
Page 1 of 18

© Annals of Translational Medicine. All rights reserved.   Ann Transl Med 2022;10(11):631 | https://dx.doi.org/10.21037/atm-21-4809

Original Article

Yinzhihuang oral liquid protects against non-alcoholic 
steatohepatitis via modulation of the gut-liver axis in mice
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Background: Yinzhihuang (YZH) oral liquid is a traditional Chinese medicine compound that has 
emerged as a promising therapeutic agent for non-alcoholic fatty liver disease (NAFLD). Here, we aimed 
to investigate the therapeutic effects of YZH on non-alcoholic steatohepatitis (NASH) and elucidate its 
underlying molecular mechanisms. 
Methods: Mice fed on a high-fat diet plus fructose/glucose drinking water (HFGD) were treated with 
YZH (30 mL/kg/d). The effects of YZH on mice with NASH were assessed through serological analysis 
and histological examination. Microbiota analysis based on 16S ribosomal ribonucleic acid (16S rRNA) and 
intestinal mucosal barrier function, serum inflammatory factors, hepatic macrophage infiltration, as well as 
hepatic toll-like receptor 4 (TLR4), myeloid differentiation primary response 88 (MyD88), nuclear factor 
kappa B (NFκB) pathway were carried out to explore the mechanism of YZH for treatment of NASH. 
Results: Results of the current study found that YZH effectively reduced body weight gain and adiposity 
and alleviated hepatocyte steatosis, hepatocyte ballooning, liver tissue lobular inflammation, as well as 
fibrosis. It also reduced the accumulation of triglycerides, cholesterol, and free fatty acids in the liver of the 
treated mice and normalized serum aspartate transaminase, alanine transaminase, and glucose levels as well 
as lipid metabolism. Meanwhile, YZH treatment significantly decreased the abundance of harmful bacteria, 
such as Mucispirillum, Helicobacter, and Desulfovibrionaceae. Mechanistically, the present study found that YZH 
upregulated the expression of tight junction proteins, decreased serum lipopolysaccharide, interleukin 6, 
and tumor necrosis factor α levels, and increased interleukin 10 levels in serum. In the liver, YZH alleviated 
macrophage infiltration, especially that of pro-inflammatory macrophages. Moreover, it was found that YZH 
inhibited the canonical TLR4, MyD88, NFκB signaling pathway. 
Conclusions: In conclusion, YZH may be a new agent for the prevention of NASH. Further, YZH 
alleviates gut microbiota dysbiosis, restores the intestinal mucosal barrier, and inhibits the canonical TLR4, 
MyD88, NFκB signaling pathway.
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Introduction

In recent reports, metabolic-associated fatty liver disease 
(MAFLD) has been shown to fuel the development 
of chronic liver disease worldwide. Non-alcoholic 
steatohepatitis (NASH) is an aggressive subtype of MAFLD, 
characterized by hepatocyte injury (ballooning) and 
inflammation, accompanied with or without fibrosis (1). 
Patients with NASH have increased chances of developing 
cirrhosis, end-stage liver disease, or hepatocellular carcinoma 
as compared to patients with simple steatosis (2). Presently, 
data on the pathogenesis of NASH remains scant. Besides, 
there are no current Food and Drug Administration (FDA)-
approved therapies for the treatment of NASH. Therefore, 
it is critical to evaluate the mechanisms underlying NASH 
pathogenesis to guide the development of effective drugs for 
the disease.

Although several previous studies have tried to define the 
mechanisms of NASH progression, the definitions remain 
controversial. The “multiple-hits hypothesis” is now widely 
used for explaining the pathogenesis of NASH (3). Such 
hits include alterations in lipid metabolism, oxidative stress, 
mitochondrial dysfunction, inflammation, insulin resistance, 
and endotoxins released by microbiota in the gut (4). In 
addition, the overgrowth of microbiota and disorders in the 
intestine microecology could perturb the functions of the 
intestinal barrier and increase gut permeability, leading to 
translocation of endotoxins and other inflammatory factors 
into the bloodstream (5,6). Furthermore, other studies 
have also indicated that the disruption of the gut barrier 
defines NASH pathogenesis (7). Therefore, imbalance of 
the intestinal microbiota mediates liver injury and disease 
progression from steatosis to steatohepatitis.

The use of Chinese herbs or their extracts has been 
shown to improve the prognosis of NASH in mice models 
(8-11). Yinzhihuang (YZH) oral liquid, a combination of 
several Chinese herbal medicines, was initially used in the 
treatment of neonatal jaundice and showed suppression 
of serum bilirubin concentration in newborns (12). Active 
ingredients in the YZH include Artemisiae Scopariae Herba 
(aerial parts of Thunberg Artemisia scoparia Waldst. et Kit. 
or Artemisia capillaries Thunb.), Fructus Gardeniae (fruits of 
Gardenia jasminoides Ellis), Lonicierae Japonicae Flos (flowers 
of Lonicera japonica Thunb.), and Radix Scutellariae (roots 

of Scutellaria baicalensis Georgi.) (13). Previous studies have 
shown that the YZH components can protect mice against 
the toxic effects associated with ectopic lipid deposition  
(14-18). It has also been demonstrated that the oral 
liquid can be effective in ameliorating diet-induced 
obesity and hepatic steatosis in our previous study (19). 
Notably, a recent report demonstrated that a combination 
of geniposide (extracted from Fructus Gardeniae) and 
chlorogenic acid (extracted from Lonicerae Japonicae Flos) 
ameliorated NASH in mice models (20). Therefore, these 
observations indicate that YZH may be useful in the 
treatment of NASH. However, the therapeutic effects and 
mechanisms of YZH against NASH are yet to be defined. 

YZH is used for the treatment of neonatal jaundice by 
regulating metabolism of bile acid (12) and it has been 
found that the imbalance of bile acids is closely related to 
intestinal flora (21). In the present study, it was hypothesized 
that the effect of YZH on NASH might be through 
modulation of gut microbiota. Therefore, the present 
study examined the effects of YZH on the progression 
of NASH with a murine model established by a high-fat 
diet combined with fructose/glucose which simulates the 
human NASH metabolic profile. Mechanically the present 
study provided detailed insights on the role of YZH in 
the composition of gut microbiota, the intestinal barrier, 
serum inflammatory factors, liver macrophage phenotypes, 
hepatic toll-like receptor 4 (TLR4), myeloid differentiation 
primary response 88 (MyD88) and nuclear factor kappa B 
(NFκB) signal pathway. Results of the present study imply 
that YZH is a potential therapeutic agent that may be 
used for the treatment of NASH. Further, we present the 
following article in accordance with the ARRIVE reporting 
checklist (available at https://atm.amegroups.com/article/
view/10.21037/atm-21-4809/rc).

Methods

Drug, animals and diets

A commercial product of YZH oral liquid was manufactured 
by China Resources Gaoke Natural Medicine Co. Ltd. 
(Beijing, China), following the Pharmacopoeia of People’s 
Republic of China (PPRC) procedures (Commision, 2005). 
Briefly, its recipe is composed of 4 herbal medicine extracts: 
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12 g extract of Artemisiae scopariae Herba (aerial parts of 
Thunberg Artemisia scoparia Waldst. et Kit. or Artemisia 
capillaries Thunb.), 6.4 g extract of Fructus gardeniae 
(fruits of Gardenia jasminoides Ellis), 40 g extract of Radix 
Scutellariae (roots of Scutellaria baicalensis Georgi.), and 8 g  
extract of Lonicierae Japonicae Flos (flowers of Lonicera 
japonica Thunb.) for 1,000 mL liquid. Identification and 
quantification of marker compounded in YZH oral liquid 
were performed following the methods described in the 
PPRC. A voucher specimen (No. ZS-2021-1358) was 
deposited at the Department of Gastroenterology and 
Hepatology, Zhongshan Hospital, Fudan University. The 
C57BL/6J male mice aged 8 weeks old were purchased from 
Slack Laboratory Animal Co., Ltd. (Shanghai, China). 

The mice were maintained in a temperature- and light-
controlled environment and allowed free access to water 
and food. After 1 week of acclimatization, the mice were 
then randomly distributed into 3 groups with digital random 
method (n=6 per group, n=18 total groups): (I) mice were 
fed on a normal chow diet and normal drinking water 
(ND); (II) mice were fed on a high-fat diet purchased from 
Research Diets (cat. no. D12492; New Brunswick, NJ, USA) 
plus fructose/glucose purchased from Sigma-Aldrich (23.1 g 
l-fructose plus 18.9 g l-glucose in 1,000 mL autoclaved tap 
water after autoclaving, cat. no. F3510, G8270; St Louis, 
MO, USA) (HFGD) (22); and (III) mice were fed on a high-
fat diet plus fructose/glucose and treated with YZH through 
gavage thrice per day at a dosage of 30 mL/kg/d (HFGD+Y) 
as previously described (19). 

The weights of mice were monitored weekly. The mice 
were euthanized using pentobarbital sodium and blood 
samples were collected from inferior vena cava. Further, 
the liver, gut, and inguinal fat tissues were immediately 
collected, weighed, frozen in liquid nitrogen, and then 
stored at -80°C. All animals were used and cared according 
to the criteria of the Chinese Animal Protection Act and the 
National Research Council. Experiments were performed 
under a project license (No. 2018-67) granted by the 
Ethics Review Committee of Zhongshan Hospital Fudan 
University.

Measurement of blood and liver tissue

Blood was collected and centrifuged at 3,000 rpm for 10 min  
to separate the serum. Serum levels of triglycerides (TG), 
total cholesterol (TC), aspartate transaminase (AST), and 
alanine transaminase (ALT) were determined using the 
corresponding kits purchased from Nanjing Jiancheng 

Bioengineering Institute (Nanjing, China). Inflammatory 
factors were measured using ELISA kits which were 
purchased from ABclonal (Wuhan, China). Further, 
the level of lipopolysaccharide (LPS) was also measured 
using an ELISA kit purchased from CSB (Houston, TX, 
USA). FITC-dextran was used as a marker for gut mucosa 
permeability. The mice were gavaged with 0.6 mg/kg FITC-
dextran obtained from Sigma-Aldrich 4 h before euthanasia. 
Serum FITC-Dextran levels were measured according 
to the manufacturer’s instructions. 10 mg liver tissue was 
homogenized in a specific solvent and the levels of TG, 
cholesterol and free fatty acids (FFAs) in the resultant samples 
were measured using a Colorimetric/Fluorometric Assay 
Kit obtained from BioVision (San Francisco, CA, USA). All 
experimental procedures in the present study were performed 
according to instructions provided by the manufacturers.

Glucose metabolism

Tail vein blood was collected for fasting blood glucose test 
after a 16-week intervention period. The levels of fasting 
blood insulin were measured using a mouse insulin ELISA 
kit purchased from Millipore (Billerica, MA, USA). Insulin 
resistance was calculated using the standard formula as 
described in the previous studies (23). The intraperitoneal 
glucose tolerance test (IPGTT) and insulin tolerance test 
(ITT) were also performed to estimate glucose metabolism 
in mice. For the IPGTT and ITT, the mice were fasted 
for 12 and 4 h respectively at the 17th week of modeling 
and then intraperitoneally injected glucose (2.5 g/kg) for 
IPGTT or insulin (2.7 U/kg) for ITT. The tail vein blood 
was then collected and tested with a portable blood glucose 
meter purchased from Roche Group (Basel, Switzerland) 
to determine the glucose level immediately before the 
intraperitoneal injection and subsequently at 15-, 30-, 
60-, 90-, and 120-min post-administration. Feeding was 
resumed immediately after the experiment. 

Hydroxyproline test

Hydroxyproline levels (as an index of collagen) in liver tissue 
were measured in duplicate using colorimetric methods, 
according to the hydroxyproline test kit instructions 
purchased from the Institute of Jiancheng Bioengineering 
(Nanjing, China). Briefly, 50 of liver tissue was hydrolyzed 
with 1ml hydrolysate, water bath at 95 ℃, for 20 min. After 
cooling the test tube to room temperature in flowing water, 
10 μL of PH indicator, solution A and solution B were 
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successively added to each tube to adjust PH to 6.0–6.8. 
Then the solution in the test tube was diluted to 10 mL. 
An appropriate quantity of activated carbon was added into  
4 mL of diluted hydrolysate and the mixture was centrifuged 
at 3,500 rpm for 10 min to get supernatants. We used  
100 μL of supernatants to determine the hydroxyproline 
content with the hydroxyproline standard at 550 nm 
wavelength. The collagen level was calculated from the 
product of the hydroxyproline content (micrograms 
per milligram of protein, mg/mg prot) according to the 
formulae given in the instructions.

RNA isolation and real-time polymerase chain reaction 

Total ribonucleic acid (RNA) was isolated from the 
tissues using a column RNA extraction kit obtained from 
Promega (Madison, WI, USA) and was reverse transcribed 
to complementary deoxyribonucleic acid (cDNA) using 
GoScript™ Reverse Transcription Mix, Random Primers 
purchased from Promega. To quantify the transcripts of 
the genes of interest, the present study used SYBR Green 
Premix obtained from Promega on an ABI Prism 7500 
Sequence Detection System purchased from Applied 
Biosystems (Foster City, CA, USA). Relative target gene 
expression was analyzed using the 2−∆∆Ct method, with β-actin 
as a control. The appropriate primers for polymerase chain 
reaction (PCR) are listed in the Table S1. The experimental 
procedures described earlier were performed according 
to the instructions provided by the manufacturer. The 
current study selected the amplified cDNA, synthesized 
into double-stranded DNA, modified, connected, and 
amplified using specific primers. The products were then 
heat-denatured into a single strand using a bridge primer 
for cyclization and charge-qualification before sequencing. 
After alignment with reference sequences, the level of gene 
expression was determined and the differentially expressed 
genes were then analyzed. 

Western blot analysis

Proteins were isolated from the liver and gut tissue using 
radio-immunoprecipitation assay (RIPA) buffer purchased 
from Beyotime Biology (Shanghai, China) containing a 
protease and phosphatase inhibitor cocktail purchased from 
Beyotime Biology. After pulverization using a bead mill 
homogenizer purchased from Jingxin (Shanghai, China), 
the protein was quantified using a bicinchonininc acid 
(BCA) kit purchased from Beyotime Biology. Consequently,  

40 mg of protein was separated on a polyacrylamide gel 
and transferred onto a polyvinylidene difluoride membrane 
purchased from Millipore. After incubation with 5% 
bovine serum albumin (BSA) purchased from Service 
Biology (Wuhan, China) blocking for 1 h, membranes were 
incubated overnight, with the primary antibody in a 4 ℃ 
refrigerator. The secondary antibody was incubated for 1 h 
then, and the bands were detected using a chemiluminescent 
horseradish peroxidase (HRP) substrate purchased from 
Millipore. Densitometric band analysis was performed using 
a Gel-Pro Analyzer 4 from Media Cybernetics Corporation 
(Rockville, MD, USA).

16S rRNA amplicon sequencing

Genomic DNA was isolated from mouse focal samples using 
the QIAamp Fast DNA Stool Mini Kit purchased from 
Qiagen (Dusseldorf, Germany), following the instructions 
provided by the manufacturer. The V4 region of the 16S 
ribosomal RNA (rRNA) gene was amplified using the 
forward primer 341F (5'-CCTACGGGAGGCACAG-3') 
a t t a c h e d  t o  t h e  R o c h e  B  a d a p t e r  f o r  I l l u m i n a 
library construction and the reverse primer 806R 
(5'-GGACTACNVGGGTWTCTAAT-3') attached to the 
Roche A adapter and a 10-nt barcode [5'-A-adapter-N (10) 
+16S primer-3'].

The DNA libraries were sequenced using the Illumina 
MiSeq platform, following the instructions provided by 
manufacturer. Then 16S Ribosomal RNA Gene Amplicons 
were prepared for the Illumina MiSeq 2500 System. 
Subsequently, FLASH v1.2.7 software was used to merge 
the reads and then Trimmomatic v0.33 was used to filter and 
clean the Tags. After removing chimeras using UCHIME 
v4.2, the paired-end joined sequences were grouped into 
operational taxonomic units for subsequent analysis.

Histopathological examinations

After normal saline perfusion, the liver, gut, and inguinal fat 
tissues were fixed in 4% polyoxymethylene purchased from 
Servicebio (Wuhan, China) for 24 h. The samples were then 
dehydrated and embedded in paraffin. Finally, the embedded 
tissue was cut into 5-μm-thick sections and stained by 
hematoxylin and eosin (H&E), Oil red O, Sirius red, 
and immunohistochemistry (IHC) (19,24). The terminal 
ileum tissue was fixed, dehydrated, sectioned at 60 nm,  
applied to copper grids, and imaged using transmission 
electron microscopy from HITACHI (Tokyo, Japan).

https://cdn.amegroups.cn/static/public/ATM-21-4809-Supplementary.pdf
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Immunohistochemistry and quantitative analysis of 
histological markers

Liver  sect ions  t reated as  descr ibed ear l ier  were 
deparaffinized, hydrated, and incubated with 3% hydrogen 
peroxide. Heat-induced antigen retrieval was performed in a 
target retrieval solution, following the protocol provided by 
the manufacturer. The primary antibodies anti-F4/80 and 
anti-interferon regulatory factor 5 (IRF-5) purchased from 
Cell Signaling Technology Inc. (Danvers, MA, USA) were 
applied to the sections at 4 ℃ overnight. Then the sections 
were subsequently washed and incubated with HRP-
conjugated goat anti-rabbit or anti-mouse IgG secondary 
antibodies purchased from Jackson Immunoresearch Inc. 
(Cambridge, UK) for 1 hour at 37 ℃ in an incubator. 
3,3’-diaminobenzidine tetrachloride purchased from 
Beyotime Biology was used as a chromogen substrate and 
hematoxylin was used to counterstain the slides. 

Immunoreaction visualization and a negative control 
setup were performed according to the same procedure. 
Images were taken under a high-power field with a BX43 
microscope purchased from Olympus (Tokyo, Japan).

Statistical analysis

All data were expressed as mean ± standard deviation (SD). 
Statistical analysis was performed with GraphPad Prism 
software (version 8.0; La Jolla, CA, USA). The analysis of 
variance (ANOVA) was used to compare between groups 
after normal distribution test. If normality or homogeneity 
of variance was not met, Kruskal-Walli’s test was used to 
compare between groups. A value of P<0.05 was considered 
to be statistically significant.

Results

YZH reduced the body, liver, and fat weight of mice fed 
HFGD

To investigate the protective effects of YZH on NASH in vivo, 
a high-fat diet plus fructose/glucose-induced murine NASH 
model was established which could present more profound 
inflammation and fibrosis in the liver than the HFD-induced 
model. It was found that the bodyweight of mice fed HFGD 
increased at a noticeably faster pace than that of mice fed 
ND, whereas the rate of weight gain of mice fed HFGD + Y 
lied between the mice fed HFGD and ND (Figure 1A,1B), 
regardless of that they had similar food intake (Figure 1C). 

Meanwhile, it was observed that the mice in HFGD + Y 

group had no diarrhea. Further, it was found that there were 
no significant differences in the 24-h stool weight and the 
number of pellets among the 3 groups of mice (Figure S1). 
The increasing trend of liver and inguinal fat weight was 
concordant with the trend of weight gain. After 17 weeks of 
HFGD feeding, the results of the present study found that 
the liver size and weight were larger than those of the mice 
fed ND.

In addition, it was observed that the livers extracted from 
HFGD-fed mice were visibly yellow and greasy with blunt 
edges. However, the administration of YZH significantly 
decreased the liver weight of mice fed on HFGD, 
enabling liver appearance similar to that of ND-fed mice  
(Figure 1D,1E). Meanwhile, it was found that the gavage of 
YZH markedly reduced the weight and volume of inguinal 
fat in HFGD-fed mice (Figure 1D-1F).

YZH decreased SAF score and the volume of inguinal fat 
cells in NASH mice

Similar to the trend of weight gain as described earlier, 
HFGD-fed mice demonstrated severely aggregated hepatic 
steatosis, inflammation, and fibrosis as compared with ND-
fed mice. The liver sections of HFGD-fed mice exhibited 
a large area of macrovesicular steatosis around the central 
vein (68.9% of the total area) and were accompanied by 
lobular inflammation in H&E staining (Figure 2A,2B).

Results of the present study showed that large lipid 
droplets mixed with small lipid droplets stained in red were 
observed in the liver sections of HFGD-fed mice in Oil-
red staining (Figure 2A-2C). Further, several collagen fiber 
depositions were visualized in the peri-vein hepatic sinusoids 
of HFGD-fed mice in Sirius red staining (Figure 2A).  
On the contrary, the liver sections of HFGD + Y-fed 
mice showed a smaller area of lipid droplets, as well as 
inflammation, and revealed no collagen fiber deposition 
(Figure 2A-2C).

Similar to histological examination, hydroxyproline 
content in the liver was significantly increased in HFGD-
fed mice as compared with ND-fed mice, whereas HFGD + 
Y-fed mice had significantly lower hydroxyproline content 
as compared with HFGD-fed mice (Figure 2D). In addition 
to the liver, the H&E staining of the inguinal sections also 
indicated more giant fat cells in HFGD-fed mice than in 
ND-fed mice, whereas the inguinal fat cells of HFGD + 
Y-fed mice were significantly smaller than those of HFGD-
fed mice (Figure 2A,2E). Overall, it was evident that all the 
histopathological results showed that YZH decreased the 

https://cdn.amegroups.cn/static/public/ATM-21-4809-Supplementary.pdf
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steatosis activity fibrosis (SAF) score in the NASH mouse 
model (Figure 2F).

YZH reduced liver lipid accumulation and serum 
aminotransferase levels in NASH mice

To further investigate the effect of YZH on steatosis and 
inflammation in NASH mice, the levels of triglycerides, 
cholesterol, FFA, and transaminases were measured in 
the current study. It was found that the accumulation of 

triglycerides in liver was significantly increased in HFGD 
group, which was 4 times that of ND group (Figure 3A). 
In addition, both cholesterol and FFAs in HFGD group 
were also increased by 1.3 times as compared with that 
in ND group (Figure 3B,3C). However, the levels of 
triglycerides, cholesterol, and FFA of mice in HFGD + Y 
group were significantly lower than those in HFGD group  
(Figure 3A-3C). This suggested that YZH could significantly 
reduce liver triglycerides, cholesterol, and FFA deposition. 
Further, the levels of ALT and AST in the blood were 
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Figure 1 Yinzhihuang (YZH) reduced body weight, liver weight, and fat weight of mice fed with high-fat diet plus fructose/glucose drinking 
water (HFGD). C57/BL6J mice were divided into 3 groups: the control group was given normal food and drinking water and was given an 
equal volume of normal saline by gavage (ND group); the model group was given high-fat food and high-sugar water and was given an equal 
volume of normal saline by gavage (HFGD group); the treatment group was given high-fat food and high-sugar water and 30 mL/kg/d  
YZH by gavage (HFGD + Y group). (A) Changes in body weight of mice in each group with feeding time; (B) weight gain of mice in each 
group compared with initial body weight; (C) daily food intake of mice in each group; (D) representative gross image of liver and inguinal 
fat of mice in each group; (E) comparison of the liver weight of mice; (F) comparison of the inguinal fat weight of mice. N=6. Data were 
expressed as mean ± SD. *P<0.05, **P<0.01, ***P<0.001, ****P<0.0001.
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Figure 2 Yinzhihuang (YZH) decreased steatosis activity fibrosis (SAF) score and the volume of inguinal fat cells in non-alcoholic 
steatohepatitis (NASH) mice. (A) The representative photograph of hematoxylin and eosin (H&E) staining, Oil red O and Sirius red 
staining of liver paraffin section, together with H&E staining of inguinal adipose tissue paraffin section; the arrows in the liver H&E staining 
indicated the lobular inflammation area, and the arrows in the Sirius red staining indicated the collagen deposition area. (B) The evaluation 
of liver steatosis based on H&E staining; (C) the evaluation of liver steatosis based on Oil red O; (D) hydroxyproline content in the liver 
tissues of the 3 groups of mice; (E) the evaluation of the relative inguinal fat area based on H&E staining; (F) SAF score of each group. Data 
were expressed as mean ± SD. *P<0.05, **P<0.01, ***P<0.001, ****P<0.0001. 
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examined to determine the severity of hepatocyte damage. 
Results of this study showed that the levels of ALT and 
AST were significantly higher in HFGD group than in ND 
group, but lower in HFGD + Y group as compared with 
HFGD group (Figure 3D,3E).

YZH improved glucolipid metabolic disorders in NASH mice

Since disorders of glucolipid metabolism are typical 
characteristics of NASH, indicators of glucose and lipid 
metabolism were also detected in the present study. The 
level of serum triglycerides in HFGD group increased 
substantially compared to that in ND group. Similarly, the 
level of serum total cholesterol of HFGD-fed mice also 
increased to a certain extent (Figure 4A,4B). In comparison, 
it was evident that YZH decreased the levels of both serum 
triglycerides and total cholesterol in HFGD-fed mice 
(Figure 4A,4B).

As for glucose metabolism, the fasting blood glucose in 
HFGD group was significantly increased as compared with 
that in ND group. However, the fasting blood glucose was 
reduced in HFGD + Y group as compared to HFGD group, 
but it was still higher than that in ND group (Figure 4C). 
Further, the fasting blood insulin level and insulin resistance 

index in HFGD group were higher than those in ND group, 
and YZH noticeably decreased the fasting blood insulin level 
and insulin resistance index in NASH mice (Figure 4D,4E). 
Furthermore, results of the IPGTT experiment indicated 
that the ability of mice in HFGD group to regulate blood 
glucose was significantly weakened whereas treatment with 
YZH restored the ability (Figure 4F). Meanwhile, results 
of the ITT experiment showed that blood glucose levels 
in HFGD group were constantly at a high level within  
90 min after the injection of insulin. However, the level of 
blood glucose in HFGD + Y group had a significant initial 
decrease after the insulin injection, followed by an increase 
over time, which was in line with the trend observed in ND 
group (Figure 4G). 

YZH regulated the composition of intestinal flora

The 16S rRNA sequencing was performed on the feces of 
3 groups with 6 samples in each group and performed a 
series of species diversity analyzes to investigate the effect 
of YZH on species diversity of intestinal flora. First, the 
degree of similarity between 3 sets of samples in terms of 
species diversity was assessed. Results of both the principal 
component analysis and coordinate analysis of the present 
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Figure 3 Yinzhihuang (YZH) reduced liver lipid accumulation and serum aminotransferase levels in non-alcoholic steatohepatitis (NASH) 
mice. (A) Liver triglycerides content in each group; (B) liver cholesterol content in each group; (C) liver free fatty acid content in each 
group; (D) serum aspartate aminotransferase level of 3 groups of mice; (E) serum alanine aminotransferase level of 3 groups of mice. Data 
were expressed as mean ± SD. *P<0.05, **P<0.01, ****P<0.0001.
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study indicated that species composition of the intestinal 
flora of mice in HFGD group was markedly different from 
that of the other 2 groups, whereas the species composition 
of the intestinal flora of HFGD + Y group was more similar 
to that of ND group (Figure 5A,5B).

The differences in the intestinal flora of the 3 groups of 
mice at the phylum and genus levels were also investigated. 
The gut community of mice in the 3 groups was composed 
of 10 bacterial phyla, including Firmicutes, Bacteroidetes, 
Proteobacteria, Verrucomicrobia, Actinobacteria, Tenericutes, 

Cyanobacteria, Patescibacteria, Epsilonbacteraeota, and 
Deferribacteres, except for other undefined and low-content 
bacteria (Figure 5C). Among them, Firmicutes and Bacteroides 
were the main phyla and the ratio of Firmicutes/Bacteroides 
in the feces of mice in HFGD group was significantly 
higher than that in ND group. Interestingly, YZH could 
reduce the ratio of Firmicutes/Bacteroides (Figure 5D). 
Furthermore, the top 10 bacterial genera were listed as 
follows: Muribaculaceae, Lachnospiraceae, Desulfovibrionaceae, 
NK4A136 (Lachnospiraceae_NK4A136_group), Helicobacter, 

Figure 4 Yinzhihuang (YZH) improved glucolipid metabolic disorders in non-alcoholic steatohepatitis (NASH) mice. (A) Serum triglyceride 
content in each group; (B) serum total cholesterol content in each group; (C) fasting blood glucose levels in each group; (D) fasting blood 
insulin levels in each group; (E) insulin resistance index in each group; (F) intraperitoneal glucose tolerance test in 3 groups of mice; (G) 
insulin tolerance test in 3 groups of mice. Data were shown as mean ± SD. ND vs. high-fat diet plus fructose/glucose drinking water (HFGD), 
*P<0.05, **P<0.01, ***P<0.001, ****P<0.0001; HFGD vs. HFGD + Y, #P<0.05, ##P<0.01, ###P<0.001, ####P<0.0001.
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Ruminococcaceae, Mucispirillum, Ruminoclostridium_9, 
Bacteroides, and Alistipes (Figure 5E). The abundance of 
Muribaculaceae in HFGD group was significantly reduced 
as compared with ND group, whereas the abundance of 
Desulfovibrionaceae, Helicobacter, Ruminoclostridium_9, and 
Mucispirillum was significantly increased as compared with 
ND group (Figure 5E). Correspondingly, the abundance 
of Muribaculaceae in HFGD + Y group was significantly 
higher than that in HFGD group, while the abundances of 
Desulfovibrionaceae, Helicobacter, Ruminoclostridium_9, and 
Mucispirillum were lower (Figure 5E). 

YZH protected the intestinal mucosal barrier and reduced 
endotoxemia

LPS is the major component of the outer membrane of 
gram-negative bacteria. Since YZH could regulate the 
species diversity of intestinal flora, the present study further 
examined LPS levels in each group. Results showed that the 
level of LPS was higher in HFGD group than that in ND 
group and HFGD-Y group (Figure 6A). It was noted that the 
level of intestinal Desulfovibrionaceae was found to correlate 
positively with levels of LPS in the blood (Figure 6B). 

Figure 5 YZH regulated the composition of intestinal flora. (A) Principal component analysis (PCA) of the 3 groups; (B) principal 
coordinate analysis (PCoA) of the 3 groups; (C) differences in the phylum level of the intestinal flora of the 3 groups of mice; (D) differences 
in the ratio of Firmicutes/Bacteroidetes in the 3 groups of mice; (E) differences in the genus level of the intestinal flora of the 3 groups of 
mice. Data were shown as mean ± SD. *P<0.05; **P<0.01. YZH, yinzhihuang.
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The permeability of the intestinal mucosa at the end 
of the ileum was significantly increased in HFGD group 
as changes in serum FITC-dextran levels indicated in this 
study, whereas YZH significantly reduced the permeability 
of the intestinal mucosa on a high-fat and -sugar diet mouse 
model (Figure 6C). Electron microscopy revealed that 

microvilli of the terminal ileum mucosa became shortened, 
edema, and the disappearance of mitochondria in HFGD 
group as compared with ND group. On the other hand, 
it was found that the microvilli of the terminal ileum 
mucosa in HFGD + Y group showed no obvious structural 
abnormalities (Figure 6D). Meanwhile, zonula occludens 1  
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Figure 6 YZH protected the intestinal mucosal barrier and reduced endotoxemia. (A) Serum LPS levels in the 3 groups of mice; (B) 
Spearman correlation analysis between Desulfovibrio and blood LPS; (C) Serum FITC-Dextran levels in the 3 groups of mice; (D) 
representative electron micrographs of the terminal ileum of the 3 groups of mice. The upper images indicated the degree of edema of 
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immunohistochemistry; (F) serum IL-6 levels in each group; (G) serum TNF-α levels in each group; (H) serum IL-10 levels in each group. 
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(ZO-1), occludin, and claudin-1 were presented with the 
highest expressions in the terminal ileum of ND mice, 
whereas their expressions in HFGD+Y mice were higher 
than those in HFGD mice (Figure 6E). 

Accompanied by dysregulated intestinal permeability, 
the levels of pro-inflammatory cytokines, including 
interleukin-6 (IL-6) and tumor necrosis factor alpha 
(TNF-α), in HFGD group were significantly higher 
than those in ND group and HFGD + Y group, whereas 
no significant difference was observed in the latter 2 
groups (Figure 6F,6G). On the contrary, the level of anti-
inflammatory factor, interleukin-10 (IL-10), significantly 
decreased in HFGD group as compared with ND group 
and HFGD + Y group, with no significant difference in the 
latter 2 groups (Figure 6H). 

YZH decreased pro-inflammatory macrophages and 
relieved liver inflammation

The number of total macrophages and pro-inflammatory 
macrophages in the liver was assessed as shown in Figure 7 to 
further clarify the effect of YZH on liver inflammation. The 
infiltration of liver macrophages (F4/80+) was significantly 
increased and promoted in HFGD group as compared 
with ND group and the number of pro-inflammatory 
macrophages (IRF5+) was consistently elevated. Meanwhile, 
the infiltration of macrophages and the number of pro-
inflammatory macrophages were notably reduced in HFGD 
+ Y group as compared with HFGD group (Figure 7A-7D).  
In addition, the results of the present study showed that 
the inflammatory factors in liver, including monocyte 
chemoattractant protein 1 (MCP-1) and interleukin-1 beta 
(IL-1β), were also markedly decreased in HFGD + Y group 
as compared with HFGD group (Figure 7E,7F).

YZH attenuated NASH by inhibiting the TLR4, MyD88, 
NFκB pathway

To investigate the mechanism by which YZH alleviates liver 
inflammation, the levels of related proteins in the canonical 
TLR4, MyD88, NFκB pathway in the liver tissues of 3 
groups of mice, including TLR4, MyD88, inhibitor of 
NFκB alpha (IκBα), p-IκBα, NFκB and p-NFκB were 
detected in the current study. Results of the current study 
showed that the protein levels of TLR4, MyD88, p-IκBα, 
and p-NFκB in HFGD group were significantly higher than 
those in ND group (Figure 8A,8B), whereas those in HFGD 
+ Y group were observably lower than in HFGD group. 

These findings suggest that YZH can significantly protect 
against and alleviate NASH by inhibiting the TLR-4,  
MyD88, NFκB pathway.

Discussion

Recently, there has been increasing interest in the treatment 
of patients with NASH using natural plant products due 
to their long-term therapeutic efficacy and low toxicity 
(25-28). The findings of our previous study showed that 
YZH ameliorated obesity and lipid metabolism disorders, 
reduced serum AST, as well as ALT levels, and degenerated 
hepatic steatosis in high-fat diet mice (19). The current 
study showed that YZH ameliorated high fat and glucose 
diet-induced liver injury via altering the composition of 
the gut microbiota in mice, which restored the function of 
the intestinal barrier and reduced the levels of circulating 
LPS and pro-inflammatory factors. Therefore, this data 
provide new insights into the mechanisms underlying the 
therapeutic effects of YZH against NASH.

The YZH oral liquid, a traditional Chinese medicine 
compound, has emerged as a promising therapeutic agent 
in the treatment of NAFLD (19,29). Over the past decades, 
YZH has been shown to treat neonatal jaundice, with a 
good safety profile and efficacy (12). However, data on the 
mechanisms of actions are yet to be defined. High-fat and 
-glucose diets have been deemed to be most consistent with 
the dietary habits of patients with metabolic syndrome and 
are broadly applied in NASH-related research (30-32). This 
model covers several pathophysiological features of human 
NASH, such as insulin resistance, lipid accumulation, 
hepatocyte ballooning, inflammatory cell infiltration, and 
perisinusoidal fibrosis (33). Moreover, multiple mechanisms 
have been proposed for HFGD model (34-36).

The active ingredients in YZH including geniposide, 
scoparone, baicalein, and chlorogenic acid have been shown 
to confer anti-inflammatory and antioxidative activities 
(37-41). Notably, it has been reported that these major 
components, separately or in combination, can be used to 
treat NAFLD in vivo and/or in vitro models (14,16,20,39,42). 
Therefore, the current study used YZH as a formulation 
instead of the active ingredients since its monomer cannot 
retain the comprehensive effects brought about by drug 
interactions, and YZH has good safety in clinical medication. 
In a high-fat diet mouse model, it was found that YZH 
reduced body weight and the degree of hepatic steatosis (19).  
In the present study, a 16-week high-fat and -glucose/
fructose diet led to severe liver steatosis, mild inflammation, 
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and mild fibrosis. It was also shown that YZH remarkably 
decreased the degree of steatosis, inflammation, and 
fibrosis. Results of the present study also showed that YZH 
alleviated hepatic injury, as evidenced by decreased AST and 
ALT levels. Further, it was evident that YZH played a key 
role in regulating glucose metabolism. In addition, it was 

demonstrated that intrahepatic triglycerides, cholesterol, and 
free fatty acids levels decreased after YZH treatment.

The gut microbiota interacts with the host in many 
different organs, such as the liver, brain, and kidney  
(21,43,44). The gut-liver axis indicates the interactions 
between the gut and liver, hence the gut microbiota plays 
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Figure 7 YZH decreased pro-inflammatory macrophages and relieved liver inflammation. (A) The expression of F4/80 in liver was evaluated 
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a central role in the gut-liver axis through numerous 
metabolites (21). However, the precise association between 
gut microbiota and NASH presently remains unclear (45). 
Except for the perturbation of the intestinal microbiota 
occurring in patients with NASH (46), the 16S rRNA 
sequence data showed microbiota dysbiosis in NAFLD and 
NASH mouse models (47-49). The current study showed 
that YZH modulated the composition of gut microbiota 
rather than increasing the variety of intestinal microbiota. In 
addition, studies also reported that gut microbiota in obese 
humans and animals was associated with increased levels 
of Firmicutes-to-Bacteroidetes ratio (47,50,51), and effective 
treatment that reversed the ratio reduced obesity and hepatic 
steatosis (47,52). Findings of the current study showed that 
YZH treatment decreased the Firmicutes-to-Bacteroidetes 
ratio. Further analysis at the genus level revealed that YZH 
decreased the levels of Mucispirillum, Helicobacter, and 
Desulfovibrionaceae, which were increased in HFGD group. 
Moreover, previous studies showed that Mucispirillum was 
a genus associated with the early disruption of gut mucus  
layer (53) and that increased abundance of Mucispirillum 
reflected severe inflammatory response (54). Helicobacter is 
known to colonize in the intestinal mucosa (55). In addition, 
previous studies reported that Helicobacter could induce 
endoplasmic reticulum stress in intestinal epithelial cells and 
promote inflammation (56). Desulfovibrionaceae has also been 
shown to mediate chronic inflammation (57). It was found 

that the abundance of Desulfovibrionaceae was increased in 
animal models of metabolic syndrome (58) and NASH (59). 
Notably, it was found that Desulfovibrionaceae disrupted gut 
barrier because it reduced sulfate to H2S (60). Therefore, 
the results of the current study showed that changing 
the composition of intestinal flora might be one of the 
mechanisms of YZH in NASH treatment.

Enterogenous inflammation is associated with gut barrier 
dysfunction (61), which is reflected in the imbalance of 
gut microbiota and increased intestinal permeability (62).  
In the present study, HFGD feeding led to increased 
intestinal permeability, characterized by edema and 
shortened intestinal microvilli, mitochondrial injury, and 
reduced expression of tight junction proteins (including, 
ZO-1, occludin, and claudin-1), which were recovered 
through treatment with YZH. Similarly, it was evident that 
YZH reduced the levels of serum LPS, TNF-α, and IL-
6, while increased IL-10 in mice with NASH (Figure 6). It 
was reported that LPS is present in the cell walls of gram-
negative bacteria and studies also showed that chronic 
inflammation and metabolic syndrome were associated with 
dysbiosis of the gut microbiota and elevated levels of serum 
LPS (50). Meanwhile, previous studies demonstrated that 
imbalance in the pro- and anti-inflammatory cytokines also 
played a crucial role in NASH (63). The association between 
pro- or anti-inflammatory cytokines and the progression 
or remission of NASH has not yet been reported (64). In 
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Figure 8 YZH attenuated NASH by inhibiting the hepatic TLR4, MyD88, NFκB pathway. (A) The expressions of TLR4, MyD88, IκBα, 
p-IκBα, NFκB and p-NFκB in the liver tissues of the 3 groups of mice were detected by Western Blot; (B) protein levels of TLR4, MyD88, 
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addition to the circulating inflammatory factors, YZH was 
also shown to reduce the infiltration of macrophages in the 
liver, especially the M1 pro-inflammatory macrophages, and 
the expression of MCP-1 and IL-1β in the liver. Previous 
study suggested pro-inflammatory sets of macrophages 
mediated the progression of NASH as well (65). 

It was demonstrated that activation of the endotoxin, 
TLR4, NFκB pathway mediated gut dysbiosis and 
low-grade liver inflammation (66). Endotoxin/TLR4 
was significantly upregulated in patients with NASH, 
as compared with those suffering from NAFLD and 
it was evident that the activation of TLR4 played an 

important role in the progression of NASH (67). Further, 
NFκB regulated liver injury and hepatic inflammation 
in NASH, suggesting that NFκB activation promoted 
NASH progression (68). It was shown that hepatic TLR4 
expression was markedly elevated in HFGD group whereas 
YZH inhibited the expression of TLR4 and the activation 
of the downstream MyD88 and NFκB. This evidence in the 
current study demonstrated that YZH may alleviate liver 
injury in mice with NASH by restoring dysbiosis of the gut-
liver axis (Figure 9).

Conclusions

In conclusion, the present study demonstrated that YZH 
could protect against NASH in HFGD mice. Further, it 
was evident that YZH exerted its effect through modulation 
of the gut microbiota, enhancement of intestinal barrier, 
reduction of endotoxins, and decreasing the infiltration 
of pro-inflammatory macrophages in the liver as well 
as inhibition of the TLR4, MyD88, NFκB pathway. 
Therefore, the multi-target characteristics of YZH provided 
a novel strategy for the prevention of NASH development 
and progression.
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Supplementary

Table S1 Food intake of mice in each group

Time Group ND (g) Group HFGD (g) Group HFGD + Y (g)

Week 1 5.05 5.14 5.69

Week 2 4.99 4.29 4.59

Week 3 4.93 5.14 4.74

Week 4 5.13 5.21 5.37

Week 5 5.15 5.29 5.62

Week 6 4.67 5.17 4.47

Week 7 4.84 4.44 5.55

Week 8 5.01 5.08 4.37

Week 9 5.15 5.43 5.63

Week 10 4.77 4.62 4.98

Week 11 4.95 5.11 5.09

Week 12 5.01 5.03 5.45

Week 13 4.84 4.99 5.86

Week 14 5.04 4.82 4.68

Week 15 5.21 5.15 5.64

Week 16 5.12 5.09 5.43
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Figure S1 Shape and weight of feces, and number of pellets. (A) Shape of feces among groups; (B) number of pellets among groups in 24 h; (C) 
weight of feces among groups in 24 h. Data were shown as mean ± SD.
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