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Background: Nonalcoholic fatty liver disease (NAFLD) refers to the liver pathological changes caused by excessive fat accumulation 
in hepatocytes owing to various reasons, which has become an emerging health challenge. Erhong Jiangzhi Decoction (EHJD) is 
a traditional Chinese medicine decoction. This study aims to investigate the therapeutic effect of EHJD on NAFLD.
Methods: NAFLD model was constructed by high-fat diet (HFD)-induced mice and oleic acid-induced HepG2 cells. Mice were 
intragastrically administered with EHJD and HepG2 cells were treated with EHJD drug-containing serum. The effects of EHJD on 
NAFLD were explored in vivo and in vitro. Histological assessment was performed by hematoxylin-eosin and oil red O staining. 
ELISA was exploited to detect the expression of lipid accumulation, liver function, inflammation, and oxidative stress related 
indicators. The expression of Nrf2/HO-1 pathway was detected by qRT-PCR and Western blot.
Results: In HFD-induced NAFLD mice, the body weight was increased, and liver/weight, inguinal fat/weight, and epididymal fat/ 
weight were higher, while EHJD reduced them. Staining results exhibited that EHJD decreased inflammatory cell infiltration and oil 
red lipid droplets in HFD-induced mice. In addition, EHJD treatment suppressed TC, TG, ALT and AST levels; TNF-α, IL-1β, IL-6 
and MDA levels were inhibited by EHJD, while GSH-Px, CAT and T-AOC levels were increased in NAFLD through the in vivo and 
in vitro experiments. The suppression of Nrf2 weakened the inhibitory effect of EHJD on lipid metabolism, liver injury, inflammation 
and oxidative stress.
Conclusion: EHJD had a protective effect on NAFLD by alleviating lipid accumulation and liver injury, inhibiting inflammation, and 
oxidative stress, which was achieved by the restoration of Nrf2.
Keywords: Erhong Jiangzhi Decoction, nonalcoholic fatty liver disease, lipid accumulation, Nrf2/HO-1 signaling pathway, oxidative 
stress

Introduction
Nonalcoholic fatty liver disease (NAFLD) is a chronic liver disease that is intimately correlated with type II diabetes and 
obesity, and has become an emerging health challenge.1 Globally the prevalence of NAFLD is gradually raising, and by 
2020, the global prevalence rate is up to 25%.2,3 The disease has a high probability of being accompanied by metabolic 
syndrome,4 and is capable of progressing to nonalcoholic steatohepatitis (NASH).5 Although progress has been made in 
the study of the complex pathogenesis of the disease, there are still major challenges. The ongoing search and 
development of new drugs remains a current priority.

Liver is a crucial organ for lipid metabolism, which acts as a central regulator of lipid homeostasis.6 Therefore, 
regulation of lipid metabolic homeostasis is an effective means to alleviate NAFLD. It has been reported that some 
potential targets can regulate lipid accumulation to improve NAFLD. LB100, a serine/threonine protein phosphatase 2A 
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inhibitor, regulates lipogenesis and fatty acid oxidation in the liver through the AMPK/Sirt1 pathway to ameliorate 
hepatic steatosis,7 which may be a possible therapeutic agent for NAFLD. Deficiency of P2Y2R ameliorates hepatic 
steatosis by enhancing fatty acid β-oxidation via AMPK signaling and PGC-1α pathway.8 In NAFLD, Allyl isothiocya-
nate suppresses the NF-κB pathway and promotes the Sirt1/AMPK pathway to ameliorate inflammation and hepatic 
steatosis through promoting.9

Some natural active substances have been proven to have a positive effect on the improvement of NAFLD. Bioactive 
proteins and antioxidant peptides extracted from Litsea cubeba fruit meal can improve high-fat diet (HFD)-induced NAFLD 
by regulating lipid metabolism, oxidative stress, and inflammatory responses.10 Pterostilbene (PTE), an active compound 
extracted from blueberries and grapes, alleviates oxidative stress damage induced by excessive lipid accumulation in 
hepatocytes through the AMPK/mTOR signaling pathway and by promoting Nrf2 autophagy, thereby improving NAFLD.11 

Cordycepin exerts significant protective effects on hepatic steatosis and liver injury in NASH mice by activating the AMPK 
signaling pathway.12 Additionally, traditional Chinese medicine (TCM) has been shown to be greatly effective in NAFLD. 
For centuries, TCM has been extensively applied in Asia for the therapy of liver diseases.13 Erhong Jiangzhi Decoction 
(EHJD) is a TCM, and its main effective components include red yeast rice and Rhodiola rosea L. Red yeast rice has been 
reported to be effective in treating high cholesterol and dyslipidemia and reducing cardiovascular risk.14,15 In NAFLD mice, 
red yeast rice improves disease by inhibiting lipid synthesis and NF-κB/NLRP3-mediated liver inflammation.16 Salidroside, 
a major glycoside extracted from Rhodiola rosea L., is proved to suppress oxidative stress and ameliorate abnormal lipid 
metabolism to improve NAFLD/NASH.17 However, the specific mechanism of EHJD on NAFLD treatment has not been 
fully understood.

NF-E2-related factor 2 (Nrf2) is capable to regulate downstream anti-oxidative stress genes like heme oxygenase 
(HO-1), affecting metabolic and anti-oxidant defenses.18,19 Normally, Nrf2 can be ubiquitinated by Kelch-like ECH- 
related protein 1 (Keap1), leading to proteasomal degradation.20,21 When encountering oxidative stress, Nrf2 activates the 
transcription of antioxidant response element.22 In this study, investigate the effects of EHJD on NAFLD by constructing 
mouse and cell models, and the effects of EHJD on Nrf2 pathway were also explored. Our study aims to scientifically 
validate the efficacy of EHJD and elucidate the underlying mechanisms by which it exerts its beneficial effects on 
NAFLD. This validation not only bridges the gap between traditional medicine and modern scientific research but also 
offers a novel therapeutic approach that could be integrated into contemporary medical practice, potentially paving the 
way for the development of new, effective, and safe treatments for NAFLD based on natural compounds.

Materials and Methods
Materials and Reagents
The normal diet (18% calories from fat) was obtained from Trophic Animal Feed High-tech Co., Ltd. (Nantong, China). 
The herbal granules of EHJD were obtained from the First Affiliated Hospital of Hainan Medical University. The HFD 
(60% calories from fat) was supplied by HFK Bioscience (Beijing, China). Primary antibodies, including anti-Nrf2 
(ab62352), anti-HO-1 (ab90492), and anti-GAPDH (ab9485), goat anti-rabbit IgG secondary antibody (ab205718), were 
bought from Abcam (Cambridge, UK). SYBR Green Master Mix and Pierce BCA Protein Assay Kit were purchased 
from Ther mo Fisher Scientific (Waltham, MA, USA). Hiscript II QRT Supermix kit was obtained from Vazyme 
(Nanjing, China). Hematoxylin, eosin, oil red O solution, and oleic acid (OA) were purchased from Sigma-Aldrich 
(Shanghai, China). HepG2 cell line was obtained from iCell (Shanghai, China). ELISA kits for measuring levels of TC, 
TG, LDC-C, HDL-C, AST, ALT, IL-6, IL-1β, and TNF-α, MDA, GSH-Px, CAT, and T-AOC were bought from Esebio 
(Shanghai, China).

Establishment of NAFLD Mice Model
C57BL/6 male mice (6–8 weeks, 18–20g, SPF Biotechnology Co., Ltd, Beijing, China) were housed under pathogen-free 
conditions at 23 ± 2°C with a 12-h/12-h light/dark cycle, and they had free access to eat and drink. Mice were randomly 
grouped into Control, HFD, L-EHJD (low-dose EHJD, 10 mL/kg/d) and H-EHJD (high-dose EHJD, 15 mL/kg/d) group 
(n=6). The Control group was fed with normal diet, the HFD group was fed with HFD, and H-EHJD and L-EHJD groups 
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were fed with HFD and intragastrically administered with EHJD (two red lipid-lowering Chinese medicine 3g powder 
was dissolved in 15.6 mL of boiling water and used after cooling). The main effective components included red yeast rice 
and Rhodiola rosea L, supplemented by Lotus Leaves, Alisma orientale, and Salvia miltiorrhiza. The body weight was 
weighed every 4 days. Four weeks later, the liver, heart, inguinal fat, and epididymal fat of mice were weighed. The liver 
tissues and serum were taken for subsequent experiments.

Preparation of EHJD Medicated Serum
After adaptive feeding for a week, SD male rats (220g-230g, SPF Biotechnology Co., Ltd) were separated into Control 
and EHJD group (n=5) at random. In the Control group, rats were given 0.9% normal saline by gavage, and rats in the 
EHJD group were given 15 mL/kg EHJD by gavage. After continuous administration for 7 days, rats were anesthetized 
by isoflurane inhalation and sacrificed by cervical dislocation, and blood was obtained from the heart. The separated 
serum of 5 rats was mixed and inactivated at 56°C for 30 min. Afterwards, the filtered serum was stored at −80°C for cell 
culture.

In this study, all animal experiments confirmed to the Guide for the Care and Use of Laboratory Animals, and has 
been approved by the Ethics Committee of Hainan Medical University (HYLL-2021-134).

Cell Culture
HepG2 cells were inoculated and cultured in high-glucose DMEM containing 10% FBS and 1% penicillin-streptomycin 
solution, and placed in a 5% CO2 incubator at 37°C. Cells were treated with OA23 and different concentrations of EHJD 
drug containing serum to investigate the effects of EHJD in vitro. Cells were grouped into Control (intervened with 
normal serum), OA (intervened with 660 μmol/L OA and normal serum), OA+10% drug serum and OA+20% drug 
serum group. Afterwards, in order to verify the effects of Nrf2, siRNAs targeting Nrf2, including si-Nrf2-1, si-Nrf2-2 and 
si-Nrf2-3, and corresponding negative control (si-NC) were synthesized from Ribobio (Guangzhou, China). HepG2 cells 
in each group were transfected with siRNAs for 48 h using Lipofectamine 3000 (Thermo Fisher Scientific).

Hematoxylin–Eosin (HE) and Oli Red O Staining
In vivo, the liver tissues of mice were fixed in 4% paraformaldehyde solution and finally embedded in paraffin. Then the 
tissues were cut into 4 μm sections for HE staining. The dried liver tissue sections were immersed sequentially in xylene 
and gradient ethanol solutions. Afterwards, the slices were stained with hematoxylin and eosin and then dehydrated with 
gradient ethanol.24 At last, the slices were sealed with neutral balsam and examined by a microscope.

Oil red O was applied to stain frozen liver sections to assess lipid droplets. In vitro, HepG2 cells in each group were 
washed and fixed. Subsequently, they were stained with oil red O for 30 min, and washed with 60% isopropanol and PBS 
in turn.25 Finally, stained sections and cells were observed using an optical microscope. The area percentage of oil red in 
cells were quantified by Image J.

Enzyme Linked Immunosorbent Assay (ELISA)
Following the manufacturer’s instructions, blood lipids (TC, TG, LDC-C, and HDL-C) and liver function related 
indicators (AST, ALT) in serum and cells were measured by ELISA kits, as well as inflammation (IL-6, IL-1β, and 
TNF-α) and oxidative stress indicators (MDA, GSH-Px, CAT, and T-AOC) in liver tissues and cells. Briefly, 50 μL of 
diluted sample was added to each well in a 96-well plate. Subsequently, the samples were incubated with 100 μL of 
horseradish peroxidase (HRP)-labeled antibody for 60 min at 37°C. Within 15 min after incubation, the OD value was 
measured at 450 nm by a microplate reader.

Cell Counting Kit-8 (CCK-8) Assay
HepG2 cells (1.5×104/well) were seeded in 96-well plates and incubated for 24 h. Subsequently, CCK-8 assay was 
performed to evaluate proliferation of HepG2 cells in each group. The cells were incubated with 10% CCK-8 solution in 
the dark at 37°C for 2 h, and the absorbance of the sample was measured at 450 nm by a microplate reader.
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Real-Time Fluorescence Quantitative PCR (RT-qPCR)
The total RNA of the cells was extracted with TRIzol, and the concentration of RNA was determined by UV spectro-
photometer. The cDNA was synthesized using the Hiscript II QRT Supermix kit. SYBR Green Master Mix was applied to 
run RT-qPCR. The procedure was: 95°C for 30s, 40 cycles of (92°C for 10s, 60°C for 30s, and 72°C for 10s). GAPDH 
was set as an internal inference. The primer sequence was presented in Table 1.

Western Blot (WB)
The procedure was carried out according to the reported methods.10 Cells/tissues were treated with RIPA to isolate total 
protein samples. Concentration of proteins was measured by Pierce BCA Protein Assay Kit. Proteins were separated 
using a 10% SDS-PAGE gel and then transferred to a PVDF membrane. After being sealed in 5% skimmed milk, the 
membrane was then incubated with primary antibodies at 4°C for a night. Afterwards, it was incubated with the 
corresponding secondary antibody for 1 h at room temperature. Each experiment was repeated three times. On the 
Tanon 5200 Chemiluminescent Imaging System incubation plate, ECL solution was used to developing, and the image 
was exposed and captured.

Statistical Analysis
Data were analyzed by GraphPad Prism 7.0, and expressed as mean ± standard deviation. One-way ANOVA and Tukey’s 
test were used for comparisons among multiple groups. P < 0.05 indicated a statistically significant difference.

Results
Effects of EHJD on Body Indexes and Liver Histopathology in HFD-Induced Mice
In the HFD-induced NAFLD model group, the body weight of mice was significantly higher than that in the Control 
group on the 4–28 d. L-EHJD and H-EHJD significantly reduced the body weight of HFD-induced NAFLD mice on the 
8–28 d (Figure 1A). There was no significant difference in heart/weight among the four groups of mice (Figure 1B). 
Higher liver/weight, inguinal fat/weight, and epididymal fat/weight were significantly shown in the HFD group than 
those in the Control group. L-EHJD and H-EHJD significantly decreased liver/body weight, inguinal fat/weight, and 
epididymal fat/weight of HFD-induced NAFLD mice (Figure 1C–E).

HE staining revealed that in the Control group, the liver tissue structure and cell level of mice were clear. Cells were 
arranged neatly and orderly, and no interstitial edema and inflammatory cell infiltration were observed. Compared with 
the Control group, there was the interstitial edema in the HFD group, and inflammatory cells were significantly increased, 
with the slightly disordered cell arrangement and the concentrated and solidified nucleus. In comparison with the HFD 
group, neatly arranged cells and less inflammatory cells infiltration were observed in the L-EHJD and H-EHJD group 
(Figure 1F).

Oil red O staining indicated a clear tissue structure and cell level in the Control group, and no oil red lipid droplets 
were observed. Compared with the Control group, the lipid droplets in the HFD group were obvious and showed oil red. 
Compared with the HFD group, oil red lipid drops reduced in L-EHJD group and significantly decreased in H-EHJD 
group, with a lower positive area rate (Figure 1G).

Table 1 Primer Sequences for RT-qPCR

Name Sequence (5′–3′)

GAPDH-F CCGGGAAACTGTGGCGTGATGG
GAPDH-R AGGTGGAGGAGTGGGTGTCGCTGTT

HO-1-F CACGCATATACCCGCTACCT

HO-1-R CCAGAGTGTTCATTCGAGCA
Nrf2-F GTCCCAGCAGAGTGATGGTT

Nrf2-R TCACACACTTTCTGCGTGCT
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EHJD Alleviated Lipid Accumulation and Liver Injury in HFD-Induced Mice
Contrast with the Control group, the levels of TC, TG, and LDL-C were significantly increased in the HFD group, as well 
as the decreased HDL-C. Compared with the HFD group, TC, TG, LDL-C levels were significantly decreased and the 
level of HDL-C was significantly increased in the L-EHJD and H-EHJD groups (Figure 2A). In the HFD group, the 
levels of ALT and AST were significantly higher than those in the Control group. L-EHJD and H-EHJD significantly 
decreased levels of ALT and AST in HFD-induced mice (Figure 2B).

EHJD Inhibited Liver Inflammation and Oxidative Stress in HFD-Induced Mice
A significant increase in the levels of TNF-α, IL-6, and IL-1β was shown in the HFD group compared to the Control 
group. In the L-EHJD and H-EHJD groups, a significant decrease in the levels of TNF-α, IL-6, and IL-1β expression 
were observed in HFD-induced NAFLD mice (Figure 3A). In comparison with the Control group, the levels of MDA in 
the HFD group were significantly increased, as well as the reduced T-AOC, GSH-Px, and CAT. In the L-EHJD and 
H-EHJD groups, a significantly decreased MDA was observed in HFD-induced NAFLD mice, while the levels of 
T-AOC, GSH-Px, and CAT were significantly elevated (Figure 3B).

EHJD Activated Nrf2/HO-1 Signaling Pathway in HFD-Induced Mice
Nrf2 signaling pathway is a pivotal defense mechanism against oxidative stress.18,20–22 In comparison with the Control 
group, the levels of Nrf2 and HO-1 were significantly declined in the HFD group. L-EHJD and H-ENJD significantly 
elevated the mRNA and protein levels of Nrf2 and HO-1 in HFD-induced NAFLD mice (Figure 4A and B).

Figure 1 Effects of Erhong Jiangzhi Decoction (EHJD) on body weight, related organ indexes and liver histopathology of NAFLD model mice induced by high-fat diet (HFD) 
(n=6). (A) Changes in body weight of mice. **P<0.01 vs 0d. (B–E) Organ (liver, heart) and adipose tissue (epididymal fat, inguinal fat) weight ratio. (F) Hematoxylin-eosin 
staining of liver tissues (× 200, 100 μm). (G). Oil red O staining of liver tissues (× 200, 100 μm). Black arrows indicate oil-red droplets. **P<0.01 vs Control #P<0.05 ## 

P<0.01 vs NAFLD.
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Figure 2 Erhong Jiangzhi Decoction (EHJD) improved lipid accumulation and liver injury in NAFLD model mice induced by high-fat diet (HFD) (n=6). (A) ELISA detection of 
blood lipid markers (TC, TG, LDL-C, and HDL-C). (B) ELISA detection of liver function markers (ALT, AST). *P<0.05 **P<0.01 vs Control #P<0.05 ## P<0.01 vs NAFLD.

Figure 3 Erhong Jiangzhi Decoction (EHJD) inhibited liver inflammation and oxidative stress in NAFLD model mice induced by high-fat diet (HFD) (n=6). (A) ELISA 
detection of the levels of TNF-α, IL-1β, and IL-6. (B) ELISA detection of the levels of antioxidant markers (MDA, GSH-Px, CAT, and T-AOC). *P<0.05 **P<0.01 vs Control 
#P<0.05 ## P<0.01 vs NAFLD.
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EHJD Drug-Containing Serum Alleviated Lipid Accumulation and Liver Function Injury 
in OA-Induced HepG2 Cells
To investigate the effects of EHJD in OA-induced HepG2 cells, cells were treated with different concentrations of EHJD 
drug containing serum from rats. CCK-8 assay demonstrated that there was no significant difference in cell viability between 
the four groups (Figure 5A). Compared to the Control group, the red lipid droplets in the OA group significantly increased. 
Compared with the OA group, significantly less lipid droplets were observed in the OA+10% drug serum group and the OA 
+20% drug serum group (Figure 5B). ELISA showed that the levels of TC, TG, ALT, and AST in the OA group were 
significantly higher than those in the Control group. Compared with the OA group, the levels of TC, TG, ALT, and AST in 
the OA+10% drug serum group and the OA+20% drug serum group were significantly reduced (Figure 5C and D).

EHJD Drug-Containing Serum Inhibited Inflammation and Oxidative Stress in 
OA-Induced HepG2 Cells
In Comparison with the Control group, there was a significant elevation in the levels of TNF-α, IL-6 and IL-1β in the OA 
group. In the OA+10% drug serum group and the OA+20% drug serum group, TNF-α, IL-6 and IL-1β were significantly 
lower than those in the OA group (Figure 6A). Compared with the Control group, the level of MDA in the OA group was 
significantly increased, while the levels of T-AOC, GSH-Px, and CAT were significantly decreased. In the OA+10% drug 
serum group and the OA+20% drug serum group, the levels of MDA were significantly decreased than that in the OA 
group, as well as the increased T-AOC, GSH-Px, and CAT (Figure 6B).

Figure 4 Erhong Jiangzhi Decoction (EHJD) regulated Nrf2/HO-1 signaling pathway in NAFLD model mice induced by high-fat diet (HFD). (A) RT-qPCR detection of the 
expression of Nrf2 and HO-1 (n=6). (B) Western blot detection of protein expression of Nrf2 and HO-1 (n=3). **P<0.01 vs Control #P<0.05 ## P<0.01 vs NAFLD.
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EHJD Drug-Containing Serum Activated Nrf2/HO-1 Signaling Pathway in OA-Induced 
HepG2 Cells
Compared to the Control group, the levels of Nrf2 and HO-1 in the OA group were significantly decreased. In the OA 
+10% drug serum and OA+20% drug serum groups, there was a significant raise in the levels of Nrf2 and HO-1, which 
was contrast with the OA group (Figure 7).

EHJD Drug-Containing Serum Inhibited Lipid Accumulation, Inflammation, and 
Oxidative Stress in OA-Induced HepG2 Cells Through Nrf2/HO-1 Pathway
Nrf2 was silenced in HepG2 cells, and the efficiency of Nrf2 silencing was verified by RT-qPCR, showing that the 
levels of Nrf2 and the downstream gene HO-1 were significantly down-regulated (Figure 8A). si-Nrf2-3 with 
a relatively high silencing efficiency was applied for following experiments. As the results showed, Nrf2/HO-1 
pathway was activated in the drug serum (EHJD) group, while si-Nrf2 inhibited the pathway (Figure 8B). 
Furthermore, oil red O staining results demonstrated that EHJD drug-containing serum significantly suppressed 
lipid accumulation in OA-induced HepG2 cells, while knockdown of Nrf2 reversed it (Figure 8C). TC, TG, ALT, 
and AST were also suppressed by EHJD treatment, and si-Nrf2 raised them (Figure 8D and E). Moreover, 
inflammatory factors (TNF-α, IL-1β, IL-6) and MDA levels were inhibited by EHJD treatment, while the levels 
of antioxidant indicators GSH-Px, CAT, and T-AOC were elevated. Suppression of Nrf2 reversed the effects of 
EHJD treatment on inflammation and oxidative stress in OA-induced HepG2 cells (Figure 9A and B). Therefore, it 
was proved that EHJD treatment alleviated lipid accumulation and liver function injury in OA-induced HepG2 cells 
through Nrf2/HO-1 pathway, as well as the inhibition of inflammation and oxidative stress.

Discussion
NAFLD is one of the most common causes of liver disease worldwide and its pathogenesis is complicated.26 Drugs are 
commonly used in the treatment of this disease, which are still being developed intensely and rapidly.5 In our study, we 
constructed HFD-induced NAFLD mice and OA-induced HepG2 cells. Through the in vivo and in vitro experiments, 

Figure 5 Effects of Erhong Jiangzhi Decoction (EHJD) drug containing serum on viability and lipid accumulation in HepG2 cells induced by oleic acid (OA). (A) CCK-8 assay 
was performed to detect cell viability. (B) Oil red O staining of HepG2 cells (×200, 100 μm). (C) ELISA was used to detect the levels of lipid markers (TC, TG). (D) ELISA 
was used to detect the levels of liver function markers (ALT, AST) (n=6). **P<0.01 vs Control ## P<0.01 vs OA.
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EHJD treatment significantly restrained lipid accumulation and liver injury, and inhibited oxidative stress and inflamma-
tion by activating the Nrf2/HO-1 pathway to mitigate NAFLD, providing a potential option for the therapy of NAFLD 
(Figure 10).

Figure 6 Effects of Erhong Jiangzhi Decoction (EHJD) drug containing serum on inflammatory factors and antioxidant markers in HepG2 cells induced by oleic acid (OA) 
(n=6). (A) ELISA was used to detect the levels of inflammatory factors (TNF-α, IL-1β and IL-6). (B) ELISA was used to detect the levels of antioxidant markers (MDA, GSH- 
Px, CAT, and T-AOC). **P<0.01 vs Control #P<0.05 ## P<0.01 vs OA.

Figure 7 Erhong Jiangzhi Decoction (EHJD) drug containing serum regulated Nrf2/HO-1 signaling pathway in HepG2 cells induced by oleic acid (OA) (n=3). **P<0.01 vs 
Control #P<0.05 ## P<0.01 vs OA.
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TCM and Chinese patent medicine have emerged as a promising strategy for managing NAFLD. Chitosan 
Oligosaccharide reduces lipid accumulation in C57BL/6 mice, and also promotes the Nrf2 pathway and up-regulates 
the levels of antioxidant enzymes to inhibit hepatic oxidative stress, leading to amelioration of NAFLD.27 Aucubin exerts 
anti-inflammatory and hepatoprotective effects by inhibiting oxidative stress and lipid accumulation via the AMPK and 
Nrf2/HO-1 pathways.28 Hesperetin, a citrus flavonoid, can alleviate liver steatosis, inflammatory cell infiltration and 
fibrosis, and improve oxidative stress in liver through the PI3 K/AKT-Nrf2 pathway, thereby alleviating NAFLD.29 

Chicoric acid, the main nutrient component of chicory, takes a preventive part in improving oxidative stress by the 
AMPK/Nrf2/NFκB axis, and shapes the gut microbiota to protect liver cells from injury.30 Ginkgolide B ameliorates 
NAFLD by promoting Nrf2 signaling pathway to inhibit ferroptosis.31

In addition to the single active ingredient of Chinese herbal medicine, some complex TCM decoctions also have 
therapeutic effects on NAFLD. Linggui Zhugan decoction reduces hepatic steatosis by SOCS6 modification via N2- 
methyladenosine in NAFLD.32 Hedansanqi Tiaozhi Tang was protective against NAFLD in vitro and in vivo through 
activation of the Nrf2/HO-1 antioxidant pathway, while increasing antioxidant capacity and lipolysis, and improving 
hepatic function and pathologic features.33 Shuangyu Tiaozhi decoction exerts a variety of anti-NAFLD mechanisms, 
including improving insulin resistance, inflammation, and lipid deposition.34 Similar to above results, in our study, EHJD 
significantly improved pathologic features of liver, and alleviated lipid accumulation and liver injury, as well as the 
inhibition of oxidative stress and inflammation in the HFD-induced NAFLD mice model. The same results were shown 
in the OA-induced HepG2 cells, indicating that EHJD drug-containing serum significantly improved the progression of 
NAFLD by alleviating lipid accumulation and liver injury, and inhibiting inflammation and oxidative stress. When it 
comes to the effects of EHJD on NAFLD, red yeast rice and Rhodiola rosea L. play a pivotal role. Red yeast rice is 

Figure 8 EHJD drug containing serum alleviated lipid accumulation and liver function injury in oleic acid (OA)-induced HepG2 cells through Nrf2/HO-1 pathway. (A) RT- 
qPCR was performed to verify the silencing efficiency of Nrf2/HO-1 pathway (n=6). **P<0.01 vs Control. (B) Western blot was used to detect the expression of Nrf2 and 
HO-1 (n=3). (C) Oil red O staining results of OA-induced HepG2 cells (×200, 100 μm). (D–E). ELISA was executed to measure the levels of blood lipid markers (TC, TG) 
and liver function markers (ALT, AST) (n=6). **P<0.01 vs OA ##P<0.01 vs si-NC.
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generated by the fermentation of the Monascus purpureus mold, which has been widely used in TCM and is recognized 
as being able to reduce cholesterol.35 Moreover, evidence has shown that red yeast rice can lower the level of blood lipid, 
which is used as an effective treatment for hyperlipidemia.36 Rhodiola rosea L. is an adaptogenic plant rich in 
polyphenols, and studies have shown its neuroprotective and antioxidant effects.37,38 In cigarette smoke and LPS induced 
rats, Rhodiola rosea L. inhibits inflammation, oxidative stress, and fibrosis to alleviate chronic obstructive pulmonary 
disease.39 Furthermore, Salidroside extracted from Rhodiola rosea L. is reported to effectively alleviate lipid accumula-
tion and liver inflammation in HFD induced mice.40 It is due to the combination of multiple medications that EHJD has 
made a better therapeutic effect on NAFLD.

Figure 10 The mechanism diagram of Erhong Jiangzhi Decoction (EHJD) on nonalcoholic fatty liver disease (NAFLD).

Figure 9 EHJD drug containing serum inhibited inflammation and oxidative stress in oleic acid (OA)-induced HepG2 cells through Nrf2/HO-1 pathway. (A and B) ELISA was executed 
to measure the levels of inflammatory factors (TNF-α, IL-1β and IL-6) and antioxidant markers (MDA, GSH-Px, CAT, and T-AOC) (n=6). **P<0.01 vs OA ##P<0.01 vs si-NC.
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The Nrf2 signaling pathway is of importance in the protection of NAFLD. Nrf2 is capable to suppress hepatic 
steatosis and attenuate NASH and hepatic fibrosis by inhibiting inflammation and oxidative stress.41 SQSTM1/p62 
protects mouse liver from lipotoxicity by NFE2L2/NRF2, which is activated through ULK1-mediated autophagic 
KEAP1 degradation.42 Carbon monoxide releasing molecule-A1 improves tissue damage in steatosis liver through 
Nrf2 activation and improvement of mitochondrial function, thereby improving NAFLD.43 Knockdown of GCN2 
attenuates hepatic steatosis and oxidative stress in obese mice, which is a novel regulator of NRF2.44 For the first 
time, Zhong et al directly evidence the function of Nrf2 in regulating lipogenic metabolism through transcriptional 
activation of PPARγ.45 Nrf2 may inhibit the progression of NASH by alleviating lipotoxicity, inflammation, endoplasmic 
reticulum stress, and iron overload.46 These findings confirm that Nrf2 pathway is of vital importance for NAFLD. 
Herein, si-Nrf2 weakened the inhibitory effects of EHJD drug-containing serum from rats on OA-induced HepG2 cells, 
proving that EHJD treatment may inhibit lipid accumulation, inflammation, and oxidative stress to alleviate NAFLD 
through the restoration of Nrf2.

This study supplies a scientific basis to support the clinical application of EHJD in the treatment of NAFLD and 
a reliable reference for exploring the pharmacological mechanism of EHJD. However, there are some limitations in this 
study; our study used only two concentrations of EHJD to explore the dose-dependent effect of EHJD on NAFLD. 
Further studies should include the establishment of a concentration gradient of EHJD to explore the dose-effect 
relationship. The absence of a positive control group is also a shortcoming, and future studies will prioritize the inclusion 
of positive controls to provide a robust benchmark for evaluating the therapeutic potential of EHJD in managing 
NAFLD. Additionally, the effects of EHJD on NAFLD can be deeply explored in the next studies using methods such 
as sequencing or mass spectrometry.

Conclusion
To summarize, this study verified the effects of EHJD on NAFLD by the in vitro and in vivo experiments, indicating that 
EHJD can suppress lipid accumulation and oxidative stress, reduce inflammation and liver injury to alleviate NAFLD by 
Nrf2 restoration under obesity.
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