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Network pharmacology approach to evaluate the therapeutic
effects of mulberry leaf components for obesity
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Abstract. Obesity is a chronic condition that has become a
serious public health challenge globally due to the association
with a high incidence of complications. Mulberry leaf is one
of the most commonly used medicinal and herbal medicines
that has been reported to ameliorate obesity and hyperlipid-
emia. However, the mechanism remains unclear. In the present
study, a network pharmacology approach was used to explore
the potential mechanism underlying the effects of mulberry
leaf extract on obesity. First, the potential targets of mulberry
leaf and obesity were predicted using SwissTargetPrediction,
Online Mendelian Inheritance in Man, GeneCards and
Comparative Toxicogenomics Database databases, which were
then used to construct the protein-protein interaction networks.
Gene ontology (GO) enrichment and Kyoto Encyclopedia
of Genes and Genomes (KEGG) enrichment analyzes were
performed using R version 3.6.3. Finally, results of this
network analysis were verified by using the mulberry leaf
extract to treat high-fat diet-induced obese mice. In total, 24
target genes associated with obesity that could potentially be
affected by mulberry leaf treatment were predicted by network
pharmacology, using which top seven related pathways were
determined by KEGG enrichment analysis. Triglyceride (TG)
and total cholesterol (TC) levels in mice serum were detected
using TG and TC assay kits. Hepatic fat accumulation was
detected by H&E staining whereas liver lipid droplets were
detected by Oil red O staining in mice tissues. The expression
of IL-1p, NF-«xB inhibitor a, inducible nitric oxide synthase,
AMP-activated protein kinase (AMPK), sterol regulatory
element-binding proteins and fatty acid synthase in the visceral
white adipose tissues of mice was analyzed by western blotting.
The expression of TNF-a, peroxisome proliferator activated
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receptor (PPAR)D, PPARG, fatty acid amide hydrolase
(FAAH) and hydroxysteroid 11-f dehydrogenase 1 (HSD11B1)
in the visceral white adipose tissues of mice was detected by
reverse transcription-quantitative PCR. Mulberry leaf extract
was found to reduce fat accumulation and hepatic lipid droplet
formation. Mulberry leaf also alleviated inflammation and
lipogenesis whilst promoting lipid catabolism and fatty acid
oxidation by promoting the AMPK signaling pathway. The
possible anti-obesity effects of mulberry leaf on the mice
may be due to the downregulation of TNF-a, PPARD and
PPARG and the upregulation of FAAH and HSD11B1. These
results were consistent with the GO enrichment analysis and
suggested that mulberry leaf may regulate lipid metabolism
and catabolism, fatty acid metabolism and biosynthesis and
the inflammatory response to reduce obesity.

Introduction

Obesity is a chronic metabolic condition closely associated
with lifestyle (1). According to previous epidemiological survey
data, male and female individuals with a BMI >28 kg/m? in
China account for 17.10 and 13.37% of the total population
as of 2017, respectively, where a clear upward trend can be
observed (2). Obesity is a risk factor for type 2 diabetes (3),
cardiovascular and cerebrovascular diseases (4) and a variety
of cancers (5). To improve human health and the quality of life,
it is necessary to fundamentally determine the pathogenesis of
obesity to design curative treatments.

Mulberry leaf extract (MLE) is a well-known herb that is
widely used as a medicine or for food consumption in China (6).
It has been previously reported that MLE and its extracts can
exert a variety of therapeutic effects, including the pharmaco-
logical effects of lowering blood glucose (7) and blood lipid
levels (8), anti-diabetic (9), antioxidant (10) and antitumor prop-
erties (11). In a previous study, Zeni and Dall'Molin (12) treated
a total of 33 hyperlipidemic Wistar rats with a water extract of
MLE following the oral administration of a cholesterol-rich
(1 g/100 g body weight) diet. After 14 days, the concentrations
of triglyceride (TG), total cholesterol (TC) and low-density lipo-
protein in the MLE treatment group were reduced compared
with those in the hyperlipidemic control group. In another
study, Lee et al (13) revealed that the water extract of MLE
could ameliorate atherosclerosis and hypertension, hyperlip-
idemia and vascular dysfunction in rats with atherosclerosis.
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In addition, MLE extracts have been reported to alleviate
non-alcoholic fatty liver disease in high-fat diet (HFD)-fed mice
by suppressing adipocytokines, inflammation and oxidative
stress (14). MLE also markedly reduced obesity in mice induced
by feeding on a high-fat diet by increasing the activity of brown
adipose tissues (15). Li et al (16) previously demonstrated that
MLE polyphenols and fibers confer synergistic effects on weight
loss and the regulation of the intestinal flora and metabolites.
However, to the best of our knowledge, the mechanism by which
MLE inhibits adipogenesis remains poorly understood.

In the present study, genetic or protein targets of active
components contained within MLE towards obesity were
identified using bioinformatics analysis. These target compo-
nents by MLE for the treatment of obesity were verified
using network pharmacology, including target prediction,
protein-protein interaction (PPI), ingredients-targets network,
Gene Ontology (GO) terms and Kyoto Encyclopedia of Genes
and Genomes (KEGG) pathway enrichment analyzes. Finally,
in vivo experiments using a mouse model of obesity induced
by a high-fat diet were performed to assess the effect of the key
compounds derived from network pharmacology on obesity.

Materials and methods

Experimental design. A detailed experimental design of the
present study is shown (Fig. 1).

Collection of chemical ingredients of MLE. To determine the
chemical ingredients in MLE, the Traditional Chinese Medicine
Systems Pharmacology (TCMSP; version 2.3; https://old.
tcmsp-e.com/tcmsp.php) was performed by searching with the
key words ‘Sangye’ or ‘Mori Follum’. The screening conditions
were as follows: Oral bioavailability (OB) =30%; Drug-likeness
(DL) =0.18 and Caco-2 permeability (Caco-2) >0.

Targets of MLE and obesity. The herb targets were predicted
by the SwissTargetPrediction website (https://www.swisstar-
getprediction.ch/) through the structures of active ingredients
in MLE selected from TCMSP (Fig. S1). The disease targets
were searched using ‘obesity” as the key word through Online
Mendelian Inheritance in Man (OMIM; https:/www.omim.
org/), GeneCards (version 5.3; https:/www.genecards.org/) and
Comparative Toxicogenomics Database (CTD; https://ctdbase.
org/).

Potential targets of MLE in the treatment of obesity. The herb
targets were intersected with the disease targets to obtain the
candidate targets of MLE in obesity by Venny (version 2.1;
https://bioinfogp.cnb.csic.es/tools/venny/index.html), which
were defined as MLE-obesity related targets. These targets
were uploaded into the Search Tool for the Retrieval of
Interacting Genes/Proteins (STRING) database (version 11.0;
https://string-db.org/) to establish a PPI network. The
ingredients-targets network was constructed by linking the
active compounds with their potential targets using Cytoscape
(version 3.7.2; https://cytoscape.org/).

GO gene enrichment analysis and KEGG pathway
annotation. To examine the biofunctions of the 234 genes,
the ‘clusterProfiler’ package (17) in R software (version 3.6.3)

was used to perform functional annotation, which included
the three categories of GO (biological processes, molecular
functions and cellular components) and KEGG enrichment
analysis (https://www.r-project.org/). The parameters were set
at P=0.05 cutoff and q=0.05 cutoff. The results were visually
presented using the ‘GOplot’ package (18).

High-fat diet-induced obesity mouse model. In total, 20 male
C57BL/6 mice (4 weeks old; 20.01+0.24 g) were provided by
Hunan SJA Laboratory Animal Co., Ltd (Hunan, China). Mice
were housed under a constant temperature (22+2°C), 50-70%
relative humidity and 12-h light/dark cycle with ad libitum
access to food and clean water for 1 week. After 1 week of
adaptation, 20 mice were randomly divided into the following
four groups (n=5): i) Normal control diet group (Control);
ii) obese high-fat diet group (Model); iii) obese mice receiving
a low dose (133 mg/kg) of MLE group; and iv) obese mice
receiving a high dose (666 mg/kg/day) of MLE group. The
doses for low-dose and high-dose of MLE was determined
according to a previous study (19).

MLE was freshly suspended in distilled water and mice
were administered via oral gavage five times a week not during
the weekend for 8 weeks. The Control and Model groups were
given the same volumes of distilled water. At the end of experi-
ment at week 8, mice were weighed and sacrificed using an
intraperitoneal injection of 150 mg/kg pentobarbital sodium,
before their blood, liver tissues and visceral white adipose
tissues were collected immediately and stored at -80°C. The
experimental protocols were approved by the Institutional
Animal Care and Use Committee of the Hunan Future Health
Technology Group Co., Ltd. (Changsha, China).

Serum analysis. Blood was centrifuged at 500 x g for 15 min
at 4°C to collect the serum. Commercial analysis kits (Abcam)
were used to detect the levels of serum TG (cat. no. ab65336)
and TC (cat. no. ab282928).

H&E staining. The liver tissues frozen in liquid nitrogen were
taken out, fixed in 10% neutral buffered formalin at room
temperature for 24 h before being embedded in paraffin wax.
The liver tissue sections (4 ym) were then cut and hydrated
in a decreasing ethanol gradient. All sections were deparaf-
finized with xylene and stained with hematoxylin for 5 min at
room temperature and eosin for 3 min at room temperature.
The sections were finally observed under a light microscope
(magnification, x200; OCT-HS100; Canon, Inc.).

Oil red O staining. The liver tissue sections (4 ym) were stained
with Oil red O according to the manufacturer's protocol of the
Oil Red O Staining Kit (cat. no. C0157S; Beyotime Institute of
Biotechnology). Oil red O-stained sections were imaged using
an inverted light microscope (magnification, x400; Nikon
Corporation).

Western blot analysis. Total proteins were extracted from the
visceral white adipose tissues using RIPA reagent (Beyotime
institute of Biotechnology) on ice. The protein concentration
was determined using a BCA kit. Equal amounts (20 ug)
of protein were loaded and separated by 10% SDS-PAGE.
After electrophoresis, proteins were transferred onto PVDF
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Figure 1. Flowchart illustrating the network analysis approach and study design. RT-qPCR, reverse transcription-quantitative PCR.

membranes and the membranes were blocked with 5% non-fat
milk for 2 h at 37°C. Subsequently, the membranes were immu-
noblotted with the following primary antibodies overnight
at 4°C: TNF-a (dilution, 1:1,000; cat. no. ab183218; Abcam),
IL-1p (dilution, 1:1,000; cat. no. ab234437; Abcam), NF-xB
inhibitor o (NFKBIA; dilution, 1:1,000; cat. no. ab32518;
Abcam), inducible nitric oxide synthase (iNOS; dilu-
tion, 1:1,000; cat. no. ab178945; Abcam), AMP-activated
protein kinase (AMPK; dilution, 1:2,000; cat. no. 5832; Cell
Signaling Technology, Inc.), phosphorylated (p-) AMPK
(dilution, 1:2,000; cat. no. 5759; Cell Signaling Technology,
Inc.), peroxisome proliferator activated receptor (PPAR)-y
(PPARG; dilution, 1:500; cat. no. ab45036; Abcam), sterol
regulatory element-binding proteins (SREBP-1; dilution,
1:1,000; cat. no. ab28481; Abcam), fatty acid synthase (FAS;
dilution, 1:1,000; cat. no. ab82419; Abcam) and GAPDH
(dilution, 1:2,500; cat. no. ab9485; Abcam). This was followed
by incubation with the HRP-conjugated secondary antibody
(cat. no. 7074; dilution, 1:1,000; Cell Signaling Technology,
Inc.) at room temperature for 1 h. The protein bands were
visualized using enhanced chemiluminescence reagent
(Research-bio). Image Lab 3.0 software (Bio-rad laboratories,
inc.) was used to quantify the WB densitometry.

Reverse transcription-quantitative PCR analysis. Total RNA
from the visceral white adipose tissues was isolated using
the TRIzol® reagent (Thermo Fisher Scientific, Inc.).
Subsequently, total RNA was converted into cDNA using
PrimeScript 1st strand cDNA Synthesis Kit (cat. no. 6110A;
Takara Bio, Inc.). The reverse transcription condition was as
follows: 10 min at 30°C and 40 min at 42°C. Quantitative PCR
was performed using SYBR® Premix Ex Taq™ (Takara Bio,
Inc.) with an ABI Prism 7900 machine (Applied Biosystems;
Thermo Fisher Scientific, Inc.). The internal control was
GAPDH. Amplification was performed as follows: 5 sec
at 95°C, followed by 40 cycles of 15 sec at 95°C and 40 sec

at 56°C. The relative gene expression levels of TNFa, PPARD,
PPARG, fatty acid amide hydrolase (FAAH) and hydroxys-
teroid 11-f dehydrogenase 1 (HSD11B1) were calculated using
the 2244 method (20). Primers sequences were as follows:
TNFa forward, 5'-AGCCCATGTTGTAGCAAACC-3' and
reverse, 5-GGAAGACCCCTCCCAGATAG-3"; PPARD
forward, 5'-ACGCACCCTTTGTCATCC-3' and reverse,
5'-GAAGAGGCTGCTGAAGTTGG-3'"; PPARG forward,
5'-GAGAAGGAGAAGCTGTTGGC-3' and reverse, 5'-ATG
GCCACCTCTTTGCTCT-3'; FAAH forward, 5-GCCTCA
AGGAATGCTTCAGC-3' and reverse, 5'- TGCCCTCATTCA
GGCTCAAG-3"; HSD11BI forward, 5~ AAGCAGACCAAC
GGGAGCATT-3' and reverse, 5'- GGAGAAGAACCCATC
CAGAGCA-3' and GAPDH forward, 5-TCTTGCTCAGTG
TCCTTGC-3" and reverse, 5'-CTTTGTCAAGCTCATTTC
CTGG-3".

Statistical analysis. Data are presented as the mean + SD with
five mice per group. The significance of differences was deter-
mined by one-way ANOVA followed by Tukey's post hoc test for
multiple comparisons using SPSS v22.0 (IBM Corp.). P<0.05
was considered to indicate a statistically significant difference.

Results

Active components and potential target proteins of MLE.
TCMSP was used to retrieve the composition of MLE and
there were 26 active components when the filter conditions
were as follows: OB =30%, DL =0.18 and Caco2 >0 (Table I
and Fig. S1). Using SwissTargetPrediction, 521 herb targets
were predicted. From the analysis using OMIM, GeneCards
and CTD, 190 obesity-related genes were retrieved from
OMIM, 8,757 obesity-related genes were retrieved from
GeneCards and 31,922 obesity-related genes were retrieved
from CTD. The disease targets were identified by the inter-
section of genes retrieved from the three databases, where
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Table I. Mol ID of the 26 active components found in mulberry leaves.

Mol ID Molecule name

Oral bioavailability (%) Drug likeness  Caco-2 permeability

MOL001771  Poriferast-5-en-3f3-ol

MOLO002773  B-carotene
MOLO003842  Albanol
MOLO003847  Inophyllum E
MOLO003850  26-Hydroxy-dammara-20,24-dien-3-one
MOLO003851 Isoramanone
MOLO003856  Moracin B
MOLO003857  Moracin C
MOLO003858  Moracin D
MOLO003859  Moracin E
MOLO003860  Moracin F
MOL003861 Moracin G
MOLO003862  Moracin H

MOLO003879  4-Prenylresveratrol
MOLO000729  Oxysanguinarine
MOLO000098  Quercetin

MOLO000358  (-sitosterol

MOLO000422  Kaempferol
MOLO000449  Stigmasterol
MOLO001439  Arachidonic acid
MOLO001506  Supraene

MOLO003759  Iristectorigenin A
MOLO003975 Icosa-11,14,17-trienoic acid methyl ester
MOLO006630  Norartocarpetin
MOLO007179  Linolenic acid ethyl ester
MOLO007879  Tetramethoxyluteolin

3691 0.75 145
37.18 0.58 225
83.16 0.24 041
38.81 0.85 0.68
44 .41 0.79 0.82
39.97 0.51 0.05
55.85 0.23 0.83
82.13 0.29 0.87
60.93 0.38 1.03
56.08 0.38 0.96
53.81 0.23 0.81
75.78 042 0.98
74.35 0.51 0.87
40.54 0.21 09

46.97 0.87 1.08
46.43 0.28 0.05
3691 0.75 1.32
41.88 0.24 0.26
43.83 0.76 1.44
45.57 02 12

33.55 042 2.08
63.36 0.34 0.54
44 81 0.23 1.52
54.93 0.24 0.14
46.1 02 148
43.68 0.37 0.96

180 disease targets were obtained for subsequent analysis
(Fig. 2A). The herb targets were intersected with the disease
targets to obtain 24 MLE-obesity-related targets by Venny
(version 2.1; https://bioinfogp.cnb.csic.es/tools/venny/index.
html; Fig. 2B). As shown in Fig. 2C, a network of 24 inter-
acting proteins consisted of 34 edges. The average node degree
was 2.83 and the PPI enrichment P-value was 5.49x10"2. TNF,
PPARG, prostaglandin-endoperoxide synthase 2 (PTGS2),
nuclear receptor subfamily 3 group C member 1 and histone
deacetylase 3 (HDAC3) had high degree of the nodes. In addi-
tion, an MLE-compounds-targets-obesity interaction network
was constructed to facilitate the understanding of the potential
regulatory effects of MLE holistically (Fig. 2D). In total, four
compounds had no corresponding targets found in the data-
base, therefore only the interaction network of 22 compounds
and their relevant targets was shown. In this network,
arachidonic acid had 10 targets, whereas isoramanone,
icosa-11,14,17-trienoic acid methyl ester and linolenic acid ethyl
ester all had nine targets each. These multi-target compounds
may serve to be the key active components of MLE. Fatty
acid oxidation associated proteins (HSD11B1), kinase insert
domain receptor (KDR), phosphodiesterase 4D (PDE4D),
PPARD, PPARG, PTGS2 and FAAH had high degree of the
nodes in the network, which may be the core candidate targets
of MLE.

PPI, GO and KEGG analysis. There were 234 adjacent genes of
24 MLE-obesity related targets identified by STRING. A PPI
network analysis of the 234 adjacent genes of the 24 targets was
conducted using STRING to explore the potential interactions
among them (Fig. 3A). GO functional enrichment analysis was
subsequently performed and the target enrichment was rela-
tively concentrated in the biological processes of ‘regulation
of lipid metabolic process’, ‘response to nutrient levels’, ‘fatty
acid metabolic process’, ‘response to steroid hormone’, ‘regu-
lation of inflammatory response’, ‘lipid catabolic process’ and
“fatty acid biosynthetic process’ (Fig. 3B). Additionally, KEGG
pathways of the 234 adjacent genes were analyzed and shown
in Fig. 3C. The pathways included ‘adipocytokine signaling
pathway’, “TNF signaling pathway’, ‘Regulation of lipolysis in
adipocytes’, ‘NF-«kB signaling pathway’, ‘insulin resistance’,
‘PPAR signaling pathway’ and ‘AMPK signaling pathway’.
In general, these biological processes and signaling pathways
were likely to be associated with the beneficial effects of MLE
against obesity.

MLE treatment of high-fat diet-induced obese mice. The
weight of mice was found to be significantly increased in
the Model group compared with that in the control group
but significantly reversed by both low- and high-dose MLE
treatment at 8 weeks (Fig. 4A). The serum levels of TC and TG
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Figure 2. Active components and potential target proteins for MLE. (A) In total, 180 obesity-related genes were intersected among OMIM, GeneCards and
CTD databases by Venny. (B) The intersection of the potential targets of MLE on obesity were taken using Venny. (C) Protein-protein interaction network of
the potential targets of MLE on obesity was presented by Search Tool for the Retrieval of Interacting Genes/Proteins. (D) MLE compounds-targets-obesity
interaction network was performed through Cytoscape. The green diamond represented the candidate compound, and the blue ellipse was the target. The
number of edges connecting to the nodes determined the degree value of the nodes. MLE, Mulberry leaf extract; CTD, Comparative Toxicogenomics Database;

OMIM, Online Mendelian Inheritance in Man.

of the Model group were also significantly upregulated, which
were also significantly reversed by both doses MLE treatment,
although the effect of high-dose MLE on the TC levels was
more prominent (Fig. 4B). Hepatic histological examination
demonstrated that fat deposition (the white area represents fat)
was increased in the Model group compared with that in the
Control group. MLE treatment, especially at higher doses, was
associated with markedly reduced fat accumulation compared
with that in the Model group (Fig. 4C). According to Oil red
O staining, higher numbers of lipid droplets could be observed
in the liver of high-fat diet-induced obese mice compared with
those in the Control group, whilst addition of MLE markedly
decreased the hepatic lipid droplets at both doses (Fig. 4D).

Effects of MLE on inflammation, lipogenesis, lipid catabolism,
fatty acid oxidation and the AMP-activated protein kinase
(AMPK) signaling pathway. The inflammatory factors
(TNF-a, IL-1p, NFKBIA and iNOS), fat synthesis related
proteins (PPARD and PPARG), lipid catabolism related
protein (FAAH) and fatty acid oxidation associated proteins

(HSD11B1) were chosen from KEGG analysis. The protein
expression levels of TNF-a, IL-1p, NFKBIA and iNOS in
visceral white adipose tissues were all significantly increased
in the Model group compared with those in the Control group,
which were all significantly reversed by treatment with of MLE
in a dose-dependent manner (Fig. 5A). The mRNA expression
levels of TNF-a, PPARD and PPARG were all significantly
increased, whereas those of FAAH and HSD11B1 were signifi-
cantly decreased in the visceral white adipose tissues of mice
in the Model group compared with those in the Control group
(Fig. 5B). However, these effects were also markedly reversed
by MLE, with significant reversals observed on all mRNAs
analyzed following high-dose MLE treatment (Fig. 5B). The
levels of phosphorylated (p-) AMPK/AMPK were significantly
reduced, whilst the expression levels of PPARG, SREBP-1
and FAS were significantly increased in the model group
compared with those in the Control group. Treatment with
the high-dose MLE significantly reversed the aforementioned
changes in AMPK phosphorylation and PPARG, SREBP-1
and FAS expression (Fig. 5C).
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Figure 3. PPI, GO and KEGG analysis of target proteins. (A) PPI network analysis of the 234 adjacent genes of the 24 targets using STRING. (B) GO
enrichment and (C) KEGG pathway analysis of the target proteins by the ‘clusterProfiler’ package in R. PPI, Protein-protein interaction; GO, gene ontology;
KEGG, Kyoto Encyclopedia of Genes and Genomes; STRING, Search Tool for the Retrieval of Interacting Genes/Proteins.

Discussion

The effects of specific active components contained within
certain traditional Chinese medicines on mammalian cells and
gene expression remain unclear. Therefore, it is necessary to
form a knowledge base associated with these compounds (21).
The emergence of big data in the biomedical research field has
promoted the establishment of network pharmacology for the
systematic analysis of drug targets. Additionally, it changed the
concept of drug discovery from ‘a single target, a single drug’
to ‘multi-targets, multi-components’ (22). Network pharma-
cology is an emerging discipline that is based on the statistical
analysis of data, virtual computing and the observation of
component-target-disease-pathway interactions retrieved from
network databases (23).

MLE have been previously demonstrated to alleviate
hyperglycemia, hyperlipidemia, obesity, oxidation and inflam-
mation (24-28). Pharmacological analysis has indicated that
the active components in MLE include (3-carotene, quercetin,
[-sitosterol, kaempferol and arachidonic acid, all of which can
exert beneficial effects against obesity (29-33). Using network
pharmacological analysis, we speculated that these compo-
nents can alleviate high-fat diet-induced obesity by targeting
proteins in various metabolic pathways. Furthermore, the
majority of the identified pathways are predominantly involved
in glucolipid metabolism, inflammation, lipogenesis and fatty
acid oxidation, which should be explored in future studies.

A previous study has revealed that obesity is associated
with chronic low-grade inflammation, such that insulin
signaling may be interfered by inflammatory factors, leading
to insulin resistance and metabolic disorders, including
type 2 diabetes and metabolic syndrome, where impair-
ments in insulin signaling disrupt the entry of glucose into
the adipocytes and skeletal muscle cells (34). Adipocytes
in the adipose tissues of obese individuals are frequently
found to be enlarged, which is accompanied with increased
tissue vascularization, which affects the utilization of oxygen
and leads to oxygen deficiency in the adipose tissue (35). In
particular, hypoxia-inducible factor-la is associated with
chronic inflammation of the adipose tissue by promoting
the recruitment of macrophages and their transformation to
the proinflammatory M1 type, which releases a variety of
proinflammatory cytokines, including TNF-a and IL-6 in
obesity (36). During obesity, inflammation occurs not only in
the adipose tissue, but also in other tissues (37). It has been
previously reported that obese mice fed with a high-fat diet
exhibit intestinal inflammation, elevated levels of TNF-a and
activation of the NF-kB signaling pathway (38). In the present
study, it was observed that the protein expression levels of
inflammatory factors TNF-a, IL-18, NFKBIA and iNOS
were also increased in the adipose tissues of obese mice.
Additionally, ‘TNF signaling pathway’, ‘NF-«xB signaling
pathway’ and ‘insulin resistance’ were identified by KEGG
pathway enrichment analysis, suggesting that MLE may exert
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Figure 4. Effects of MLE on high-fat diet-induced obese mice. (A) Mice body weight at 8 weeks. (B) The levels of serum TC and TG were measured using TC and
TG assay kits. (C) Hepatic fat accumulation was detected by H&E staining. Original (magnification, x200) and blow-up (magnification, x400). (D) Liver lipid
droplets were detected by Oil red O staining. Original (magnification, x400) and blow-up (magnification, x800). "P<0.05, “P<0.01 and ““P<0.001 vs. Control;
"P<0.05, "P<0.01 and **P<0.001 vs. Model; *P<0.05 vs. MLE-L. TC, total cholesterol; TG, triglyceride; MLE, Mulberry leaf extract; MLE-L, low dose MLE;

MLE-H, high dose MLE.

beneficial effects in the treatment of obesity through the
signaling pathways aforementioned.

The first indication for increased cytokine release in obesity
is increased TNF-a expression, the levels of which are associ-
ated with the degree of adiposity and insulin resistance (39). The
1r$2016520 polymorphism of PPARD has been revealed to serve
a leading role in the development of abdominal obesity (40). In
addition, obesity-susceptibility gene transmembrane protein
18 can upregulate PPARG expression to promote adipogenesis
during obesity (41). FAAH is a primary catabolic regulator
of N-acylethanolamines, which activates G-protein-coupled
receptors within the endocannabinoid system (42). FAAH is

associated with increased BMI, increased triglyceride levels
and reduced levels of high-density lipoprotein cholesterol,
which occurs during obesity (42). Hydroxysteroid (11-p3)
dehydrogenase type 1 (11-BHSDI) is a bidirectional enzyme
encoded by the HSD11B1 gene and is highly expressed in the
liver and adipose tissues (43). It can convert inactive cortisone
into its active form cortisol (43). Individuals with obesity
typically show decreased HSD11B1 gene expression in the
intra-abdominal visceral adipose tissue (VAT) (44). Therefore,
these obesity-related genes (TNF-a, PPARD, PPARG, FAAH
and HSD11B1) were selected to verify the effects of treatment
with MLE on obesity. The results indicated that the expression
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Figure 5. Effects of MLE on adipocyte inflammation, lipogenesis, lipid catabolism, fatty acid oxidation and AMPK signaling. (A) The protein expressions of
inflammatory factors TNF-a, IL-1, NFKBIA and iNOS in adipose tissue were detected by western blot analysis. (B) The mRNA expression of key targets of
MLE in the treatment of obesity was verified by reverse transcription-quantitative PCR. (C) The activity of the AMPK pathway in adipose tissue was detected by
western blot analysis. "P<0.05, “P<0.01 and "“P<0.001 vs. Control; “P<0.05, “P<0.01 and **P<0.001 vs. Model; “P<0.05, **P<0.01 and *2*P<0.001 vs. MLE-L.
MLE, Mulberry leaf extract; MLE-L, low dose MLE; MLE-H, high dose MLE; NFKBIA, NF-kB inhibitor a; iNOS, inducible nitric oxide synthase; AMPK,
5'AMP-activated protein kinase; PPAR, peroxisome proliferator activated receptor; SREBP-1, Sterol regulatory element binding protein-1; FAS, fatty acid synthase.

levels of TNF-a, PPARD and PPARG were increased, whilst
the expression levels of FAAH and HSD11B1 were decreased
by obesity, which were markedly reversed by MLE treatment.
The altered expression levels of TNF-a, PPARD, PPARG,
FAAH and HSD11Bl1 in obesity treated with MLE were
consistent with results from previous studies aforementioned.

AMPK is a cellular energy sensor that functions as a
serine/threonine specific protein kinase (45). It serves a key
role in maintaining the metabolic balance in the body (46,47).
Activation of AMPK can increase catabolism, reduce the
expression levels of regulators of lipid synthesis, including
acetyl-CoA carboxylase (ACC), FAS and SREBP, to reduce
the rate of anabolism whilst regulating lipid synthesis and
utilization (48). PPARY is a major transcription factor that
can modulate glucose and lipid metabolism, the expression
of which in adipose tissues has been previously associated
with high fat diet-induced adipocyte hypertrophy and insulin
resistance (49,50). SREBP-Ic is a transcription factor that
regulates lipogenesis (51). AMPK-knockout mice frequently
develop metabolic complications, such as dysregulated
glucose homeostasis and insulin resistance, when they are
fed a high-fat diet (52). However, activation of AMPK using
A-769662 has been found to alleviate metabolic dysfunction
in mice fed a high-fat diet (52). AMPK can reduce de novo

lipogenesis and promote fatty acid oxidation and inhibition
of ACC phosphorylation and SREBP-1c activation by AMPK
can inhibit fatty-acid synthesis (53). In the present study, it
was observed that p-AMPK/AMPK levels were decreased,
whilst the expression levels of PPARy, SREBP-1 and FAS were
increased by obesity, which were markedly reversed by MLE
treatment.

However, the present study has some limitations. Although
the present study suggested that MLE negatively regulated
inflammation, lipogenesis, lipid catabolism, fatty acid oxida-
tion and AMPK signaling, whether this effect was indeed
mediated by these signaling pathways should be improved
using related inhibitors, gene knockout or overexpression.

In conclusion, a network pharmacology approach was used
in the present study to identify active components of MLE
and their potential target proteins associated with obesity. The
results indicated that 24 targets associated with obesity were
screened to be targets for MLE, where seven related biological
processes and seven related signaling pathways were extracted
by GO and KEGG analyzes, respectively. Subsequently, an
in vivo experiment was used to verify the network pharma-
cology analysis and revealed that the MLE-induced obesity
improvement may be due to the upregulation of FAAH and
HSD11B1 and downregulation of TNF, PPARS and PPARY.
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