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Abstract

BACKGROUND

Chronic liver injury (CLI) is now a worldwide disease. However, there is no
effective treatment. Pyroptosis plays an essential role in CLI. Dihydromyricetin
(DHM) resists oxidation and protects the liver. We hypothesize that the beneficial
effect of DHM on CLI is related to its effect on the expression of pyroptosis-
related molecules. Therefore, we studied the influence of DHM on CLI and
pyroptosis.

AIM

To study the role of pyroptosis in the pathogenesis of CLI and the therapeutic
mechanism of DHM.

METHODS

Thirty-two mice were randomly divided into four groups: The control group was
injected with olive oil, the carbon tetrachloride (CCl,) group was injected with
CCl,, the vehicle group was injected with hydroxypropyl-p-cyclodextrin while
injecting CCl, and the DHM group was injected with DHM while injecting CCI,.
After four weeks of treatment, liver tissues from the mice were stained with
hematoxylin and eosin, and oil red O. Blood was collected from the angular vein
for serological analysis. The severity of CLI was estimated. Some liver tissue was
sampled for immunohistochemistry, Western blotting and quantitative reverse
transcription PCR to observe the changes in pyroptosis-related molecules.

RESULTS
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Serum total cholesterol, low density lipoprotein, aspartate aminotransferase (AST)
and alanine aminotransferase (ALT) in the CCl, group were higher than those in
the control group, and serum total cholesterol, low density lipoprotein, AST and
ALT in the DHM group were lower than those in the vehicle group. Hematoxylin
and eosin and oil red O staining showed that there were more lipid droplets in the
CCl, group than in the control group, and there were fewer lipid droplets in the
DHM group than in the vehicle group. Western blotting showed that the
expression of the pyroptosis-related molecules caspase-1, NOD-, LRR- and pyrin
domain-containing 3 (NLRP3) and gasdermin D (GSDMD)-N in the CCl, group
was higher than that in the control group, while expression of these proteins in
the DHM group was lower than that in the vehicle group. Quantitative reverse
transcription PCR results showed that the expression of the pyroptosis-related
genes caspase-1, NLRP3, GSDMD and interleukin-1p (IL-1p) in the CCl, group
was higher than that in the control group, while there was no significant change
in NLRP3 and caspase-1 expression in the DHM group compared with that in the
vehicle group, and the expression of GSDMD and IL-1{3 was decreased.

CONCLUSION
DHM improves CCl,-induced CLI and regulates the pyroptosis pathway in
hepatocytes. DHM may be a potential therapeutic agent for CLIL

Key Words: Chronic liver injury; Dihydromyricetin; Pyroptosis; Carbon tetrachloride;
Pathogenesis; Steatosis

©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: We established a model of chronic liver injury (CLI) in mice by subcutaneous
injection of CCL, into the back. The effect of dihydromyricetin on improving CLI in
terms of morphology and serum level was demonstrated, and the activation of
pyroptosis in CLI and the regulation of pyroptosis by dihydromyricetin in terms of
protein level and mRNA level were verified, respectively.

Citation: Cheng QC, Fan J, Deng XW, Liu HC, Ding HR, Fang X, Wang JW, Chen CH, Zhang
WG. Dihydromyricetin ameliorates chronic liver injury by reducing pyroptosis. World J
Gastroenterol 2020; 26(41): 6346-6360

URL: https://www.wjgnet.com/1007-9327/full/v26/i41/6346.htm

DOI: https://dx.doi.org/10.3748/wjg.v26.i41.6346

INTRODUCTION

Chronic liver injury (CLI) is the beginning of many serious liver diseases. Drugs,
viruses, chemical poisons, ethanol and other factors can directly or indirectly cause
liver damagel"l. Following liver pathological changes, sustained damage leads to CLI,
which causes normal metabolic dysfunction, affects bile excretion and digestive
system function, and finally develops into liver failure, which seriously threatens
human health””. Therefore, the development of new therapeutic drugs is urgently
required.

A number of studies have shown that pyroptosis occurs during CLI and that
pyroptosis plays an important role in CLI*". Pyroptosis is a type of cell death that
causes a strong inflammatory response, also known as caspase-1-dependent regulatory
cell death!!. It is manifested by cell swelling until the cell membrane bursts, leading to
the release of cell contents and resulting in a strong inflammatory responsel’.
Excessive pyroptosis can amplify the inflammatory response and cause further
damage to the body. Following liver tissue damage, excessive pyroptosis will lead to
further damage of liver cells, making it difficult to recover function. Inhibition of
excessive pyroptosis can reduce the damage caused by the inflammatory response, but
there is little research on the drug mechanism that can interfere with pyroptosis!.
Therefore, we hope to identify a drug which acts on the pyroptosis process in
hepatocytes, inhibits liver tissue damage caused by inflammation, and thus provide
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protection for CLIL

CCl, is a hepatotoxic substance that causes liver damage and is often used to induce
fatty liver or fibrosis models. The mechanism involved is mainly related to oxidative
stress induced by CCl, in the liver. CCl,leads to the continuous production and
accumulation of harmful lipid and protein peroxidation products and causes severe
necrotic reactions, which destroy the structure and function of liver cells®'"l. Therefore,
our research group chose CCl, to establish an animal model of CLI.

Dihydromyricetin (DHM) is the most abundant natural flavonoid in Ampelopsis
grossedentata (A. grossedentata). It has a wide range of pharmacological effects!'. A
number of studies have shown that DHM protects the liver!*’.. The mechanism may
be related to antioxidation and anti-inflammation!">'*""l. Therefore, our research group
aimed to observe the effect of DHM on pyroptosis in hepatocytes in mice with CCl,-
induced CLI and determine the relevant mechanism of its protective effect on the liver.

MATERIALS AND METHODS

Reagents and antibodies

CCl, (105033) and olive oil (MB13084) were purchased from Beijing Tongguang Fine
Chemical Co., Ltd. (Beijing, China) and Dalian Meilun Biotechnology Co., Ltd.
Hydroxypropyl-p-cyclodextrin (HP-B-CD) (C7070), DHM (SD8280) and the
hematoxylin and eosin (HE) staining kit (SL7070) were purchased from Beijing
Solarbio Technology Co., Ltd. (Beijing, China); a total of 0.212 g HP-B-CD was
dissolved in 1 mL normal saline to produce the HP-p-CD vehicle solution, and 20 mg
DHM was dissolved in 800 pL HP-B-CD solution to produce the DHM solution.
Isoflurane was purchased from Shenzhen Reward Life Technology Co., Ltd.
(Shenzhen, China), and oil red O (ORO) (08010-5) was purchased from Sigma (St.
Louis, MO, United States). ORO (0.5 g) was dissolved in an appropriate amount of
isopropanol, and after full dissolution, the final volume of the solution was increased
to 100 mL with isopropanol, which was the preservation ORO solution. When used,
the ORO preservation solution was diluted 3:2 with distilled water and was the
working solution. HistostainTM-plus kits (SP900) and the DAB substrate kit (ZLI-9018)
were purchased from ZSGB-BIO (Beijing, China). RIPA lysis buffer (C1053+ -100) was
purchased from Applygen (Beijing, China), and a BCA protein detection kit was
purchased from Invitrogen (CA, United States). Anti-caspase-1 p20 and anti-IL-1
antibodies were purchased from Biosource (Beijing, China). Anti-NLRP3, anti-
GSDMD, and anti-glyceraldehyde-3-phosphate dehydrogenase (GAPDH) antibodies
were purchased from Abcam (Cambridge, United Kingdom), ABclonal (Beijing,
China), and ZSGB-BIO (Beijing, China), respectively. Horseradish peroxidase-
conjugated secondary antibodies were purchased from Applygen (Beijing, China). A
tissue total RNA extraction kit (RC101-01), reverse transcription kit (R323-01), and
ChamQ Universal SYBR qPCR master mix (q711-02) were purchased from Vazyme
(Piscataway, United States).

Animal experiments and drug treatment

Eight-week-old male C57BL/6] mice with a body weight of 20 + 2 g were used in the
study. All mice were kept in the Department of Laboratory Animal Science of Peking
University Health Science Center. The room temperature in the animal center was
23°C, the relative humidity was 50%-55%, and the light cycle was 12 h:12 h. The mice
were free to drink water and eat food during the experiment. This experiment was
approved by the Local Ethics Committee for Animal Research Studies at the Peking
University Health Science Center.

Thirty-two mice were randomly divided into four groups: The control group, CCl,
group, vehicle group, and DHM group. In the control group, the mice received
injections of olive oil every three days for up to 4 wk. The CCl, group was treated with
CCl, injections (40% CCl, in olive oil was injected subcutaneously into the back at a
dose of 30 pL/g body weight) every three days for 4 wk. The vehicle group was
treated with CCl, injections (methods were the same as those for the CCl, group) every
three days, and HP-B-CD solution (the solution was injected intraperitoneally at a dose
of 4 pL/g body weight) every day for 4 wk. The DHM group was treated with CCl,
injections (methods were the same as those for the CCl, group) every three days, and
DHM solution (methods were the same as those for the vehicle group) every day for 4
wk. The subcutaneous back injection model is shown in Figure 1TA.

We determined the injection dose of DHM based on the study by Shi et all'l. Weight
was monitored every three days throughout the experiment. After 4 wk, the mice were
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Figure 1 Modeling process, weight monitoring and serological testing. A: Schematic diagram of subcutaneous injection into the back and modeling
flow chart; B: Weight monitoring records; C-H: Statistical graphs of serum total cholesterol, triglyceride, low density lipoprotein, high density lipoprotein, alanine
aminotransferase and aspartate aminotransferase, respectively. 2P < 0.01 vs control group; °P < 0.05 vs vehicle group; °P < 0.01 vs vehicle group; n = 6. DHM:
Dihydromyricetin; HP-B-CD: Hydroxypropyl-8-cyclodextrin; TC: Total cholesterol; TG: Triglyceride; LDL: Low density lipoprotein; HDL: High density lipoprotein; ALT:
Alanine aminotransferase; AST: Aspartate aminotransferase.
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euthanized by inhalation of isoflurane.

Serological test of liver function index

After deep anesthesia with isoflurane, blood was collected from the angular vein. The
blood was then maintained at 4°C for 30 min, and the supernatant was centrifuged at
4°C and 2500 rpm for 20 min. All serological tests of liver function indices were
submitted to the Department of Laboratory Animal Science of Peking University
Health Science Center, and the test results are expressed in tables and graphs as the
mean + SEM.
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Histomorphological observation

After blood collection, livers were collected and fixed in 10% neutral buffered formalin
for histological examination. For the best fixation effect, liver tissue samples of
approximately 10 mm x 5 mm X 5 mm were used.

HE and ORO staining were performed using standard procedures. The ORO-
positive areas were quantified as described previously. HE-stained sections were
observed and photographed under a biological microscope (Olympus, Japan), and the
non-alcoholic fatty liver disease activity score was calculated. ORO-stained sections
were observed and photographed under a biological microscope. The positive ORO
region was divided by the total cell area in each image using Image]J software, and
hepatic steatosis was quantified by image analysis.

For immunostaining of mature caspase-1, liver tissue sections were incubated
overnight with anti-caspase-1 p20 antibodies (1:2000), followed by treatment with
HistostainTM-plus kits. Antigen-antibody complexes were visualized using a DAB
substrate kit.

Western blotting analysis

Following blood collection, livers were collected and stored at -80°C. Livers were lysed
with RIPA lysis buffer and centrifuged, and the supernatant was obtained. The protein
concentration was measured using a BCA protein detection kit. The proteins were
separated by SDS-PAGE and transferred to Immun-Blot PVDF membranes. The
membranes were washed, blocked (5% nonfat-dried milk), and incubated with the
primary antibody and then with an appropriate horseradish peroxidase-conjugated
secondary antibody. The signal was detected with an enhanced/super ECL kit. The
images were scanned, and the relative density of the immunoreactive bands was
determined using Image]J software.

Quantitative reverse transcription PCR

According to the manufacturer's instructions, total RNA from mouse liver tissues was
extracted with a total RNA extraction kit. cDNA was prepared with a reverse
transcription kit, and quantitative reverse transcription-PCR (qRT-PCR) was
performed in an ABI 7500 real-time PCR system (Applied Biosystems, Foster City, CA,
United States) using ChamQ Universal SYBR qPCR master mix. GAPDH was used as a
reference gene to analyze the relative mRNA expression of pyroptosis-related genes.
The primer sequences are shown in Table 1.

Statistical analysis

GraphPad Prism version 8.0 was used to analyze the data, and the results are
presented in the table and graphs as the mean + SEM. Single-factor analysis of
variance was used for comparisons between multiple groups, followed by Dunnett's
multiple comparison test. The data from two groups were analyzed by the Student's ¢
test (unpaired t test), and P < 0.05 was used to determine significant differences. Each
experiment was repeated at least three times to obtain similar results. P values of less
than 0.05 were considered significant.

RESULTS

DHM improves liver damage caused by CCI, and reduces steatosis in hepatocytes
Weight monitoring of mice for one month showed no significant differences in body
weight between the four groups (P > 0.05) (Figure 1B). Venous blood serological data
were analyzed after 4 wk of modeling (Table 2). Serum total cholesterol was higher in
the CCl, group (P < 0.01) (Figure 1C) compared with that in the control group, and
there was no significant difference in triglyceride level (P > 0.05) (Figure 1D). Low
density lipoprotein (LDL) was significantly elevated (P < 0.01) (Figure 1E), but high
density lipoprotein did not change significantly (P > 0.05) (Figure 1F). Serum total
cholesterol decreased significantly (P < 0.01) (Figure 1C) and LDL decreased (P < 0.05)
(Figure 1E) compared with those in the vehicle group. Similarly, there was no
significant change in triglyceride or high density lipoprotein (P > 0.05) (Figure 1D and
F). Elevated serum alanine aminotransferase (ALT) and/or aspartate aminotransferase
(AST) activity is a hallmark of hepatocyte injury. We found that serum levels of ALT
and AST in the CCl, group were significantly higher than those in the control group (P
< 0.01) (Figure 1G and H). Both ALT and AST in the DHM group were significantly
lower than those in the vehicle group (P < 0.01) (Figure 1G and H).
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Table 1 Quantitative reverse transcription PCR primer sequences

Gene Primers Sequence (5’to 3')

NLRP3 Forward GACCGTGAGGAAAGGACCAG
Reverse GGCCAAAGAGGAATCGGACA

CASP1 Forward CGAGGGTTGGAGCTCAAGTT
Reverse AGAAGTCTTGTGCTCTGGGC

GSDMD Forward TGCTTGAAGGGTGAAGGCAA
Reverse CACCTGAGGAGGGCTCAAAG

IL-18 Forward ATGCCACCTTTTGACAGTGATG
Reverse TGTGCTGCTGCGAGATTTGA

GAPDH Forward TCTACATGTTCCAGTATGACTC
Reverse ACTCCACGACATACTCAGCACC

NLRP3: NOD-, LRR- and pyrin domain-containing 3; CASP1: Caspase-1; GSDMD: Gasdermin D; IL-1f: Interleukin-13; GAPDH: Glyceraldehyde-3-
phosphate dehydrogenase.

Table 2 Statistical data of serological indicators

Control CCl, Vehicle DHM
TC (mmol/L) 1.77£0.12 222+0.17° 2.21+0.16" 1.87 £0.19°
TG (mmol/L) 0.80+£0.13 0.82+0.11 0.72+£0.20 0.75+0.20
LDL (mmol/L) 0.12+0.03 0.30 £ 0.04" 0.34 +£0.11° 0.23 +0.01°
HDL (mmol/L) 1.51+£0.09 1.44 +0.07 1.25+0.28 1.31+£0.29
ALT (U/L) 119.87 +22.26 367.40 £21.15" 41542 + 45.03" 213.52 £ 31.82°
AST (U/L) 126.05 + 25.60 1790.30 + 376.01° 1995.52 + 273.80" 615.65 + 170.62°
2P < 0.01 vs control group.

P <0.05 vs

vehicle group.

P < 0.01 vs vehicle group. TC: Total cholesterol; TG: Triglyceride; LDL: Low density lipoprotein; HDL: High density lipoprotein; ALT: Alanine
aminotransferase; AST: Aspartate aminotransferase.
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To further determine whether CCl, treatment successfully induced significant CLI
and whether DHM improved liver injury, analysis of histological staining was
performed (Figure 2). HE and ORO staining showed that the control group had
normal liver structure and hepatic lobules, and no lipid droplets were found. In
contrast, mice in the CCl, group had large numbers of lipid droplets and inflammatory
cell infiltration. However, in the DHM group, the hepatic lobule structure was
restored, and the lipid droplets were significantly reduced.

These results strongly suggest that CCIl, treatment of mice induced a stable CLI
model, and DHM improves liver damage caused by CCl, and reduces hepatocyte
steatosis.

DHM suppresses pyroptosis signaling at the protein level

Studies have shown that pyroptosis is involved in the pathogenesis of CLI"*?l. To
investigate whether DHM affects the activation of pyroptosis, the expression levels of
pyroptosis-related proteins were examined by Western blotting and immuno-
histological analysis. The expression of caspase-1 (p20), the core protein in the
pyroptosis pathway, and NLRP3, which forms the inflammatory body, were
significantly increased in the CCl, group compared with that in the control group (P <
0.01) (Figure 3A and C), and the expression level of the effector protein GSDMD was
not significantly changed. The full-length GSDMD is indicated as GASMD-FL (P >
0.05) (Figure 3B), but the cleavage product GSDMD-N was significantly increased (P <
0.01) (Figure 3B). After DHM treatment, the protein expression of NLRP3, GSDMD-N
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Figure 2 Lipid deposition occurring in the liver. A-D: Hematoxylin and eosin staining of a paraffin section of liver tissue; E-H: Oil red O staining of frozen
section of liver tissue; |: Nonalcoholic steatohepatitis activity score; J: Oil red O-positive area rate. There was no lipid deposition in the control group; while in the CCl,
and vehicle groups, a large amount of lipid deposition occurred; but lipid deposition was significantly decreased in the dihydromyricetin group. The scale bar refers to
100 um. 2P < 0.01 vs control group; °P < 0.05 vs vehicle group; °P < 0.01 vs vehicle group; n = 6. DHM: Dihydromyricetin; ORO: Oil red O.

and mature caspase-1 was significantly downregulated (P < 0.01) compared with that
in the vehicle group (Figure 3D-3D and the inflammatory molecule IL-13 was
significantly decreased (P < 0.01) (Figure 3G).

In addition, the expression of mature caspase-1 was examined by immuno-
histochemical staining. The expression of mature caspase-1 (p20) was significantly
increased in the CCl, group compared with that in the control group (Figure 4A and
B). Mature caspase-1 was downregulated in the DHM group relative to that in the
vehicle group (Figure 4C and D).

These results fully demonstrated that CCl, activates pyroptosis, while DHM
significantly reduces pyroptosis.
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Figure 3 Changes in protein expression of pyrethroid-related molecules. A-C: The expression levels of NOD-, LRR- and pyrin domain-containing 3
(NLRP3), gasdermin D (GSDMD) and caspase-1 in the control and CCl, group, respectively; D-G: The expression levels of GSDMD, NLRP3, caspase-1 and IL-1 in
the vehicle and dihydromyricetin group, respectively. 2P < 0.01 vs control group; °P < 0.01 vs vehicle group; n = 6. NLRP3: NOD-, LRR- and pyrin domain-containing
3; GAPDH: Glyceraldehyde-3-phosphate dehydrogenase; GSDMD: Gasdermin D; DHM: Dihydromyricetin; IL-18: Interleukin-1p.
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DHM partially inhibits the expression of pyroptosis-related genes

To further clarify the expression level of pyroptosis-related genes, we performed qRT-
PCR. The results showed that caspase-1, NLRP3, GSDMD and IL-1p were upregulated
at the mRNA level in the CCl, group (P < 0.01) (Figure 5A-5D which is consistent with
the corresponding protein expression levels. However, the DHM group did not show
results that were consistent with the Western blotting results compared to those in the
vehicle group. The expression of NLRP3 and caspase-1 mRNA in the DHM group was
not significantly different compared with that in the vehicle group (P > 0.05)
(Figure 5E and F), and GSDMD and IL-IL mRNA decreased (P < 0.01) (Figure 5G and
H).

DISCUSSION

Dihydromyricetin is the main flavonoid in A. grossedentatal”. A number of studies
have shown that flavonoids have many functions, such as scavenging oxygen free
radicals and antioxidative, antithrombotic, anti-inflammatory and antitumor
activities!'**>*1. In addition to the general properties of flavonoids, DHM protects
against liver I/R injury!, alcoholic liver disease”], and non-alcoholic fatty liver
diseasell. Recent studies found that DHM effectively improves the development of
CLI*»I. DHM attenuates oxidative stress and restores mitochondrial respiration!'l.
However, there is a close relationship between oxidative stress and pyroptosis*.
Whether DHM can intervene in CLI by affecting pyroptosis is not well understood.
Therefore, this research was focused on pyroptosis to determine the effect of DHM on
CLI and its mechanism.

The mechanism of CCl,-induced CLI includes the production of ROS and
inflammatory cytokines, an imbalance in calcium homeostasis, and lipid
peroxidation], and is thus closely related to pyroptosis. Traditionally, intraperitoneal
injection of CCl, induces CLI, which causes abdominal adhesions and a series of
complications that affects the vitality of mice and increases mortality™™]. Our group
improved the intraperitoneal injection method by injecting CCl, subcutaneously into
the back (Figure 1A). Body weight monitoring during modeling showed no significant
differences in body weight and no deaths, demonstrating the safety of subcutaneous
injections into the back. Serological ALT and AST levels increased, LDL increased, and
HE/ORO staining results showed that lipid droplets in the CCl, group increased
significantly. These results strongly indicated that CCl, successfully induced a CLI
model.

Cell death can be divided into programmed cell death and necrosis. Programmed
cell death can be classified as nonlytic and lytic. Nonlytic cell death, such as apoptosis,
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Figure 4 Changes in the expression of caspase-1, the core protein of pyroptosis, were observed by immunohistochemistry. A-D: The
immunohistochemical results of caspase-1 in the control, CCl,, vehicle and dihydromyricetin groups, respectively; E: Statistical graph of the immunohistochemical
results of caspase-1 in the above four groups. There was very litle caspase-1 in the control group; while in the CCl, and vehicle groups, a large amount of caspase-1
was observed; but caspase-1 was significantly decreased in the dihydromyricetin group. The scale bar refers to 100 um. 2P < 0.01 vs control group; °P < 0.05 vs

vehicle group; n = 3. DHM: Dihydromyricetin.

does not usually result in a secondary immune response. However, lytic cell death,
such as necrotic apoptosis and pyroptosis, can cause a strong inflammatory response.
Pyroptosis, also known as caspase-1-dependent programmed cell death, is usually
characterized by rapid lysis of pyroptotic cells, which is characterized by pore
formation, cell swelling and membrane rupture®l. The process of pyroptosis is
mainly divided into the following four steps (Figure 6): Formation of inflammasomes,
activation of caspase-1, formation of pores in the cell membrane, and the release of
inflammatory factors"”'l. The experiments conducted included these four steps to prove
the presence of pyroptosis induced by CCl, in the CLI model and the therapeutic effect
of DHM on pyroptosis.

The inflammasome is a cytoplasmic sensor of caspase-1 that activates caspase-1. The
inflammasome is composed of three parts: Cytoplasmic receptor molecules (mainly
NLRP3), the connective protein ASC, and the effector protein pro-caspase-1-2. Here,
we selected NLRP3 as the target molecule to observe the effect of DHM on CLI
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Figure 5 The relative expression levels of pyroptosis-related genes. A-D: The relative expression levels of NOD-, LRR- and pyrin domain-containing 3
(NLRP3), caspase-1, gasdermin D (GSDMD) and interleukin-1f (IL-1B) in the control and CCl, group, respectively; E-H: The relative expression levels of NLRP3,
caspase-1, GSDMD and IL-1f in the vehicle and dihydromyricetin group, respectively. 2P < 0.01 vs control group; °P<0.01 vs vehicle group; n = 3. NLRP3: NOD-,
LRR- and pyrin domain-containing 3; GSDMD: Gasdermin D; IL-1B: Interleukin-18; DHM: Dihydromyricetin.
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pyroptosis. Western blotting results showed that NLRP3 protein expression was
upregulated after modeling and decreased to some extent after DHM intervention. The
qPCR results showed that mRNA expression was upregulated after modeling;
however, DHM did not show results that were consistent with a decrease in protein,
and there was no statistically significant difference. We determined that it is possible
that DHM only interfered with NLRP3 synthesis or promoted its degradation at the
protein level, thus affecting subsequent signaling. Although there was no significant
difference in the results, there was a certain upward trend, which also proved that the
decrease in NLRP3 protein may negatively regulate expression of the NLRP3 gene.

The effector proteins of the inflammatory body are caspases. Caspases, a group of
cysteine proteolytic enzymes, are associated with inflammation and cell death™!.
Caspases mainly play an important role in apoptosis and pyroptosis and do not
participate in other programmed cell death processes. According to their functions,
caspases are related to apoptosis or inflammation. The NLRP3 inflammasome can be
activated by DAMPs and PAMPsl. When assembly is complete, caspase-1 is
activated, and pyroptosis is activated. Western blot results showed that mature
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Figure 6 Working model of the pyroptosis-related pathway. CCl, treatment stimulates the formation of NOD-, LRR- and pyrin domain-containing 3
inflammasome, which activates caspase-1. While caspase-1 activates interleukin-1p, it cleaves gasdermin D (GSDMD) into the carboxyl terminal (GSDMD-C) and
amino terminal (GSDMD-N). GSDMD-N binds to the lipid membrane and polymerizes into an oligomer with a pore in the middle. This channel allows passage of
materials < 10 nm in diameter. More pores are formed, which cause cell membrane damage and rupture, and eventually chronic liver injury. DHM: Dihydromyricetin;
NLRP3: NOD-, LRR- and pyrin domain-containing 3; IL-1B: Interleukin-1B; GSDMD: Gasdermin D.

caspase-1 protein (caspase-1 p20) expression was upregulated after modeling and
downregulated after DHM intervention, and the immunohistochemical results were
consistent with this. The qPCR results showed that caspase-1 mRNA expression was
upregulated after modeling but did not decrease after DHM intervention. We
determined whether DHM intervention decreased NLRP3 protein, leading to its target
protein (pro-caspase 1) not being converted to mature caspase-1. Therefore, at the
protein level, caspase-1 expression was downregulated after DHM intervention, but
treatment did not affect the mRNA level of pro-caspase-1. Therefore, the mRNA level
of pro-caspase-1 did not decrease after DHM intervention, possibly because of the
small number of samples measured, which were not sufficient for a statistically
significant declining trend.

GSDMD is a protein with 487 amino acid residues that belongs to the gasdermin
family?™!. Gasdermin protein binds to lipids on the cell membrane and then produces
holes in the cell membrane, leading to the leakage of cell contents and mediating cell
death and the inflammatory responsel™. Therefore, GSDMD is the executor of
pyroptosis in cells. The complete GSDMD protein consists of two domains that are
joined together by joint connections. When the junction is sheared by caspase-1 or
caspase-11, it is divided into two parts, the carboxyl terminal (GSDMD-C) and amino
terminal (GSDMD-N). GSDMD-C inhibits GSDMD-N, and when the two are
separated, GSDMD-N binds to the lipid membrane and polymerizes into an oligomer
with a pore in the middle™. This channel allows passage of materials < 10 nm in
diameter. More pores are formed, which cause cell membrane damage and rupture!”.
In this experiment, no significant change was observed in the complete GSDMD
protein after modeling or DHM intervention, but GSDMD-N protein was increased
after modeling and downregulated after DHM intervention. We found that GSDMD
expression was upregulated at the mRNA level after modeling, and the subsequently
translated GSDMD protein was cleaved into GSDMD-C and GSDMD-N by mature
caspase-1 protein. Therefore, the full-length GSDMD protein was not significantly
upregulated or downregulated, but the effector GSDMD-N protein was significantly
upregulated. After DHM intervention, caspase-1 decreased, GSDMD-N decreased, and
the mRNA level also decreased.

Mature caspase-1 activates IL-1P. IL-1pB, as the main inflammatory molecule of
pyroptosis™, is also one of the main factors that induces inflammation in CLIP**.
Therefore, IL-1f3 was selected as the inflammatory index observed. Western blotting
results showed that the expression of IL-1p was downregulated after DHM
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intervention, and qPCR results showed that the mRNA expression was consistent with
the protein changes. Therefore, we believe that DHM improves the inflammation
caused by pyroptosis.

CONCLUSION

In conclusion, this study comprehensively used molecular biology and morphological
techniques to fully explore the changes in pyroptosis in CCl,-induced CLI and the
influence of DHM on mRNA, protein and tissue morphology and proved that DHM
significantly improved CLI by inhibiting pyroptosis. This study provides a new idea
for in-depth exploration of the pathogenesis and treatment of CLI and provides an
experimental basis for the early prevention and treatment of CLI. As DHM has the
effect of anti-oxidative stress, the proportion of DHM's effect on pyroptosis in the
treatment of CCl,-induced CLI is not clear, which needs to be further explored. In
addition to regulating pyroptosis, whether DHM influences other cell death pathways
is also unknown, and should be investigated in further research.

ARTICLE HIGHLIGHTS

Research background

Chronic liver injury (CLI) is the beginning of many serious liver diseases. If not timely
managed CLI can seriously threaten human health. It has been reported that
pyroptosis occurs in CLI. However, there is no drug that reduces CLI by regulating
pyroptosis.

Research motivation
To explore the therapeutic effect and mechanism of dihydromyricetin (DHM) on CLI
from a new perspective of the pathogenesis of CLI-pyroptosis.

Research objectives

We mainly focused on the regulatory effect of DHM on pyroptosis in CLI. The effect of
DHM on pyroptosis was evaluated at the following three levels: Morphology, protein
and mRNA. The related mechanism of DHM treatment for CLI was also studied.

Research methods

A CLI mouse model was established by subcutaneous injection of carbon tetrachloride
(CCl,) into the back. After establishment of the model, the therapeutic effect of DHM
on CLI was estimated by serological detection, HE staining and ORO staining.
Western blotting, immunohistochemistry and qRT-PCR were used to detect the
changes in pyroptosis-related molecules.

Research results
DHM improved liver damage caused by CCl,, reduced steatosis in hepatocytes, and
inhibited the pyroptosis signal.

Research conclusions
DHM can improve CCl-induced CLI and regulate the pyroptosis pathway in
hepatocytes. DHM may be a potential therapeutic drug for CLI.

Research perspectives

As a newly discovered programmed cell death, pyroptosis provides a new direction
for the study of the pathogenesis of CLI. DHM affects the mechanism of action by
regulating pyroptosis to alleviate CLI. This could be a major breakthrough in the
development of drugs for CLL
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