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Kangtaizhi granule (KTZG) is a Chinese medicine compound prescription and has been proven to be effective in nonalcoholic fatty
liver disease (NAFLD) treatment clinically. However, the underlying mechanisms under this efficacy are rather elusive. In the
present study, network pharmacology and HPLC analysis were performed to identify the chemicals of KTZG and related target
pathways for NAFLD treatment. Network pharmacology screened 42 compounds and 79 related targets related to NAFLD;
HPLC analysis also confirmed six compounds in KTZG. Further experiments were also performed. In an in vivo study, SD rats
were randomly divided into five groups: control (rats fed with normal diet), NAFLD (rats fed with high-fat diet), and KTZG
0.75, 1.5, and 3 groups (NAFLD rats treated with KTZG 0.75, 1.5, and 3 g/kg, respectively). Serum lipids were biochemically
determined; hepatic steatosis and lipid accumulation were evaluated with HE and oil red O staining. In an in vitro study, HepG2
cells were incubated with 1mM FFA to induce lipid accumulation with or without KTZG treatment. MTT assay, intracellular
TG level, oil red O staining, and glucose uptake in cells were detected. Western blotting and immunohistochemical and
immunofluorescence staining were also performed to determine the expression of lipid-related genes PPAR-γ, SREBP-1, p-AKT,
FAS, and SIRT1 and genes in the AMPK/mTOR signaling pathway. In high-fat diet-fed rats, KTZG treatment significantly
improved liver organ index and serum lipid contents of TG, TC, LDL-C, HDL-C, ALT, and AST significantly; HE and oil red O
staining also showed that KTZG alleviated hepatic steatosis and liver lipid accumulation. In FFA-treated HepG2 cells, KTZG
treatment decreased the intracellular TG levels, lipid accumulation, and attenuated glucose uptake significantly. More
importantly, lipid-related genes PPAR-γ, SREBP-1, p-AKT, FAS, and SIRT1 expressions were ameliorated with KTZG treatment
in high-fat diet-fed rats and FFA-induced HepG2 cells. The p-AMPK and p-mTOR expressions in the AMPK/mTOR signaling
pathway were also modified with KTZG treatment in high-fat diet-fed rats and HepG2 cells. These results indicated that KTZG
effectively ameliorated lipid accumulation and hepatic steatosis to prevent NAFLD in high-fat diet-fed rats and FFA-induced
HepG2 cells, and this effect was associated with the AMPK/mTOR signaling pathway. Our results suggested that KTZG might
be a potential therapeutic agent for the prevention of NAFLD.

1. Introduction

Nonalcoholic fatty liver disease (NAFLD) is characterized by
the excessive accumulation of hepatic lipid and hepatic stea-
tosis in the absence of alcoholism [1]. It is emerging as the
most common cause of liver diseases, with a global preva-
lence of 25% approximately. More importantly, NAFLD is
considered to be a dangerous complication of nonalcoholic

steatohepatitis (NASH), advanced fibrosis, cirrhosis, and
hepatocellular carcinoma, with evidence of NAFLD at mark-
edly increased risk of adverse outcomes, including liver-
specific morbidity and mortality [2]. Recently, increases in
high-fat diet (HFD) intake and thus induced obesity have
demonstrated parallelism with a global increase in NAFLD.
Furthermore, studies evidence that NAFLD contributed to
the characteristics of a series of diseases, such as metabolic
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syndromes, like type II diabetes mellitus, hypertension, and
cardiovascular events, making NAFLD a major public health
concern worldwide [3, 4].

Although the presence of steatosis is a requisite and typ-
ical for NAFLD, the development of NAFLD is a complex
process that is affected by numerous mechanisms including
genetic, metabolic, lifestyle, and gut microbiome [5]. They
lead to increased metabolic substrate (mainly lipids and car-
bohydrates) delivery to the liver and increased visceral adi-
pose tissue, featured with the excessive accumulation of free
fatty acids (FFA), triglycerides (TG), and proinflammatory
mediators. These changes alter lipid and glucose metabolism,
produce insulin resistance, and create a proinflammatory
milieu that induce oxidative stress and modify cell-cell cross-
talk, triggering cell injury, apoptosis, or cell death [6]. Vari-
able activation of these processes and the consequent
metabolic response determines the development of disease
phenotype and its progression to fibrosis and cirrhosis. Life-
style intervention is recommended for the majority of
NAFLD patients, and its benefit is also witnessed by a wide
range of clinical studies [7, 8]. However, confined to the dif-
ficulties of long-term exercise, pharmaceutical treatment
aimed at alleviating hepatic steatosis or protecting the liver
from additional injury is necessary.

To expand the range of pharmaceutical options for
NAFLD treatment, recent studies also focus on identifying
active agents or herbal extracts that can ameliorate NAFLD.
With a multi-ingredient and multipath pharmacological
action, traditional Chinese medicine (TCM) is compatible
with the complex pathogenesis of NAFLD, which can be used
to mitigate NAFLD and associated diseases [9]. Kangtaizhi
granule (KTZG) is a Chinese medicine compound prescrip-
tion that is composed of eight kinds of TCM, Radix Puerar-
iae, Rhizoma Dioscoreae, Sophora japonica oyster, mulberry
leaves, Polygonatum odoratum, mulberry, and papaya. Some
of these eight TCM are partly consumed as a part of the
human diet with abundant bioactivities. Our previous study
demonstrated that KTZG has the efficacy to protect life from
NAFLD, with the ability to ameliorate abnormal liver function
and lipid metabolism [10]. Although the effect of KTZG in the
clinic has been confirmed, the clear mechanisms under this
efficacy are rather elusive. In this study, with network pharma-
cology and experiment validation in high-fat diet rats and
FFA-treated HepG2 cells, we aimed to provide basic data for
a better understanding of the pharmacological effects and
potential mechanisms of KTZG in preventing of NAFLD.

2. Materials and Methods

2.1. KTZG Bioactive Compounds and NAFLD-Related Target
Screening. For the eight herbs that make up KTZG, the Tra-
ditional Chinese Medicine Systems Pharmacology (TCMSP)
database, TCM-Mesh database, and Traditional Chinese
Medicine Integrative Database (TCMID) database were used
to obtain the related chemical information of these eight
herbs, including the bioactive compound name; molecular
weight; structural formula; absorption, distribution, metabo-
lism, and elimination (ADME) parameters; and CAS ID.
Based on the screened compounds in KTZG, compound-

related targets were predicted using the SwissTargetPredic-
tion and STITCH online databases. Canonical SMILES of
each compound was searched from PubChem and submitted
to these two databases, then predicted targets were obtained.
The keyword “NAFLD” was inputted in the following data-
bases including the Therapeutic Target Database (TTD),
DrugBank, Online Mendelian Inheritance in Man (OMIM),
and DisGeNET to screen the disease-related targets. Then,
the coexistent targets between compounds and disease were
identified as KTZG-related targets for NAFLD treatment.

2.2. Network Construction and Analysis. Based on the identi-
fied compounds and predicted targets of KTZG, the interac-
tion network between compounds and targets was visualized
with Cytoscape 3.2.1 software. The protein-protein interac-
tions of the targets were also analyzed with the STRING
online tool and visualized with Cytoscape 3.2.1 software.
The protein’s topological attribute was analyzed with the
software plugin tool “Network analyzer”.

2.3. KEGG Pathway Enrichment Analysis. For the predicted
targets, the underlying biological information was also
explored. These target-enriched KEGG pathway networks
were analyzed with the Cytoscape 3.2.1 software plugin tool
ClueGO; P value of the KEGG pathway term less than 0.05
was set up as the criterion.

2.4. High-Performance Liquid Chromatography (HPLC)
Analysis of KTZG. HPLC analysis of KTZG was performed
on a Waters e2695 HPLC system equipped with a 2998
PDA detector. An Agilent ZORBAX SB-C18 column
(4:6mm × 150mm, 5μm) was used for the chromatographic
separation, and solvent A (acetonitrile) and solvent B (0.01%
glacial acetic acid in distilled water) composed the solvent
system. The chromatographic separation was conducted
according to the following solvent gradient: 0-30min, 10%-
15% A; 30-60min, 15%-35% A; and 60-70min, 35%-90%
A. the injection volume was 10μL, flow rate was 0.8mL/min,
detection wavelength was 254nm, and column temperature
was 30°C [11].

2.5. Animal Diets and Tissue Sample Preparation. 4-week
male SD rats were purchased from the Shanghai SLAC Lab-
oratory Animal Co. Ltd., China, and maintained under spe-
cific pathogen-free conditions at 22~25°C temperature, 60%
humidity, 12 h dark-light cycle, and free access to water and
normal diet. After a week of acclimatization, the rats were
randomly divided into five groups (n = 12 per group): control
group: rats were fed with normal diet; NAFLD group: rats
were fed with HFD; KTZG 0.75 group: rats were fed HFD
and KTZG 0.75mg/kg/d, i.g.; KTZG 1.5 group: rats were
fed with HFD and KTZG 1.5mg/kg/d, i.g.; and KTZG 3
group: rats were fed with HFD and KTZG 3.0mg/kg/d, i.g.
Rats were fed with normal or HFD for 10 weeks; at the same
time, KTZG was administrated from the week of 5 to 10 for a
total of 6 weeks. The same volume of saline was given to the
control and NAFLD groups. After last administration and
overnight fasting, body weight was recorded, and all rats were
euthanized using CO2. Blood was collected from a cardiac
puncture and centrifugated at 3000 rpm for 15min to obtain
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the serum samples. Liver tissues were also removed and
weighted and then stored immediately at -80°C for further
analysis. All experiments were performed with the approval
from the Zhejiang Chinese Medical University using guide-
lines for the care and use of laboratory animals.

2.6. Biochemical Analysis. Serum content of total TG, total
cholesterol (TC), total bilirubin, high-density lipoprotein
(HDL), low-density lipoprotein (LDL), alanine aminotrans-
ferase (ALT), and aspartate aminotransferase (AST) was
detected using an automatic analyzer (Roche, Basel, Switzer-
land) according to the manufacturer’s introduction.

2.7. Liver Histopathological Examination. The liver tissues
were fixed in 10% paraformaldehyde for 48h and embedded
in paraffin, then the tissues were cut into 3~5μm sections
and stained with hematoxylin and eosin (HE). All the speci-
mens were examined under a light microscope (Olympus,
Tokyo, Japan). The tissue sections were also stained with oil
red O solution to assess the lipid droplet accumulation in
liver tissues. The specimens were examined under a light
microscope, and the oil red O-positive areas were quantified
using Image-Pro Plus 6.0 software (IPP, Media Cybernetics,
Inc., USA).

2.8. Immunohistochemical Assay. Liver tissue sections were
incubated with the primary antibody at 4°C overnight, then
washed with PBS for three times and further incubated with
the horseradish peroxidase anti-rabbit secondary antibody
for 15min at room temperature. Then, the sections were
washed with PBS for 3 times and stained with DBA solution.
After terminating the reaction with water, the sections were
further counterstained with hematoxylin; the tissue sections
in each group were observed under a microscope.

2.9. Cell Culture and Induction of Hepatic Steatosis. The
HepG2 hepatocyte cell line (iCell Bioscience Inc., China)
was cultured in Dulbecco’s Modified Eagle’s Medium
(DMEM, Hyclone) supplemented with 10% FBS and penicil-
lin/streptomycin mixture at 37°C in a 5% CO2 atmosphere.
For induction of hepatic steatosis, HepG2 cells were incu-
bated with 1mM of FFA (oleic acid and palmitic acid, 2 : 1)
in serum-free medium containing 1% fat-free bovine serum
albumin (BSA) to stimulate lipid accumulation for 24h.
Serum samples containing KTZG were obtained from the
KTZG 0.75, 1.5, 3mg/k group normal diet-fed SD rats and
named the L-KTZG, M-KTZG, and H-KTZG groups, respec-
tively. Then, the cells were further incubated in DMEM-
contained serum (20μL) containing with KTAG for another
24 h. The control group and FFA group HepG2 cells were
incubated in DMEM-contained normal serum (20μL) with-
out KTZG.

2.10. MTT Assay.HepG2 cells (1× 104 cells/well) were seeded
in a 96-well plate and allowed to adhere to the wells. Then,
cells were incubated in serum-free DEME containing 1mM
of FFA, with or without KTZG treatment at different doses
for 24 h. Then, MTT reagent (BBI Life Sciences) was added
for another coincubation of 1 h. After that, the optic density

(OD) value was measured at 590nm using a CMax Plus
ELISA reader (MD, USA).

2.11. Intracellular TG Level Assay. HepG2 cells (1 × 104
cells/well) were seeded in 6-well plates and allowed to adhere
to the wells. Then, cells were incubated in DMEM containing
1mM of FFA, with KTZG treatment at different doses for
24 h. Then, intracellular TG levels were detected with the
TG assay kit (Cayman Chemical, USA) according to the
manufacturer’s instructions.

2.12. Oil Red O Staining. Oil red O staining was also per-
formed to evaluate the intracellular lipid accumulation.
Briefly, the prepared HepG2 cells were fixed with 10% forma-
lin in PBS for 1 h and then stained with oil red O solution for
30min at room temperature. Then, cells were washed with
distilled water, and then the stained lipid droplets within cells
were observed under a light microscope. The lipid accumula-
tion was quantified through the dissolving of stained lipid
droplets with isopropanol, and the absorbance was measured
at 490nm. Control cells were treated with 1% BSA only.

2.13. Glucose Uptake Assay. Glucose uptake was detected
using a fluorescence assay. HepG2 cells (1 × 104 cells/well)
were seeded in a 6-well plate and treated as described above.
Then, the medium was removed, and 100μmol/Lof 2-
NBDG was added and coincubated in serum-free DMEM
medium at 37°C for 30min. Then, the relative fluorescence
images were observed under a Ts2-FC fluorescence micro-
scope (Nikon, Japan).

2.14. Immunofluorescence Staining. HepG2 cells were pre-
pared as described above and fixed with 10% formalin in
PBS for 1 h. Then, the fixed cells were washed with PBS for
three times, permeabilized in 0.5% Triton X-100, and then
blocked with 5% normal goat serum. After incubation with
primary p-AKT (ab23875, 1 : 250, Abcam, USA), p-mTOR
(ab131538, 1 : 250, Abcam, USA), and secondary antibody
IgG H&L (Alexa Fluor® 594) (ab150076, 1 : 250, Abcam,
USA), cell nuclei were stained with DAPI (Beyotime Institute
of Biotechnology, China). Then, the relative fluorescence
images were obtained using a Ts2-FC fluorescence micro-
scope (Nikon, Japan).

2.15. Western Blot Assay of Liver Tissues and HepG2 Cells.
Liver tissues or HepG2 cells were lysed with RIPA buffer
(Beyotime Institute of Biotechnology, China), and the pro-
tein concentrations were measured by the BCAmethod using
a BCA protein assay kit (Beyotime Institute of Biotechnology,
China). Then, equal amounts of protein samples (30μg) were
loaded onto 10% SDS-polyacrylamide gel and electrophoret-
ically transferred to polyvinylidene difluoride (PVDF) mem-
branes. The membranes were blocked with the blocking
solution and incubated with the primary antibodies against
PPAR-γ, ab59256, 1 : 1000; SREBP-1, ab28481, 1 : 5000; p-
AKT, ab8805, 1 : 500; FAS, ab82419, 1 : 1000; SIRT1,
ab12193, 1 : 2000; p-AMPK, ab23875, 1 : 1000; AMPK,
ab80039,1 : 1000; p-mTOR, ab131538, 1 : 1000; mTOR,
ab32028, 1 : 5000; and GLUT2, ab192599, 1 : 5000 (Abcam,
USA) overnight at 4°C. After that, the membranes were
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Figure 1: KTZG-bioactive compounds and NAFLD-related target screening. (a) KTZG-bioactive compound network. (b) Screening of the
protein-targeted KTZG for NAFLD treatment. KTZG: Kangtaizhi granule; NAFLD: nonalcoholic fatty liver disease.
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Figure 2: Continued.
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washed with TBST for three times and further incubated with
horseradish peroxidase- (HRP-) conjugated secondary anti-
bodies (ab20272, 1 : 5000). The blots were visualized using
Millipore’s enhanced chemiluminescence and quantified
using Image-Pro Plus 6.0 software (IPP, Media Cybernetics,
Inc., USA).

2.16. Statistical Analysis. Data were expressed as mean ± SD
and analyzed with SPSS software; statistical significance was
determined by Student’s t-test for comparisons between
two groups. Differences were considered to be significant
when P < 0:05.

3. Results

3.1. TKZG-Compound-Target Network. TKZG was prepared
by eight TCM. Based on TCM-related databases, the chemi-
cal constituents in these eight TCM were screened
(Figure 1(a)). In addition, 1362 proteins that target these
compounds were predicted, and 152 protein targets related
to NAFLD were screened. As a result, 79 coexisted targets
were identified as TKZG’s targets for NAFLD treatment
(Figure 1(b)). The compound-target network is also shown
in Figure 2(a), including 42 compounds and 79 proteins,
forming 296 edges.

3.2. Hub Target Identification. The PPI network was con-
structed to analyze the interactions of these identified targets
(Figure 2(b)). 77 targets were mapped into the network with
1015 interaction edges, forming a complex interaction net-
work. The node size was positively correlated to the node
degree; some proteins were specified with a high degree,

including PPARG (degree = 54), ADIPOQ (degree = 54),
AKT1 (degree = 54), TNF (degree = 49), SREBF1 (degree =
48), and SIRT1 (degree = 46).

3.3. KEGG Pathway Analysis. 79 target-enriched KEGG
pathways were also analyzed; the KEGG pathway network
is also presented in Figure 2(c). The network was composed
of 84 terms of pathways, forming a tight pathway interaction
network. Some pathways that the identified targets enriched
were directly related to the disease NAFLD, including the
NAFLD pathway, type II diabetes mellitus, insulin resistance,
insulin signaling pathway, glucagon signaling pathway, regu-
lation of lipolysis in adipocytes, and other signaling pathways
like the AMPK and mTOR signaling pathways. These signal-
ing pathways directly interacted with NAFLD-associated
pathways and marked with similar color cluster.

3.4. HPLC Chemical Fingerprint of KTZG. Ten batches of
KTZG were prepared, and the typical chromatograms from
these 10 batches with good quality control are shown in
Figure 3(a) by HPLC analysis. Thirteen peaks were identified
on the HPLC chemical fingerprint of KTZG (Figure 3(b)).
Among these peaks, six peaks, including 3′-hydroxy puerarin
(no. 1), puerarin (no. 2), daidzin (no. 6), rutin (no. 7), daid-
zein (no. 12), and quercetin (no. 13), were identified by refer-
ring to the corresponding standards.

3.5. KTZG Improved Liver Organ Index and Serum Lipid
Profile. In the NAFLD model rat with HFD, the liver organ
index was significantly increased compared to that in the
normally fed control group rat (P < 0:05) (Figure 4(a)). But
for model rats with KTZG doses reaching 1.5 g/kg and
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Figure 2: Network pharmacology analysis of the KTZG for NAFLD treatment. (a) Compound-target network of KTZG. The network
included 42 compounds and 79 proteins, forming 296 edges. (b) PPI network of the identified targets. Node size was positively associated
with node degree. (c) KEGG pathway analysis of the targets.

6 Journal of Immunology Research



4,000

3,800

3,600

3,400

3,200

3,000

2,800

2,600

2,400

(m
V

)

Time (min)

2,200

2,000

1,800

1,600

1,400

1,200

1,000

800

600

400

200

0

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60 62 64

S1

S2

S3

S4

S5

S6

S7

S8

S9

S10

R

(a)

(m
V

)

Time (min)

0

0 2

50

100

150

200

250

300

350

400

450

500

550

600

650

700

750

800

850

900

950

1,000

1,050

4

1

3

4 5
6

7

8 9
10

KTZG

Standard

11 12 13

2

6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60 62 64

R

(m
V

)

Time (min)

0

0 2

50

100

150

200

250

300

350

400

450

500

550

600

650

700

750

800

850

900

950

1,000

4

1

6

7

12 13

2

6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60 62 64

S1

(b)

Figure 3: HPLC chemical fingerprint of KTZG. (a) The reproducible HPLC chromatograms of HTT from 10 batches. (b) HPLC chemical
fingerprint of KTZG with 6 peaks determined by comparing retention time with the standards: 3′-hydroxy puerarin (no. 1), puerarin (no.
2), daidzin (no. 6), rutin (no. 7), daidzein (no. 12), and quercetin (no. 13).
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3 g/kg, the organ index was significantly decreased (P < 0:05
and P < 0:01, respectively). Compared to the control group,
serum contents including TG, TC, and LDL-c in the model
group were significantly increased (P < 0:05) (Figure 4(b)).
But KTZG treatment inhibited these increased lipid profiles
in the serum, especially in the 1.5 g/kg and 3 g/kg dosage
groups with statistical significance. For HDL-c, the levels
in these groups were correspondingly opposite. In addition,
serum AST and serum ALT in the NAFLD group were sig-
nificantly higher than those in the control group (P < 0:01),
and the serum AST and ALT levels in the KTZG group
were significantly decreased than those in the NAFLD
group (P < 0:05).

3.6. KTZG Alleviated Hepatic Steatosis and Liver Lipid
Accumulation in NAFLD Rats. HE staining showed that
compared to the control group with normal liver morphol-
ogy, NAFLD group liver tissues showed significantly hepatic
steatosis, vacuolation, hepatocellular hypertrophy, and lipid
droplet accumulation (Figure 4(c)), whereas the degree of
hepatic steatosis and the size of the lipid droplets were allevi-
ated in the liver of the rats with KTZG treatment. Oil red O
results also evidenced that there were significant lipid drop-
lets and lipid accumulation in liver tissues of NAFLD rats,
and KTZG treatment reduced the HFD-induced lipid accu-
mulation in liver tissues (Figure 4(d)).

3.7. Effect of KTZG on Expression of Lipid-Related Genes and
AMPK/mTOR Signaling in Liver Tissues. Expressions of the
lipid-related genes identified from network pharmacology
and the proteins in AMPK/mTOR signaling were detected.
Western blot results in Figure 5(a) showed that the protein
expressions of PPAR-γ were significantly decreased, and
SREBP-1 and p-AKT were significantly increased in the
NAFLD group compared to the control group (P < 0:01).
KTZG treatment significantly increased the expression of
PPAR-γ in the 1.5 and 3 g/kg groups (P < 0:05) and
decreased the expression of SREBP-1 in the 3.0 g/kg group

(P < 0:05) and p-AKT in the 0.75, 1.5, and 3 g/kg groups
(P < 0:05, P < 0:05, and P < 0:01, respectively). Compared
to the control group, the p-AMPK expression was signifi-
cantly decreased in the NAFLD group, and KTZG treatment
increased the expression significantly in the 3 g/kg group
(P < 0:05); p-mTOR expression was significantly increased
in the NAFLD group, and KTZG treatment increased the
expression significantly in the 1.5 g/kg and 3 g/kg groups
(P < 0:05 and P < 0:01, respectively) (Figure 5(b)). Immuno-
histochemical results also showed that compared to the con-
trol group, the expression of FAS was increased in the
NFALD group but increased with KTZG treatment and the
Sirt1 expression was decreased in the NFALD group but
increased in the KTZG groups (Figure 5(c)).

3.8. Cell Viability of HepG2 Cells Treated with KTZG. The
MTT assay was used to evaluate the effects of KTZG in differ-
ent concentrations on HepG2 cell viability. As the result indi-
cated, KTZG treatment at the tested concentrations did not
exhibit significant toxicity in cell viability (Figure 6(a)).

3.9. KTZG Decreased Intracellular Lipid Accumulation in
FFA-Induced HepG2 Cells. Significantly high intracellular
TG level was induced by an exposure to FFA 1mM for 24h
of HepG2 cells (Figure 6(b)), whereas in KTZG-treated cells,
TG accumulation showed a significant decrease compared to
that in FFA-only treated cells (P < 0:01). Oil red O staining
showed that there was significant lipid droplet accumulation
in FFA-treated HepG2 cells (P < 0:01), but for the middle
and high concentrations of KTZG along with FFA treatment,
the lipid accumulation was significantly decreased compared
to those for the FFA-only treated cells (P < 0:05 and P < 0:01,
respectively) (Figure 6(c)).

3.10. KTZG Attenuated Glucose Uptake in FFA-Induced
HepG2 Cells. To determine the effect of KTZG on glucose
uptake in HepG2 cells, the 2-NBDG glucose uptake assay
was performed in HepG2 cells (Figure 6(d)). The result

Control NAFLD KTZG 0.75 KTZG 1.5 KTZG 3

(c)

Control NAFLD KTZG 0.75 KTZG 1.5 KTZG 3

(d)

Figure 4: Effect of KTZG on lipid accumulation and hepatic steatosis in HFD-fed rats. (a) Liver organ index of the HFD-fed rat liver tissues
treated with KTZG. (b) Serum content of TG, TC, LDL-c, HDL-c, ALT, and AST. (c) HE staining of liver tissues (magnification ×200). (d) Oil
red O staining images of the HFD-fed rat liver tissues treated with KTZG (magnification ×200). HFD: high-fat diet. Compared to control
group, ▲P < 0:05, ▲▲P < 0:01; compared to NAFLD group, ★P < 0:05, ★★P < 0:01.
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showed that the intensity of the glucose-labeled fluorescence
was significantly decreased in response to the FFA treatment
(P < 0:01). However, HepG2 cells treated with KTZG
improved the glucose uptake, with higher fluorescence inten-
sity, compared to cells treated with FFA only. Protein expres-
sion of GLUT2 also showed that the expression of GLUT2 was
decreased in FFA-treated cells but substantially increased in
response to KTZG.

3.11. Effect of KTZG on Expression of Lipid-Related Genes in
FFA-Induced HepG2 Cells. Protein expressions of the lipid-

related genes PPAR-γ, SREBP-1, p-AKT, FAS, and SIRT1
were detected in FFA-induced HepG2 cells. Western blot
results in Figure 7(a) showed that the protein expressions of
PPAR-γ were significantly decreased and SREBP-1, p-AKT,
FAS, and SIRT1 were significantly increased in FFA-
induced HepG2 cells compared to untreated cells (P < 0:01).
In KTZG-treated HepG2 cells, significantly increased expres-
sions of PPAR-γ were observed in KTZG low- to high-
treated groups (P < 0:05); decreased expressions of SREBP-1,
p-AKT, and FAS were observed in the KTZG high-treated
group (P < 0:05).
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Figure 5: Effect of KTZG on PPAR-γ, SREBP-1, p-AKT, FAS, SIRT1, and AMPK/mTOR signaling pathway in HFD fed rats. (a) Western
blotting for PPAR-γ, SREBP-1, and p-AKT in HFD-fed liver tissues treated with KTZG. (b) Western blotting for p-AMPK, AMPK, p-
mTOR, and mTOR in HFD-fed liver tissues treated with KTZG. (c) Immunohistochemical of FAS and SIRT1 in liver tissues
(magnification ×200). Compared to control group, ▲P < 0:05, ▲▲P < 0:01; compared to NAFLD group, ★P < 0:05, ★★P < 0:01.
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3.12. KTZG Ameliorates Lipid Accumulation and Hepatic
Steatosis in FFA-Induced HepG2 Cells via the Regulation of
AMPK/mTOR-Dependent Signaling. Compared to the con-
trol group, the p-AMPK expression was significantly
decreased in FFA-induced HepG2 cells (P < 0:01), and
KTZG treatment increased the expression significantly in
the H-KTZG group (P < 0:01); the p-mTOR expression was
significantly increased in FFA-induced HepG2 cells (P <
0:01), and KTZG treatment increased the expression signifi-
cantly in the M-KTZG and H-KTZG groups (P < 0:01)
(Figure 7(b)). Immunofluorescence staining also showed that
compared to the control group HepG2 cells, p-AMPK
expression was decreased in FFA-induced HepG2 cells sig-
nificantly (P < 0:01) but increased in the KTZG-treated
groups significantly (P < 0:05 or P < 0:01) (Figure 8(a)). p-
mTOR was increased in FFA-induced HepG2 cells (P <
0:01) but suppressed with KTZG treatment (P < 0:05 or
P < 0:01) (Figure 8(b)). FFA-induced HepG2 cells were fur-
ther treated with AMPK inhibitor compound C (10μL) or
mTOR inhibitor rapamycin (10μL) for 24 h. Western blot
results showed that compared to FFA+compound C group
cells, the protein expressions of p-AMPK in FFA+KTZG
+compound C group cells were significantly increased
(P < 0:05), and the protein expressions of p-mTOR in
FFA+KTZG+compound C group cells were significantly
suppressed (P < 0:05) (Figure 9).

4. Discussion

NAFLD is defined as excessive hepatic lipid accumulation
in the form of lipid droplets, also known as hepatic steato-
sis, in the liver with minor or no alcohol intake. It encom-
passes a broad spectrum of hepatic damage stages such as
isolated hepatic steatosis, NASH, liver fibrosis, and cirrhosis
or may even progress to hepatocellular carcinoma [12]. In
the current study, we explored the effect and underlying
mechanism of KTZG on NAFLD with in vivo and in vitro
experiments. As the results indicated, in HFD-fed rats,
KTZG treatment significantly improved liver organ index
and serum lipid profiles and alleviated hepatic steatosis

and liver lipid accumulation; in FFA-treated HepG2 cells,
KTZG treatment significantly decreased intracellular TG
levels, lipid accumulation, and attenuated glucose uptake.
In addition, network pharmacology and experiment study
showed that this protective effect of KTZG from hepatic
steatosis might be associated with its ability to regulate
the AMPK/mTOR signaling pathway.

Excess FFA are converted to TG and stored in hepato-
cytes, and excessive accumulation of TG in hepatocytes is
the pathologic hallmark of NAFLD. The treatment strategies
are also generally aimed at reducing TG accumulation. Other
lipid profiles, including TC and LDL-C, are also accumulated
in hepatocytes with NAFLD. TG/HDL-C and TC/HDL-C
ratios are associated with the severity of NAFLD, and the
patients with higher lipid ratios had a significantly greater
risk for advanced NAFLD [13, 14]. In this study, aberrant lipid
profiles were emerged in SD rats fed with HFD; the serum TG,
TC, and LDL-C levels were significantly increased; and
TG/HDL-C and TC/HDL-C ratios were higher than normal
rats; TG levels in HepG2 cells treated with FFA were also
increased significantly. In addition, lipid droplet accumulation
and liver pathologic damage-like hepatic steatosis were
observed in the liver tissues and HepG2 cells with oil red O
staining. KTZG treatment restored these altered lipid profiles
in HFD rats and HepG2 cells; with the TG, TC, and LDL-C
levels decreased, lipid accumulation and hepatic steatosis were
also ameliorated significantly.

Although studies focused on this Chinese medicine com-
pound prescription is limited, there are still some studies that
could be found for the eight TCM of KTZG against NAFLD.
In HepG2 cells, the water extract of Puerariae radix treat-
ment could attenuate the hepatic lipoprotein production
and secretion; the intracellular total and free TC concentra-
tions also decreased [15]. Metabolomic analysis also revealed
that by improving metabolism disorders and inhibiting oxi-
dative damage, the total isoflavones from Radix Puerariae
could exhibit the therapeutic potential in diabetic rats [16].
In high-fat diet fed with Rhizoma Dioscoreae Tokoronis
extracts, mice were found to have lower increases in body
and epididymal adipose tissue weights, a lessened occurrence
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Figure 6: Effect of KTZG on lipid accumulation and hepatic steatosis in FFA-induced HepG2 cells. (a) MTT assay of the HepG2 cells. HepG2
cells were incubated in KZTG with FFA for 24 h. FFA: free fatty acids. (b) Intracellular TG levels in HepG2 cells treated with KTZG and FFA.
(c) Oil red O staining images of HepG2 cells treated with KTZG and FFA (magnification ×200). (d) Effect of KTZG on the glucose uptake in
FFA-induced HepG2 cells. (e) Western blotting for GLUT2 in HFD-fed liver tissues treated with KTZG. Compared to control group,
▲P < 0:05, ▲▲P < 0:01; compared to FFA group, ★P < 0:05, ★★P < 0:01.
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of hepatic steatosis, and a significant decrease in TG, TC, and
LDL-C than mice that were fed with high-fat diet only [17].
The mulberry and mulberry leaves are used in TCM as the
remedy for obesity, hyperlipidemia, and metabolic disorders
[18]. Mulberry leaf extracts could attenuate dyslipidemia and
lipid accumulation in obesity-related NAFLD mice, via
downregulating the lipogenesis enzymes, inflammation, and
oxidative stress while upregulating the lipolysis markers
[19]. Mulberry fruit extract could ameliorate lipid accumula-
tion and inhibit the increased levels of TC, TG, and LDL-C
but restore the level of HDL-C in HFD-fed rats and protect
liver tissue against NAFLD damage through the inhibition
of mitochondrial oxidative stress [20].

Network pharmacology and HPLC analysis also clari-
fied the major chemical components of KTZG. Some che-
micals, including puerarin, rutin, daidzein, and quercetin,
were identified from KTZG using both network pharma-
cology and HPLC analysis. Wang et al. [21] found that
puerarin mediated activation of the PARP-1/PI3K/AKT
pathway, and further improvement in fatty acid metabolism
could ameliorate NAFLD in C57BL/6J mice fed with a
high-fat high-sucrose diet. In addition, the expressions of
genes involved in hepatic fatty acid synthesis including

PPAR-α, SREBP-1, and FAS were also attenuated with puer-
arin coadministration. In both fat-challenged murine liver
tissues and HepG2 cells, rutin treatment was shown to signif-
icantly lower TC content and the abundance of lipid droplets
and also was able to restore the expression of lipid-related
genes, PPAR-α, and downstream targets, CPT-1 and CPT-
2, while suppressing those of SREBP-1c, DGAT-1, and
DGAT-2, as well as ACC [22]. Daidzein was reported to act
like a PPAR-γ activator, stimulating the adipogenic differen-
tiation in 3T3-L1 adipocytes, and in obese mice, daidzein
could inhibit hypertrophy in fat cell size and improved insu-
lin sensitivity, concomitant with upregulation of PPAR-γ
in fat tissue [23]. Results of in vivo and in vitro T2DM-
induced NAFLD and quercetin treatment models revealed
that quercetin could alleviate the serum transaminase and
IL-1β, IL-6, and TNF-α levels; recover oxidative stress; and
markedly reduce T2DM-induced histological alterations
and lipid accumulation of the livers, accompanied by the res-
toration of the increased serum total bile acid and the
decreased liver total bile acid [24]. These studies indicated
that the potential therapeutic effect of NAFLD against
HFD-induced lipid accumulation and liver steatosis of
NAFLD may owe to these identified chemicals from KTZG.
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Based on the identified chemicals in KTZG, some lipid-
related genes targeted to these chemicals, including PPAR-
γ, SREBP-1, FAS, and SIRT1, were also identified with net-
work pharmacology. PPAR-γ is critically implicated in the
metabolic regulation of lipid and lipoprotein levels, such as
TG, and blood glucose. Some drugs like fibrates and glita-
zones, with the ability to deduce TG levels in NAFLD treat-
ment, are PPAR agonists; they act through the activation of
nuclear receptors of the PPAR family, thereby regulating
genes involved in TG metabolism [25, 26]. FAS is an impor-
tant enzyme for fatty acids in controlling lipid synthesis, and
SREBP-1 could regulate the expression of FAS to increase
lipid synthesis in the liver or adipose tissues [27]. Moderate
Sirt1 overexpression protects mice from developing NAFLD,
and sirt1-deficient mice witness increased body weight and
triggered hepatic steatosis [28]. In HFD-fed rats and FFA-
induced HepG2 cells, except for the alleviation effect of
KTZG on lipid accumulation and hepatic steatosis, our
results showed that KTZG could regulate the expression of
these lipid-related genes, upregulating PPAR-γ and Sirt and
downregulating FAS and SREBP-1. These indicated that
KTZG exhibit the therapeutic potential against NAFLD
which might be via the active chemicals targeting these
lipid-related genes, inhibiting the activity of transcription
factors for lipid synthesis, thus inhibiting lipid accumulation.

The puerarin identified from KTZG was reported to decrease
the expression of lipogenic enzymes, FAS and SREBPs, and
activate the AMPK signaling pathway to exert a regulatory
effect on lipid accumulation [29]. A study focused on rutin
found that in both HFD-challenged mouse liver tissues
and HepG2 cells, rutin treatment significantly lowered
TG content and the abundance of lipid droplets; further-
more, rutin treatment was able to restore the expression
of PPAR-α and AMPK, while suppressing the expression
of lipid-related genes, SREBP-1 and FAS [22, 30]. Daidzein
and quercetin are also reported to have the potential to
alleviate hepatic steatosis and lower lipid accumulation;
daidzein promotes the expression of fatty acid oxidation-
and oxidative phosphorylation-related genes via an ERRα
pathway to decrease lipid accumulation [24, 31].

The AMPK/mTOR signaling pathway is a master regula-
tor of metabolism and critically involved in metabolic dis-
eases. Activation of AMPK could inhibit the synthesis of
fats and protect against diet-induced NAFLD; mTOR is an
important signal molecule downstream of AMPK, which also
plays a central role in autophagy [32]. In a genetically engi-
neered mouse model, liver-specific AMPK activation repro-
grams lipid metabolism, reduces liver steatosis, decreases
expression of inflammation and fibrosis genes, and leads to
significant therapeutic benefits in the context of diet-
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Figure 8: Immunofluorescence staining of p-AMPK (a) and p-mTOR (b) in FFA-induced HepG2 cells (magnification ×200). Compared to
control group, ▲P < 0:05, ▲▲P < 0:01; compared to FFA group, ★P < 0:05, ★★P < 0:01.
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induced obesity [33]. Other activators of AMPK also have the
capability of inhibiting lipid and TC synthesis pathways, low-
ering hepatic and systemic lipid and TC levels, and these
effects require AMPK activity in the hepatocytes [34]. The
protective effect of the AMPK/mTOR signaling pathway
against NAFLD is also associated with the regulation of
autophagy in liver cells. In this study, the expression of p-
AMPK was significantly decreased in HFD-fed rats and
FFA-induced HepG2 cells; p-mTOR was significantly
increased in HFD-fed rats and FFA-induced HepG2 cells.
KTZG treatment activated the expression of p-AMPK and
suppressed the expression of p-mTOR in liver tissues and
hepatocytes, indicating that the AMPK/mTOR signaling
pathway may participate in the protective mechanisms of
KTZG against NAFLD. Furthermore, compound C, an
AMPK inhibitor, and rapamycin, a mTOR inhibitor, were

further used to confirm the role of the AMPK/mTOR signal-
ing pathway in KTZG for NAFLD treatment.

5. Conclusion

In conclusion, the present study demonstrated that KYZG
had a protective effect against NAFLD; its treatment sig-
nificantly improved the liver organ index and serum lipid
profiles and alleviated hepatic steatosis and liver lipid accu-
mulation in HFD diet-fed rats; in FFA-treated HepG2 cells,
KTZG treatment also decreased intracellular TG levels and
lipid accumulation and attenuated glucose uptake signifi-
cantly. In addition, these protective mechanisms of KTZG
might be associated with its ability to regulate the AMPK/m-
TOR signaling pathway.

𝛽-Actin

p-AMPK

AMPK

p-mTOR

mTOR

FFA
H-KTZG

Compound C

+
−
−

+
−
+

+
+
−

+
+
+

0.0

0.5

1.0

1.5

2.0

Re
la

tiv
e e

xp
re

ss
io

n

FFA
FFA+compound C
FFA+H-KTZG
FFA+H-KTZG+compound C

⁎#

⁎#

p-AMPK/AMPK p-mTOR/mTOR

𝛽-Actin

p-AMPK

AMPK

p-mTOR

mTOR

FFA
H-KTZG

Rapamycin

+
−
−

+
−
+

+
+
−

+
+
+

0

1

2

3

Re
la

tiv
e e

xp
re

ss
io

n

FFA
FFA+Rapamycin
FFA+H-KTZG
FFA+H-KTZG+Rapamycin

p-AMPK/AMPK p-mTOR/mTOR

⁎

⁎⁎

⁎⁎
⁎⁎

⁎⁎

⁎⁎
⁎

⁎⁎

Figure 9: Regulation of KTZG on AMPK/mTOR signaling pathway in FFA-induced HepG2 cells. Compared to FFA group, ★P < 0:05,
★★P < 0:01; compared to FFA+compound C group, #P < 0:05, ##P < 0:01.

15Journal of Immunology Research



Data Availability

The data used to support the findings of this study are
included within the article.

Conflicts of Interest

The authors declare that there is no conflict of interest
regarding the publication of this article.

Authors’ Contributions

Zhang JX and Ye XM designed the study, completed the data
collection, and contributed to writing of the manuscript;
Zhang JX, Du HX, and Shen ML performed the experiment
and revised the manuscript; and Zhang JX, Zhao ZQ, and
Ye XM analyzed the data and drafted all figures. All authors
read and approved the final manuscript.

References

[1] Y. Q. Dang, S. J. Hao, W. J. Zhou, L. Zhang, and G. Ji, “The tra-
ditional Chinese formulae Ling-gui-zhu-gan decoction allevi-
ated non-alcoholic fatty liver disease via inhibiting PPP1R3C
mediated molecules,” BMC Complementary and Alternative
Medicine, vol. 19, no. 1, p. 8, 2019.

[2] T. G. Cotter and M. Rinella, “Nonalcoholic fatty liver disease
2020: the state of the disease,” Gastroenterology, vol. 157,
no. 7, pp. 1851–1864, 2020.

[3] K. H. Williams, N. A. Shackel, M. D. Gorrell, S. V. McLennan,
and S. M. Twigg, “Diabetes and nonalcoholic fatty liver dis-
ease: a pathogenic duo,” Endocrine Reviews, vol. 34, no. 1,
pp. 84–129, 2013.

[4] Q. M. Anstee, A. Mantovani, H. Tilg, and G. Targher, “Risk of
cardiomyopathy and cardiac arrhythmias in patients with
nonalcoholic fatty liver disease,” Nature Reviews. Gastroenter-
ology & Hepatology, vol. 15, no. 7, pp. 425–439, 2018.

[5] A. G. Singal, H. Manjunath, A. C. Yopp et al., “The effect of
PNPLA3 on fibrosis progression and development of hepato-
cellular carcinoma: a meta-analysis,” The American Journal
of Gastroenterology, vol. 109, no. 3, pp. 325–334, 2014.

[6] A. J. Sanyal, “Past, present and future perspectives in nonalco-
holic fatty liver disease,” Nature Reviews. Gastroenterology &
Hepatology, vol. 16, no. 6, pp. 377–386, 2019.

[7] N. N. El-Agroudy, A. Kurzbach, R. N. Rodionov et al., “Are
lifestyle therapies effective for NAFLD treatment?,” Trends in
Endocrinology and Metabolism, vol. 30, no. 10, pp. 701–709,
2019.

[8] M. Romero-Gómez, S. Zelber-Sagi, and M. Trenell, “Treat-
ment of NAFLD with diet, physical activity and exercise,”
Journal of Hepatology, vol. 67, no. 4, pp. 829–846, 2017.

[9] T. Shi, L. Wu, W. Ma et al., “Nonalcoholic fatty liver disease:
pathogenesis and treatment in traditional Chinese medicine
and Western medicine,” Evidence-Based Complementary and
Alternative Medicine, vol. 2020, Article ID 8749564, 16 pages,
2020.

[10] X. M. Chen, J. X. Zhang, W. T. Yang, and X. M. Ye, “Experi-
mental study on effect of Kang Taizhi granule on lipid-
lowering and liver protection in rats with nonalcoholic fatty
liver,” Zhejiang Journal of Traditional Chinese Medicine,
vol. 54, no. 2, pp. 102–104, 2019.

[11] K. Wang, X. Jin, Q. Li et al., “Propolis from different geo-
graphic origins Decreases intestinal inflammation and Bacter-
oides spp. Populations in a model of DSS-induced colitis,”
Molecular Nutrition & Food Research, vol. 62, no. 17, article
e1800080, 2018.

[12] H. Y. Quan, D. Y. Kim, S. J. Kim, H. K. Jo, G.W. Kim, and S. H.
Chung, “Betulinic acid alleviates non-alcoholic fatty liver by
inhibiting SREBP1 activity via the AMPK -mTOR-SREBP sig-
naling pathway,” Biochemical Pharmacology, vol. 85, no. 9,
pp. 1330–1340, 2013.

[13] K.-T. Wu, P.-L. Kuo, S.-B. Su et al., “Nonalcoholic fatty liver
disease severity is associated with the ratios of total cholesterol
and triglycerides to high-density lipoprotein cholesterol,”
Journal of Clinical Lipidology, vol. 10, no. 2, pp. 420–425.e1,
2016.

[14] N. Fan, L. Peng, Z. Xia et al., “Triglycerides to high-density
lipoprotein cholesterol ratio as a surrogate for nonalcoholic
fatty liver disease: a cross-sectional study,” Lipids in Health
and Disease, vol. 18, no. 1, p. 39, 2019.

[15] J. S. Lee, J. Mamo, N. Ho, and S. Pal, “The effect of Puerariae
radix on lipoprotein metabolism in liver and intestinal cells,”
BMC Complementary and Alternative Medicine, vol. 2, no. 1,
2002.

[16] Y. Zhang, P. Wang, Y. D. Xu, X. L. Meng, and Y. Zhang,
“Metabolomic analysis of biochemical changes in the plasma
of high-fat diet and streptozotocin-induced diabetic rats after
treatment with isoflavones extract of Radix Puerariae,” Evi-
dence-Based Complementary and Alternative Medicine,
vol. 2016, Article ID 4701890, 12 pages, 2016.

[17] M.-Y. Song, N. Lv, E.-K. Kim et al., “Antiobesity activity of
aqueous extracts of Rhizoma Dioscoreae Tokoronis on high-
fat diet-induced obesity in mice,” Journal of Medicinal Food,
vol. 12, no. 2, pp. 304–309, 2009.

[18] Q. X. Yuan and L. Y. Zhao, “The mulberry (Morus alba L.)
fruit-a review of characteristic components and health bene-
fits,” Journal of Agricultural and Food Chemistry, vol. 65,
no. 48, pp. 10383–10394, 2017.

[19] C. H. Peng, H. T. Lin, D. J. Chung, C. N. Huang, and C. J.
Wang, “Mulberry leaf extracts prevent obesity-induced
NAFLD with regulating adipocytokines, inflammation and
oxidative stress,” Journal of Food and Drug Analysis, vol. 26,
no. 2, pp. 778–787, 2018.

[20] D. K. Yang and D. G. Jo, “Mulberry fruit extract ameliorates
nonalcoholic fatty liver disease (NAFLD) through inhibition
of mitochondrial oxidative stress in rats,” Evidence-Based
Complementary and Alternative Medicine, vol. 2018, Article
ID 8165716, 9 pages, 2018.

[21] S. Wang, F. J. Yang, L. C. Shang, Y. H. Zhang, Y. Zhou, and
X. L. Shi, “Puerarin protects against high-fat high-sucrose
diet-induced non-alcoholic fatty liver disease by modulating
PARP-1/PI3K/AKT signaling pathway and facilitating mito-
chondrial homeostasis,” Phytotherapy Research, vol. 33,
no. 9, pp. 2347–2359, 2019.

[22] Q. Liu, R. Pan, L. Ding et al., “Rutin exhibits hepatoprotective
effects in a mouse model of non-alcoholic fatty liver disease by
reducing hepatic lipid levels and mitigating lipid- induced oxi-
dative injuries,” International Immunopharmacology, vol. 49,
pp. 132–141, 2017.

[23] Y. Sakamoto, A. Naka, N. Ohara, K. Kondo, and K. Iida, “Daid-
zein regulates proinflammatory adipokines thereby improving
obesity-related inflammation through PPARγ,” Molecular
Nutrition & Food Research, vol. 58, no. 4, pp. 718–726, 2014.

16 Journal of Immunology Research



[24] H. Yang, T. Yang, C. Heng et al., “Quercetin improves nonal-
coholic fatty liver by ameliorating inflammation, oxidative
stress, and lipid metabolism in db/db mice,” Phytotherapy
Research, vol. 33, no. 12, pp. 3140–3152, 2019.

[25] M. S. Kim, S. Kung, T. Grewal, and B. D. Roufogalis, “Method-
ologies for investigating natural medicines for the treatment of
nonalcoholic fatty liver disease (NAFLD),” Current Pharma-
ceutical Biotechnology, vol. 13, no. 2, pp. 278–291, 2012.

[26] M. Botta, M. Audano, A. Sahebkar, C. Sirtori, N. Mitro, and
M. Ruscica, “PPAR agonists and metabolic syndrome: an
established role?,” International Journal of Molecular Sciences,
vol. 19, no. 4, p. 1197, 2018.

[27] Y. Wang, J. Viscarra, S. J. Kim, and H. S. Sul, “Transcriptional
regulation of hepatic lipogenesis,” Nature Reviews. Molecular
Cell Biology, vol. 16, no. 11, pp. 678–689, 2015.

[28] Y. Zhang, C. Geng, X. Liu et al., “Celastrol ameliorates liver
metabolic damage caused by a high-fat diet through Sirt1,”
Molecular Metabolism, vol. 6, no. 1, pp. 138–147, 2017.

[29] O.-H. Kang, S.-B. Kim, S.-H. Mun et al., “Puerarin ameliorates
hepatic steatosis by activating the PPARα and AMPK signaling
pathways in hepatocytes,” International Journal of Molecular
Medicine, vol. 35, no. 3, pp. 803–809, 2015.

[30] C.-H. Wu, M.-C. Lin, H.-C. Wang, M.-Y. Yang, M.-J. Jou, and
C.-J. Wang, “Rutin inhibits oleic acid induced lipid accumula-
tion via reducing lipogenesis and oxidative stress in hepatocar-
cinoma cells,” Journal of Food Science, vol. 76, no. 2, pp. T65–
T72, 2011.

[31] K. Kitamura, J. S. Erlangga, S. Tsukamoto, Y. Sakamoto,
H. Mabashi-Asazuma, and K. Iida, “Daidzein promotes the
expression of oxidative phosphorylation- and fatty acid
oxidation-related genes via an estrogen-related receptor α
pathway to decrease lipid accumulation in muscle cells,” The
Journal of Nutritional Biochemistry, vol. 77, article 108315,
2020.

[32] C. Shi, W. Xue, B. Han, F. Yang, Y. Yin, and C. Hu, “Acetamin-
ophen aggravates fat accumulation in NAFLD by inhibiting
autophagy via the AMPK/mTOR pathway,” European Journal
of Pharmacology, vol. 850, pp. 15–22, 2019.

[33] D. Garcia, K. Hellberg, A. Chaix et al., “Genetic liver-specific
AMPK activation protects against diet-induced obesity and
NAFLD,” Cell Reports, vol. 26, no. 1, pp. 192–208.e6, 2019.

[34] R. M. Esquejo, C. T. Salatto, J. Delmore et al., “Activation of
liver AMPK with PF-06409577 corrects NAFLD and lowers
cholesterol in rodent and primate preclinical models,” eBioMe-
dicine, vol. 31, pp. 122–132, 2018.

17Journal of Immunology Research


	Kangtaizhi Granule Alleviated Nonalcoholic Fatty Liver Disease in High-Fat Diet-Fed Rats and HepG2 Cells via AMPK/mTOR Signaling Pathway
	1. Introduction
	2. Materials and Methods
	2.1. KTZG Bioactive Compounds and NAFLD-Related Target Screening
	2.2. Network Construction and Analysis
	2.3. KEGG Pathway Enrichment Analysis
	2.4. High-Performance Liquid Chromatography (HPLC) Analysis of KTZG
	2.5. Animal Diets and Tissue Sample Preparation
	2.6. Biochemical Analysis
	2.7. Liver Histopathological Examination
	2.8. Immunohistochemical Assay
	2.9. Cell Culture and Induction of Hepatic Steatosis
	2.10. MTT Assay
	2.11. Intracellular TG Level Assay
	2.12. Oil Red O Staining
	2.13. Glucose Uptake Assay
	2.14. Immunofluorescence Staining
	2.15. Western Blot Assay of Liver Tissues and HepG2 Cells
	2.16. Statistical Analysis

	3. Results
	3.1. TKZG-Compound-Target Network
	3.2. Hub Target Identification
	3.3. KEGG Pathway Analysis
	3.4. HPLC Chemical Fingerprint of KTZG
	3.5. KTZG Improved Liver Organ Index and Serum Lipid Profile
	3.6. KTZG Alleviated Hepatic Steatosis and Liver Lipid Accumulation in NAFLD Rats
	3.7. Effect of KTZG on Expression of Lipid-Related Genes and AMPK/mTOR Signaling in Liver Tissues
	3.8. Cell Viability of HepG2 Cells Treated with KTZG
	3.9. KTZG Decreased Intracellular Lipid Accumulation in FFA-Induced HepG2 Cells
	3.10. KTZG Attenuated Glucose Uptake in FFA-Induced HepG2 Cells
	3.11. Effect of KTZG on Expression of Lipid-Related Genes in FFA-Induced HepG2 Cells
	3.12. KTZG Ameliorates Lipid Accumulation and Hepatic Steatosis in FFA-Induced HepG2 Cells via the Regulation of AMPK/mTOR-Dependent Signaling

	4. Discussion
	5. Conclusion
	Data Availability
	Conflicts of Interest
	Authors’ Contributions

