: Zexie (Alisma
orientalis, 30 g), Baizhu (Atractylodesmacrocephala, 12 g), and
Dahuang (Rheum palmatum, 15 g). The herbs were extracted
with water, concentrated to the density of 1 g crude herb/ml,
and stored at −20∘C until further use. All the herbal compo-
nents were purchased from Baicaotang Outpatient Depart-
ment, Nanjing University of Chinese Medicine (Nanjing,
China). Herbs were obtained from qualified suppliers on the
basis of standards specified in the Chinese Pharmacopoeia
(2010 Edition).

2.2. Animals. Theprotocols for animal studies were reviewed
and approved by the Animal Studies Ethics Committee of
Nanjing University of Chinese Medicine. Eight-week-old
male Sprague Dawley (SD) rats (𝑛 = 24) were housed in
a controlled environment (12 h–12 h light–dark cycle) in the
Animal Center of Nanjing University of Chinese Medicine.
After one week of acclimation on normal diet, the rats were
randomly divided into three groups and fed either normal
diet or HFD. Normal diet (fat contributed 10% calories)
and HFD (fat contributed 45% calories) were purchased
from JiangsuMedicine Biological & Pharmaceutical Co., Ltd.

(Yangzhou, China). A control group was fed normal diet for
16 weeks (𝑛 = 8), and the remaining sixteen rats were fed
HFD for 16 weeks. After 16 weeks of HFD feeding, the sixteen
rats were further divided into 2 groups: NAFLD group and
DZD group (𝑛 = 8). The DZD group received daily gavage
of 5.13 g/kg DZD (density: 1 g crude herb/ml) in addition to
HFD for four weeks, while the NAFLD group was gavaged
with the same volume of saline for four weeks. The control
group was fed normal diet and saline for four weeks. Body
weight gainwas assessed once aweek. After 4weeks of gavage,
the animals were anesthetized with 4% chloral hydrate and
then sacrificed. Blood was drawn and collected into tubes.
Liver tissue was weighed and collected. Intestine and feces
samples were also collected.

2.3. Reagents. Antibody against TLR4 was purchased from
Abnova (TW, China). Antibodies against myeloid differen-
tiation factor 88 (MyD88), p-JNK, JNK, p-ERK, and ERK
were purchased from Cell Signaling Technology (MA, USA).
Antibody against occludin and goat anti-mouse secondary
antibody were purchased from Abcam (MA, USA). Anti-
body against zonula occludens-1 (ZO-1) was purchased from
Thermo Fisher Scientific (MA, USA). Antibody against 𝛽-
actin and goat anti-rabbit secondary antibody were pur-
chased from Santa Cruz Biotechnology (CA, USA).

2.4. Biochemical Assays. Triglyceride (TG), total cholesterol
(TC), low density lipoprotein-cholesterol (LDL-C), high
density lipoprotein-cholesterol (HDL-C), alanine amino-
transferase (ALT), and aspartate aminotransferase (AST) in
serumweremeasured by commercial kits (Nanjing Jiancheng
Institute of Biotechnology, Nanjing, China) according to the
manufacturer’s instructions.

2.5. Histopathological Examination. Liver pieces of about
5mm in all dimensions were obtained from rats and fixed in
4% formaldehyde for 15min. Afterwards, the specimens were
sequentially equilibrated in 30% sucrose, 15% sucrose/50%
optimal cutting temperature medium (OCT, Sakura Finetek,
Torrance, CA, USA), and 100% OCT. Liver pieces were
subsequently frozen in OCT and 10 𝜇m-thick sections were
cut with a cryostat. The sections were then stained with
hematoxylin/eosin (HE) and visualized by light microscopy.

2.6. Immunohistochemical Assay. Ileum and colon tissues
were obtained to detect ZO-1 and occludin. The above sec-
tions were used for immunohistochemistry, and rehydrated
before immunostaining. After blocking, the sections were
incubated with rabbit anti-rat ZO-1 and occludin antibod-
ies (Invitrogen, USA). The immunostaining results were
reviewed and scored independently by two pathologists.

2.7. Western Blotting. The protein expressions of ZO-1,
occludin, TLR4,MyD88, p-JNK, JNK, p-ERK, and ERK in the
gut were detected by Western blotting. In brief, total protein
was extracted from distal ileum and colon tissues, and the
concentrations of supernatantsweremeasured using the BCA
protein assay (Thermo Fisher). Aliquots of supernatants con-
taining 30 𝜇g of protein were electrophoresed on 10% (w/v)
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sodium dodecyl sulfate-polyacrylamide gels and transferred
onto polyvinylidene difluoride membranes. After blocking
for 1 h with 5% (w/v) skimmed milk, the membranes were
incubated with primary antibodies at 4∘C overnight and then
washed by tris-buffered saline and incubated with secondary
antibodies for 1 h. Protein bands were analyzed with image
analysis software Quantity one.The results were expressed as
ratios relative to 𝛽-actin as the internal control.

2.8. DNA Extraction, 16S Ribosomal RNA (rRNA) Gene
Sequencing, and Microbial Analysis of Fecal Samples. Fecal
samples were collected and frozen at −80∘C within 3 h
after sampling. DNA extraction was performed using a
QIAamp Fast DNA Stool Mini kit (Qiagen, California,
USA). Purity was determined and concentration was cal-
culated. The V3 region of bacterial 16S rRNA gene was
amplified by PCR.The bacterial genomic DNAwas amplified
by PCR with forward primer (5-TCGTCGGCAGCGTCA-
GATGTGTATAAGAGACAGCCTACGGGNGGCWGC-
AG) and reverse primer (5-GTCTCGTGGGCTCGGAGA-
TGTGTATAAGAGACAGGACTACHVGGGTATCTA-
ATCC) for the V3 hypervariable region. Purified amplicons
were pooled into equimolar concentrations, and paired-
end sequencing was performed using an Illumina MiSeq
instrument (Illumina, San Diego, California, USA). The
representative sequences of OTUs were used to analyze 𝛼-
diversity (Chao index and Shannon diversity index) on the
basis of their relative abundances. A heatmap was generated
according to the relative abundances of OTUs by R software
(https://www.R-project.org). Phylogenetic 𝛽-diversity mea-
sures such as unweighted UniFrac significance test, principal
coordinate analysis, and nonmetricmultidimensional scaling
were performed using the representative sequences of OTUs
for each sample by the Mothur program to analyze com-
munity and phylogenesis. Taxonomy-based analyses were
performed for taxonomic classification using the ribosomal
database project classifier with a 60% bootstrap score.

2.9. High-Performance Liquid Chromatography Coupled with
Mass Spectrometry (HPLC-MS). DZD water extract was
analyzed by high-performance liquid chromatography with
hybrid linear ion trap Orbitrap mass spectrometry (HPLC-
LTQ/Orbitrap) (Thermo Fisher Scientific, USA) with an
Accucore C chromatographic column (182.1mm × 150mm,
0.26 𝜇m, Thermo Fisher Scientific, USA) and a 5 cm Lot
13375 guard column (Thermo Fisher Scientific, USA). The
mobile phase consisted of (A) 100% acetonitrile and (B)
100% water with 0.1% formic acid. Gradient elution was
conducted by using 5%–12% (0–30min), 40% (35min), 40%
(52min), 70% (63min), 85% (67min), and 85% acetonitrile
(70min).The flow rate was 1mL/min and the detection range
was full wavelength. The mass spectrometry (MS) method
consisted of positive and negative ion detection model.
The ESI source parameters were set as follows: ion spray
voltage 2.4 kV, capillary temperature 300∘C, source heater
temperature 110∘C, sheath gas (N2) 40 arbitrary units, auxil-
iary gas (N2) 10 arbitrary units, and sweep gas (N2) 0 arbitrary
units.TheOrbitrap analyzer scanned the mass with the range
of𝑚/𝑧 120–900.

2.10. Statistical Analysis. SPSS 18.0 and GraphPad Prism 5
were used for statistical analysis. Data were expressed as
mean ± standard error of mean (SEM). One-way analysis of
variance with Tukey’s correction was applied for differences
between two groups, and 𝑃 < 0.05 was accepted as
statistically significant.

3. Results

(1) Therapeutic Effect of DZD on Rat Model of HFD-Induced
NAFLD. To evaluate the therapeutic effect ofDZDonNAFLD
in the HFD-fed rat model, we detected the body weight,
liver weight, serum lipid levels, liver function parameters,
and pathological changes of three groups. Compared to the
control group, the HFD group had higher body weight, liver
weight, and serum ALT, AST, TG, TC, HDL-C, and LDL-C
levels (Figures 1(a)–1(h)). DZD treatment for 4 weeks signif-
icantly decreased body and liver weights and restored serum
lipid levels and liver function parameters compared with
those of the HFD group (Figures 1(a)–1(h)). Meanwhile, the
body weight, liver weight, serum lipids, and liver function
parameters of the DZD group were similar to those of the
control group. The three groups also had similar serum
glucose levels (Figure 1(i)). Consistently, the liver sections of
the HFD group showed extensive macrosteatosis and hepato-
cyte ballooning which were relieved in those of DZD-treated
rats (Figure 1(j)). Collectively, DZD exerted beneficial effects
on the NAFLD rat model.

(2) Effects of DZD Therapy on the Gut Microbiota Compo-
sition of NAFLD Rats. NAFLD is associated with intestinal
dysbiosis, so we analyzed the effects of HDF and DZD on
the gut microbiota composition. We used MiSeq technology
to conduct bacterial 16S rRNA sequencing after 4 weeks of
treatment. The quality of sequencing, which included micro-
bial richness and biodiversity, met the requirements for
subsequent analysis. Both HFD and DZD decreased the
Shannon index compared with that of the control group
(Figure 2(a)), so they significantly reduced the diversity of
gut microbiota. Meanwhile, the three groups had similar
richness, as indicated by the Chao index (Figure 2(b)).
Samples from the three groups formed distinct clusters in the
ordination plot, suggesting that HFD andDZD inducedmain
changes in the gut microbiota (Figure 2(c)). The HFD group
had a higher relative abundance of Firmicutes and a lower
relative abundance of Bacteroidetes than those of the control
group, and DZD decreased the proportion of Firmicutes and
increased that of Bacteroidetes on the phylum level (Figures
2(d) and 2(e)). Besides, principle component analysis (PCoA)
was performed to compare the differences in bacterial
communities between different groups on the OTU level
(Figure 2(f)). In addition, changes of intestinal microbiota on
the family level showed that Ruminococcaceae significantly
decreased and Desulfovibrionaceae significantly increased
in the HFD group compared to those in the control group
(Figures 3(a) and 3(b)). In contrast, DZD administration
restored these proportions (Figures 3(a) and 3(b)). On the
genus level, the relative abundances of Desulfovibrio and
Escherichia/Shigella were significantly higher in the NAFLD

https://www.R-project.org
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Figure 1:Therapeutic effects of DZD on rat model of HFD-induced NAFLD. Male SD rats (8 weeks old) were fed HFD for 16 weeks, followed
by either 4-week DZD feeding or normal saline supplementation through gavage, while the rats fed normal diet were set as controls. The rats
were sacrificed, from which the liver and serum were collected. Body weight (a), liver weight (b), serum ALT (c), serum AST (d), serum TG
(e), serum TC (f), serum HDL-C (g), serum LDL-C (h), and serum GLU (i) levels were detected. Liver sections were stained with HE (j).
The data are expressed as mean ± SEM. 𝑁 = 5 to 8 for every group. ∗0.01 < 𝑃 < 0.05; ∗∗𝑃 < 0.01. ALT: alanine aminotransferase; AST:
aspartate transaminase; TG: triglyceride; TC: total cholesterol; HDL-C: high density lipoprotein-cholesterol; LDL-C: low density lipoprotein-
cholesterol; GLU: glucose; HE: hematoxylin/eosin.
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Figure 2: Effects of DZD therapy on composition of gut microbiota. Bacterial diversity is shown by the Shannon index (a). Bacterial richness is
shown by the Chao index (b). Species on the phylum level (c), as well as alterations of Bacteroidetes (d) and Firmicutes (e) are indicated. PCoA
score plot based on the unweighted significance test (f).The data are expressed as mean ± SEM.𝑁 = 5 to 8 for every group. ∗0.01 < 𝑃 < 0.05;
∗∗

𝑃 < 0.01.

group, which were reversed by DZD intervention (Figures
3(c) and 3(d)). Meanwhile, the relative abundances of Bac-
teroides, Oscillibacter, and Butyricicoccus were significantly
lower in the NAFLD group, which were restored by DZD
intervention (Figures 3(e)–3(g)). In short, DZD altered the
intestinal microbiota composition of NAFLD rats.

(3) DZD Intervention Activated the TLR4 Signaling Pathway
in the Ileum. Damage of the intestinal barrier may induce
intestinal endotoxemia and subsequent TLR4 activation in
the liver, which is implicated in the pathogenesis of NAFLD
[15, 16]. Kim et al. reported that HFD-induced intestinal
inflammatory response by activating the TLR4 signaling
pathway [17]. To further investigate whether DZD regulated
intestinal inflammation via this pathway, the expressions
of TLR4 and mitogen-activated protein kinase (MAPK)

members in the ileumwere detected byWestern blotting.The
protein expression levels of TLR4 and MyD88 were upregu-
lated in the ileumof theHFDgroup (Figures 4(a)–4(c)). After
treatment with DZD, such levels were restored to normal
(Figures 4(a)–4(c)). The phosphorylation levels of ERK and
JNK in the HFD group exceeded those of the control group
(Figures 4(d), 4(e), and 4(g)). However, the three groups had
similar ERK and JNK levels (Figures 4(d), 4(f), and 4(h)).
Similarly, DZD downregulated the phosphorylation levels of
these proteins (Figures 4(d), 4(e), and 4(g)). Thus, activation
of the TLR4 signaling pathway in the ileum was enhanced by
HFD, whereas DZD reduced the activity of this pathway to
normal.

(4) DZD Intervention Activated the TLR4 Signaling Pathway
in the Colon. We also detected the protein expression levels of
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Figure 3: Relative abundances of gut microbiota on different taxonomic levels among three groups. On the family level, the alterations of
Ruminococcaceae (a) and Desulfovibrionaceae (b) were indicated. At the genus level, the alterations of Desulfovibrio (c), Escherichia/Shigella
(d), Bacteroides (e),Oscillibacter (f), and Butyricicoccus (g) were indicated.The data are expressed as mean ± SEM.𝑁 = 5 to 8 for every group.
∗0.01 < 𝑃 < 0.05; ∗∗𝑃 < 0.01.

members in the TLR4 signaling pathway in the colon of dif-
ferent groups.HFDupregulated the expression levels of TLR4
andMyD88 in the colon (Figures 5(a)–5(c)). Compared to the
HFD group, DZD intervention downregulated their protein
expressions (Figures 5(a)–5(c)). Nevertheless, there was no
significant difference between control and DZD groups.
Identical to results in the ileum, the phosphorylation levels
of ERK and JNK in the HFD group were higher than those
in the control group, which were downregulated by DZD
(Figures 5(d), 5(e), and 5(g)). Similarly, the total protein
expression levels of ERK and JNK in the colon were not
significantly different among the three groups (Figures 5(d),
5(f), and 5(h)). Taken together, HDF caused activation of the
TLR4 signaling pathway in the colon, which was attenuated
by DZD.

(5) DZD Intervention Relieved Loss of Intestinal Barrier
Integrity in the NAFLD Model. TJ proteins of the intestinal

mucosa, such as ZO-1 and occludin, are crucial to mainte-
nance of the intestinal barrier [18]. Decrease in the expres-
sions of ZO-1 and occludin can increase the intestinal per-
meability and play an important role in the pathophysiology
of NAFLD [19]. To assess the effects of HFD and DZD on the
intestinal barrier function, we used immunohistochemistry
to detect the protein expression levels of ZO-1 and occludin
in the gut. In accordance with previous studies, ZO-1 and
occludinwere highly expressed in both the ileumand colon of
the control group, which were reduced by HFD intervention
(Figures 6(a)–6(f)). After treatment with DZD, the protein
expressions of ZO-1 and occludin in the gut were recovered
compared with those of the HFD group (Figures 6(a)–6(f)).
Therefore, the expressions of ZO-1 and occludin in the
gut, which were reduced by HDF, were restored by DZD,
therebymitigating the loss of intestinal barrier integrity in the
NAFLD model.

(6) Identification of Components of DZD. The components
of DZD water extract were identified by HPLC-MS. Ten
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Figure 4:DZD intervention activated the TLR4 signaling pathway of the ileum. The ilea of rats were collected. TLR4, MyD88 (a), p-JNK, JNK,
p-ERK, and ERK (d) protein expressions of ileum tissues were analyzed by Western blot. Bar graphs are the plots of TLR4 (b), MyD88 (c),
p-JNK (e), JNK (f), p-ERK (g), and ERK (h).The data are expressed as mean ± SEM.𝑁 = 5 to 8 for every group. ∗0.01 < 𝑃 < 0.05; ∗∗𝑃 < 0.01.

potential compounds, that is, gallic acid, chrysophanol, rhein,
emodin, physcion, alisol Cmonoacetate, alisol B, atractyleno-
lide I, atractylenolide II, and atractylenolide III, were identi-
fied (Figure 7, Table 1). The characterizations and sources of
these compounds are listed in Table 1.

4. Discussion

NAFLD is the liver manifestation of metabolic syndrome,
with a high incidence rate worldwide [20, 21]. At present,
NAFLD has become the main cause for hepatocellular carci-
noma in the United States [22, 23]. There are still no effective
therapies for NAFLD patients in Western countries [24].
Contrarily, the therapeutic effects of traditional Chinesemed-
ical formulations on NAFLD have been well-documented.

Our study firstly demonstrated that DZD mitigated HFD-
induced NAFLD. Sixteen weeks of HFD feeding increased
body weight, as well as disturbing liver function parameters
and blood lipid levels (Figures 1(a)–1(h)). Liver histological
examination revealed extensive macrosteatosis and hepato-
cyte ballooning (Figure 1(j)), being consistent with previous
studies. We also demonstrated that DZD administration
for 4 weeks reduced body weight and blood lipid levels,
improved liver function parameters, and alleviated the liver
pathological changes of NAFLD rats (Figures 1(a)–1(h) and
1(j)). Hence, DZD indeed relieved HFD-induced NAFLD.

In sequencing studies, the microbiota composition of
NAFLD patients markedly changed after HFD feeding, so
DZD may mitigate NAFLD by altering the gut microbiota
following oral administration. Firstly, we assessed the effect
of DZD on the gut microbiota by using multivariate analysis.
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Table 1: Identification of potential components of DZD.

Number Rt (min) Molecular formula Molecular weight (𝑚/𝑧) Observed ion peaks (𝑚/𝑧) Identification
(1) 1.05 C7H6O5 170.12 169[M−H]−, 125 Gallic acid
(2) 13.56 C15H10O4 254.23 254[M+H]+, 237 Chrysophanol
(3) 14.08 C15H8O6 284.22 283[M−H]−, 239 Rhein
(4) 16.67 C15H10O5 270.24 269[M−H]−, 240.9, 225, 180.9 Emodin
(5) 14.31 C16H12O5 284.27 283[M−H]−, 268 Physcion
(6) 14.62 C32H48O6 528.728 529[M+H]+, 511, 469, 451, 415 Alisol C monoacetate
(7) 18.31 C30H48O4 472.70 473[M+H]+, 455, 437, 383, 365 Alisol B
(8) 15.46 C15H18O2 230.30 231[M+H]+, 213, 203, 185, 157, 143 Atractylenolide I
(9) 17.79 C15H20O2 232.32 233[M+H]+, 215, 197, 187, 159, 151 Atractylenolide II
(10) 15.47 C15H20O3 248.32 249[M+H]+, 231, 203, 189, 163, 135.69 Atractylenolide III

C
on

tro
l g

ro
up

N
A

FL
D

 g
ro

up

D
ZD

 g
ro

up

MyD88

TLR4

-Actin 43KD

100 KD

35KD

(a)
Control NAFLD DZD

∗∗ ∗∗

0.0

0.5

1.0

1.5

2.0

2.5

Re
lat

iv
e p

ro
te

in
 ex

pr
es

sio
n

(b)
Control NAFLD DZD

∗∗ ∗∗

0.0

0.5

1.0

1.5

2.0

Re
lat

iv
e p

ro
te

in
 ex

pr
es

sio
n

(c)

C
on

tro
l g

ro
up

N
A

FL
D

 g
ro

up

D
ZD

 g
ro

up

ERK

JNK

p-JNK

p-ERK

-Actin

54KD
46KD

54KD
46KD

44KD
42KD

44KD
42KD

43KD

(d)
Control NAFLD DZD

∗∗
∗∗

0.0

0.5

1.0

1.5

2.0

2.5

Re
lat

iv
e p

ro
te

in
 ex

pr
es

sio
n

(e)
Control NAFLD DZD

0.0

0.5

1.0

1.5

Re
lat

iv
e p

ro
te

in
 ex

pr
es

sio
n

(f)

Control NAFLD DZD

∗
∗∗

0.0

0.5

1.0

1.5

2.0

2.5

Re
lat

iv
e p

ro
te

in
 ex

pr
es

sio
n

(g)
Control NAFLD DZD

0.0

0.5

1.0

1.5

Re
lat

iv
e p

ro
te

in
 ex

pr
es

sio
n

(h)

Figure 5: DZD intervention activated the TLR4 signaling pathway of the colon. The colons of rats were collected. TLR4, MyD88 (a), p-JNK,
JNK, p-ERK, and ERK (d) protein expressions of colon tissues were analyzed by Western blot. Bar graphs are the plots of TLR4 (b), MyD88
(c), p-JNK (e), JNK (f), p-ERK (g), and ERK (h). The data are expressed as mean ± SEM. 𝑁 = 5 to 8 for every group. ∗0.01 < 𝑃 < 0.05;
∗∗

𝑃 < 0.01.
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Figure 6: DZD intervention alleviated loss of intestinal TJ proteins. Immunohistochemical staining for ZO-1 and occludin in ileum (a) and
colon (b) tissues. Bar graphs are the plots of ZO-1 (c) and occludin (d) in the ileum and ZO-1 (e) and occludin (f) in the colon. The data are
expressed as mean ± SEM.𝑁 = 5 to 8 for every group. ∗0.01 < 𝑃 < 0.05; ∗∗𝑃 < 0.01.

The Shannon index and Chao index represented the diversity
and richness of gut microbiota in each sample, respectively.
HFD and DZD both significantly reduced the diversity of
gut microbiota compared with that of the control group
(Figure 2(a)). However, the three groups had similar richness
(Figure 2(b)). Subsequently, we detected the gut microbiotas
in different groups on the phylum level. The NAFLD group
had lower percentage of Bacteroidetes but higher percentage
of Firmicutes (Figures 2(c)–2(e)), similar to previous studies
[25–27]. Nevertheless, the results were restored by DZD
treatment (Figures 2(c)–2(e)).

The serum levels of LPS, as a gut bacteria-derived prod-
uct, are elevated in NAFLD patients. LPS is an important
component of the outermembrane ofGram-negative bacteria
of which Bacteroidetes is the main type. In our study, Bac-
teroidetes decreased in the NAFLD group, but damage of the

intestinal barrier and increase of the gut permeability induced
more gut-derived bacterial LPS to enter blood via the hepatic
portal system [28]. The integrity of the intestinal barrier is
closely related to gut bacteria-derived products, and LPS can
increase the gut permeability by inducing intestinal inflam-
matory response. Therefore, we further tested the relative
abundances of Gram-negative bacteria on family and genus
levels. Bacteroides, a genus of Bacteroidetes, changed follow-
ing the same trend. Interestingly, the fecal microbiome of
the NAFLD group had increased Desulfovibrionaceae family,
Desulfovibrio genus, and Escherichia/Shigella genus (Figures
3(b)–3(d)).The relative abundances ofDesulfovibrionaceae, a
family of sulfate-reducing bacteria (SRB), andDesulfovibrio, a
genus of SRB, increased in the NAFLD group, which were
reversed by DZD (Figures 3(b) and 3(c)). A previous study
showed that diet increased SRB in vitro [29]. These gut
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Figure 7: HPLC chromatogram of DZD. Total ions chromatograms of DZD in positive (a) and negative (b) ion modes. Identification of
potential constituents of DZD (see Table 1).

bacteria can release hydrogen sulfide which is a genotoxic
gas that affects epithelial intestinal cell integrity and causes
barrier dysfunction [30]. Meanwhile, Lodowska et al. verified
the high biological activity of LPS from Desulfovibrio [31].
Although these bacteria have low contents, LPS in them can
evidently induce inflammation. Herein, Escherichia/Shigella
genus was significantly enriched in the NAFLD group com-
pared to that in the control group, which decreased to
normal levels after DZD treatment (Figure 3(d)). Increase of
Escherichia/Shigella can induce intestinal inflammation,
causing intestinal barrier dysfunction [32, 33]. Therefore,
even a small number of Gram-negative bacteria can still
destroy the intestinal barrier through intense proinflamma-
tory effects.

In our study, the fecal microbiome of the NAFLD group
had decreased Ruminococcaceae family, Oscillibacter genus,
andButyricicoccus genus (Figures 3(a), 3(f), and 3(g)), but the
results were restored by DZD treatment. Jiang et al. demon-
strated that the Ruminococcaceae family and theOscillibacter
genus increased significantly in the healthy group compared

to those in the NAFLD group [34]. Ruminococcaceae, Oscil-
libacter, and Butyricicoccus are short chain fatty acid- (SCFA-
) producing bacteria which prevent metabolic endotoxemia
by strengthening the gut barrier [35–37]. SCFAs can protect
against gut inflammation and decrease intestinal permeabil-
ity [38, 39]. Changes of these gut bacteria induce decrease of
SCFAs, increasing the intestinal permeability. Nevertheless,
we herein proved that DZD invention restored the changes of
these gut bacteria induced by HFD.

In this study, we focused on the influence of gut micro-
biota-mediated inflammation activation on the intestinal
barrier, so we detected the changes of inflammatory signaling
pathway in the gut. LPS is a special pathogen-associated
molecular pattern and one of microbial products, being able
to activate inflammatory pathways by binding TLR4. As a
result, intestinal inflammatory response then occurs [40].
Studies have suggested that TLR4-mediated signaling of the
gut potently drove the progression of NAFLD [41, 42]. As
the receptor of LPS, TLR4 is expressed on the membranes
of hepatocytes, IECs, immune cells, and so on. MyD88 is a
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downstream adaptor protein for all TLRs, except for TLR3
[43]. The TLR4-MyD88-MAPKs signaling cascade is crucial
to inflammatory response and NAFLD progression. The
MAPK signaling pathway is involved in a variety of phys-
iological and pathological processes such as cell growth,
inflammation, apoptosis, and proliferation [44–46]. ERK
MAPK and JNK MAPK are two main components of the
MAPK pathway. Activating TLR4 in the gut induces the
inflammation of intestinal mucosa by mediating the phos-
phorylation of ERK and JNK. To further investigate whether
DZD can regulate intestinal inflammation via the TLR4
signaling pathway, the expressions of members in the TLR4
signaling pathway of the ileum and colon were detected by
Western blotting. The protein expression levels of TLR4 and
MyD88 in the ileum were upregulated in the HFD group
(Figures 4(a)–4(c)). After treatment with DZD, such levels
were restored to normal (Figures 4(a)–4(c)).The total protein
levels of ERK and JNK were similar among the three groups
(Figures 4(d), 4(f), and 4(h)). However, the phosphorylation
levels of these two proteins in the HFD group surpassed
those of the control group (Figures 4(d), 4(e), and 4(g)). DZD
downregulated the phosphorylation levels of ERK and JNK
in NAFLD rats (Figures 4(d), 4(e), and 4(g)). These results
confirmed that activation of the TLR4 signaling pathway in
the ileum was upregulated by HFD. Meanwhile, DZD recov-
ered the activity of the TLR4 signaling pathway to nor-
mal. Similar results were observed in the colon (Figures
5(a)–5(h)). Taken together, activation of TLR4 signaling in
both the ileum and colon, which was induced by HDF, was
downregulated by DZD.

Microbiota participates in liver diseases largely via the
inflammatory pathway triggered by the interactions between
intestinal bacteria and the intestinal barrier. The increased
intestinal permeability in NAFLD patients has been
attributed to intestinal microbiota [47]. Additionally, the
gut microbiota influences the intestinal barrier function,
while dysfunction of this barrier and LPS is closely related in
human and animal models [48, 49]. A former research
reported that LPS significantly induced the downregulation
and redistribution of TJ proteins inCaco2monolayers, as well
as promoting the increase of intestinal epithelial permeability
[50]. Damage of the intestinal barrier may result in
translocation of intestinal bacteria and then entrance of gut-
derived pathogens into portal circulation through the highly
permeable intestinal barrier, triggering NAFLD eventually
[51–53]. TJ proteins suppress the paracellular permeability
and thus contribute essentially to the intestinal barrier, as a
defense line, thereby impeding the entrance of intestinal
pathogens into the liver. Intestinal permeability is regulated
by TJ proteins of which transmembrane proteins ZO-1 and
occludin have attracted wide attention. Given that ZO-1
and occludin are of great significance to the integrity of TJs,
their downregulation is responsible for the disruption of TJ
structure and the increase in paracellular permeability [54,
55]. In this study, immunohistochemistry revealed that HFD
deceased the expressions of ZO-1 and occludin in both the
ileum and colon (Figures 6(a)–6(f)). Accordingly, DZD
upregulated such expressions (Figures 6(a)–6(f)) and then
boosted the intestinal barrier function.

Furthermore, we analyzed the main components of
DZD by using high-performance liquid chromatography
coupled with mass spectrometry and successfully identified
ten potential components of DZD, that is, gallic acid, chryso-
phanol, rhein, emodin, physcion, alisol C monoacetate, alisol
B, atractylenolide I, atractylenolide II, and atractylenolide III
(Figure 7, Table 1). Huang et al. demonstrated that gallic acid
could improve high-fat diet- (HFD-) induced dyslipidaemia
and hepatosteatosis [56]. Meng et al. reported that alisol
B protected against nonalcoholic steatohepatitis in mice by
activating farnesoid X receptor [57]. Rhein and emodin
also can improve NAFLD induced by HFD [58, 59], and
emodin can restore the increased intestinal permeability by
inhibiting inflammation response [60]. Meanwhile, a former
research revealed that alisol Cmonoacetate and alisol B could
inhibit LPS-induced inflammatory reaction [61]. Although it
is unclear whether atractylenolide can improve NAFLD, it
has a definite anti-inflammatory and antiapoptosis effect
[62, 63]. Due to complicated components of Chinese herbal
medicine, we only identified ten of the main components
of DZD. Further studies are still needed to clarify the main
components of DZD and the potential mechanism for the
therapeutic effects of DZD on NAFLD.

In conclusion, intestinal dysbacteriosis, activation of the
TLR4 signaling pathway in the gut, and intestinal barrier
dysfunction played important roles in NAFLD. Moreover,
DZD changed intestinal bacterial communities, inhibited the
intestinal TLR4 signaling pathway, restored the expressions
of TJ proteins in the gut, and finally relieved HFD-induced
NAFLD. Gallic acid, chrysophanol, rhein, emodin, physcion,
alisol C monoacetate, alisol B, atractylenolide I, atractyleno-
lide II, and atractylenolide III were ten main components of
DZD. However, further studies are still needed to unravel the
mechanism by which DZD treats NAFLD.
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The combination of Artemisia iwayomogi and Curcuma longa radix is frequently prescribed for liver diseases in TKM. However,
the synergic effects of the two herbs on nonalcoholic steatohepatitis (NASH) have not yet been studied. Therefore, we investigated
the anti-NASH effects of the water extract of A. iwayomogi (AI), C. longa radix (CL), and combination of the two herbs (ACE).
Hepatic steatosis and NASH were induced in HepG2 cells by treatment with palmitic acid (PA, for 6 h) with/without pretreatment
of ACE (25 or 50𝜇g/mL), AI (50 or 100 𝜇g/mL), CL (50 or 100 𝜇g/mL), curcumin (5𝜇g/mL), or scopoletin (5 𝜇g/mL). The PA
treatment (200 𝜇M)drastically altered intracellular triglyceride levels, total cholesterol, and expression levels of genes related to lipid
metabolism (CD36, SREBP1c, PPAR-𝛾, and PPAR-𝛼), whereas pretreatment with ACE significantly attenuated these alterations.
ACE also protected HepG2 cells from PA- (300 𝜇M-) induced endoplasmic reticulum (ER) stress and apoptosis and attenuated the
related keymolecules including GRP78, eIF2, and CHOP, respectively. In conclusion, we found synergic effects ofA. iwayomogi and
C. longa onNASH, supporting the clinical potential for fatty liver disorders. In addition, modulation of ER stress-relative molecules
would be involved in its underlying mechanism.

1. Introduction

Nonalcoholic fatty liver diseases (NAFLDs) include patholog-
ical conditions ranging from simple steatosis to nonalcoholic
steatohepatitis (NASH). NAFLD is a major cause of chronic
liver disorders, especially in developed countries, and the
prevalence of NAFLD has been reported as 9% to 40% and
15% to 40% of the general populations of Asia and America,
respectively [1]. Simple fat accumulation in the liver does not
generally affect health; however, 10% of subjects with fatty
liver progress to NASH, ultimately leading to liver cirrhosis
and hepatocellular carcinoma [2, 3].

The details of NASH pathogenesis are not yet known,
but the “multi-hit” theory is widely accepted [4]. With the
consumption of a high-calorie and high-fat diet, obesity,
hyperglycemia, hypertension, and diabetes, an increased flux
of fatty acids into the liver results in hepatic steatosis. Severe

hepatic steatosis induces multi-hit events, such as oxidative
stress, lipid peroxidation, the influx of endotoxins from
gastrointestinal tract, and mitochondrial dysfunction, which
cause liver inflammation [5–7]. Therefore, fat accumulation
and its related inflammatory responses are critical steps in
NAFLD progression, andmany studies have focused on these
steps as therapeutic targets [8–10].

In traditional Korean medicine (TKM) theory, fat accu-
mulation in the liver is defined as hepatic dysfunction by
“dampness and phlegm” (濕痰) and “blood stasis” (瘀血) [11].
The herb Artemisia iwayomogi is frequently used to treat
“dampness and phlegm” in TKM, and it also exerts effects
against hyperlipidemia and obesity [12, 13]. Curcuma longa
radix, the therapeutic and antihyperlipidemic properties of
which are well-documented, has been used to cure patholog-
ical “blood stasis” [14, 15]. Also, theirmajor active compounds,
scopoletin in Artemisia iwayomogi or curcumin in Curcuma
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longa, are also known partially or clinically to have the phar-
maceutical actions on NASH or metabolic syndrome such as
arteriosclerosis and hyperlipidemia [16–18].

The combination of A. iwayomogi and C. longa radix is
frequently adapted in TKM clinical practices. However, the
synergic effects of those two herbs on hepatic steatosis and
NASH have not been studied until now. Herein, we evaluated
the anti-NASH effects of a combination of A. iwayomogi and
C. longa radix and investigated the corresponding mecha-
nisms using an in vitro NAFLD and NASH model.

2. Materials and Methods

2.1. Preparation and Fingerprinting of ACE. A. iwayomogi and
C. longa radix were purchased from Jeong-Seong traditional
medicine company (Daejeon, South Korea). For extracts,
100 g samples of A. iwayomogi and C. longa radix were
mixed separately in 1 L of 30% ethanol and shaken at 150 rpm
overnight in a shaking incubator (Vision Scientific Co., Seoul,
South Korea). The supernatant was centrifuged for 15min at
150×g and filtered through filter paper (Dublin, CA, US).The
filtered extract was lyophilized using a vacuum freeze-drying
system and stored at −20∘C. Finally, each 30% ethanol extract
of A. iwayomogi (AI, the final yield of which was 10.22%)
and C. longa (CL, the final yield of which was 4.89%) was
obtained and stored at −20∘C until use. An equal ratio of each
extract (1.0 g of AI and 1.0 g of CL) was combined (ACE) for
subsequent experiments. Before treatment with ACE, AI, and
CL in HepG2 cells, these powders were dissolved in distilled
water and filtered through a 0.45 𝜇m syringe filter.

2.2. Fingerprinting of ACE. Fingerprinting analysis of ACE,
AI, and CL was conducted using ultra-high-performance liq-
uid chromatography-tandem mass spectrometry (UHPLC-
MS/MS, Santa Clara, CA). A total of 5mg of the ACE, AI,
and CL samples was dissolved in 1mL of 90% methanol, and
the solution was filtered (0.45 𝜇m). From each sample solu-
tion, 10 𝜇L was subjected to UHPLC-MS/MS using an LTQ
Orbitrap XL linear ion-trapMS Spectrometer (San Jose, CA).
Separationwas performed on anAccelaUHPLC systemusing
an Acquity BEH C18 column (1.7𝜇m, 100 × 2.1mm; Waters,
Milford, Connecticut).The columnwas eluted at a flow rate of
0.4mL/min usingwater (in 0.1% formic acid) and acetonitrile
(in 0.1% formic acid), which were used as mobile phases A
and B, respectively. The following gradients were applied: 0-
1min, 0-1% B in A; 1–7min, 1–100% B in A; 7–10min, 100-
1% B in A (linear gradient). Compositional analyses were
conducted using a photodiode array at 200–600 nm. Full-
scan mass spectra were acquired at 150–1500𝑚/𝑧 in positive
and negative modes. An Orbit rap analyzer was used for
high-resolution mass data acquisition with a mass resolving
power of 30,000 FWHM at 400𝑚/𝑧. Tandemmass (MS/MS)
spectra were acquired in data-dependent mode by collision-
induced dissociation. For quantitative analysis, four reference
compounds (scopoletin forA. iwayomogi and bisdemethoxy-
curcumin, demethoxycurcumin, and curcumin for C. longa
radix) were used (Figure 1).

2.3. Cell Culture. TheHepG2 cell line (murine hepatocellular
carcinoma cells) was obtained from the Korean Cell Line

Bank (Seoul, South Korea). The cells were cultured in Dul-
becco’s Modified Eagle’s Medium supplemented with 10%
fetal bovine serum (FBS) and antibiotics (100U/mLpenicillin
G and 100 𝜇g/mL streptomycin). The cells were maintained
under humidified conditions at 37∘C in 5% CO2.

2.4. In VitroModel of NAFLD andNASH andDrug Treatment.
In vitro model of NAFLD and NASH referred to in previous
study; the models were modified to clinically access [19].
Palmitic acid (PA) was dissolved in a 10% solution of bovine
serum albumin (BSA) and shaken overnight at 37∘C. Finally,
an 8mM stock solution of PA was obtained. Then the PA
was used to treat HepG2 cells (200 𝜇M for the NAFLDmodel
or 300𝜇M for the NASH model). Before PA treatment, the
HepG2 cells were pretreated with AI (50 or 100 𝜇g/mL),
CL (50 or 100 𝜇g/mL), ACE (25 or 50 𝜇g/mL), or positive
control (curcumin 5𝜇g/mL or scopoletin 5𝜇g/mL) for 4 h.
The concentrations of ACE,AI, CL, scopoletin, and curcumin
were based on a screening test using a cytotoxicity assay
(Supplementary Figure 1 in SupplementaryMaterial available
online at https://doi.org/10.1155/2017/4390636).

2.5. Oil Red O Staining in HepG2 Cells. For Oil Red O stain-
ing, cells were cultured in a 24-well plate (5 × 104 per well)
for 24 h. The cells were treated with 200𝜇M PA for 24 h,
after pretreatment with AI (100𝜇g/mL), CL (100𝜇g/mL),
ACE (25 or 50𝜇g/mL), curcumin (5 𝜇g/mL), or scopoletin
(5 𝜇g/mL) for 4 h. All cells were fixed with 10% formalin and
incubated for at least 1 h at room temperature. After washing
the fixed cells, 60% isopropanol was added for 5min at room
temperature. After washing, cells were stainedwithOil RedO
working solution for 30min and examined under an optical
microscope (×100 magnifications).

2.6. Determination of Triglyceride and Total Cholesterol in
HepG2 Cells. Intracellular triglyceride (TG) levels and total
cholesterol (TC) were measured according to an enzymatic
determination method as described in a previous study
[20]. Cells were cultured in 100mm culture dishes (1 × 106)
for 24 h. The cells were treated with 200𝜇M PA for 24 h
after pretreatment with AI (50 or 100𝜇g/mL), CL (50 or
100 𝜇g/mL), ACE (25 or 50𝜇g/mL), curcumin (5 𝜇g/mL), or
scopoletin (5 𝜇g/mL) for 4 h. All of cells were mixed in 10%
Triton X-100, and TG and TC levels were determined using
commercial kits (ASAN, Korea).

2.7. Cell Proliferation Assay in HepG2 Cells. Cell prolifera-
tion was measured with the CCK-8 kit using the WST-8
reagent according to the manufacturer’s protocol (Dojindo,
Kumamoto, Japan). Briefly, cells were cultured in a 96-well
plate (2× 103 perwell) for 24 h.After pretreatmentwithAI (50
or 100 𝜇g/mL), CL (50 or 100 𝜇g/mL), ACE (25 or 50 𝜇g/mL),
curcumin (5 𝜇g/mL), or scopoletin (5 𝜇g/mL) for 4 h, the cells
were treated with 300 𝜇M PA for 24 h. For measurement of
cell viability, 10% WST-8 reagent was added and incubated
for 90min, and absorbance at 450–600 nm the supernatants
(150 𝜇L total volume) was thenmeasured using a SoftMax 5.1
plate Reader (Molecular Devices, Sunnyvale, CA, USA).

https://doi.org/10.1155/2017/4390636
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Figure 1: Fingerprint analysis of ACE using HPLC. (a)The four reference components, (b) ACE, (c) AI, and (d) CL were analyzed by HPLC.
(1), (2), (3), and (4) are scopoletin, bisdemethoxycurcumin, demethoxycurcumin, and curcumin, respectively.

2.8. Apoptosis Analysis Using Flow Cytometry in HepG2 Cells.
Cells were cultured in 100mm culture dishes (1 × 106) for
24 h.The cells were treated with 300 𝜇MPA for 6 h after being
pretreated with AI (100 𝜇g/mL), CL (100 𝜇g/mL), ACE (25
or 50 𝜇g/mL), curcumin (5𝜇g/mL), or scopoletin (5 𝜇g/mL)
for 4 h. All cells were harvested and washed twice with 0.1%
FBS in ice-cold PBS. The cells were centrifuged (900 rpm for
5min), then fixed in 5mL cold 70% ethanol, and stored at
4∘C until analysis. On the day of the analysis, the fixed cells
were washed twice and resuspended in 1mL FBS containing
0.1% PBS. A cell cycle analysis was conducted using the FACS
system (BD Biosciences, San Jose, CA, USA) after incubation
with RNase (100 𝜇g/mL) for 15min and staining with propid-
ium iodide (PI, 50𝜇g/mL) at room temperature in the dark
for at least 5min. Histograms were generated, and the cell
cycle analysis was carried out using Wind MDI 2.8 software
(Joe Trotter, Scripps Research Institute, La Jolla, CA, USA).

2.9. Real-Time PCR for Gene Expression of Lipid Metabolism-
Related Molecules in HepG2 Cells. Cells were cultured in
100mm culture dishes (1 × 106) for 24 h. After being pre-
treated with AI (100 𝜇g/mL), CL (100 𝜇g/mL), ACE (25 or
50 𝜇g/mL), curcumin (5 𝜇g/mL), or scopoletin (5 𝜇g/mL) for
4 h, the cells were treated with 200𝜇M PA for 6 h. Total
RNA from cells was extracted using the QIAzol reagent (Ger-
mantown, MD). Complementary DNA (cDNA) synthesis
from the RNA was performed using a High-Capacity cDNA
Reverse Transcription Kit (Ambion, Austin, TX, USA). Real-
time PCR was performed on 4 genes including 𝛽-actin using
an iQ5 instrument (Bio-Rad, USA). The primer sequences
were as follows: CD36: 5-GCC AAG CTA TTG CGA CAT
GAT-3 and 3-GAA AAG AAT CTC AAT GTC CGA GAG
T-5, SREBP1c: 5-GAG CGA GCG TTG AAC TGT AT-3
and 3-ATG CTG GAG CTG ACA GAG AA-5, PPAR-𝛾: 5-
AGG TGG AGA TGC AGG TTC TA-3 and 3-TGG GAG
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ATTCTCCTGTTGAC-5 and PPAR-𝛼: 5-TGGCAAAAG
GCA AGG AGA AG-3 and 3-CCC TCT ACA TAG AAC
TGC AAG GTT T-5.

2.10. Western Blot Analysis for Apoptosis-Related Molecules in
HepG2 Cells. Western blot detection of 5 proteins, including
GRP78, peIF2𝛼, eIF2𝛼, CHOP, and 𝛽-actin as a reference
protein, was conducted, and all primary antibodies were
purchased from Abcam, CA, USA. Cells were cultured in
100mm culture dishes (1 × 106) for 24 h. The cells were
treated with 300 𝜇M PA for 6 h, after being pretreated with
AI (100 𝜇g/mL), CL (100𝜇g/mL), ACE (25 or 50 𝜇g/mL),
curcumin (5 𝜇g/mL), or scopoletin (5 𝜇g/mL) for 4 h. The
cells were lysed in RIPA buffer. Protein concentration was
estimated using the Bio-Rad protein assay reagent (Hercules,
CA, USA), and aliquots of cell lysates corresponding to 10 𝜇g
total protein were separated by 10% SDS-polyacrylamide gel
electrophoresis and blotted onto a PVDF membrane. The
membranes were blocked with 5% skim milk for 40min
and incubated with primary antibodies overnight and then
washedwith 0.1% PBST.Themembranes were then incubated
for 1 h with secondary antibody conjugated with peroxidase
and washed with PBST.The signals were detected with a visu-
ally enhanced detector using a chemiluminescent detection
system (MYECL Imager,ThermoScientificCo., San Jose, CA,
USA).

2.11. Statistical Analysis. Data are expressed as the means ±
SD. Differences between groups were assessed using one-way
analysis of variance and Fisher’s least-significant difference
test. In all analyses, 𝑃 < 0.05 or 𝑃 < 0.01 was used as a
threshold to indicate statistical significance.

3. Results

3.1. Compositional Analysis of ACE, AI, and CL. The com-
positional analyses for the main chemicals components of
ACE, AI, and CL were performed using UHPLC-MS/MS.
The histogram of ACE indicated that four types of flavonoid
family chemicals were detected, including scopoletin, bis-
demethoxycurcumin, demethoxycurcumin, and curcumin at
9.04, 22.72, 23.38, and 24.04min of retention time, respec-
tively. Quantitative analysis of the above chemicals was con-
ducted using a UHPLC-MS/MS system, and their quantities
were as follows: 0.635 (scopoletin), 0.039 (bisdemethoxycur-
cumin), 0.016 (demethoxycurcumin), and 0.037 (curcumin)
𝜇g/mg. ACE contained all the chemical components of both
AI and CL (Figure 1 and Table 1).

3.2. Histological Analysis of Fat Accumulation. PA treatment
(200𝜇M for 24 h) drastically increased fat accumulation
in HepG2 cells compared with nontreated cells based on
Oil Red O staining. The pretreatment with ACE (25 or
50 𝜇g/mL) notably attenuated fat accumulation compared
with PA treatment-only cells. This beneficial pattern was also
observed in treatment with 100 𝜇g/mL of AI or CL or with
5 𝜇g/mL of curcumin or scopoletin (Figure 2(a)).

3.3. Effects on Total Cholesterol and Triglyceride Levels. PA
treatment (200𝜇M for 24 h) dramatically elevated the quan-

tity of TC (1.8-fold) and TG (4.9-fold) in hepG2 cells
compared with the nontreated cells. Pretreatment with ACE
significantly ameliorated the intracellular accumulation of
both TG (𝑃 < 0.01 for both 25 𝜇g/mL and 50𝜇g/mL) and
TC (𝑃 < 0.05 for 25𝜇g/mL and 𝑃 < 0.01 50 𝜇g/mL). These
beneficial results were also observed in pretreatment with
AI, CL, curcumin, or scopoletin, but ACE (50 𝜇g/mL) was
significantly superior to 50𝜇g/mL AI or CL (𝑃 < 0.05 for
TG and TC, Figures 2(b) and 2(c)).

3.4. Effects on Cell Proliferation. PA treatment (300 𝜇M for
24 h) completely inhibited proliferation of HepG2 cells. This
lipotoxicity was significantly attenuated by pretreatments
with ACE (𝑃 < 0.01 for 25 𝜇g/mL and 50𝜇g/mL). The
pretreatments with AI, CL, curcumin, or scopoletin also
showed those protective effects, and then ACE (50 𝜇g/mL)
was significantly superior to 50𝜇g/mL of AI or CL (𝑃 < 0.05,
Figure 3(a)).

3.5. Effects on Cell Apoptosis. PA treatment (300 𝜇M for
6 h) drastically increased the apoptotic cell population by
approximately 39% compared with the nontreated cells. The
number of apoptotic cells was significantly attenuated by pre-
treatments with ACE (𝑃 < 0.01 for 25𝜇g/mL and 50𝜇g/mL).
AI, CL, curcumin, or scopoletin also had significant effects
against PA-induced apoptosis, but ACE (50𝜇g/mL) was
significantly superior to 100 𝜇g/mL AI or CL (𝑃 < 0.05,
Figure 3(b)).

3.6. Effects on Gene Expressions Related to Lipid Metabolism.
The PA treatment (200 𝜇M for 6 h) markedly upregulated
CD36 (2.5-fold), SREBP1c (1.8-fold), and PPAR-𝛾 (1.9-fold)
but downregulated PPAR-𝛼 (0.6-fold) compared with non-
treated cells. The altered expression of these genes was
significantly attenuated by the pretreatment with ACE (𝑃 <
0.05 or 0.01 for CD36, SREBP1c, PPAR-𝛾, and PPAR-𝛼,
Figure 4(a)). AI, CL, curcumin, or scopoletin also showed
significant effects similar to ACE, but 50𝜇g/mL ACE was
significantly superior to 100 𝜇g/mL CL or the positive control
compounds (curcumin and scopoletin).

3.7. Effects on Proapoptotic Proteins. The PA treatment
(300 𝜇Mfor 6 h) notably activated the endoplasmic reticulum
(ER) stress-related proapoptotic proteins, including GRP78,
peIF2𝛼, and CHOP, in HepG2 cells compared with non-
treated cells. Pretreatment with ACE (especially 50𝜇g/mL)
considerably reduced the activation of those proteins. This
pattern was observed in cells pretreated with curcumin or
scopoletin, but not with AI or CL alone (Figure 4(b)).

4. Discussion

We adapted palmitic acid (PA) as an inducer of NAFLD
and NASH models. PA is the major component of plasma
free fatty acids (FFA), and serum concentration of PA is
approximately 100 𝜇M in healthy subjects and approximately
200𝜇M in obese patients [21]. To design an intracellular
fat accumulation and lipotoxicity model, the present study
used 200 and 300 𝜇M PA. PA enters HepG2 cells through its
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Figure 2: Oil Red O staining and lipid profiles in HepG2 cells. (a) HepG2 cells evaluated by Oil Red O staining. All images were obtained
under 200x magnification. (b) Triglyceride and (c) total cholesterol were determined. The data are expressed as the mean ± SD (𝑛 = 6).
##
𝑃 < 0.01 compared with nontreatment cells; ∗𝑃 < 0.05, ∗∗𝑃 < 0.01 compared with PA-treated cells; +𝑃 < 0.05 compared with ACE 50.

receptor (CD36), and excessive influx of PA both activates
lipogenesis molecules such as SREBP1c and PPAR-𝛾 and
inactivates lipolysis molecules such as PPAR-𝛼 [22, 23].
As expected, treatment with PA (200 𝜇M) resulted in the
upregulation of the gene expression levels of CD36, SREBP1c,
and PPAR-𝛾 but the downregulation of PPAR-𝛼 (Figure 4(a)).
These results were consistent with the dramatic accumula-
tions of intracellular triglyceride (TG), total cholesterol (TC),
and the degree of Oil Red O staining. Pretreatment with
ACE significantly attenuated the gene expression alterations,
as well as the intracellular levels of TC and TG (Figures 2
and 4(a)). These results are consistent with previous animal
studies of hyperlipidemia and arteriosclerosismodels [12, 24].

Overaccumulation of fat droplets is known to generate
oxidative stressors such as reactive oxygen species and nitric
oxide and to induce the inflammatory response in hepatic
tissue [25]. In addition, endoplasmic reticulum (ER) stress
and mitochondrial dysfunction ultimately lead to apoptosis
of hepatic cells, which is known as NASH [26]. As shown
in our results, treatment with 300𝜇M PA caused prominent
apoptotic death of HepG2 cells, as had already been reported
by others [27]. As expected, we found that ACE had statisti-
cally significant anti-NASH effects (Figure 3).

In addition to effects on key molecules in lipid
metabolism, we further examined three molecules related
to ER stress to explore the pharmaceutical action of ACE.
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Figure 3: Cytotoxicity assay in HepG2 cells. (a) Cell proliferation and (b) cell cycle arrest assay were determined in HepG2 cells.The data are
expressed as the mean ± SD (𝑛 = 6). ##𝑃 < 0.01 compared with nontreatment cells; ∗𝑃 < 0.05, ∗∗𝑃 < 0.01 compared with PA-treated cells;
+
𝑃 < 0.05, ++𝑃 < 0.01 compared with ACE 50.

Table 1: Retention time and contents of sample in ACE, AI, and CL.

Number Compound Retention time (min)
ACE AI CL

Mean SD Mean SD Mean SD
(𝜇g/mg) (𝜇g/mg) (𝜇g/mg)

(1) Scopoletin 9.04 0.635 0.0047 0.730 0.0043 ND ND
(2) Bisdemethoxycurcumin 22.72 0.039 0.0026 ND ND 0.047 0.0031
(3) Demethoxycurcumin 23.38 0.016 0.0026 ND ND 0.032 0.0021
(4) Curcumin 24.04 0.037 0.0034 ND ND 0.070 0.0028

The hepatic steatosis and ER stress have a bad influence on
each other in pathological process, and ER stress is known
to be a main mechanism in NASH [28]. Approximately
10% of subjects with NAFLD eventually develop of NASH
[2]. Glucose-regulated protein 78 (GRP78) regulates several

initiators of ER stress such as protein kinase RNA-like
endoplasmic reticulum kinase (PERK), inositol requiring
enzyme 1𝛼 (IRE1𝛼), and eukaryotic initiation factor 2
(eIF2) [29, 30]. These molecules mediate the apoptosis
of hepatocytes via the CCAAT-enhancer-binding protein
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Figure 4: Gene expression and western blotting analyses of HepG2 cells. (a) mRNA expression levels of CD36, SREBP-1c, PPAR-𝛾, and
PPAR-𝛼 were determined by quantitative real-time PCR. (b) Relative protein levels of GRP78, peIF2𝛼, eIF2𝛼, and CHOP were determined
using western blotting. Data are expressed as the means ± SD (fold change relative to naı̈ve group). ##𝑃 < 0.01 compared with nontreatment
cells; ∗𝑃 < 0.05, ∗∗𝑃 < 0.01 compared with PA-treated cells; +𝑃 < 0.05 compared with ACE 50.

homologous protein (CHOP) pathway in NASH [31]. Our
results showed that treatment with PA increased protein
levels of GRP78, eIF2𝛼, and CHOP, whereas pretreatment
with ACE attenuated these alterations (Figure 4(b)).

From UHPLC-MS/MS analysis, we confirmed that the
main compounds of ACE, AI, and CL were scopoletin, bis-
demethoxycurcumin, demethoxycurcumin, and curcumin,
respectively (Figure 1 and Table 1). We used scopoletin and
curcumin as the positive controls, because these compounds
have been reported to inactivate lipogenesis and to activate
lipolysis [32, 33]. Accordingly, an anti-NAFLD or anti-NASH
effect was expected. We consistently found the synergistic
efficacy of ACE was greater compared with AI or CL alone.
Regarding intracellular fat accumulation, 50 𝜇g/mL ACE
had significantly higher activity compared with the same
dose (50 𝜇g/mL) of AI or CL alone. Regarding hepatocyte
apoptosis, 50𝜇g/mL ACE was far superior to AI or CL
(100 𝜇g/mL) as well as scopoletin and curcumin (5𝜇g/mL).
The quantities of scopoletin and curcumin in 50𝜇g of ACE
were approximately 31 ng and 1.9 ng, respectively. We can
suppose that ACE contains other active compounds besides
scopoletin and curcumin. In addition, the synergic action
resulted from the combination of AI and CL, which are the

representative herbs for treating “dampness and phlegm” (濕
痰) and “blood stasis” (瘀血) in KTM, respectively.

We conclude that the combination of A. iwayomogi and
C. longa radix has a synergic effect on NAFLD and NASH,
and its corresponding mechanisms involve the regulations of
lipidmetabolism and ER stressmolecules. Further studies are
needed to identify the active compounds and the details of the
molecular pathways mediating these responses.
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PPAR-𝛾: Peroxisome proliferator-activated

receptor gamma
SREBP1c: Sterol regulatory element-binding

protein factor 1 type c
TC: Total cholesterol
TG: Triglyceride
TKM: Traditional Korean medicine
UHPLC-MS/MS: Ultra-high-performance liquid

chromatography-tandem mass
spectrometry.
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Background. Obesity is a main cause of insulin resistance (IR), metabolic syndrome, and fatty liver diseases. This study evaluated
Euphorbia kansui radix (Euphorbia) as a potential treatment option for obesity and obesity-induced IR in obese human and high-fat
diet- (HFD-) induced obese mice. Methods. In the human study, we analyzed the body weight change of 14 patients who took a
single dose of 6 g of Euphorbia powder. In the animal study, male mice were divided into three groups: normal chow, HFD, and
Euphorbia (high-fat diet and 100mg/Kg Euphorbia once per week). Body weight, epididymal fat pad weight, fasting blood glucose,
fasting insulin, HOMA-IR, and oral glucose tolerance test were measured. Also, macrophage infiltration and expression of CD68,
tumor necrosis factor- (TNF-) 𝛼, interferon- (IFN-) 𝛾, and interleukin- (IL-) 6 genes in the liver and adipose tissue were analyzed.
Results. The human study showed that Euphorbia has a potential effect on body weight loss. In the in vivo study, body weight,
epididymal fat weight, glucose level, IR, expression of CD68, TNF-𝛼, IFN-r, and IL-6 genes, and macrophages in liver and adipose
tissue were significantly reduced by Euphorbia. Conclusions. These results suggest that Euphorbia attenuates obesity and insulin
resistance via anti-inflammatory effects.

1. Introduction

Obesity is rapidly increasingworldwide [1]. Increased visceral
adipose tissue confers a proinflammatory milieu and insulin
resistance (IR) [2], which is directly or indirectly related to
various health problems including type 2 diabetes mellitus
(T2DM), hypertension, dyslipidemia, and fatty liver diseases,
resulting in an annual cost of about 150 billion dollars [3].

Many efforts, including lifestyle changes and antiobesity
drugs, have been applied for obesity treatment. However,
lifestyle change is not ensured to maintain weight loss for
more than a few years, and the use of drugs has been lim-
ited by side effects such as negative mood changes, suicidal
thoughts, and gastrointestinal or cardiovascular complica-
tions [4, 5]. Therefore, new efforts, including herbal medici-
nes, can provide an alternative therapy for this medical
challenge.

The root of Euphorbia kansui Liou (Euphorbia) is an herb
that has been commonly used in China for thousands of
years. It is in the cathartic (resolving water retention through
stool) category of the Chinese medical literature [6]. In clin-
ics, it is often used to treat ascites caused by hepatocirrhosis
[7], pancreatitis [8, 9], and intestinal obstruction [10]. In
recent years, there have been reports of its antitumor [11]
and antiviral role [12, 13] as well as its ability to regulate the
immune system [14]. Moreover, recent studies have revealed
that Euphorbia has anti-inflammatory [15], antidiabetic [16],
and antiobesity effects [17].

In this study, we evaluated the effects of Euphorbia on
obesity, glycemic control, and IR. In addition, we addressed
the safety issue of Euphorbia and investigated its mechanisms
of action, especiallywith respect to the inflammatory reaction
and macrophage infiltration in liver and adipose tissue.
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2. Materials and Methods

2.1. Preparation of Euphorbia. Euphorbiawas purchased from
the Department of Pharmaceutical Preparation of Kyung
Hee University Oriental Medical Hospital (Seoul, South
Korea). The original source of the Euphorbia was Kyung
Hee Herb Pharm (WonJu, South Korea). Drug quality was
tested based on the standards of the Korea Food and Drug
Administration and the standards of the hospital. Extractions
were prepared from dried Euphorbia. Euphorbia (100 g) was
added to 1,500ml 80% ethanol and boiled for 2 hours using a
heating mantle. The sieve-filtered solution was filtered into
a 500ml flask and concentrated with a rotary evaporator
(model NE-1, EYELA Co., Tokyo, Japan). The solution was
freeze-dried, and the Euphorbia extract was stored at room
temperature. The final collection yield was 9.6%.

2.2. Human Study. The inclusion criteria were as follows:
BMI over 23, age between 19 and 65 years, ability to provide
informed consent, and stable health according to the opinion
of the investigator. The exclusion criteria included pregnant
or lactatingwomen, participants who had undergone another
obesity treatment in the previous 3 months, participants
of clinical trials within the previous 3 months, clinically
significant new illness in the 1 month before screening, or not
being suitable for participating in the study in the opinion
of the investigator including an existing physical or men-
tal condition, significant change in smoking habits within
the previous 3 months, and diseases including epilepsy,
uncontrolled hypertension, or hypotension, cerebrovascular
diseases, and clinically significant abnormal hepatic (e.g.,
AST or ALT greater than 2.5 ×ULN or total bilirubin greater
than 1.5 × ULN) or renal function lab tests (e.g., creatinine
greater than 1.25 × ULN), suggestive of hepatic or renal
impairment.

Eligible patients recruited from January 2014 to October
2014 were given a single 6 g dose of raw Euphorbia powder
with simple dietary consultations at the Korean Medicine
Hospital of Kyung Hee University, Seoul, South Korea. The
consultations include taking 3 meals a day regularly and
prohibiting confections. Patients were analyzed for body
weight (BW), height, waist-hip ratio, body fat percentage,
aspartic aminotransferase (AST), alanine aminotransferase
(ALT), gamma glutamyltranspeptidase (GGT), blood urea
nitrogen (BUN), and creatinine before and one month after
treatment. Body mass index (BMI) and CockCroft-Gault
estimated glomerular filtration rate (eGFR) were calculated
from the above data. Furthermore, other side effects were
noted after Euphorbia administration. BW, BMI, waist-hip
ratio, and body fat percentage of patients were estimated
using a body composition analyzer (Inbody Co., Seoul,
Korea). This study was approved by the International Review
Board of Kyung Hee Hospital (KOMCIRB-2014-06).

2.3. Animals and Diets. The animals used in this study were
19–21 g, 5-week-old, male C57BL/6 mice (Central LabAni-
mals, Inc., Korea). To determine the optimal dose of Euphor-
bia, thirty-five mice fed normal chow (NC) with 10% fat
were randomized to be treated with the following dose levels

of Euphorbia with five mice per dose level: no treatment,
20mg/kg, 50mg/kg, 100mg/kg, 200mg/kg, 500mg/kg, and
1000mg/kg of Euphorbia were orally administered once
weekly for 28 days. Upon completion of the study, all mice
were weighed and sacrificed, and the liver, spleen, and kidney
were harvested and weighed. After 28 days of treatment,
an 18.2% reduction of body weight was achieved with the
100mg/kg dose level compared to the no treatment control
group. No differences of liver, spleen, and kidney weight
were observed with 100mg/kg dose Euphorbia, finally, the
100mg/Kg of Euphorbia was selected for main experiment.
With free access to water and food, the mice were fed a high-
fat diet (HFD) with 60% fat for 13 weeks in order to induce
obesity, except in the group NC with 10% fat. After 8 weeks
of the HFD diet, the HFD groups showed significant body
weight differences compared to the NC-fed group (28.98 ±
1.40 g and 41.26 ± 1.14 g, resp., 𝑝 < 0.001). The HFD-
fed mice were randomly assigned to two groups: HFD and
Euphorbia groups (𝑛 = 5 in each). For the remaining 5 weeks
of the experiment, the Euphorbia group was fed Euphorbia
(100mg/kg) extract once a week, while the NC and HFD
groups were administered normal saline. All experiments
were carried out in accordance with guidelines of the Korean
National Institute ofHealthAnimal Facility.TheAnimal Care
Committee at Kyung Hee University approved all protocols
used in this study (KHMC-IACUC 14-025).

2.4. Body and EpididymalWeightMeasurement. Body weight
(BW) was recorded at the beginning and end of the experi-
ment using an electronic scale (CAS 2.5D, Seoul, Korea) and
wasmeasured at the same time in themorning every day.The
mice were killed at 13 weeks after blood collection by heart
puncture. The epididymides and livers were removed rapidly
and weighed.

2.5. Insulin Concentration and Insulin Resistance Measure-
ment. At the 11th week of the experimental period, we
withdrew blood from the tail vein of mice after 6 hours of
fasting. Serum insulin concentration was measured using an
ultrasensitive mouse insulin ELISA kit (Crystal Chem Inc.,
USA). Insulin resistance was calculated using the following
equation: HOMA-IR = fasting blood glucose (mg/dl) ×
fasting blood insulin (mg/ml) × 0.0717225161669606.

2.6. Oral Glucose Tolerance Test (OGTT). At the 12th week,
an oral glucose tolerance test was performed after the mice
had undergone 14 hours of fasting. The fasting (baseline)
blood glucose measurement was performed by applying a
drop of tail blood to a strip-operated blood glucose sensor
(ACCU-CHECK Performa, Australia). Glucose (2 g/kg body
weight) was administered orally to each animal. Tail vein
blood samples were withdrawn at 30, 60, and 120 minutes
after glucose administration.

2.7. Stromal Vascular Cell (SVC) Segregation. Epididymal fat
pad tissue, obtained at week 13 of the experimental period,
was mixed with a solution of phosphate-buffered saline (PBS,
Gibco, USA) and 2% bovine serum albumin (BSA, Gibco,
USA). After cutting the fat pad into 1∼2mm sized round
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shapes with scissors, collagenase (Sigma, USA) and DNase
I (Roche, USA) were added. A 100 𝜇m cell strainer (BD
Biosciences, USA) was used to remove extraneous tissue.

2.8. Fluorescence Activated Cell Sorting (FACS) Analysis of
Adipose Tissue Macrophages (ATMs). The number of SVCs
obtained from the adipose tissue was counted by cellometer
(Nexcelom Bioscience LLC, USA), and every sample was set
at a concentration of 106 cells. FcBlock (BD Pharmingen,
USA) was mixed with the sample at a ratio of 1 : 100, and
the reaction was performed for 10 minutes. Fluorophore-
conjugated antibodies were added to the shaded state and
reacted for 20 minutes. The following antibodies were used:
CD45-APC Cy7 (Biolegend, USA), CD68-APC (Biolegend,
USA), CD11c-phycoerythrin (CD11b-PE, Biolegend, USA),
and CD206-FITC (Biolegend, USA). The samples were ana-
lyzed by FACSCalibur (BD Biosciences, USA). A FlowJo
(Tree Star, Inc., USA) was used to analyze the percentage of
macrophages.

2.9. Immunofluorescence Staining of Stromal Vascular Cells.
SVCs were plated onto glass coverslips for 2 hours, and
nonadherent cells were removed by washing in PBS.The cells
were fixed in 10% formalin for 20minutes and then blocked in
2% BSA in PBS. Lipid staining was performed by incubation
of fixed cells in 1 ug/ml Bodipy (Sigma-Aldrich) in PBS for
5 minutes. Coverslips were mounted on slides with Vec-
tashield (Vector Laboratories, Burlingame, CA) and imaged
under fluorescence microscopy (Olympus BX51, Olympus,
Japan).

2.10. Immunohistochemistry. Immunohistochemistry was
performed on 10% buffered formalin-fixed, paraffin-embed-
ded liver tissues using antibodies against F4/80 (1 : 100, Gene-
tex, Irvine, CA), followed by incubating in biotinylated anti-
mouse/rabbit/goat IgG (H + L), made in horse (Vector
Laboratories, Inc.). Liver tissue sections were consecutively
stained with avidin-biotin horseradish peroxidase complex
(VectastainABCELITE kit; Vector Laboratories, Burlingame,
CA) for 15min before a substrate solution of 3,3-diami-
nobenzidine tetrahydrochloride (DAB; Sigma Chemical, St.
Louis, MO) was added. The sections were photographed
under an Olympus photomicroscope (Olympus BX-50,
Olympus Optical, Tokyo, Japan). The percentage of F4/80-
positive area in liver tissues was analyzed using the ImageJ
software (NIH, USA).

2.11. RNA Extraction and Real-Time Reverse Transcriptase-
Polymerase Chain Reaction. Mini RNA Isolation IITM
(ZYMO RESEARCH, CA, USA) was used for separation of
RNA from liver and epididymal fat pads. To evaluate the gene
expression of CD68 (macrophage marker), tumor necrosis
factor-𝛼 (TNF-𝛼), interferon-𝛾 (IFN-𝛾), and interleukin-
6 (IL-6) in adipose tissue, we performed quantitative
reverse transcriptase-polymerase chain reaction (qRT-PCR).
Primers for the analysis were designed as follows: CD68,

5-TTCTGCTGTGGAAATGCAAGand 5-AGAGGGGCT-
GGTAGGTTGAT; TNF-𝛼, 5-TTCTGTCTACTGAAC-
TTCGGGGTGATCGGTCC and 5-GTATGAGATAGC-
AAATCGGCTGACGGTGTGGG; IFN-𝛾, 5-ACTGGC-
AAAAGGATGGTGAC and 5-TGAGCTCATTGAATG-
CTTGG; IL-6, 5-AACGATGATGCACTTGCAGA and
5-GAGCATTGGAAATTGGGGTA; GAPDH, which was
used as a housekeeping gene, 5-AGTCCATGCCATCAC-
TGCCACC and 5-CCAGTGAGCTTCCCGTTCAGC. The
threshold cycle (TC) of each gene expression, determined by
SDS Software 2.4 (Applied Biosystems�, USA), was converted
into Relative Quantitation (RQ) based on GAPDH, and the
calculated fold change value was used for gene expression
analysis. The fold change value of the experimental group
was converted based on the NC group value, which was
considered to be one.

2.12. Statistical Analysis. All calculations were performed
using GraphPad PRISM 5 (GraphPad Software, Inc., San
Diego, CA, USA). All values are expressed as mean ± SE.The
significance of differences between groups was determined
using one-way analysis of variance (ANOVA), followed by
Tuckey’s post hoc test. All 𝑝 values were two-tailed, and
significance was set at 𝑝 < 0.05.

3. Results

3.1. Effects of Euphorbia in Overweight or Obese Human
Patients. TheBW changes of 14 patients were obtained at one
month after one-time treatment with 6 g Euphorbia. There
was significant decrease in BW and BMI after Euphorbia
powder administration (65.37±3.53 kg versus 64.10±3.49 kg
for BW and 24.93 ± 0.65 versus 24.28 ± 0.58 for BMI, 𝑝 <
0.05) (Table 1). There was no significant difference in BUN,
creatinine, eGFR, AST, ALT, GGT, protein, albumin, fasting
glucose, and HbA1c before and after administration with
Euphorbia (Table 1). As Euphorbia is traditionally classified as
a cathartic herb, patients underwent an average of 0.92± 0.27
cases of vomiting and 8.08±1.24 cases of diarrhea.Therewere
several mild side effects including 1 report of mild abdominal
pain and 6 cases of abdominal discomfort, which diminished
after a few days.

3.2. Effects of Euphorbia on BW and Epididymal Fat Weight
Changes inMice. The fasting body weight (FBW) of the HFD
group increased significantly compared to that of the NC
group (𝑝 < 0.05), and Euphorbia group showed a decrease
in BW compared to the HFD group (𝑝 < 0.05) (Figure 1(a)).
The weight of epididymal fat also was significantly increased
in the HFD group compared to the NC and was decreased by
Euphorbia (𝑝 < 0.001) (Figure 1(a)).

3.3. Effects on Blood Glucose and Insulin Resistance in Mice.
Fasting blood glucose (FBG) was significantly higher in the
HFD group than NC group (𝑝 < 0.001), and it was signifi-
cantly lower in the Euphorbia group than HFD group (𝑝 <
0.01). Fasting insulin concentration (FI) was significantly
higher in the HFD group compared to the NC group (𝑝 <
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Table 1: Comparison of outcome measures in an obese human
study.

Before After 𝑝 value
BW (kg) 65.37 ± 3.53 64.10 ± 3.49 0.02
BMI 24.93 ± 0.65 24.28 ± 0.58 0.047
Waist-hip ratio 0.90 ± 0.01 0.90 ± 0.01 0.79
Percent body fat (%) 29.71 ± 1.44 29.56 ± 1.39 0.58
BUN (mg/dl) 15.28 ± 1.32 14.52 ± 1.14 0.44
Creatinine (mg/dl) 0.72 ± 0.39 0.72 ± 0.42 0.75
eGFR 97.38 ± 6.71 93.58 ± 4.94 0.36
AST (U/L) 32.42 ± 6.96 27.04 ± 2.53 0.51
ALT (U/L) 35.25 ± 13.56 25.96 ± 5.40 0.28
GGT (U/L) 44.91 ± 13.53 43.04 ± 13.49 0.77
Protein (g/dl) 6.98 ± 0.53 6.79 ± 0.55 0.21
Albumin (g/dl) 3.99 ± 0.32 3.98 ± 0.48 0.97
Fasting glucose (mg/dl) 94.5 ± 5.6 88.3 ± 9.99 0.12
HbA1c (%) 6.11 ± 0.58 5.97 ± 0.56 0.28
“Before” and “after” indicate before Euphorbia administration and after
Euphorbia administration, respectively. Data are presented as mean ±
SE. For 𝑝 value, the results are from paired 𝑡-test to examine within-
group effects. BW: body weight; BMI: body mass index; BUN: blood urea
nitrogen; eGFR: CockCroft-Gault estimated glomerular filtration rate; AST:
aspartic aminotransferase; ALT: alanine aminotransferase; GGT: gamma
glutamyltranspeptidase.

0.001) and was significantly lower in the Euphorbia group
compared to the HFD group (𝑝 < 0.05). Insulin resistance
calculated by HOMA-IR was significantly higher in the HFD
group than NC group (𝑝 < 0.05), while the HOMA-IR of the
Euphorbia groupwas significantly lower than thatHFDgroup
(𝑝 < 0.01) (Figure 1(a)).

OGTT, conducted at 12 weeks after initiation of the
study, showed the highest blood glucose concentration at 30
minutes in every group and decreased gradually. The 30-,
60-, and 120-minute glucose levels of the HFD group were
elevated significantly compared to those of the NC group
(𝑝 < 0.05) and were significantly lower in the Euphorbia
group than in the HFD group (𝑝 < 0.05). The area under the
curve (AUC) also showed similar tendencies, with theAUCof
the HFD group being higher than that of the NC group, while
that of the Euphorbia group was significantly lower than that
of the HFD group (𝑝 < 0.01) (Figure 1(b)).

3.4. Effects on Expression of CD68, TNF-𝛼, IFN-𝛾, and IL-6
Genes. Thegene expression of CD68 in liver was significantly
higher in the HFD group than NC group (𝑝 < 0.001) and
was significantly lower in the Euphorbia group compared
to the HFD group (𝑝 < 0.01). And TNF-𝛼 in liver and
epididymal fat was significantly higher in the HFD group
than NC group (𝑝 < 0.001), and Euphorbia significantly
lowers TNF-𝛼 gene expression compared to the HFD group
(𝑝 < 0.001). IL-6 expression in epididymal fat was also
higher in theHFD group than in theNC group and decreased
significantly in the Euphorbia group compared to the HFD
group (𝑝 < 0.05).The IFN-𝛾 in epididymal fat expressionwas

significantly increased in theHFDgroup compared to theNC
and Euphorbia groups (𝑝 < 0.05) (Figure 1(c)).

3.5. Effects on Macrophages in Liver and Adipose Tissue. The
F4/80 positive Kupffer cells and fat deposits were markedly
increased in HFD (F4/80-stained surface of 4.61 ± 0.64%
in HFD versus 0.89 ± 0.18% in NC, 𝑝 < 0.01), and
the number of Kupffer cells and lipid accumulation were
decreased in Euphorbia group (2.20 ± 0.22% in Euphorbia
versus HFD, 𝑝 < 0.05) (Figure 3). The RT-PCR analysis
confirmed the markedly reduced the expression of CD68
mRNA in liver (Figure 1(c)). CD68 positive ATMs infiltration
rate was significantly higher in the HFD group compared to
the NC group (𝑝 < 0.001), and Euphorbia showed significant
decrease in ATMs percentage (𝑝 < 0.05) (Figure 2(a)). The
percentage of CD11c+ ATMs was significantly higher in the
HFD group compared to the NC group (𝑝 < 0.05) and lower
in the Euphorbia group compared to the HFD group, but
the difference was not significant. In contrast, the CD206+
ATMs percentage was significantly lower in the HFD group
than the NC group (𝑝 < 0.01) and significantly higher
in the Euphorbia group than the HFD group (𝑝 < 0.01)
(Figure 2(b)).

3.6. Immunofluorescence Staining of SVCs. Compared to the
NC group, the HFD group showed an increase in the number
of stained macrophages and lipid accumulation. For the
Euphorbia group, the number of macrophages and lipid
accumulation were decreased (Figure 3).

4. Discussion

In this study, we evaluated Euphorbia as a potential therapy
for obesity and insulin resistance. We were able to obtain
data on efficacy and safety of Euphorbia from human stud-
ies, since Euphorbia has already been approved for use as
herbal medicine in the Republic of Korea when used by a
professional physician [18]. Additionally, we conducted an in
vivo study to estimate the efficacy, safety, and mechanism of
Euphorbia, especially with respect to the anti-inflammatory
effect.

In a study of 14 obese patients, we found that a 1-day
prescription of 6 g Euphorbia caused significant decrease
in BW and BMI. Because Euphorbia is a cathartic herbal
medicine, the short-term effect of Euphorbia might mostly
result from dehydration. However, in our human study, the
weight loss effects persisted for one month, which allowed
enough time to recover from dehydration.This result implies
that the effect of Euphorbia depends on more than simple
dehydration induced by diarrhea.

It was reported that administration of Euphorbia with
herbal decoction to obese rats induced weight loss [17].
In agreement, administration of Euphorbia in the present
study induced significant decrease in BW and epididymal
fat weight, which is equivalent to visceral fat in humans. A
decrease in epididymal fat weight after a five-week admin-
istration of Euphorbia in mice demonstrated the antiobesity
effect of Euphorbia. In a previous study [16] of ethanol
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Figure 1: Main results of the in vivo study. (a) Fasting body weight (FBW), epididymal fat weight, fasting blood glucose (FBG), fasting insulin
(FI), HOMA-IR of normal chow NC, HFD, and Euphorbia groups. (b) Oral glucose tolerance test (OGTT) and area under curve (AUC) of
the three groups. (c) Expression of CD68, TNF-𝛼, IFN-𝛾, and IL-6 genes in the three groups. ∗∗𝑝 < 0.01 and ∗∗∗𝑝 < 0.001, HFD compared
with NC; #𝑝 < 0.05, ##𝑝 < 0.01, and ###𝑝 < 0.001, Euphorbia compared with HFD. NC: NC group; HFD: HFD group; Euphorbia: Euphorbia
group.
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extracts of Euphorbia, a new tetracyclic triterpenoid of
Euphorbia and five known triterpenoids with euphane skele-
tons were shown to be potentially useful in the clinical
treatment of diabetes. In this study, Euphorbia showed anti-
hyperglycemic effects on FBG and OGTT of obese mice.
In addition, changes in FI and HOMA-IR indicate that
Euphorbia improves IR.

It has been shown that high-fat diet increases Kupffer
cells number and induces their proinflammatory status, and
cytokine and chemokine production by activated Kupffer
cells is involved in the pathogenesis of liver damage [19].
Moreover, visceral adipose tissue is an endocrine organ
that releases adipokines and cytokines, which have a role
in fat metabolism and insulin sensitivity [20]. Particularly,
macrophage accumulation with increased cytokines was
observed in adipose tissue, which implies the chronic inflam-
matory features of obesity [21, 22]. In this study, Euphorbia
administration was related to a significant decrease in gene
expression of cytokines TNF-𝛼, IFN-𝛾, and IL-6. TNF-𝛼

is known to reduce insulin sensitivity by impairing insulin
signal transduction [23]. Also, an increase in the expression
of IFN-𝛾 and IL-6 was also associated with insulin resistance
[24, 25].

The rate of Kupffer cells in liver and ATM infiltration into
adipose tissue was also decreased in the Euphorbia-treated
group. Particularly, the percentage of CD206+ ATMs, which
indicates the anti-inflammatory activity of ATMs in adipose
tissue, was significantly increased in the Euphorbia-treated
group in comparison to the HFD group [26]. This result
suggests that improvement of hyperglycemia and IR in the
Euphorbia group is correlated with the anti-inflammatory
effects of Euphorbia on liver and visceral adipose tissue.

In obesity, adipocyte-hypertrophy leads to hypoxia,
endoplasmic reticulum stress, and lipotoxicity, which result
in increased macrophage infiltration accompanied by ele-
vated concentrations of inflammatory markers. The accu-
mulation of macrophages in adipose tissue leads to a
specific feature called crown-like structure, which is the
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cluster of macrophages around dead adipocytes [27]. We
obtained SVCs from the epididymal fat pad and analyzed
them using immunofluorescence microscopy. The SVCs
from the Euphorbia group showed a decreased number of
macrophages with a smaller amount of lipid accumulation
compared to those in the HFD group.

Taken together, the degree of lipid accumulation in liver
and visceral fat, Kupffer cells, ATM infiltration rate, which
produces proinflammatory cytokines in liver and adipose

tissue, and gene expression of cytokines are important for
evaluating antiobesity, anti-inflammatory, and anti-IR effects.
In this study, the BWdecrease caused by Euphorbia treatment
persisted for 1 month in humans, and the in vivo studies
showed epididymal fat weight decrease, decline in Kupffer
cells and ATM percentage, and decreased expression of
TNF-𝛼, IFN-𝛾, and IL-6 genes. These results indicate that
Euphorbia has an antiobesity effect, which consequently
induces an anti-inflammatory effect that improves IR.
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5. Conclusion

In conclusion, our study showed that Euphorbia improves
body weight and insulin resistance in human and in vivo
study. A possible mechanism to explain this result is the
reduction in the inflammatory reaction due to decreased
Kupffer cells and adipose tissue macrophage infiltration. The
cathartic effects of Euphorbia necessitate further research to
assess issues with diarrhea that might affect long-term use,
even though the results suggest that Euphorbia can be used to
effectively improve obesity-related IR.
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Background. This study was performed to evaluate the effect of Seyoeum (SYE), a novel herbal meal replacement, on insulin
resistance and nonalcoholic fatty liver disease (NAFLD) in obese mice fed with a high-fat diet (HFD).Methods. SYE contained six
kinds of herbal powder such as Coix lacryma-jobi,Oryza sativa, Sesamum indicum, Glycine max, Liriope platyphylla, andDioscorea
batatas. Male C57BL/6 mice were divided into four groups: normal chow (NC), HFD, SYE, and HFD plus SYE (HFD + SYE).
The mice in groups other than NC were fed HFD for 9 weeks to induce obesity and then were fed each diet for 6 weeks. Clinical
markers related to obesity, diabetes, and NAFLDwere examined and gene expressions related to inflammation and insulin receptor
were determined. Results. Compared with HFD group, body weight, serum glucose, serum insulin, HOMA-IR, total cholesterol,
triglyceride, epididymal fat pad weight, liver weight, and inflammatory gene expression were significantly reduced in SYE group.
Insulin receptor gene expression increased in SYE group. Conclusions. Based on these results, we conclude that SYE improved
obesity and insulin resistance in high-fat fed obese mice. Our findings suggest that SYE could be a beneficial meal replacement
through these antiobesity and anti-insulin resistance effects.

1. Introduction

Obesity is a major risk factor for many chronic diseases
including insulin resistance, type 2 diabetes, atherosclerosis,
and nonalcoholic fatty liver disease (NAFLD) [1]. Insulin
resistance is a common pathogenic event that links obesity
with metabolic syndrome and NAFLD [2]. High insulin
concentration in insulin resistance stimulates lipogenesis
through the activation of sterol regulatory element-binding
protein 1 (SREBP-1c) [3], which inhibits insulin receptor sub-
strate 2 (IRS-2) mediated insulin signaling [4]. NAFLD acti-
vates gluconeogenesis leading to hepatic insulin resistance
[5]. The excess accumulation of lipid in adipose tissue and
liver accompanies a chronic, subacute state of inflammation,
which can be seen in the involved tissues and systemically, in
terms of elevated circulating levels of inflammatory markers
[1].

A number of strategies including exercise, a structured
dietary plan, cognitive behavioral therapy, pharmacotherapy,
and bariatric surgery are available [6]. Yet, it is hard to
make a significant and sustainable difference by lifestyle
interventions, and pharmacologic or surgical interventions
should be considered only in certain patients [7].

Meal replacement is commonly used as adjunctive ther-
apy in the diet of various treatments for obesity.Meal replace-
ment is convenient and has a low risk of side effect, providing
a fixed amount of calorie, dose, and nutritional content [8].
Some studies suggest it for an effective option for long-
term compliance or improvement in metabolic risk factors
of outpatients [9–13]. Clinical studies showed that partial
meal replacement therapy had better weight loss and long-
term effects compared to conventional calorie restriction [14];
however, most of the studies about meal replacement have
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targeted weight loss effects for humans. Besides, there are
few studies about effects of using meal replacements only,
and there are very few mechanism studies about effects of
meal replacements on metabolic risk factors. So in this study,
we investigated the effect of Seyoeum (SYE), a new meal
replacement which consisted of six kinds of herbs, on obesity
and insulin resistance, on high-fat diet (HFD) fed C57BL/6
mice.

2. Materials and Methods

2.1. Preparation of Seyoeum. The herbs were obtained from
the Department of Pharmaceutical Preparation of Korean
Medicine, Korean Medical Hospital, Kyung Hee University,
Seoul, Korea. SYE is a combination of herbal powder (i.e.,
Coix lacryma-jobi Linné var. ma-yuen Stapf, Oryza sativa
Linné, Sesamum indicum Linné, Glycine maxMerrill, Liriope
platyphylla F. T. Wang & Tang, andDioscorea batatasDecne.)
at a ratio of 1 : 1 : 2 : 2: 2 : 1.5. Five kinds of herbs except Liriope
platyphylla were roasted to develop flavors. They were dried
and grounded to form a powder. The powder was kneaded
in water, dried in feed form, and fed. Some SYE powder was
kneadedwith the sameweight ofHFDand dried in feed form.

2.2. Measurements of Calorie and Nutritional Component
of Seyoeum. SYE was requested for analysis of nutritional
components by the Korea Advanced Food Research Institute.
Twelve components including calorie, carbohydrate, crude
protein, crude fat, sodium, sugars, saturated fat, trans fat,
cholesterol, dietary fiber, iron, and calcium were analyzed.

2.3. AnimalModel andTreatment. Six-week-oldmaleC57BL/
6J mice were purchased from the Central Lab. Animal
Inc. (Seoul, Korea). They were in a moisture controlled
room (40–70%) with a 12-hour light-dark cycle and allowed
access to water and diet ad libitum. After 1-week period of
acclimation, every mouse except normal chow (NC) diet
group were fed a HFD (60% energy by fat) known for causing
obesity for a 9-week period. The mice were divided into four
groups according to diet: NC group (𝑛 = 6), HFD group
(𝑛 = 6), SYE group (𝑛 = 5), andHFD plus SYE group (HFD+
SYE, 𝑛 = 5). Then the mice were fed one of the HFD, SYE, or
HFD plus SYE for 6 weeks. HFD plus SYE were mixed at 1 : 1
ratio. The body weight of each mouse was measured at the
beginning and before the final sampling. The total amount
of food consumption was recorded every day. To assess the
food intake, the total consumption of food during a day was
measured in every cage. Then the 1-day consumption of each
mousewas calculated by dividing into the number of themice
in each cage. At week 16, the mice were sacrificed and the
weights of livers and the epididymal fat pads were measured.
This studywas approved by the Institutional Animal Care and
Use Committee of Kyung Hee University, Seoul.

2.4. Oral Glucose Tolerance Test (OGTT). At week 14, mice
were fasted for 14 hours and glucose (2 g/kg body weight)
dissolved in water was administered to all the mice orally.
Blood samples were taken from tail vein at 0, 30, 60, and 120
minutes after glucose administration. Glucose was measured

using a strip-operated blood glucose sensor (ACCU-CHEK
Performa. Castle Hill, NSW, Australia). The area under the
curve (AUC) of glucose in the OGTT was calculated from
measurements taken before (0 minutes) and after (up to
120 minutes) glucose administration on the basis of the
trapezoidal rule, which is a method used to approximate a
definite integral by evaluating the integrand at two points.

2.5. Biochemical Assays. Atweek 14, bloodwas collected from
the tail vein of eachmouse. Plasma insulin concentration was
quantified using an ultrasensitive mouse insulin ELISA kit
(Crystal Chem INC., Chicago, IL, USA). Glucose and insulin
levels were measured and insulin resistance was assessed
by a homeostatic model assessment of insulin resistance
(HOMA-IR). HOMA-IR was calculated using the following
formula: HOMA-IR = Fasting blood glucose (mg/dl) ×
Fasting insulin (ng/ml) × 0.0717225161669606. At week 16,
blood was collected from the hearts, while the mice were
under anesthesia with diethyl ether. Aspartate transaminase
(AST), alanine transaminase (ALT), total cholesterol, high
density lipoprotein (HDL) cholesterol, and triglyceride levels
were measured.

2.6. Morphological Analysis of Liver. The liver samples were
immersion-fixed in 10% buffered formalin and embedded
in paraffin for study by light microscopy. Two sections per
animal, 5 𝜇m thick (at an interval of 100𝜇m), were stained
with periodic acid-Schiff (PAS) reagent. The sections were
photographed under a photomicroscope (Olympus BX-50;
Olympus Optical, Tokyo, Japan).

2.7. RNA Isolation and Quantitative Real-Time Polymerase
Chain Reaction Analysis. At week 16, the mice were sac-
rificed and the epididymal fat pads were dissected. RNA
extraction was performed using a Mini RNA Isolation IITM
(Zymo Research, Orange, CA, USA). RNA from liver tissue
was extracted using Trizol reagent. To evaluate the gene
expression levels, we performed quantitative real-time poly-
merase chain reaction (qRT-PCR).The complementary DNA
(cDNA) was synthesized using an Advantage RT for PCR Kit
(Clontech, Palo Alto, CA, USA). The sequences of primes
used in this study are shown inTable 1. PCRwas carried out in
a 7900HTFast Real-Time PCR System (Applied Biosystems�,
Foster City, CA, USA). For gene expression analysis, thresh-
old cycle (Ct) of each gene was calculated by SDS Software
2.4 (Applied Biosystems, Foster City, CA, USA); then relative
quantitation (RQ) was performed relative to glyceraldehyde-
3-phosphate dehydrogenase (GAPDH, housekeeping gene).
The fold change was calculated according to NC group which
was considered as 1.

2.8. Statistical Analysis. Statistical analyses were performed
using GraphPad PRISM 6 (Graphpad software inc., San
Diego, CA,USA). Statistical comparisons between the groups
were performedwith one-way analysis of variance (ANOVA),
followed by Tukey’s post hoc test. The data are presented as
mean ± SE. A two-tailed 𝑃 value of <0.05 was considered
statistically significant.
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Table 1: Primer sequences.

Target Primer Sequence (5-3)

TNF-𝛼 F TTCTGTCTACTGAACTTCGGGGTGATCGGTCC
R GTATGAGATAGCAAATCGGCTGACGGTGTGGG

IFN-𝛾 F ACTGGCAAAAGGATGGTGAC
R TGAGCTCATTGAATGCTTGG

IL-6 F AACGATGATGCACTTGCAGA
R GAGCATTGGAAATTGGGGTA

MCP-1 F CCCACTCACCTGCTGCTACT
R TCTGGACCCATTCCTTCTTG

Cxcl3 F AGGCTACAGGGGCTGTTGT
R GGGTTGAGGCAAACTTCTTG

IR F GAGATGGTCCACCTGAAGGA
R GGACAGACATCCCCACATTC

IRS-1 F AAGCACCTGGTGGCTCTCTA
R TCAGGATAACCTGCCAGACC

IRS-2 F ATACCGCCTATGCCTGTCTG
R TGGTCTCATGGATGTTCTGC

GAPDH F AGTCCATGCCATCACTGCCACC
R CCAGTGAGCTTCCCGTTCAGC

Table 2: Calorie and composition of Seyoeum.

Nutrition facts (per 100 g) Amount
Calorie (kcal) 398.3
Carbohydrate (g) 61.7
Crude protein (g) 19.3
Crude fat (g) 12.7
Sodium (mg) 17.34
Sugars (g) 4.6
Saturated fat (g) 2.2
Trans fat (g) 0.39
Cholesterol (mg) 1.55
Dietary fiber (g) 20.0
Iron (mg) 10.72
Calcium (mg) 480.97

3. Results

3.1. Calorie and Composition of SYE. The calorie value of SYE
was 398.3 kcal/100 g. The amounts of carbohydrate, crude
protein, and crude fat per 100 g of SYE were 61.7 g, 19.3 g, and
12.7 g, respectively (Table 2).

3.2. SYE Reduced Body Weight, Epididymal Fat Weight, and
Liver Weight in HFD Mice. The body weight of HFD mice
significantly increased to 52.48 ± 0.56 g, while that of NC
mice was 31.71 ± 0.90 (𝑃 < 0.001). SYE significantly lowered
body weight compared to HFD group, as much as 43.8% in
SYE group (29.48 ± 4.95, 𝑃 < 0.001) and 16.7% in HFD
+ SYE group (43.72 ± 7.59, 𝑃 < 0.01) (Figure 1(a)). The
amount of food intake (data not shown) and calorie intake
were also examined to determine if the weight loss was due

to a decrease in the intake. Compared with the HFD group,
there were significant decreases both in food intake and
calorie intake in the SYE group (𝑃 < 0.001) but not in the
HFD + SYE group (Figure 1(b)). Weight of epididymal fat
pad significantly increased by HFD compared to NC group
(𝑃 < 0.001) and SYE significantly reduced the epididymal
fat as much as 65.9% in SYE group (𝑃 < 0.001) and 37.0%
in HFD + SYE group (𝑃 < 0.001) (Figure 1(c)). Weight of
liver significantly increased in HFD group compared to that
in NC group (𝑃 < 0.001). In SYE group, weight of liver was
significantly lower than HFD group (𝑃 < 0.001), but in HFD
+ SYE group the liver weight was lower without significance
(Figure 1(d)).

3.3. SYE Improved Hyperglycemia and Insulin Resistance in
HFDMice. InHFD group, blood glucose levels were elevated
compared to NC group at 0, 30, 60, and 120 minutes (𝑃 <
0.05 at 30min and 𝑃 < 0.001 at others). SYE significantly
reduced fasting blood glucose levels as much as 64.3% in SYE
group (𝑃 < 0.001) and 51.0% in HFD + SYE group (𝑃 <
0.01), compared to HFD group. At the other time points, SYE
made significant reduce in both groups (Figures 1(e) and 1(f)).
Fasting insulin level, HOMA-IR, and AUC were significantly
increased in HFD group compared to NC group (𝑃 < 0.001)
and were reduced significantly in SYE group and HFD + SYE
group compared to HFD group (Figures 1(g), 1(h), and 1(i)).

3.4. Effects of SYE on Liver Enzyme, Lipid Levels in Serum,
and Lipid Accumulation in Liver. In HFD group, both AST
and ALT significantly increased (𝑃 < 0.001) compared to
NC group but, however, significantly decreased in SYE group
(𝑃 < 0.01 for AST and 𝑃 < 0.001 for ALT) compared to HFD
group (Figures 2(a) and 2(b)). HFD significantly raised total
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Figure 1: The changes by Seyoeum on body weight, calorie intake, epididymal fat, liver weight, calorie intake, OGTT, fasting blood glucose,
insulin, HOMA-IR, and AUC. 𝑁 = 6 in NC and HFD groups, and 𝑁 = 5 in SYE and HFD + SYE groups. ∗∗∗𝑃 < 0.001 versus NC group;
#
𝑃 < 0.05 and ###

𝑃 < 0.001 versus HFD group. ## means 𝑃 < 0.01 versus HFD group. ∗means 𝑃 < 0.05 versus NC group.

cholesterol and triglyceride (𝑃 < 0.001 for total cholesterol
and 𝑃 < 0.05 for triglyceride) and decreased HDL cholesterol
level without significance, compared to NC. SYE significantly
lowered total cholesterol levels (𝑃 < 0.001) and lowered
triglyceride level, compared to HFD. HFD + SYE mice
decreased triglyceride level (𝑃 < 0.01), but did not show
any differences among total cholesterol, HDL cholesterol
(Figures 2(c), 2(d), and 2(e)). Since the liver TG level showed
a tendency to be lowered by SYE treatment, histological
analysis was performed by staining the liver with periodic
acid-Schiff. Marked lipid accumulation was observed in
hepatocytes in the HFD group, whereas there was little lipid
accumulation in hepatocytes in the HFD + SYE and SYE
groups (Figure 3).

3.5. SYE Suppressed the Inflammatory Gene Expression in
Epididymal Adipose Tissue of HFD Mice. Because adipose

tissue releases inflammatory cytokines which induce insulin
resistance, we analyzed the inflammatory cytokine gene
expression in epididymal fat.The genes examinedwere tumor
necrosis factor alpha (TNF-𝛼), interferon gamma (IFN-𝛾),
and interleukin-6 (IL-6) for inflammatory cytokines and
monocyte chemotactic protein-1 (MCP-1) and Chemokine
(C-X-C motif) ligand 3 (Cxcl3) for chemokines. TNF-𝛼 and
IFN-𝛾 expressions in the HFD group significantly increased
compared to NC group (𝑃 < 0.001). SYE significantly
decreased TNF-𝛼 expression in both SYE and HFD +
SYE groups (𝑃 < 0.001) and significantly lowered IFN-𝛾
expression in SYE group only (𝑃 < 0.05). There were no
significant differences in IL-6 expression between HFD and
NC group, but also between HFD and SYE or HFD + SYE
group (Figure 4(a)). HFD significantly increased both MCP-
1 and Cxcl3 expressions compared to NC group (𝑃 < 0.001),
and SYE significantly decreased the levels in both SYE (𝑃 <
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Figure 2: The changes of liver enzyme and lipid levels by Seyoeum. Blood samples were obtained at week 16.𝑁 = 6 in NC and HFD groups,
and 𝑁 = 5 in SYE and HFD + SYE groups. ∗𝑃 < 0.05 and ∗∗∗𝑃 < 0.001 versus NC group; #𝑃 < 0.05, ##𝑃 < 0.01, and ###

𝑃 < 0.001 versus
HFD group.

NC HFD SYE HFD + SYE

Figure 3: Effects of Seyoeumon liver inmice. Liver sections from representativemice of each group (periodic acid-Schiff, scale bar = 100𝜇m).

0.05) and HFD + SYE groups (𝑃 < 0.05 for MCP-1 and
𝑃 < 0.001 for Cxcl3) (Figure 4(b)).

3.6. SYE Improved the Insulin Receptor Gene Expression in
Liver Tissue of HFD Mice. Obesity changes the secretion
of adipose tissue inflammatory cytokines, which modulate
insulin signaling, so we analyzed the insulin signaling gene
expression including insulin receptor (IR), insulin receptor
substrate 1 (IRS-1), and IRS-2 in liver tissue.The IR and IRS-2
expression levels were significantly decreased in HFD group
relative to the NC group (𝑃 < 0.001), and SYE significantly
increase the levels compared to HFD group in both SYE (𝑃 <
0.05) and HFD + SYE groups (𝑃 < 0.001). In case of IRS-1

expression level, there were no significant differences among
the groups (Figure 4(c)).

4. Discussion

In an obese state, excessive accumulation of lipids in adipose
tissue activates inflammatory cytokines and chemokines
secretion, which causes chronic low-level inflammation and
insulin resistance. Therefore, obesity becomes a risk factor
for many diseases, including metabolic syndrome, cardio-
vascular disease, and cancer [1, 15, 16]. If we can block the
systemic inflammation and insulin resistance as well as the
reduction of fat cells, it can be expected to lower the risk
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Figure 4: The changes by Seyoeum on inflammatory cytokine and chemokine gene expression in adipose tissue, and insulin receptor gene
expression in liver tissue. Adipose and liver tissue was obtained at week 16 and quantitative RT-PCR was used for measuring gene expression.
Gene expression was normalized to that of GAPDH. 𝑁 = 6 in NC and HFD groups, and𝑁 = 5 in SYE and HFD + SYE groups. ∗𝑃 < 0.05
and ∗∗∗𝑃 < 0.001 versus NC group; #𝑃 < 0.05 and ###

𝑃 < 0.001 versus HFD group.

of complications due to obesity. In this study, we tried to
evaluate the effects of a newmeal replacement on obesity and
metabolic syndrome inmice, using clinicalmarkers including
body weight, glucose level, insulin level, HOMA-IR, lipid
level, epididymal fat pad weight, liver weight, and gene
expressions related to inflammation and insulin receptor.

“Sunsik” is a substitute food in Korea that takes a variety
of roasted grains, vegetables, nuts, and other foods into water
or milk [17]. The authors developed a meal replacement
based on the idea of Sunsik. We selected candidate herbs
by screening for common kinds of whole grains used in
Sunsik and herbs that have been clinically and experimentally
proven to be effective against obesity, diabetes, or NAFLD.
Then, some formulations with good flavor were developed to
increase compliance, and blind tasting was given to 10 testers
to confirm the highest preference.

For the six selected herbs, either themselves or the
ingredients were reported to be effective in obesity, IR,
dyslipidemia, or NAFLD. Coix lacryma-jobi has effects on
obesity and hyperlipidemia through modulating TNF-alpha
and leptin [18], and Oryza sativa decreases hepatic fat
accumulation, hyperlipidemia [19], and hepatic steatosis [20].
Liriope platyphylla improves fat accumulation and glucose
regulation [21] and stimulates insulin secretion and sup-
presses fatty liver formation [22].Dioscorea batatas has bene-
ficial activities against obesity through decreasing expression
of inflammatory cytokines [23] and has an effect on insulin
resistance [24]. Sesamol, a component of Sesamum indicum,
has beneficial activities against hypercholesterolemia, insulin
resistance, and hepatic steatosis [25]. The common name
for Glycine max is soy, and soy beta- conglycinin improved
metabolic abnormalities in a NAFLD rat [26] and improved
hepatic insulin resistance [27]. SYE significantly decreased
body weight, liver weight, and epididymal fat weight of HFD
fed mice. HFD + SYE diet also reduced body weight and
epididymal fat weight without significant calorie difference
from HFD, so the weight loss effect might be resulted from
not only reduced calorie intake but also pharmacological
effect of SYE itself. High-fat diet induces weight gain of liver,

through accumulation of cholesterol and triglyceride in the
liver [28]. Liver fat is highly and linearly correlated with
all components of the metabolic syndrome, independent of
obesity [29]. Epididymal fat is equivalent to human visceral
fat, and visceral fat secretes adipokines and cytokines related
to fat metabolism and insulin sensitivity [15]. Visceral fat is
known to be more related to metabolic syndrome than body
mass index (BMI) [1].

In other similar experiments, lipid decrease was mainly
observed [30, 31], but SYE showed significant changes in
glucose metabolism. SYE remarkably improved all the indi-
cators related to insulin resistance, including glucose level,
serum insulin level, HOMA-IR, and AUC in both SYE and
HFD + SYE groups. Through this, we have identified the
potential effects of SYE on fat loss and metabolic syndrome.
SYE mostly consists of whole grain and has large amounts
of dietary fiber and phenolic compounds compared with
refined cereal, which could be considered to protect against
obesity complications such as cardiovascular disease, cancer,
and diabetes [32].

The effect of SYE on the inflammatory gene expression
in adipose tissue was prominent in TNF-𝛼. TNF-𝛼 is one of
themajor local regulators in adipose tissue that contributes to
insulin resistance and inflammation [33]. MCP-1 and Cxcl3
are chemokines that promote the adhesion of monocytes and
induce low-inflammation, and SYE decreased the expression
of MCP-1 and Cxcl3. Cxcl3, also known as the oncogene,
interacts with the cell surface chemokine receptor MCP-1,
to regulate the migration and adhesion of monocytes and
regulate the effect on target cells [34, 35]. By inhibiting TNF-
𝛼, MCP-1, and Cxcl3 expression in adipocytes, SYE seems to
inhibit local inflammatory responses.

IL-6 is a classical inflammatory cytokine considered to be
a risk factor for the onset of diabetes [36]. Both TNF-𝛼 and
IL-6 are involved in classical receptor mediated processes,
including c-Jun aminoterminal kinase (JNK) and I𝜅B kinase-
𝛽 (IKK-𝛽)/nuclear factor-𝜅B (NF-𝜅B), which upregulate
inflammatory mediators [37]. SYE significantly inhibited
the expression of TNF-𝛼 but not IL-6. TNF-𝛼 is mainly
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produced by activated macrophages [38], whereas IL-6 can
be produced in a number of immune cells including activated
macrophages and lymphocytes [39].This suggests that SYE is
more effective in inhibitingmacrophages than other immune
cells. IFN-𝛾 activates immune cells, including macrophages,
secreted only by T cells and NK cells. The hypothesis that
SYE specifically inhibits the action ofmacrophages could also
explain the low effect of SYE on IFN-𝛾 in the HFD + SYE
group [34, 35]. From these results, we supposed that SYE
inhibits immune cell adhesion and reduces insulin resistance
and inflammation; activatedmacrophage especially was likely
to be suppressed.

Inhibition of the insulin receptor signaling pathway
by inflammation or stress is a key mechanism of insulin
resistance. Defects in insulin receptor signaling pathway are
observed in most of the systemic insulin resistance [40]. To
evaluate insulin signaling, gene expression of IR, IRS-1, and
IRS-2 in the liverwas analyzed. IR and IRS-2 expressionswere
increased in the SYE and HFD + SYE groups compared to
HFD group.The expression of IRS-1 in the liver appears to be
relatively unaffected by obesity. The anti-inflammatory effect
of SYE appears to improve the insulin signaling pathway in
the liver.

5. Conclusions

Based on these results, we conclude that SYE improved
obesity, insulin resistance, and NAFLD in high-fat diet-fed
obese mice. Our findings suggest that these antiobesity, anti-
insulin resistance effects of SYE could be mediated by the
suppression of adipose tissue inflammatory cytokines and
enhancing the insulin signaling pathway. Further studies
related to other mechanisms on inflammatory response in
adipose tissue, obesity, and insulin resistance should be taken
for the clinical application of SYE.
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Yinchen Linggui Zhugan Decoction (YCLGZGD) is the combination of Linggui Zhugan (LGZGD) and Yinchenhao (YCHD)
decoctions, two famous traditional Chinese medicine prescriptions. In previous studies, we found that Yinchen Linggui
Zhugan Decoction (YCLGZGD) could regulate lipid metabolism disorder and attenuate inflammation in pathological process of
nonalcoholic fatty liver disease (NAFLD). However, the exact underlying mechanism remains unknown.The aim of this study was
to explore the effect of Yinchen Linggui Zhugan Decoction on experimental NAFLD and its mechanism in rats with high-fat diet
(HFD) which was established by 8-week administration of HFD. YCLGZGD, LGZGD, and YCHD were administered daily for 4
weeks, after which the rats were euthanized.The level of blood lipid, liver enzymes, H&E, and Oil Red O staining were determined
to evaluate NAFLD severity.Western blotting and real-time polymerase chain reactionwere, respectively, used to determine hepatic
protein and gene expression of Keap1, Nrf2, NQO1, and HO-1. Oral YCLGZGD ameliorated HFD-induced NAFLD. Furthermore,
YCLGZGD increased the protein and gene expression of Nrf2, NQO1, and HO-1 without changing Keap1. Overall, these results
suggest that YCLGZGD ameliorates HFD-induced NAFLD in rats by upregulating the Nrf2/ARE signaling pathway.

1. Introduction

Nonalcoholic fatty liver disease (NAFLD) is a type of liver
disease that includes simple hepatic steatosis, nonalcoholic
steatohepatitis (NASH), and irreversible cirrhosis [1]. The
prevalence of NAFLD has rapidly increased in parallel to
dramatic rise in obesity, diabetes [2, 3], hypertension [4, 5],
and dyslipidemia [6]. Currently, NAFLD is regarded as the
liver manifestation of metabolic syndrome. The pathogen-
esis of NAFLD is not fully understood thus far and the
reported therapeutic trails are still under investigation [7, 8].
Some researchers agree with the “2-hit” hypothesis for the
NAFLD pathogenesis. Briefly, the “first hit” involves hep-
atic triglyceride accumulation or steatosis. The “second hit”
represents the relationship between inflammatory cytokines

and oxidative stress. The Nrf2/antioxidant response element
(ARE) signaling pathway plays an important role in oxidative
stress and can induce the expression of antioxidative genes to
protect hepatocytes from apoptosis.

NAFLD management strategies often include lifestyle
modifications and pharmaceutical interventions [9–12].
However, compliance with the long-term lifestyle modifica-
tion is poor and most medicines have adverse effects, which
limit their usage [13]. Thus, it is necessary to develop novel
strategies with fewer side effects and high therapeutic
efficiency.

Chinese herbal medicine (CHM) has been traditionally
used in China and other Asian countries for thousands of
years and its use is now spreading worldwide. A unique and
basic feature of CHM is the use of a formula containing
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several herbs (mixed as a cocktail) to ameliorate various
abnormalities related to a certain disease. Herbal extracts
contain multiple natural compounds that can target vari-
ous pathological pathways underlying a disease, providing
therapeutic effects via a range of mechanisms. Linggui
Zhugan (LGZGD) and Yinchenhao (YCHD) decoctions are
two well-known traditional CHM, from Treatise on Febrile
Diseases, and consist of Fuling (Poria cocos), Guizhi (cassia
twig), Baizhu (Atractylodes macrocephala Koidz), Gancao
(licorice), Yinchen (herba artemisiae scopariae), Zhizi (Gar-
denia), and Dahuang (rhubarb). They are widely used to
treat obesity and diabetes. As for chemical composition
of YCHD and LGZGD, some previous researches were
conducted to discuss effective components partly in two
formulas by HPLC fingerprints. Catechins, anthraquinones,
iridoids, crocetin, and chlorogenic acid can be responsible
for curative effect of YCHD mainly [14], and LGZGD had
therapeutic effect because of almost twenty compounds such
as cinnamic acid, glycyrrhizic acid, and dehydrotumulosic
acid [15].

Owing to synergistic effect, their combination is also
used to treat NASH in clinics. In previous studies, we found
that Yinchen Linggui Zhugan Decoction (YCLGZGD) has
an anti-inflammatory effect [16, 17], which could regulate
lipid metabolism disorder and attenuate inflammation in
pathological process of NAFLD. Therefore, it is necessary to
explore the difference in therapeutic effect of combination of
compounds/herbs versus that of a single herb/compound and
its possible mechanism.

2. Materials and Methods

2.1. Preparation of LGZGD, YCHD, YCLGZGD, and Sul-
foraphane (SFN). LGZGD, YCHD, and YCLGZGD granules
were provided by PharmacyDepartment of DongfangHospi-
tal, Beijing University of Chinese Medicine (Beijing, China).
All granules contain equal amounts of ingredients of the
LGZGD decoction (Fuling 12 g, Guizhi 9 g, Baizhu 6 g, and
Gancao 6 g) and YCHD decoction (Yinchen 18 g, Zhizi 9 g,
and Dahuang 6 g). Yinchen Linggui Zhugan Decoction is a
combination of these two decoctions. SFN was purchased
from LKT Laboratories (St. Paul, Minnesota, USA).

2.2. Animals and Treatment. Male Sprague-Dawley (SD) rats
(7-week-old) were supplied by SPF Biotechnology Co. Ltd.
(Beijing, China). All experimental procedures were approved
by the Animal Ethics Committee of Beijing University of
Chinese Medicine (number 2015BZHYLL0201) and followed
the Regulations for Laboratory Animal Management. SD rats
were maintained on a 12 h light/dark cycle at 22 ± 2∘C with
ad libitum access to a standard chow diet (𝑛 = 10) or high-
fat diet (HFD, 34% fat, 19% protein, and 47% carbohydrate by
energy composition) (𝑛 = 10) for 8 weeks to induce NAFLD.
The granules and SFN were dissolved in 100mL of distilled
water and kept at 2–8∘Cuntil used.The rats received LGZGD,
YCHD, and YCLGZGD (3.465 g/kg/day, 3.465 g/kg/day, and
6.93 g/kg/day, p.o., 𝑛 = 10, resp.), and SFN (0.5mg/kg/day,
p.o., 𝑛 = 10) after 8 weeks of HFD feeding.The rats in control
group (fed chow; 𝑛 = 10) received saline (10mL/kg/day, p.o.,

𝑛 = 10). All groups were administered the drugs or saline for
4 weeks.

2.3. Determination of Metabolic Parameters: Liver Enzymes
and Blood Lipid Levels in Rats. At the end of treatment,
animals were anesthetized using 4% chloral hydrate after
12 h overnight fasting and blood samples were collected
from the abdominal aorta. Fasting serum triglycerides (TGs),
high-density lipoprotein cholesterol (HDL-C), and low-
density lipoprotein cholesterol (LDL-C) were analyzed using
enzyme-linked immunosorbent assay (ELISA) (Bio Sino, Bei-
jing, China). Fasting serum alanine aminotransferase (ALT)
and aspartate aminotransferase (AST) were also determined
by ELISA, as previously described [18].

2.4. Histological Analyses. A fresh liver tissue sample was
fixed with 10% formaldehyde solution. Paraffin-embedded
sections were used for hematoxylin and eosin (H&E) staining
(Ze-ping, Beijing, China). Frozen sections were stained with
Oil Red O (ORO; Sigma Aldrich, St. Louis, Missouri, USA).
Both staining methods were used to investigate architecture
of the liver and hepatic lipid droplets. H&E and ORO-
stained slides were visualized under a microscope (BX40,
Olympus, Beijing, China), and images were captured with
the attached digital camera using NIS Element SF 4.00.06
software (Beijing, China). For each group, liver samples from
3 to 5 rats were prepared and stained.

2.5. Western Blotting. To detect Keap1, Nrf2, NADPH
quinone-oxidoreductase-1 (NQO1), and heme-oxygenase
(HO-1) proteins, the liver tissue homogenates were extracted
using ice-cold tissue lysis buffer. Protein concentration
was determined using a BCA protein assay kit. Samples
were separated by 10% SDS-PAGE and transferred onto
polyvinylidene difluoride membranes. The membranes were
immunoblotted with primary antibodies for Keap1 (1 : 1000),
Nrf2 (1 : 1000), NQO1 (1 : 1000), HO-1 (1 : 1000) (Abcam,
USA), and 𝛽-actin (ZSGB-BIO, Beijing, China). Peroxidase-
conjugated secondary antibodies and an ECL detection
system were used according to routinely used methods as
previously described [19].The intensities of the protein bands
were analyzed using Gel-Pro 3.2 software. 𝛽-Actin protein
was used as the internal control to normalize the protein
loading.

2.6. Real-Time Polymerase Chain Reaction for Keap1, Nrf2,
NQO1, andHO-1 mRNAExpression. As previously described
[20], reverse transcription was performed with 1 𝜇g of total
RNA per 12 𝜇l reaction using a standard cDNA synthesis kit
(Takara, Japan).The real-time PCR primer sequences for tar-
get genes were as follows: Keap1, forward 5-TAACCGGCT-
TAACTCGGCAG-3 and reverse 5-GGAGGCTACGAA-
AGTCCAGG-3; Nrf2, forward 5-AGCAGGCTGAGA-
CTACCACT-3 and reverse 5-TCCAGTGAGGGGATC-
GATGA-3; NQO1, forward 5-GATTGTATTGGCCCA-
CGCAG-3 and reverse 5-GATTCGACCACCTCCCAT-
CC-3; HO, forward 5-GGGTCCTCACACTCAGTTTC-3
and reverse 5-CCAGGCATCTCCTTCCATTC-3; 𝛽-actin,
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Figure 1: Effect of LGZGD, YCHD, and YCLGZGD on serum ALT and AST levels. (a) ALT levels in serum; (b) AST levels in serum. Data
are means ± SD; 𝑛 = 10/group; ∗∗𝑃 < 0.01 versus control; #𝑃 < 0.05 and ##

𝑃 < 0.01 versus HFD.

forward 5-CCCATCTATGAGGGTTACG-3 and reverse
5-TTTAATGTCACGCACGATTTC-3 (CW-bio, Beijing,
China). The PCR conditions were as follows: an initial acti-
vation step at 95∘C for 5min, 45 cycles of amplification, and
a final melting curve (55–95∘C). For comparison, the cDNA
concentrations were normalized to 𝛽-actin PCR products.
The data were analyzed by using the 2−ΔΔCt method.

2.7. Data Analysis. All data are expressed as the mean ± SD,
unless otherwise indicated. SPSS v20.0 (IBM Corp, Armonk,
NY, USA) was used for statistical analyses. Data were ana-
lyzed by one-way ANOVA, followed by Student’s 𝑡-tests.
Differences were considered to be statistically significant at
𝑃 < 0.05.

3. Results

3.1. Effect of LGZGD, YCHD, and YCLGZGD on Lipid
Metabolism and Liver Enzymes in HFD-Fed Rats. All animals
tolerated the experimental procedures well, and no deaths
occurred during the study. Serum ALT (62.50 ± 9.66U/L)
and AST (266.00 ± 19.30U/L) concentrations in HFD-fed
rats were significantly higher than those in chow-fed rats
[ALT (43.50 ± 10.50U/L) and AST (162.14 ± 13.50U/L); 𝑃 <
0.01]. Treatment with LGZGD [ALT (47.52±11.10U/L), AST
(173.33 ± 25.60U/L)], YCHD [ALT (42.55 ± 9.35U/L), AST
(219.40 ± 24.56U/L)], YCLGZGD [ALT (41.55 ± 9.96U/L),
AST (164.56 ± 14.60U/L)], SFN [ALT (39.77 ± 10.24U/L),
and AST (205.00 ± 12.36U/L)] significantly attenuated the
elevated ALT and AST levels (𝑃 < 0.05, 𝑃 < 0.01, Figure 1).

TG levels decreased in YCHD [0.67 ± 0.10mmol/L] and
YCLGZGD [0.54 ± 0.09mmol/L] group compared to that
in the HFD model group [0.85 ± 0.08mmol/L, 𝑃 < 0.01].

LGZGD also decreased TG concentration, but statistical sig-
nificance was not achieved (𝑃 > 0.05). Furthermore, LGZGD
[0.68 ± 0.19mmol/L], YCLGZGD [0.61 ± 0.14mmol/L],
and SFN [0.50 ± 0.13mmol/L, 𝑃 < 0.01] decreased TC
concentrations compared to that in the HFD model group
[0.86 ± 0.18mmol/L, 𝑃 < 0.01]. However, YCHD did not
decrease TC significantly (𝑃 > 0.05). LGZGD [0.35 ±
0.10mmol/L], YCHD [0.30 ± 0.07mmol/L], YCLGZGD
[0.26 ± 0.06mmol/L], and SFN [0.23 ± 0.05mmol/L] treat-
ments significantly attenuated the elevated LDL level [0.47 ±
0.09mmol/L in HFD, 𝑃 < 0.05, 𝑃 < 0.01]. HDL-C levels
increased in YCHD [0.57±0.12mmol/L], YCLGZGD [0.59±
0.13mmol/L], and SFN [0.69 ± 0.12mmol/L] groups com-
pared to that in the HFD model group [0.32 ± 0.08mmol/L,
𝑃 < 0.01] (Figure 2). However, the effects of LGZGDwere not
significantly different compared to the HFD group (𝑃 > 0.05,
Figure 2).

3.2. LGZGD, YCHD, and YCLGZGD Treatment Alleviated
Hepatic Morphological Changes. Photomicrographs of the
H&E-stained tissue sections showed that the majority of the
hepatocytes of HFD-fed rats were distended owing to the
presence of fat compared to that reported for the control
group (Figures 3(a) and 3(b)), indicating that HFD feeding
increased hepatic fat deposits.TheH&E-stained sections also
displayed steatosis, ballooning degeneration, and infiltration
of inflammatory cells in the intercellular substance, which
could have caused conspicuous swelling of cells and cyto-
plasmic vacuolation (Figure 3(b)). Treatment of HFD-fed
rats with LGZGD, YCHD, YCLGZGD, and SFN reduced fat
deposits in the liver (Figures 3(c), 3(d), 3(e), and 3(f)). Groups
treated with LGZGD, YCHD, and YCLGZGD showed lower
fat deposits than theHFD group did as shown in Figures 3(c),
3(d), and 3(e).
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Figure 2: Effect of LGZGD, YCHD, and YCLGZGD on serum levels of TG, TC, HDL, and LDL. Serum levels of (a) TG; (b) TC; (c) HDL; (d)
LDL are shown. Data are means ± SD 𝑛 = 10 rats/group; ∗∗𝑃 < 0.01 versus control; #𝑃 < 0.05 and ##

𝑃 < 0.01 versus HFD.

Only few lipid droplets were detected in the ORO-stained
frozen liver sections from the control group (Figure 4(a)).
Compared to the HFD-fed model rats (Figure 4(b)), treat-
ment with LGZGD, YCHD, YCLGZGD, and SFN remarkably
reduced lipid droplets deposited in the hepatocytes (Figures
4(c), 4(d), 4(e), and 4(f)).

3.3. LGZGD, YCHD, and YCLGZGD Regulated Hepatic Keap1
Protein and Keap1 mRNA Expression in HFD-Fed Rats. The
HFDgroup showed a lowerKeap1 expression than the control
group did (𝑃 < 0.05). Similarly, LGZGD, YCHD, YCLGZGD,
and SFN treatment groups had a lower Keap1 expression than
the control group did (𝑃 < 0.05). However, there was no
significant difference in Keap1 expression between all other

groups and HFD group (𝑃 > 0.05, Figure 5). The expression
of Keap1 gene was similar among all six groups.

3.4. LGZGD, YCHD, and YCLGZGD Increased Hepatic Nrf2
Protein and Nrf2 mRNA Expression in HFD-Fed Rats. We
investigated whether LGZGD, YCHD, and YCLGZGD had
a regulatory effect on Nrf2 expression in the liver. Nrf2
levels in the liver significantly increased in the HFD group
(𝑃 < 0.05) compared to that in the control group. LGZGD,
YCLGZGD, and SFN treatment showed a sharp increase in
Nrf2 expression (𝑃 < 0.01) compared to that reported for the
HFD group.

Next, Nrf2 gene expression was measured to confirm the
effects of YCLGZGD on the liver. As shown in Figure 6,
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Figure 3: The results of H&E staining, ×200. (a) Control fed rat, (b) HFD model rats, (c) LGZGD treatment rats, (d) YCHD treatment rats,
(e) YCLGZGD treatment rats, and (f) SFN treatment rats.

HFD group had a significantly elevated hepatic Nrf2 gene
expression compared to that reported for the control group
(𝑃 < 0.05). Treatment with LGZGD, YCLGZGD, and SFN
increased Nrf2 gene expression compared to that in the HFD
group (#𝑃 < 0.05 and ##

𝑃 < 0.01, Figure 6).

3.5. LGZGD, YCHD, and YCLGZGDRegulatedHepatic NQO1
Protein and NQO1 mRNA Expression in HFD-Fed Rats. The
HFDgroup showed higherNQO1 expression than the control
group did (𝑃 < 0.01). Similarly, LGZGD, YCLGZGD, and
SFN groups had a higher NQO1 expression than the HFD
group did (𝑃 < 0.05, Figure 7).The expression of NQO1 gene
was similar to the tendency of protein among the four tested
groups.

3.6. LGZGD, YCHD, and YCLGZGD Treatment Increased
Hepatic HO-1 Protein and HO-1 mRNA Expression in HFD-
Fed Rats. We investigated whether YCLGZGD had a reg-
ulatory effect on HO-1 expression in the liver. HO-1 lev-
els in the liver significantly increased in the HFD group
(𝑃 < 0.05) compared to that in the control group. LGZGD,
YCLGZGD, and SFN treatment resulted in a sharp increase in
HO-1 expression (𝑃 < 0.05 and 𝑃 < 0.01 versus the HFD
group).

Furthermore, HO-1 gene expression was measured to
confirm the effects of YCLGZGD on the liver. As shown in
Figure 8, HFD group had a significantly higher hepatic Nrf2
gene expression than the control group did (𝑃 < 0.05).
LGZGD, YCLGZGD, and SFN treatment groups showed an
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(c) (d)
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Figure 4: Oil RedO-stained sections,×100.The red blots show lipid drops in hepatocytes. (a) Control fed rat, (b)HFDmodel rats, (c) LGZGD
treatment rats, (d) YCHD treatment rats, (e) YCLGZGD treatment rats, and (f) SFN treatment rats.

increased Nrf2 gene expression compared to that in the HFD
group (##𝑃 < 0.01, Figure 8).

4. Discussion

NAFLD, a multifactorial disorder caused by various genetic
and environmental factors, is considered to be closely
associated with hepatic metabolic disorders, resulting in
overaccumulation of fatty acids/TGs and cholesterol. The
presence of steatosis is closely associated with chronic hep-
atic inflammation [21], which is mainly caused by oxida-
tive stress and lipid peroxidation (LPO) during the sec-
ond hit. Free fatty acid oxidation results in production
of copious amounts of reactive oxygen species, promoting

oxidative stress through severalmitochondria-centered path-
ways. The Nrf2/ARE signaling pathway is involved in this
process.

Nrf2 is a key transcription factor that combats cellular
oxidative stress. However, whether Nrf2 plays a role in
hepatic lipotoxicity is still uncertain.Moreover, themolecular
mechanism responsible for the regulation of Nrf2-mediated
lipid accumulation remains elusive. Nrf2-null mice exhibited
higher lipid accumulation, elevated hepatic fatty acid levels,
and oxidative stress after feeding an HFD [22]. Further-
more, the livers of Nrf2-knockout mice fed methionine-
and choline-deficient diets exhibited relatively high oxidative
stress and inflammation, suggesting that impairedNrf2 activ-
ity might be a risk factor for NAFLD [23–25].
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Figure 5: LGZGD, YCHD, and YCLGZGD regulated the hepatic
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ARE is a nucleotide motif sequence that exists in 5-
upstream promoter region of genes with antioxidative stress.
It is widely accepted that Nrf2 is responsible for ARE-
dependent gene activation, which can upregulate phase
II detoxification and antioxidant enzymes, such as HO-1,
NQO1, and superoxide dismutase (SOD).

Keap1 has been shown to interact with the Neh2 (Nrf2-
ECH homology domain 2) degron domain of Nrf2 [26]. It is
an adaptor subunit of a cullin-3- (CUL3-) based ubiquitin E3
ligase [27]. Under unstressed conditions, Keap1 binds to Nrf2
in the cytoplasm and promotes the ubiquitination and pro-
teasomal degradation of Nrf2. Upon exposure to chemicals
(often electrophiles) or reactive oxygen species, the ubiquitin
E3 ligase activity of the Keap1–CUL3 complex decreases, and
Nrf2 is stabilized. The stabilized Nrf2 accumulates in the
nucleus and activates its target genes.

HFD-induced NAFLD animal models have been widely
used to identify the pathogenesis and evaluate new treatments
[28, 29]. The results of the present study showed that 8 weeks
of HFD feeding induced fatty liver disease in SD rats. The
rats showed key biochemical features of NAFLD, including
elevation of hepatic enzyme levels, hyperlipidemia associated
with increased TG accumulation in the liver, histological
changes such as steatosis, lobular, and portal inflammation,
and hepatocyte injury, for example, ballooning; all of these are
characteristics of metabolic syndrome [30]. Furthermore, the
histological abnormalities observed in the H&E and ORO-
stained liver samples in theHFD-fed rats were consistentwith
the previous reports [31].

Sulforaphane is an isothiocyanate compound most com-
monly obtained from cruciferous vegetables [32]. It is pro-
duced in plants as a xenobiotic response to predation via
vesicular release of the hydrolytic enzyme myrosinase from
damaged cells, which converts glucosinolates to isothio-
cyanates [33]. Over the last two decades, SFN has been exten-
sively characterized for its reported anticancer, antioxidant,
and antimicrobial properties [34]. These activities have been
mainly attributed to the ability of SFN tomodulate the Keap1-
Nrf2-ARE signaling pathway.

In previous studies, some researches showed several
chemicals which were contained in Chinese herbal medicine
such as Panax notoginseng [35], salviae miltiorrhizae [36, 37],
Ligusticum wallichii [38], and Forsythia suspense [39, 40] and
have Nrf2 activating activities. Few components in YCHD
and LGZGD were reported to join in this process except
licorice [41]. However, the effects of a kind of compound
in the formula are not equal to it alone. Formula has the
advantage of the whole regulation in different aspects such
as improvement in liver enzymes, blood lipid, and symptoms
in patients [42].

In the present study, we evaluated the therapeutic efficacy
of different treatments in an NASH rat model. Although all
three CHM treatments showed therapeutic effects on NASH
in rats fed on HFD, the rats in the YCLGZGD group showed
more therapeutic improvement, especially in TG and HDL
level, than the rats in other two groups did, indicating that
LGZGD in combination with YCHD has synergistic effects.
We also measured the expression of proteins and genes
involved in the Nrf2/ARE signaling pathway. The expression

of Nrf2, NQO1, and HO-1 proteins and genes in LGZGD
and YCLGZGD treatment groups was similar to that in the
SFN group, whereas Keap1 expression was similar between
the treatment and HFD groups. This indicates that LGZGD
and YCLGZGD regulate the Nrf2/ARE signaling pathway
without decreasing Keap1 expression. However, we did not
observe obvious effects of YCHDon the proteins and genes in
the Nrf2/ARE signaling pathway. YCHDmay take advantage
of other mechanisms in treating NASH, which need to be
explored in the future.

Taken together, the results of the present study showed
that YCLGZGD alleviated NAFLD by attenuating oxidative
stress and improving lipid regulation, thus providing data to
support its clinical use. Because the medicinal herbs present
in YCLGZGD have been used in TCM for thousands of
years, YCLGZGD is considered safe and tolerable. In con-
clusion, YCLGZGD can be an optimal approach for NAFLD
management given its capacity to regulate oxidative stress,
lipid metabolism, inflammatory response, and histological
abnormalities via the Nrf2/ARE signaling pathway.

Conflicts of Interest

The authors declare that there are no conflicts of interest
regarding the publication of this paper.

Authors’ Contributions

Yi Guo and Jun-xiang Li contributed equally to this work.

Acknowledgments

This studywas supported by theNational Science Foundation
ofChina (Grant no. 81503549), the SpecializedResearch Fund
for the Doctoral Program of Higher Education of China
(Grant no. 20130013110007), and the self-selected topic of the
Beijing University of Chinese Medicine (Grant no. 2015-JYB-
JSMS-110).

References

[1] D. A. Sass, P. Chang, and K. B. Chopra, “Nonalcoholic fatty liver
disease: a clinical review,” Digestive Diseases and Sciences, vol.
50, no. 1, pp. 171–180, 2005.

[2] M. Charlton, “Nonalcoholic fatty liver disease: a review of
current understanding and future impact,” Clinical Gastroen-
terology and Hepatology, vol. 2, no. 12, pp. 1048–1058, 2004.

[3] R. Vuppalanchi and N. Chalasani, “Nonalcoholic fatty liver dis-
ease and nonalcoholic steatohepatitis: selected practical issues
in their evaluation and management,”Hepatology, vol. 49, no. 1,
pp. 306–317, 2009.

[4] J.-H. Ryoo, Y. J. Suh, H. C. Shin, Y. K. Cho, J.-M. Choi, and
S. K. Park, “Clinical association between non-alcoholic fatty
liver disease and the development of hypertension,” Journal of
Gastroenterology and Hepatology (Australia), vol. 29, no. 11, pp.
1926–1931, 2014.

[5] J.-H. Ryoo, W. T. Ham, J.-M. Choi et al., “Clinical significance
of non-alcoholic fatty liver disease as a risk factor for prehyper-
tension,” Journal of Korean Medical Science, vol. 29, no. 7, pp.
973–979, 2014.



10 Evidence-Based Complementary and Alternative Medicine

[6] N. Katsiki, D. P. Mikhailidis, and C. S. Mantzoros, “Non-
alcoholic fatty liver disease and dyslipidemia: An update,”
Metabolism: Clinical and Experimental, vol. 65, no. 8, pp. 1109–
1123, 2016.

[7] J. K. Dowman, J.W. Tomlinson, and P. N. Newsome, “Pathogen-
esis of non-alcoholic fatty liver disease,”QJM, vol. 103, no. 2, pp.
71–83, 2010.

[8] M. Enjoji, K. Yasutake, M. Kohjima, and M. Nakamuta, “Nutri-
tion and nonalcoholic fatty liver disease: the significance of
cholesterol,” International Journal of Hepatology, vol. 2012, 6
pages, 2012.

[9] G. F. Watts, “Nutrition and metabolism: nutritional therapy for
disordered triglyceride metabolism and nonalcoholic fatty liver
disease,” Current Opinion in Lipidology, vol. 21, no. 6, pp. 545–
547, 2010.

[10] D. B. Andrews and J. E. Lavine, “Medical therapy for nonal-
coholic fatty liver disease in children and adolescents,” Expert
Review of Gastroenterology and Hepatology, vol. 6, no. 1, pp. 1–3,
2012.

[11] C. Eckard, R. Cole, J. Lockwood et al., “Prospective histopatho-
logic evaluation of lifestyle modification in nonalcoholic fatty
liver disease: a randomized trial,” Therapeutic Advances in
Gastroenterology, vol. 6, no. 4, pp. 249–259, 2013.
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Nonalcoholic steatohepatitis (NASH) is featured by the presence of hepatic steatosis combined with inflammation and hepatocel-
lular injury. Gut-derived endotoxin plays a crucial role in the pathogenesis of NASH. Salvia-Nelumbinis naturalis (SNN), a formula
of Traditional Chinese Medicine, has been identified to be effective for NASH, but the mechanisms were not thoroughly explored.
In the present study, a NASH model was generated using C57BL/6 mice fed a high fat diet (HFD) supplemented periodically
with dextran sulfate sodium (DSS) in drinking water for 12 weeks. Mice fed HFD alone (without DSS) or chow diet were used
as controls. The NASH mice were given the SNN extracts in the following 4 weeks, while control mice were provided with saline.
Mice fedHFDdeveloped steatosis, andDSS supplementation resulted inNASH.The SNN extracts significantly improvedmetabolic
disorders including obesity, dyslipidemia, and liver steatosis and reduced hepatic inflammation, circulating tumor necrosis factor-𝛼
(TNF-𝛼), and lipopolysaccharide (LPS) levels.The beneficial effect of the SNN extracts was associated with restoration of intestinal
conditions (microbiota, integrity of intestinal barrier) and inhibition of TLR4/NF-𝜅B activation.These results suggest that the SNN
extracts ameliorate NASH progression, possibly through blocking endotoxin related TLR4/NF-𝜅B activation.

1. Introduction

Nonalcoholic fatty liver disease (NAFLD) is a main cause of
chronic liver diseases, and the global prevalence is approx-
imately 24% [1]. The progressive form of NAFLD has been
referred to as nonalcoholic steatohepatitis (NASH). Although
NASH represents the minority (10–20%) of patients with
NAFLD, it can potentially progress to advanced liver disease
leading to cirrhosis, liver-related mortality, and hepatocellu-
lar carcinoma (HCC) [2]. Since simple fatty liver is considered
to be benign, determination of the risks factors of dis-
ease progression is of vital importance. Histological studies
identified that the degree of inflammation is the strongest
and independent predictor for NAFLD progression [3]. Our
current understanding of the pathophysiology of NASH is

that excessive fat accumulation coexists with inflammation
and cell injury in the liver.Thus, ideal pharmaceutical therapy
for NASH should both improve metabolic conditions and
target the mechanisms of hepatic cell injury.

NASH is characterized by Kupffer cell activation, and
dysbiosis-driven inflammatory plays a vital role [4]. Intesti-
nal microorganisms (endotoxin) produced by opportunistic
pathogen in the intestine could enter liver directly through
portal vein. These highly conserved molecules known as
“pathogen associated molecular patterns” (PAMPs) can be
recognized specifically by pattern recognition receptors
(PRRs), such as toll-like receptors (TLRs). Studies demon-
strated that intraperitoneally injection of LPS, themajor com-
ponent of the outer membrane of Gram-negative bacteria,
can exaggerate liver inflammation in high fat diet (HFD) or
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high calorie diet feeding animals, further indicating the role
of gut-derived endotoxin in promoting NASH development
[5, 6]. The LPS sensor TLR4 could subsequently trigger a
cascade ofmolecules leading to activation of nuclear factor𝜅B
(NF-𝜅B) and production of proinflammatory cytokines and
chemokines [7]. In addition, activation of TLRs also attracts
other immune cells to the infected sites, thus contributing to
the development of NASH.

Prevention and treatment of NASH still confront great
obstacles currently. Diet and lifestyle modification are rec-
ommended as the first-line therapy. However, these measures
cannot be implemented efficiently or maintained in the long
run. The need for specific pharmacotherapy is urgent, yet
the options available are limited. Recently, natural products
have attracted increasing interest in preventing and treat-
ing NASH [8]. Herbal medicines derived from Traditional
Chinese Medicine (TCM) theories have been applied for
treating liver diseases for thousands of years in China.
The extracts of Salvia-Nelumbinis naturalis (SNN) formula,
initially called Jiangzhi Granula and designed entirely based
on TCM theories, have been used to treat NAFLD. We
have shown that the SNN extracts can ameliorate NAFLD
and related metabolic disorders in patients in a multicenter,
randomized, double-blind, placebo-controlled clinical trial
[9]. Both in vivo and in vitro experiments in our previous
studies confirmed beneficial effects of SNN or its ingredients
on insulin resistance and lipid accumulation [10]. Using
methionine/choline deficient (MCD) diet-induced NASH
model, we have found that the SNN extracts can protect
the liver from server damage through improving hepatic
antioxidant capability [11]. However, whether SNN extracts
can exert a beneficial effect on liver injury related to gut-
derived endotoxin has not been determined.

In the present study, we applied NASH mice induced by
HFD supplemented with dextran sulfate sodium (DSS) and
determined the role of endotoxin in NASH development.
With these animals, we assessed the efficacy and potential
mechanisms of the SNN extracts in treating of NASH.

2. Materials and Methods

2.1. Preparation of SNN Extracts. The SNN extracts were
prepared as previously described [8]. Briefly, the medicinal
materials, 1.5 portion of Salviae, 1 portion of Nelumbinis,
2.5 portion of Rhizoma Polygoni Cuspidati, and 1.5 portion
of Herba Artemisiae Scopariae, were triturated and blended
to powder and then mixed with water/methanol (5 : 95,
V/V) for sonication, filtration, and vacuum condensation
to obtain the extracts. Methanol was removed from the
extracts to gain powder before animal experiments.Themain
chemical components of the extracts were compared with
the previously established standard [12], and 1 g medicinal
material can get 200mg extracts.

2.2. Mouse Experiments. Male C57BL/6 mice, 6 weeks of age,
were purchased from SLAC Animal Laboratories (Shang-
hai, China). After one-week acclimatization, the mice were
divided into 3 groups: the chow group (𝑛 = 10) received
standard control diet (SLAC Animal Laboratories, Shanghai,

China); HFD group (𝑛 = 6) received HFD (60% of calories
derived from fat, Research Diets, NJ, USA); the HF-DSS
group (𝑛 = 26) received HFD supplemented with 1% DSS
(MP Biomedicals, Solon, OH, USA) in drinking water. DSS
was given in cycles; each cycle consisted of a 7-day DSS
administration followed by a 10-day interval with normal
drinking water. After 12 weeks of feeding, HFD group mice
and 6 mice from the HF-DSS group were sacrificed to
evaluate themodel.The remainingHF-DSSmicewere further
divided into 2 groups: HF-DSS group (𝑛 = 10) remained on
HF-DSS diet, while mice in treatment group (𝑛 = 10) were
given the SNN extracts (750mg/kg) for 4 weeks by gavage.

The body weight and food intake of the mice were
recorded at every DSS treatment cycle. The animal protocols
were performed in accordance with the guidelines with
approval of the Animal Experiment Ethics Committee at
Shanghai University of Traditional Chinese Medicine.

2.3. Serum Biochemical and Immunological Analysis. After
12 h fasting, mice were anaesthetized with sodium pentobar-
bital (100mg/kg) and sacrificed. Blood was collected, and
serum triglyceride (TG), total cholesterol (TC), low density
lipoprotein cholesterol (LDL-c), high density lipoprotein
cholesterol (HDL-c), alanine transaminase (ALT), aspartate
transaminase (AST), alkaline phosphatase (ALP), and lactate
dehydrogenase (LDH) were analyzed using the Hitachi full-
automatic system. Serum LPS and tumor necrosis factor-𝛼
(TNF-𝛼) were detected by ELISA kits (Westang Testmart)
according to the manufacturer’s instructions.

2.4. Hepatic Lipid Content Analysis. Hepatic TG and TC
contents were qualified as described previously [8]. Briefly,
liver tissue (200mg) was homogenized in 3ml of ethanol-
acetone (1 : 1) mixture. The homogenate was extracted over
night at 4∘C and centrifuged for 15min at 3,000 rpm at
4∘C. The organic layer was collected, and TG and TC were
qualified using commercial kits (Jiancheng tech, Nanjing,
China).

2.5. Histology and Immunohistochemistry Analysis. The liver
and colon tissues were fixed in 10% formaldehyde, and
paraffin-embedded sections (4 𝜇m thickness) were prepared
forH&E staining. Frozen liver sections (8𝜇m thickness) were
fixed with 10% paraformaldehyde at room temperature for
30min and stained with Oil Red O (Sigma, St. Louis, MO)
for 60min. Immunohistochemical staining (IHC) with F4/80
(1 : 200, Abcam, Cambridge, UK) was performed on 4𝜇m
thick paraffin-embedded liver sections following the man-
ufacturer’s protocol. Images were captured using Olympus
IX71 Inverted microscope (Tokyo, Japan).

2.6. Fecal DNA Extraction, Pyrosequencing, and Bioinformat-
ics Statistics. Fresh feces were collected from the ileocecal
region of the mice, and genomic DNA was extracted by
QIAamp DNA stool mini kit (Qiagen, Germany) as previ-
ously described [13]. Purity was determined and concen-
tration was calculated. The extracted DNA was used as the
template to amplify the V3 region of 16S rDNA genes. PCR
reaction, pyrosequence, and quality control were performed



Evidence-Based Complementary and Alternative Medicine 3

Table 1: Sequences of the primers used for PCR.

Genes Forward primer Reverse primer
TNF𝛼 CCCTCCAGAAAAGACACCATG CACCCCGAAGTTCAGTAGACAG
IL1𝛽 GCTTCAGGCAGGCAGTATCA TGCAGTTGTCTAATGGGAACG
IL-6 GGGACTGATGCTGGTGACAAC CAACTCTTTTCTCATTTCCACGA
MCP-1 GCTGACCCCAAGAAGGAATG TTGAGGTGGTTGTGGAAAAGG
TLR2 TTCACCACTGCCCGTAGATG GGTACAGTCGTCGAACTCTACCTC
TLR4 TTACACGTCCATCGGTTGATC TACACCTGCCAGAGACATTGC
GAPDH GTGCCGCCTGGAGAAACC GGTGGAAGAGTGGGAGTTGC

as described previously [13].Thehigh-quality valid readswere
clustered into operational taxonomic units (OTUs) using
Mothur (http://www.mothur.org/). Rarefaction curve analy-
sis and Shannon diversity index were analyzed according to
the representative sequences of OTUs. A heat map was gen-
erated by R software (http://www.R-project.org). Taxonomy-
based analysis was performed using the Ribosomal Database
Project (RDP) classifier.

2.7. Cell Culture and Treatment. Kupffer cells were isolated
from pathogen-free male C57/BL6 mice (6–8 weeks, weigh-
ing 20 ± 0.5 g) as previously described [14], and their identity
was authenticated by the engulfment of immunofluorescence
beads. After a 24 h recovery period from isolation, the pri-
mary Kupffer cells were cultured in the absence or presence
of 50, 100, and 200 ng/ml of LPS (Sigma, St. Louis, MO) for 1,
2, and 4 h.

2.8. Quantitative Real-Time PCR. Total RNA was extracted
from the liver or LPS treated Kupffer cells using a TRIzol
reagent (Invitrogen Corp, Carlsbad, CA, USA) and reversely
transcribed into cDNA using reverse transcription kits
(Promega, Madison, WI, USA). Sequences of the primers
(obtained from Shine Gene, Shanghai, China) used in the
experiments were shown in Table 1. Quantitative real-time
PCR (qRT-PCR) was performed using the SYBR Green
PCR Master Mix kit (TOYOBO, Osaka, Japan) according
to the manufacturer’s protocol. Quantification of the mRNA
concentrations was carried out using the AB StepOnePlus
Real-Time PCR System (Applied Biosystems, Carlsbad, CA,
USA). The relative mRNA levels were normalized using
GAPDH as an internal control and expressed as fold change
relative to the control.

2.9. Western Blot Analysis. Primary antibodies used for
Western blot analysis were anti-zonula occludens 1 (ZO-
1), anti-occludin, anti-claudin-1 (Thermo Scientific, Rock-
ford, USA), anti-phosphorylated p65, anti-phosphorylated
I𝜅B, anti-p65, anti-I𝜅B (Cell Signaling Technology, Danvers,
USA), anti-TIRAP (Toll-interleukin 1 receptor domain con-
taining adaptor protein), anti-IRAK1 (interleukin-1 receptor-
associated kinase 1), anti-IRAK4 (Proteintech, Wuhan,
China), anti-TRAF6 (TNF receptor-associated factor 6), anti-
TLR4 (Abcam, Cambridge, MA, USA), anti-𝛽-actin, and
anti-Histone H3 (Hua’an Biological Technology, Hangzhou,
China). The antibody-antigen complexes were visualized by
using the ECL (Electrochemiluminescence) kit (Millipore,

Table 2: The change of body weight, liver weight, and food intake
of the mice.

Parameters Control HF-DSS SNN
Body weight (g) 28.5 ± 0.64 32.5 ± 1.51∗∗ 27.9 ± 1.56#

Liver weight (g) 1.3 ± 0.03 1.5 ± 0.04∗∗ 1.2 ± 0.07##

Liver/body weight (%) 4.6 ± 0.06 4.5 ± 0.15 4.0 ± 0.10#

Food intake (g/d) 11.9 ± 0.23 7.9 ± 0.38∗∗∗ 8.0 ± 1.07

𝑛 = 10 per group, ∗∗𝑃 < 0.01, ∗∗∗𝑃 < 0.001 versus control group; #𝑃 < 0.05,
##
𝑃 < 0.01 versus HF-DSS group.

Billerica, USA). The intensity of the immunoreactive bands
was semiquantified using the GeneTools (SynGene, Freder-
ick, USA).

2.10. Statistical Analysis. SPSS 18.0 and GraphPad Prism 5
were used for data analysis. Data were expressed as means ±
standard error (SE). One-way analysis of variance (ANOVA)
with Tukey’s correction was applied for differences between
two groups, and 𝑃 < 0.05 was accepted as statistically
significant.

3. Results

3.1. Intestinal Damage Promotes Steatohepatitis. Male
C57Bl/6 mice fed 12-week HFD exhibited obvious hepatic
steatosis but no sign of inflammation in liver sections
(Figure 1(a)). Supplementation of HFD with DSS, however,
resulted in damage in the intestinal barriers, which was
associated with significant hepatic steatosis combined with
inflammation foci (Figures 1(a) and 1(b)). While the liver
TG contents were comparable between the two groups of
mice (Figure 1(c)), the HF-DSS mice presented increased
level of serum AST (Figure 1(d)) and ALP (Figure 1(e)),
suggesting that intestinal damage might have contributed to
the development of NASH.

3.2. The SNN Extracts Treatment Alleviated Hepatomegaly
in NASH Mice. NASH mice developed hepatomegaly and
exhibit increased body weight (Table 2); the ratio of
liver/body weight of NASH mice was not different from that
in controlmice fed a normal chowdiet (Table 2). After 4-week
SNN treatment, body weight, liver weight, and liver/body
weight ratio were all significantly decreased compared with
those of untreated NASHmice (Table 2). Because food intake
between untreated and SNN-treated groups was identical

http://www.mothur.org/
http://www.R-project.org
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Figure 1: DSS supplementation promotes steatohepatitis. Male C57Bl/6 mice (7 weeks of age) were either fed HFD supplemented periodically
with DSS in drinking water (𝑛 = 6) or HFD alone (𝑛 = 6) for 12 weeks. The mice were sacrificed, and liver tissue and serum were collected.
Liver sections were stained with H&E (a) and Oil Red O (b). Image magnification ×200. TG contents in the liver (c), serum AST (d), and
ALP (e) were analyzed. Data were present as mean ± SE, ∗𝑃 < 0.05, ∗∗∗𝑃 < 0.001 versus HFD mice.

(Table 2), the beneficial effect of the SNN extracts on body
weight and liver weight was unlikely related to changes in
satiety.

3.3. The SNN Extracts Improved Serum Lipid Profiles and
Enzymes in NASH Mice. NASH mice developed hyperlipi-
demia after 16 weeks of HF-DSS feeding.Thus, the serumTC,
TG, and LDL-c concentrations were increased as compared

to that in chow diet fed controls (Figure 2). Treatment
of mice with the SNN extracts for 4 weeks significantly
reduced the serum TG concentration, whereas the serum TC
concentration was restored to normal as compared to that in
untreated NASHmice (Figures 2(a) and 2(b)). Unexpectedly,
the level of HDL-c was significantly increased in NASHmice,
while there were no differences in HDL-c between the SNN-
treated and untreated groups (Figure 2(c)).
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Figure 2: The effect of SNN extracts on serum lipid profiles and enzymes. Male C57Bl/6 mice (7 weeks of age) were fed HF-DSS diet for 12
weeks followed by either 4-week SNN (𝑛 = 10) or normal saline supplementation via gavage (𝑛 = 10), while chow diet mice were set as
controls (Con, 𝑛 = 8). The mice were sacrificed, blood was collected, and serum was separated. Serum TC (a), TG (b), HDL-c (c), and LDL-c
(d) were analyzed; enzymes ALT (e), AST (f), LDH (g), and ALP (h) in serum were detected. Data were present as mean ± SE, ∗𝑃 < 0.05,
∗∗∗
𝑃 < 0.001 versus Con mice; 𝑃 < 0.05, 𝑃 < 0.01 versus HF-DSS (NASH) mice.

Liver enzymes (AST, ALP, and LDH) were significantly
increased in mice fed HF-DSS diet, and the SNN extract
treatment resulted in markedly decreased serum AST and
ALP in these mice (Figures 2(f)–2(h)). There was no differ-
ence in serum ALT between NASH mice and chow diet fed
mice. However, the SNN extract treated mice had lowered
serum ALT compared with that in untreated NASH mice
(Figure 2(e)).

3.4. The SNN Extracts Attenuated Hepatic Steatosis in NASH
Mice. Upon HF-DSS dieting, mice developed obvious hep-
atic steatosis as demonstrated by histologic analysis using Oil
Red O staining of the liver sections (Figure 3(a)). Increased
hepatic TG and TC contents were in accordance with the
observed histologic changes (Figures 3(b) and 3(c)). The
hepatic steatosis was attenuated upon the SNN extracts
treatment. Likewise, hepatic TG content was also markedly
reduced in mice treated with the SNN extracts (Figure 3(b)).
However, the SNNextracts treatment had no effect on hepatic
TC concentration in NASH mice (Figure 3(c)).

3.5. SNN Treatment Ameliorated Liver Inflammation in NASH
Mice. NASH mice developed hepatic steatosis and inflam-
mation, and both of which were alleviated by the 4-week
SNN extracts gavage (Figure 4(a)). Immunohistochemical
(IHC) staining of liver sections of NASH mice showed that
expression of F4/80, the membrane protein and an indicator
of activated Kupffer cells, was decreased after the SNN
extract treatment (Figure 4(b)). The mRNA concentrations

of monocyte chemotactic protein 1 (MCP-1), IL-6, and TNF-
𝛼 in the liver were significantly increased in NASHmice, and
the increase was largely blocked by SNN extracts treatment
(Figures 4(c)–4(e)).

3.6. Effect of the SNN Extracts Treatment on Gut Microbiota
in NASH Mice. We performed 16s rDNA analysis using
Illumine MiSeq and detected seven dominant phyla in the
mouse feces, namely, Bacteroidetes, Firmicutes, Proteobac-
teria, Tenericutes, Deferribacteres, TM7, and Actinobacteria
(Figure 5(a)). In NASH mice, the relative abundance of Fir-
micutes was significantly decreased and that of Bacteroidetes
and Proteobacteria was significantly increased as compared
to that in the control mice (Figures 5(b)–5(d)). Treatment
with the SNN extracts for 4 weeks resulted in partial nor-
malization of the decreased abundance of Firmicutes and
increased abundance of Proteobacteria (Figures 5(b) and
5(d)). However, the bacterial diversity of the gut microbiota
was not affected by the SNN extract treatment as suggested
by the Shannon-Wiener curves (Figure 5(e)) and rarefaction
curves (Figure 5(f)).

The major bacterial families identified in our analysis are
shown in the hierarchical clustering heat map (Figure 5(g)).
Altogether, 12 altered bacterial families were detected in
NASH mice. With the SNN extract treatment, the relative
abundance of Ruminococcaceae and Lachnospiraceae was
increased, whereas the relative abundance of Desulfovibri-
onales and Campylobacterales was reduced in comparison to
that in untreated NASH mice (Figure 5(g)).
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Figure 3:The effect of SNN extracts on hepatic steatosis. Male C57Bl/6 mice (7 weeks of age) were fed HF-DSS diet for 12 weeks followed by
either 4-week SNN (𝑛 = 10) or normal saline supplementation via gavage (𝑛 = 10), while chow diet mice were set as controls (Con, 𝑛 = 8).
The mice were sacrificed, and liver tissues were collected and stained with Oil Red O (a). Image magnification ×200. Hepatic TG (b) and TC
(c) were analyzed. Data were present as mean ± SE, ∗∗𝑃 < 0.01, ∗∗∗𝑃 < 0.001 versus Con mice; 𝑃 < 0.01 versus HF-DSS (NASH) mice.

3.7. The SNN Extracts Reduced Intestinal Injury and Blocked
LPS Release. Gut-derived endotoxin may enter the circula-
tion through damaged intestinal barrier. We next examined
the integrity of the colon in NASH mice. Significant colon
shortening was observed in these mice (Figure 6(a)), and
architectural disruption of the crypts, increased severity of
epithelial damage, and increased inflammation were detected
in the colon sections (Figure 6(b)). Remarkably, the SNN
extracts treatment was shown to protect the colons from
this damage (Figures 6(a) and 6(b)). Further determina-
tion of proteins responsible for the integrity of intestinal
barrier showed that the SNN extract treatment significantly
increased the levels of ZO1, occludin, and claudin-1 (Fig-
ure 6(c)). Moreover, the elevated LPS and TNF-𝛼 levels
observed in the NASHmice could be significantly attenuated
by the SNN extracts treatment (Figures 6(d) and 6(e)).

3.8. LPS Aroused Inflammation in Kupffer Cells. We per-
formed additional in vitro experiments to ascertain that
LPS is responsible for the inflammatory response of hepatic
macrophages. To this end, Kupffer cells were isolated from
the mouse liver, and their phagocytic activity was validated
by engulfment of fluorescently labeled beads (Figure 7(a)).

IncubationKupffer cells with LPS resulted inmarked increase
in TNF-𝛼 and IL-𝛽 mRNA, in a dose- (Figures 7(b) and
7(c)) and time-dependent (Figures 7(d) and 7(e)) manner.
These in vitro data provide indirect support to the above
in vivo observation (Figure 4) and suggest that gut-derived
endotoxin may elicit proinflammatory response in the liver
(through Kupffer cells).

3.9. SNN Treatment Regulated the TLR Signaling Pathway.
Among the twelve functional TLRs present in mice, TLR2
and TLR4 are abundantly expressed in the liver. The mRNA
of TLR2 and TLR4 was significantly increased in NASH
mice. The TLR4 mRNA (Figure 8(a)) was decreased in the
SNN extract treated mice, whereas the TLR2 mRNA was
unchanged (Figure 8(b)). These results suggested that the
SNN extracts might diminish the endotoxin effect.

Finally, we determined the effect of SNN extracts on the
levels of keymolecules involved in the TLR4/NF-𝜅B pathway,
namely, TLR4, TIRAP, IRAK1/4, and TRAF6. We found that
the SNN extracts almost completely (e.g., TIRAP, TRAF6)
or partially (e.g., TLR4, IRAK1, and IRAK4) restored the
altered protein concentrations that occurred in the NASH
mice (Figure 8(c)). Further analysis of members of the
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Figure 4:The effect of SNN extracts on liver inflammation. Male C57Bl/6 mice (7 weeks of age) were fed HF-DSS diet for 12 weeks followed by
either 4-week SNN (𝑛 = 10) or normal saline supplementation via gavage (𝑛 = 10), while chow diet mice were set as controls (Con, 𝑛 = 8).
The mice were sacrificed, liver tissues were collected and stained with HE (a), and Kupffer cell activation was indicated by the F4/80 IHC (b).
Image magnification ×200. Hepatic IL-6 (c), MCP-1 (d), and TNF𝛼 (e) mRNA was qualified by qRT-PCR. Data were present as mean ± SE,
∗
𝑃 < 0.05, ∗∗𝑃 < 0.01, and ∗∗∗𝑃 < 0.001 versus Con mice; 𝑃 < 0.05 versus HF-DSS (NASH) mice.

NF-𝜅B transcription factor family (such as p65) and their
phosphorylate status showed increased phosphorylation of
I𝜅B and p65 in the livers of NASHmice, and the SNN extracts
blunted I𝜅B and p65 phosphorylation (Figure 8(d)). These
results together suggest that the SNN extracts can inhibit
TLR4/NF-𝜅B activation.

4. Discussion

NASH is becoming the leading cause of chronic liver dis-
eases and could result in an increase in the overall and

liver-related mortality. In the present study, we demonstrated
that the herbal medicine formula SNN inhibited the release
of gut-derived endotoxin and blocked TLR4mediatedNF-𝜅B
activation in a mouse model of NASH, thus demonstrating
the protective effect of SNN on NAFLD progression.

Accumulating evidence indicates that gut microbiota is
associated with the development of NASH [15, 16]. It is
reported that NAFLD patients, and in particular those with
NASH, are more likely to have increased intestinal perme-
ability compared with healthy controls [17]. Intervention
of intestinal microbiota with antibiotic or prebiotics has
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Figure 5: The effect of SNN on the composition of gut microbiota. Fresh feces were collected from the ileocecal region of the mice, and
taxonomic structure of 16s rRNA gene was assessed using the IlluminaMiSeq platform (𝑛 = 6 per group) and the species at phylum level were
demonstrated (a); the alterations of Firmicutes (b), Bacteroidetes (c), and Proteobacteria (d) were indicated. Bacterial diversity was shown by
Shannon curves (e) and Refraction curves (f). KeyOTUs indicating genus-level changes based on the genus composition and abundance were
generated (g).The relative abundance of each genus was indicated by a gradient of color from green (low abundance) to red (high abundance).
Data were present as mean ± SE, ∗∗𝑃 < 0.01 versus Con mice; 𝑃 < 0.05 versus HF-DSS (NASH) mice.
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Figure 6: The effect of SNN on intestinal injury and LPS release. The colons of the mice were collected, the length was recorded (a), and
the colon sections were further stained with HE (b). TJ proteins including ZO1, Occludin, and Claudin 1 were analyzed by Western blot (c).
Circulating TNF𝛼 (d) and LPS (e) levels were detected by ELISA kits. Originalmagnification of representative images, ×200; data were present
as mean ± SE, ∗𝑃 < 0.05, ∗∗𝑃 < 0.01, and ∗∗∗𝑃 < 0.001 versus Con mice; 𝑃 < 0.05, 𝑃 < 0.01 versus HF-DSS (NASH) mice.

been proved to be beneficial for NAFLD/NASH patients,
indicating that the change of intestinal environment could
affect NAFLD development and progression [18, 19]. Imbal-
ances in the structure of the gut microbiota induced by
HFD consumption may impair the integrity of gut barrier
and increase the levels of endotoxin in liver through the
portal vein [20]. Therefore, the gut microbiota represents a
potential target of therapeutic drugs or nutritional interven-
tions. We have identified SNN which acted on restoring the
increase of opportunistic pathogens. Prebiotics or probiotics
are reported to selectively modulate of the structure of
gut microbiota, thus contributing to the improvement of
intestinal function. The natural product berberine has been
proved to prevent metabolic conditions (i.e., obesity, insulin

resistance, and type 2 diabetes) in animals and patients,
and gut microbiota modulation is thought to be the key
mechanism.

Intestinal permeability is regulated by tight junctions
(TJ); among the identified TJ, the transmembrane proteins
occludin, claudins, and cytoplasmic proteins zonula occlu-
dens 1 (ZO-1) are considered crucial in regulating intesti-
nal permeability [21]. Dysfunction of intestinal barrier can
facilitate the hepatic entrance of intestinal microorganisms
including LPS [6]. LPS is a component of the outer wall of
Gram-negative bacteria, and itself can induce the intestinal
barrier dysfunction and epithelial cells injury. We have com-
pared 12-weekHF-DSSdietwithHFD feeding to themice and
confirmed that increased intestinal permeability accelerates
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Figure 7: LPS induced inflammation in Kupffer cells. Kupffer cells were isolated from C57BL/6 mice and identified by fluorescently labeled
beads (a). Kupffer cells were treated with LPS (50, 100, and 200 ng/ml) for 2 h, and mRNA expression of TNF𝛼 (b) and IL-𝛽 (c) in the cells
was qualified by qRT-PCR. Kupffer cells were treated with LPS (100 ng/ml), and the cells were collected at different time points (1 h, 2 h, and
4 h). Cellular TNF𝛼 (d) and IL-𝛽 (e) mRNA expression was analyzed by qRT-PCR. Original magnification of representative images, ×200;
data were present as mean ± SE, ∗∗∗𝑃 < 0.001 versus cells cultured with routine medium.
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Figure 8:The effect of SNN on TLR4 mediated NF-𝜅B activation. The livers of the mice were collected, and the mRNA expressions of hepatic
TLR2 (a) and TLR4 (b) were analyzed by qRT-PCR, and the key molecules in TLR4/NF-𝜅B pathway were detected byWestern blot (c and d).
Data were presented as mean ± SE, n = 3–6, ∗𝑃 < 0.05, ∗∗𝑃 < 0.01, and ∗∗∗𝑃 < 0.001 versus Conmice; 𝑃 < 0.05, 𝑃 < 0.01 versus HF-DSS
(NASH) mice.

the development of NASH, indicating that endotoxin release
to liver was a potential risk factor for liver inflammation.

Circulating levels of gut-derived LPS are increased in
NAFLD patients [22]. We have isolated Kupffer cells from
the mice, incubated the cells along with LPS, and detected
increased TNF-𝛼 and IL-1𝛽 expression in time and dose
dependent manner. Our results were consistent with reports

which showed that injection of LPS to mice can induce
inflammatory response in the liver [23, 24].

The innate immune response provides the first line of host
defense against invading pathogens. This response is trig-
gered by the activation of PRRs. Among the growing family of
PRRs, TLRs play a fundamental role in the primary response
against invaders [7]. The specific detection of PAMPs and
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DAMPs by host receptors drives a cascade of signaling that
converges at NF-𝜅B and induces the secretion of proin-
flammatory cytokines. The activation of NF-𝜅B typically
involves phosphorylation of I𝜅B by the inhibitor of nuclear
factor-𝜅B kinase (IKK) complex. The phosphorylation of
I𝜅B leads to its ubiquitylation and subsequent degradation,
which allows the release of NF-𝜅B and its translocation
to the nucleus. The most common heterodimer of NF-𝜅B
is P65/P50 complex; subsequent to its translocation, P65
undergoes site-specific posttranslational modifications to
further enhance the function [25]. We have analyzed the key
molecules in the cascade pathway and found that SNN could
inhibit the protein expression of TLR4, TIRAP, IRAK1/4,
and TRAF6, which facilitate the phosphorylation of I𝜅B and
activation of NF-𝜅B. These changes were consistent with the
alteration of cytokines in both serum and liver tissues, further
indicating that SNN specifically blocks LPS related hepatic
inflammation. Suppression of LPS/TLR4/NF-𝜅B pathway has
been reported to be beneficial for inflammatory diseases, and
many natural products, such as berberine, curcumin, and
resveratrol, have been identified to be potential inhibitors of
such cascade [26–28].

TLRs act as a double-edged sword: deficient TLR sig-
naling might render the organism vulnerable to exposure
to pathogenic attack, while an excessive TLR response,
such as activation of TLR4 on the Kupffer cells, results in
uncontrolled release of a range of proinflammatory cytokines
and chemokines [29]. SNN is a safe therapeutic agent because
it has been used for decades in China. Our previous basic
research and clinical trial also showed that SNN is safe and
effective in treating rodents and patients withNAFLD [10, 11].
However, since gut microbiota alteration could induce LPS,
while chemically intestinal damage accelerates LPS release
to the liver, the restored TLR4/NF-𝜅B pathway on the SNN
extracts treatment might be secondary to the blockage of LPS
release from the intestine.

5. Conclusions

In summary, we identified that intestinal damage could accel-
erate the development of NASH, and the herbal medicine
formula, SNN, significantly attenuated liver steatosis and
inflammation in experimental mice. By improving intestinal
environment and hepatic endotoxin entrance, SNN acts on
TLR4/NF-𝜅B pathway associated with NASH pathological
progression. Our findings supported a beneficial role of SNN
and indicated that SNN might be an effective therapeutic
strategy against NAFLD progression.
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Alcoholic liver disease (ALD) is a series of abnormalities of liver function, including alcoholic steatosis, steatohepatitis, and
cirrhosis. Hesperidin, the major constituent of flavanone in grapefruit, is proved to play a role in antioxidation, anti-inflammation,
and reducingmultiple organs damage in various animal experiments. However, the underlyingmechanismof resistance to alcoholic
liver injury is still unclear. Thus, we aimed to investigate the protective effects of hesperidin against ALD and its molecular
mechanism in this study. We established an ALD zebrafish larvae model induced by 350mM ethanol for 32 hours, using wild-
type and transgenic line with liver-specific eGFP expression Tg (lfabp10𝛼:eGFP) zebrafish larvae (4 dpf). The results revealed
that hesperidin dramatically reduced the hepatic morphological damage and the expressions of alcohol and lipid metabolism
related genes, including cyp2y3, cyp3a65, hmgcra, hmgcrb, fasn, and fads2 compared with ALD model. Moreover, the findings
demonstrated that hesperidin alleviated hepatic damage as well, which is reflected by the expressions of endoplasmic reticulum
stress and DNA damage related genes (chop, gadd45𝛼a, and edem1). In conclusion, this study revealed that hesperidin can inhibit
alcoholic damage to liver of zebrafish larvae by reducing endoplasmic reticulum stress and DNA damage, regulating alcohol and
lipid metabolism.

1. Introduction

Hepatic steatosis is the early stage of alcoholic liver dis-
ease (ALD) induced by alcoholic consumption. ALD is an
important component of liver diseases [1]. ALD involves the
processes of hepatic pathological states, from simple hepatic
steatosis to progressive fibrosis, cirrhosis, and even liver
cancer [2]. Given that the prevalence of ALD worldwide is
rising these years, exploring an effective treatment is of great
importance.

Hesperidin, a kind of citrus bioflavonoid and abundant
in citrus plants, including grapefruits, oranges, and lemons,

is proved to play a role in antioxidation, anti-inflammation,
and cardiovascular protection [3]. In addition, hesperidin
regulates hepatic cholesterol synthesis by inhibiting the
activity of 3-hydroxy-3-methyl-glutaryl-CoA (HMG-CoA)
reductase [4, 5]. Recently, it is confirmed that hesperidin
protects against fatty liver induced by high-cholesterol diet
through mediating the mRNA expressions of rbp, c-fabp,
and h-fabp, inhibiting synthesis and absorption of cholesterol
[6]. Hesperidin is also capable of attenuating liver fibrosis
by mitigating oxidative stress and modulating proinflam-
matory and profibrotic signals [7]. However, the effects
of hesperidin on alcohol-induced hepatic steatosis need
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further investigation and its underlying mechanisms remain
unknown.

Taking into consideration findings mentioned above, we
investigated the protective role of hesperidin in alcohol-
induced liver injury of zebrafish larvae in the present study.
We revealed the underlying mechanism of hesperidin against
dyslipidemia and hepatocytes damage in ALD by evaluating
the expression of some key genes related to alcohol and
lipid metabolism. Furthermore, morphological observation
of the whole bodies and livers of zebrafish larvae also showed
the protective role of hesperidin in pathological changes
caused by alcohol. First, we investigated the regulation of hes-
peridin on both alcohol metabolism and lipid homeostasis in
zebrafish larvae ALDmodel and further drew the conclusion
that hesperidin could resist to alcohol-induced metabolic
abnormalities. Collectively, the results proved the abilities
of hesperidin to reduce lipid accumulation and further
demonstrated it could improve alcohol and lipid metabolism
as well as hepatic steatosis. In a word, we hypothesize that
citrus flavonoids are an effective treatment of ALD-related
metabolic pathways through the ability of regulation of
hesperidin on alcohol metabolism, lipid homeostasis, and
liver damage.

2. Material and Methods

2.1. Animal Care and Treatment. Wild-type (WT) AB strain
zebrafish and Tg (lfabp10𝛼:eGFP) transgenics, obtained from
Key Laboratory of Zebrafish Modeling and Drug Screen-
ing for Human Diseases of Guangdong Higher Education
Institutes, Southern Medical University and School of Life
Science, Southwest University, respectively, were cultured on
a 14 h light/10 h dark cycle at 28∘C following established
protocols (Westerfield M 2000 The Zebrafish Book: A Guide
for the Laboratory Use of Zebrafish (Danio rerio). Eugene:
Univ. of Oregon Press).The Institutional Animal Care andUse
Committee of Southern Medical University approved all the
protocols of zebrafish operations.

96–98 hours after fertilization (hpf) zebrafish larvae were
first randomly divided into two groups, a control group
treated with system water (water out of the water system
of culture facility for zebrafish) only and a model group
exposed to 350mM ethanol for 32 h [8]. Subsequently, the
control larvae were randomly divided into two groups (𝑛
= 40 in each group): a control group (treated with system
water) and a hesperidin control group (treated with 25𝜇g/mL
hesperidin). Simultaneously, themodel larvaewere randomly
assigned into several groups as followed equally (𝑛 = 40
in each group): a model group (treated with system water)
and 3 hesperidin treated groups (25𝜇g/mL, 12.5 𝜇g/mL, and
6.25 𝜇g/mL). Hesperidin monomer was dissolved in 0.1%
DMSO (diluted in system water). After being incubated
for 48 h, larvae were collected for further detection. The
experimental plan for zebrafish is shown in Figure 1.

2.2. Oil Red O Staining. Zebrafish larvae of each group
were collected and fixed with 4% paraformaldehyde (PFA)
overnight at 4∘C, washed 3 times with phosphate-buffered
saline (PBS), and infiltrated sequentially with 20%, 40%,

80%, and 100% propylene glycol (Sigma, USA) at room
temperature for 15min, respectively. Subsequently, the larvae
were stained with 0.5% Oil Red O (Sigma, USA) in 100%
propylene glycol in the dark for 1 h at 65∘C.Then the samples
were destained by soak sequentially in 100%, 80%, 40%, and
20% propylene glycol for 30min, respectively, and washed 3
times with PBS, followed by storing in 70% glycerol (Sigma,
USA) [9]. The hepatic morphology and lipid droplets in liver
were observed and imaged with microscope (Olympus szx10,
Tokyo, Japan). In this study, staining shade and liver size were
quantized into gray values by Image J software in order to
reflect the degree of hepatic steatosis.

2.3. Nile Red Staining. The procedures were performed as
previously described [10, 11]. Zebrafish larvae were fixed with
4% PFA as described previously and incubated in citric acid
with 0.1% Triton (Sigma, USA) for 2 hours at 65∘C after
being washed with PBS 3 times. DAPI (Solarbio Life Science,
China) was counterstained in the dark for 10minutes at room
temperature to stain the nuclei. Subsequently Nile Red dye
(0.5 𝜇g/mL in acetone, Sigma, USA) was used to stain the
lipid droplets in liver, incubated in the dark for 50 minutes
at room temperature, and washed 3 times with PBS. The
stained larvae were imaged with Confocal Laser Scanning
Microscope (Nikon C2plus, Tokyo, Japan).

2.4. Histologic Analysis. Zebrafish larvae were fixed with 4%
PFA overnight, penetrated with ethanol and xylene respec-
tively, embedded in paraffin, cut into 4 𝜇m thick sections,
stained with H&E, and observed with microscope (Nikon
Eclipse Ni-U, Tokyo, Japan).

2.5. Quantitative Real-Time PCR. The procedure was per-
formed according to the previous study [12]. Total RNA
was extracted from 10 zebrafish larvae using Trizol reagent
(Invitrogen, USA) following the standard procedures and
subsequently reverse-transcribed with qScript cDNA using
PrimeScript�RT-PCRKit (Takara). qPCRwas carried out on
Light Cycler 96 (Roche, Switzerland) using a SYBR Green kit
(Takara Biotechnology, Inc.). The detailed protocol outlined
by the manufacturer’s instructions was followed.The levels of
target genes were calculated by the comparative CT method
andnormalized to the reference gene rpp0 (ribosomal protein
P0). Primers for each gene are listed in Table 1.

2.6. Statistical Analysis. All data are presented as mean ±
standard error of the mean (SEM). Statistical analysis was
carried by SPSS (version 20.0). Statistical differences were
evaluated by Student’s 𝑡-test and one-way ANOVA test. Value
of 𝑃 < 0.05 was considered to be statistically significant.
GraphPad Prism 5 software was used to plot graph.

3. Results

3.1. Alcoholic Fatty Liver Model Was Established in Zebrafish
Larvae. 96–98 hpf zebrafish larvae were chosen to be
exposed to ethanol during a window, which was the stage
from the formation of liver to the full utilization of yolk
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Figure 1: Experimental plan for zebrafish.

Table 1: Primers used to quantify mRNA levels.

Gene FP sequence (5-3) RP sequence (5-3)
cyp2y3 tattcccatgctgcactctg aggagcgtttacctgcagaa
cyp3a65 aaaccctgatgagcatggac caagtctttggggatgagga
hmgcra ctgaggctctggtggacgtg gatagcagctacgatgttggcg
hmgcrb cctgttagccgtcagtgga tctttgaccactcgtgccg
hmgcs ctcactcgtgtggacgagaa gatacggggcatcttcttga
fasn gagaaagcttgccaaacagg gagggtcttgcaggagacag
fads2 tcatcgtcgctgttattctgg tgaagatgttgggtttagcgtg
chop aggaaagtgcaggagctgac ctccacaagaagaatttcctcc
gadd45𝛼a tggctttgtttgtgggactt tggaaaacagtccactgaga
edem1 gacagcagaaaccctcaagc catggccctcatcttgactt
rpp0 ctgaacatctcgcccttctc tagccgatctgcagacacac

(5.5–6 dpf).During this period themetabolic effects of fasting
could be avoided [13]. The acute alcoholic exposure time
of zebrafish larvae was set to 32 hours, which is used to
distinguish it from chronic exposure in alcoholics.

Taking previous studies into account, we discovered that
morphological phenotypes, hepatomegaly, and behavioral
abnormalities occurred in most of the larvae after having
been treated with 350mM ethanol for 32 hours [14, 15].
Histologic examinations of liver stained with H&E and Oil

Red O revealed that severe lipid deposited in the liver tissues
after 32 hours of exposure to 350mM ethanol (Figures 2(a)
and 2(b)). Furthermore, we discovered that 350mM ethanol
could lead to hepatic steatosis in zebrafish larvae after 32
hours of treatment, by quantification of Oil Red O staining
in the liver, performed by Image J software (Figure 2(c)).

3.2. Hesperidin Reduced Hepatic Steatosis in Zebrafish Larvae
Induced by Alcohol. As descried above, there existed severe
lipid deposits in the liver tissues in larvae after alcoholic
exposure. However, it was interesting that hesperidin could
dose-dependently alleviate hepatic steatosis in larvae induced
by alcohol (Figure 3(a)).The development of hepatic steatosis
was quantified into gray level according to the results of
Oil Red O staining by Image J software. The assessment
of gray level further showed that hesperidin could reduce
the development of hepatic steatosis with a dose-dependent
correlation. The dose of 12.5 𝜇g/mL and 25𝜇g/mL almost
reversed the alcoholic lipid deposition in larvae (Figure 3(b)).
On the other hand, using the Nile Red staining, a selective
fluorescent dye for intracellular lipid droplets, we investigated
whether hesperidin had a protective effect on liver of Tg
(lfabp10𝛼:eGFP) larvae after alcoholic exposure. Consistent
with the results ofOil RedO staining, hesperidin (12.5𝜇g/mL,
48 hours) significantly alleviated hepatic lipid droplets
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Figure 2: Alcoholic fatty liver model was established in zebrafish larvae. (a) Oil Red O staining for whole body of zebrafish larvae. (b) H&E
staining for liver sections of zebrafish larvae. (c) Quantitative analysis for the results of Oil Red O staining (𝑛 = 20/group, three experiments).
The data are presented as the means ± SEM (∗𝑃 < 0.05 versus control group).

induced by alcohol in larvae (Figure 3(c)). Furthermore,
paraffin sections of larvae stained with H&E also confirmed
the liver pathological changes consistently (Figure 3(d)).
Additionally, Oil Red O staining and H&E staining showed
that hesperidin does not have any substantial effects on livers
of control zebrafish (Figures 3(a), 3(b), and 3(d)).

3.3. Hesperidin Improved Alcohol Metabolism in Zebrafish
Larvae. We further investigated the effects of hesperidin on
alcohol metabolism. Cytochrome P450 family 2 subfamily E
member 1 (cyp2e1), a crucial enzyme in regulation of oxidative
stress response in alcohol metabolism process, is consid-
ered to be responsible for alcoholic liver injury in mam-
mals. Cytochrome P450 family 2 subfamily Y polypeptide 3

(cyp2y3), a gene homolog of cyp2e1, is essential for alcohol
metabolism in liver of zebrafish [13]. Liver injury is dramat-
ically increased due to the increase of cyp2y3, which could
speed up the rate of alcohol metabolism and accumulation
of acetaldehyde [13]. As showed in Table 2, the expression
of cyp2y3 mRNA was significantly increased compared with
the control larvae. Interestingly, hesperidin intervention nor-
malized the level of cyp2y3 mRNA in larvae. Moreover, a
similar change of the expression of cytochrome P450 family
3 subfamily A polypeptide 65 (cyp3a65) occurred, which is a
homo gene of cytochrome P450 family 3 subfamily A (cyp3a)
primarily in the liver and crucial to the metabolisms of both
endogenous and exogenous substances [16]. These findings
indicated that hesperidin might improve alcohol metabolism
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Figure 3:Hesperidin reduced hepatic steatosis in zebrafish larvae induced by alcohol. (a) Oil Red O staining for whole body of zebrafish larvae.
(b) Quantitative analysis for the results of Oil Red O staining (𝑛 = 20/group, three experiments). (c) Nile Red staining for intracellular lipid
droplets in liver tissues of zebrafish larvae. (d) H&E staining for liver sections of zebrafish larvae. The data are presented as the means ± SEM
(∗𝑃 < 0.05 versus control group; #𝑃 < 0.05 versus 350mM EtOH group).
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Table 2: Hesperidin treatment improved alcohol metabolism in zebrafish larvae.

mRNA level (versus rpp0) Group
Control 350mM EtOH Hesperidin (12.5 𝜇g/mL)

cyp2y3 1.659𝑒 − 4 ± 3.574𝑒 − 5 3.04𝑒 − 4 ± 3.018𝑒 − 5∗ 1.677𝑒 − 4 ± 3.799𝑒 − 5#

cyp3a65 1.565𝑒 − 2 ± 5.0𝑒 − 5 1.77𝑒 − 2 ± 4.0𝑒 − 4∗ 1.135𝑒 − 2 ± 2.5𝑒 − 4∗∗##

𝑛 = 20/group, three experiments; the data are presented as the means ± SEM (∗𝑃 < 0.05 versus control group; #𝑃 < 0.05 versus 350mM EtOH group).

Table 3: Hesperidin treatment improved lipid metabolism in zebrafish larvae against alcoholic injury.

mRNA level (versus rpp0) Group
Control 350mM EtOH Hesperidin (12.5 𝜇g/mL)

hmgcra 1.762𝑒 − 4 ± 8.408𝑒 − 6 5.378𝑒 − 4 ± 1.006𝑒 − 4∗∗∗ 3.048𝑒 − 4 ± 2.663𝑒 − 5#

hmgcrb 3.442𝑒 − 4 ± 7.15𝑒 − 6 6.391𝑒 − 4 ± 1.011𝑒 − 4∗ 2.564𝑒 − 4 ± 3.55𝑒 − 6#

hmgcs 1.575𝑒 − 4 ± 5.5𝑒 − 6 1.87𝑒 − 4 ± 5.0𝑒 − 6 1.305𝑒 − 4 ± 1.15𝑒 − 5#

fasn 6.41𝑒 − 4 ± 3.1𝑒 − 5 8.5𝑒 − 4 ± 6.0𝑒 − 6∗∗ 2.32𝑒 − 4 ± 1.0𝑒 − 5∗∗###

fads2 1.338𝑒 − 4 ± 3.525𝑒 − 5 4.79𝑒 − 4 ± 4.8𝑒 − 5∗ 0.462𝑒 − 4 ± 1.04𝑒 − 5##

𝑛 = 20/group, three experiments; the data are presented as the means ± SEM (∗𝑃 < 0.05 versus control group; #𝑃 < 0.05 versus 350mM EtOH group).

and reduce the accumulation of toxic substances in zebrafish
larvae after exposure to ethanol.

3.4. Hesperidin Protected Zebrafish Larvae against Alcoholic
Injury through Improving Lipid Metabolism. We further
investigated some lipid metabolism related genes (hmgcra,
hmgcrb, hmgcs, fasn, and fads2), which were related to
cholesterol synthesis, fatty acid synthase, desaturase, and
mitochondrial enzyme, in order to confirm whether hes-
peridin could protect against hepatic steatosis by reduction
of lipid metabolism and improvement of lipid homeostasis
[17–20]. The results of qPCR showed that the expressions
of hmgcra, hmgcrb, hmgcs, fasn, and fads2 mRNAs were
significantly increased in larvae after treatment with alcohol.
However, the intervention of hesperidin induced the levels of
these mRNAs above to reversion (Table 3).

3.5. Hesperidin Reduced Endoplasmic Reticulum Stress and
DNADamage Induced by Alcohol in Zebrafish Larvae. Endo-
plasmic reticulum stress and DNA damage play key roles
in various kinds of pathological liver damage induced by
alcohol [21, 22]. We investigated the levels of mRNAs,
DNA damage inducible transcript 3 (chop), growth arrest,
and DNA damage-inducible, 𝛼, a (gadd45𝛼a) and endo-
plasmic reticulum degradation-enhancing 𝛼-mannosidase-
like protein 1 (edem1), which were related to endoplasmic
reticulum stress and DNA damage [22–24]. The results of
mRNAs levels also confirmed that hesperidin normalized the
increased expressions of chop, gadd45𝛼a, and edem1 induced
by alcohol (Table 4). Collectively, these evidences indicated
that hesperidin suppressed endoplasmic reticulum stress and
DNA damage.

4. Discussion

Hepatic steatosis, the earliest manifestation of alcoholism,
can develop into some severe liver diseases [2]. Hepatocytes
are susceptible to damage due to chronic hepatic steatosis,

which is generally the early stage of steatohepatitis and
cirrhosis [25]. Thus, further liver damage induced by alcohol
can be prevented through the blockade of lipid accumulation.
Moreover, it is reported that hesperidin in vivo can improve
certain aspects of lipid homeostasis and reduce inflammation
of adipose tissue [26]. However, there is no study about the
effects of hesperidin on alcohol and metabolic abnormalities.
To our knowledge, it is the first time that we investigated
the effects of hesperidin on regulating alcohol metabolism,
pathology, endoplasmic reticulum stress, and DNA damage
in ALD on zebrafish. In this study, according to previous
findings [14, 15], we successfully established anALD zebrafish
model by exposing zebrafish larvae to 350mM ethanol for
32 hours. In addition, we discovered that the intervention of
hesperidin could inhibit hepatic steatosis and endoplasmic
reticulum stress of hepatocytes induced by acute alcoholic
exposure.

The establishment of ALD zebrafish larvae is easy to
operate and less time-consuming. Given that there exists
difficulties of gaining liver tissues and blood from zebrafish
larvae, we are not able to investigate the expressions of
mRNAs and proteins of liver tissues or the serum levels
of biochemical markers of liver injury directly. However,
zebrafish larvae showmore advantages on short growth cycle
and transparent body, so we can obtain quantities of larvae in
a short time and it is easier to get observation of the overall
staining.

We discovered hesperidin protected against hepatic
steatosis in zebrafish larvae after alcoholic exposure for the
first time in this present study. Larvae stained with H&E
and Oil Red O indicated that hesperidin could attenuate
alcohol-induced hepatic steatosis and its therapeutic effect
was dose-dependent. Moreover, the best and lowest treat-
ment concentration is 12.5𝜇g/mL. Now that the antisteatosis
effect of hesperidin was confirmed, we then investigated the
possible effects of hesperidin against cell death and damage
induced by alcohol. In addition, both chop and gadd45𝛼a
can inhibit cell growth while increasing cell damage [22,
23]. Transcription of lipid metabolism can be regulated by
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Table 4: Hesperidin attenuates endoplasmic reticulum stress and DNA damage in zebrafish larvae with alcoholic injury.

mRNA level (versus rpp0) Group
Control 350mM EtOH Hesperidin (12.5 𝜇g/mL)

chop 7.459𝑒 − 3 ± 2.27𝑒 − 3 13.34𝑒 − 3 ± 5.576𝑒 − 4∗ 7.778𝑒 − 3 ± 1.029𝑒 − 3#

gadd45𝛼a 8.41𝑒 − 4 ± 3𝑒 − 6 12.65𝑒 − 4 ± 4.5𝑒 − 5∗∗ 8.93𝑒 − 4 ± 2.8𝑒 − 5##

edem1 1.739𝑒 − 4 ± 4.2𝑒 − 6 3.007𝑒 − 4 ± 8.3𝑒 − 6∗∗ 1.427𝑒 − 4 ± 1.675𝑒 − 5##

𝑛 = 20/group, three experiments; the data are presented as the means ± SEM (∗𝑃 < 0.05 versus control group; #𝑃 < 0.05 versus 350mM EtOH group).

chop, the upregulation of which can lead to abnormal lipid
metabolism in the liver [27]. Moreover, chop is considered
as a specific transcription factor of endoplasmic reticulum
stress [22]. In another aspect, edem1, a gene essential for the
unfolded protein response, was upregulated markedly with
endoplasmic reticulum stress unbalance [24]. After exposure
to alcohol, the expressions of chop, gadd45𝛼a, and edem1
were significantly increased in larvae, which indicated that
the larvae were going through severe endoplasmic reticulum
stress and DNA damage during that period. To the contrary,
downregulation of chop, gadd45𝛼a, and edem1 were induced
in larvae after being treated with hesperidin. Collectively,
we summed up that hesperidin could inhibit steatosis and
damage of liver in zebrafish larvae after alcoholic exposure.

HMG-CoA reductases are key enzymes in lipid metab-
olism, including HMG Coenzyme A reductase a (hmgcra),
HMG Coenzyme A reductase b (hmgcrb), and 3-hydroxy-
3-methylglutaryl-CoA synthase (hmgcs), mainly regulating
genes related to cholesterol synthesis [14, 17, 28]. Besides,
synthesis and desaturation of fatty acid can be regulated
by fatty acid synthase (fasn) [19]. Fatty acid desaturase 2
(fads2), a gene related to dyslipidemia, primarily participates
in metabolism of unsaturated fatty acids, affecting the
concentrations of total cholesterol, low density lipoprotein
cholesterol, high lipoprotein cholesterol, and triglyceride
[18]. In our study, the expressions of hmgcra, hmgcrb, hmgcs,
fasn, and fads2 genes related to lipid metabolism were
significantly increased in larvae after alcoholic exposure,
which indicated that treatment with alcohol could cause
lipid metabolism disorders in zebrafish larvae. However,
hesperidin markedly ameliorated lipid metabolism through
mediating the expressions of these genes above.

In another aspect, cyp2y3 and cyp3a65, homologous
genes of cytochrome P450 CYP2 (cyp2) and cyp3a, are essen-
tial for alcoholic metabolism mainly in liver of zebrafish. The
closest homolog to cyp2e1 in zebrafish is cyp2y3, which has a
protein similarity of 43% [13]. Alcoholmetabolism and oxida-
tive stress can be decreased by blocking cyp2 homologous
genes. In addition, cyp3a65 is crucial to metabolism of both
endogenous and exogenous substances [16]. Interestingly, we
found that the treatment of hesperidin could reduce the levels
of cyp2y3 and cyp3a65 in larvae, which were upregulated
by alcoholic exposure previously.The underlying mechanism
of the therapeutical effect of hesperidin was likely to be
related to the improvement of alcoholic metabolism and
reduction of toxic substances. Taking all these evidences
above, we discovered that alcohol-induced liver injury of
zebrafish larvae was mainly caused by dysbolisms of lipid
and alcohol. However, these dysbolisms could be improved

by hesperidin, which resisted alcohol-induced steatosis and
injury therefore. Finally, we summarized the protective effects
of hesperidin in zebrafish larvae during acute alcoholic injury
as showed in Figure 4.

In conclusion, we revealed that hesperidin inhibited
hepatic steatosis and injury in zebrafish induced by alcohol,
by ameliorating cell damage and regulating metabolism
of alcohol and lipid. However, the pathways of effects of
hesperidin on reducing cell damage and lipidmetabolism still
need further exploration. Hesperidin is abundant in citrus
fruits and grape fruit [26], which indicates that hesperidin
easily accumulates in the plasma and is available in vivo
when humans intake hesperidin-containing food regularly.
Thus, whether hesperidin is suitable for prevention of ALD
and lipid metabolism syndrome needs further preclinical
investigation.
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Figure 4: A model depicting the protective role of hesperidin in zebrafish larvae during acute alcoholic injury.
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