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Abstract

Background
Hepatoprotective effects of Chinese herbal formula Jiangzhi Ligan Decoction (JZLGD) against
nonalcoholic fatty liver disease (NAFLD) have been demonstrated, but its mechanism is not clear. The
aim of this study was to evaluate the protective effects of against high-fat diet (HFD) induced NAFLD in
rat, and to further explore the potential molecular mechanism.

Methods
SD rats were assigned to �ve different groups: normal control group, NAFLD model group and JZLGD-
treated NAFLD group (3 doses of JZLGD: 2.3, 4.6, 9.2 g/kg of body weight, respectively). All the rats were
fed a HFD for 18 weeks except the normal control group(a normal diet). After 12 weeks, rats in JZLGD-
treated NAFLD group were administered different doses of JZLGD by oral gavage once daily for another
period of 6 weeks, and the rest were given the same dosage of normal saline. After the intervention, blood
and liver from each sample were carefully removed and analyzed accordingly.

Results
We found that JZLGD signi�cantly reduced the liver index, levels of alanine aminotransferase (ALT) and
aspartate aminotransferase (AST) in serum. Furthermore, pathological examinations showed that JZLGD
markedly reduced liver lipid droplets and improved liver lipid accumulation, NAFLD activity score and
ballooning pathology scoring were also decreased. The detection of cytokines showed that JZLGD could
signi�cantly reduced the levels of serum in�ammatory factors IL-1β, IL-18, tumor necrosis factor α (TNF-
α) and IL-6, protected HFD rats from in�ammation. In addition, NAFLD treatment, exhibited signi�cant
reduction in serum triglyceride (TG), total cholesterol (TC), low density lipoprotein (LDL) and free fatty
acid (FFA) when compared to NAFLD control rats. JZLGD intervention also reduced the level of serum
lipopolysaccharide (LPS) and the expression of NOD-like receptor family pyrin domain containing 3
(NLRP3), apoptosis-associated speck-like protein containing a CARD (ASC), caspase-1, caspase-11,
GSDMD, GSDMD N-terminus (GSDMD-N), IL-1β, IL-18 in the liver.

Conclusion
These results demonstrate the hepatoprotective effects of JZLGD in NAFLD mice, the effects may be
mediated via downregulation of NLRP3 /caspase-1/GSDMD mediated canonical pyroptosis pathway and
LPS /caspase-11/GSDMD mediated non-canonical pyroptosis pathway.

Background
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Non-alcoholic fatty liver disease (NAFLD) is a rapidly increasing global health problem especially in the
United States, the prevalence of NAFLD is as high as 20%-30%[1], also the prevalence rate in the Asia is
7%-20%[2]. Currently, with the changes in people's diet and lifestyle, the incidence of NAFLD has gradually
become younger aggregating burden on public-health-care systems. Even worse, some patients will
progress to hepatitis, liver �brosis and cirrhosis, and eventually develop hepatocellular carcinoma,
however, currently, there are no effective drugs for the treatment of NAFLD [3], so it is very signi�cantly to
research the therapy target for NAFLD.

The pathogenesis of NAFLD is related to lipid metabolism disorder, lipid accumulation, insulin resistance,
and in�ammation [4, 5]. In particular, hepatic in�ammation is an essential pathophysiological process
during NAFLD that unites the lipotoxic response with the generation of oxidative stress [6]. Additionally,
studies showed that in�ammatory activation results in hepatic insulin resistance and steatohepatitis[7].
The occurrence and development of in�ammation will aggravate the deterioration of NAFLD, and make
NAFLD progress into cirrhosis. Pyroptosis is a form of pro-in�ammatory cell death and gasdermin D
(GSDMD) is the executive molecule[8]. Cleavage of the GSDMD by caspase-1, and caspase- 4/5/11 leads
to translocation of the N-terminal fragment to the plasma membrane, which then forms pores(10–15 nm
in diameter) that facilitate pyroptotic cell death to release interleukin‐1β (IL‐lβ) and interleukin-18(IL-18)
through the pore formed by GSDMD-N oligomerization[9, 10, 11]. On the one hand, the activation of
caspase-1 required NOD-like receptor family pyrin domain containing 3 (NLRP3) in�ammasome which
recognizes diverse stimuli including pathogen-associated molecular patterns(PAMPs) and endogenous
danger signals(DAMPs) to activate pro-caspase-1 cleaves into form active caspase-1[12].This process of
pyroptosis mediated by NLRP3/caspase-1/GSDMD is called as the canonical pyroptosis pathway. On the
other hand, the occurrence of non-canonical in�ammasome-mediated pyroptosis depended on caspase-
11/4/5 to recognize and bind lipopolysac-charides (LPS), then activates GSDMD to cause non-
cannonical pyroptosis pathway[13, 14, 15]. Recent studies have showed that pyroptosis which mediated
the death of hepatocytes and aggravated the process of in�ammation and �brosis in the pathological
development of NAFLD has become an important potential target of NAFLD treatment intervention[16].

In Chinese medicine philosophy, the pathogenesis of NAFLD includes spleen vacuity, liver stagnation, and
phlegm-damp obstruction[17].Traditional Chinese medicine is effective in treating NAFLD, but there are
few related studies. Jiangzhi Ligan Decoction (JZLGD), as a classical Chinese herbal formula, is a
clinically experienced prescription and commonly used in clinical practice, which is composed of 6 kind
of Chinese medicines including alisma orientalis (Zexie), salvia miltiorrhiza (Danshen), cassia seed
(Juemingzi), turmeric (Yujin), seaweed (Haizao) and lotus leaf (Heye). Previous experiment showed
JZLGD has a noticeably effect of regulating lipid metabolism, protecting liver and losing weight, and has
been demonstrated playing an important role in treating NAFLD, but its mechanism is not clear.
Pyroptosis is closely related to in�ammatory response, and plays an indispensable role in the
development of NAFLD. Inhibition of pyroptosis and in�ammation in NAFLD model can protect liver from
in�ammation and delay the progression of the liver disease, hence, we hypothesized that JZLGD slow the
progression of NAFLD may be related to the canonical and non-canonical in�ammasome signaling
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pathways. Therefore, model of NAFLD rats were established to evaluate the improvement of JZLGD on
NAFLD and further explored the potential molecular mechanism.

Methods
Materials

Reagent: Chloral hydrate (8MQ20-CC) was purchased from TCI Shanghai; Western and IP cell lysate
(P0013) was purchased from Beyotime Biotechnology; Protease inhibitor cocktail (without EDTA, 100×
DMSO storage solution) (B14002) and phosphatase inhibitor cocktail (100 × B15002) were purchased
from Bimake; Rat IL-1β ELISA Kit (GN-R30172), rat IL-18 ELISA Kit (GN-R30168), rat TNF-α ELISA Kit (GN-
R31092) and rat IL-6 ELISA Kit (GN-R30201) were purchased from Gaining Biological; LPS detection kit
(H178) was purchased from NanJing JianCheng Bioengineering Institute; GSDMD mouse monoclonal
antibody (SC-393581) and caspase-11 (SC-374615) were purchased from Santa Cruz Biotechnology;
GSDMD-N rabbit monoclonal antibody (93709) was purchased from Cell Signaling Technology; Caspase-
1 (NBP1-45433), NLRP3 (NBP2-12446) Rabbit anti polyclonal antibodies were purchased from Novus
Biologicals; ASC (EPR10402(B))Rabbit monoclonal antibody was purchased from abcam; β-actin mouse
anti monoclonal antibody (A5316) was purchased from Sigma; Goat anti rabbit second antibody
(AP132P) and Goat anti mouse second antibody (AP124P) were purchased from Merck.

Instrument: Microplate Reader, Electrophoresis apparatus, Film transfer apparatus and Gel imaging
system (BIO-RAD, USA), LEICADNLB2 binocular microscope (LEICA company), Shandon325 para�n
slicing machine (British Shandon company), Fall-automatic biochemical analyzer.

Preparation of Jiangzhi Ligan Decoction

JZLGD is composed of Alisma orientalis(Zexie) 10 g, Cassia seed(Juemingzi)30 g, Salvia
miltiorrhiza(Danshen) 10 g, Turmeric (Yujin) 10 g, Seaweed(Haizao)30 g and Lotus leaf (Heye)10 g. All
the Chinese herbal pieces were purchased from The First Hospital of Hunan University of Chinese
Medicine. The above drugs were soaked in 8 times of water for 30 min, boiled for 1 h, then �ltered, added
6 times of water, boiled for 1 h, and then �ltered. We mixed the liquid medicine and concentrated it to 2g
/ml by using Rotary Evaporator at 65℃, and stored it at 4℃. Before use, it was diluted to the required
concentration with normal saline.

Animals and treatment

Sprague-Dawley(SD) male rats (150g ± 10g) were purchased from Hunan SJA Laboratory Animal Co. Ltd
and acclimatized for 7days. Rats were kept in controlled ambient temperature (24 ± 2 °C)and humidity
(60 ± 10%) under 12 h light-dark cycles; water was available ad libitum. This study was reviewed and
approved by the Animal Experiment Ethics Committee of Hunan University of Chinese Medicine and
carried out in accordance with their recommendations.
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According to the previous study, the rats received a high-fat diet (HFD) (40 kcal% fat, 20 kcal% sucrose,
and 2% cholesterol) for 12 weeks to develop NAFLD. The high-fat diet was provided by

SD rats were randomly divided into �ve groups: normal control group, NAFLD model group and JZLGD-
treated NAFLD group (3 doses of JZLGD: 2.3, 4.6, 9.2 g/kg of body weight, respectively). The normal
control group were fed a normal diet(ND), while the rest of the groups received a HFD during the
experimentation period (12 weeks + 6 weeks). After 12 weeks, rats in JZLGD-treated NAFLD group were
administered different doses of JZLGD by oral gavage once daily for another period of 6 weeks, and the
rest were given the same dosage of normal saline. Food intake was monitored daily and body weight was
measured weekly during the experiment. After the intervention, blood and liver from each sample were
rapidly removed and stored at -80℃ for further studies.

Liver index

After 18 weeks , the rats were anesthetized by injecting with 1% pentobarbital sodium after overnight
fasting. The body weight and liver weight were measured, and the following formula was used for
determining the liver index: liver index = (liver weight/body weight) * 100%.

Histopathology analysis

For histopathological analysis, we took the same segments of liver tissue from each group and washed it
with ice-cold saline for 1-2 times, then kept them in 4 % paraformaldehyde. 4μm thickness tissue were
embedded in para�n blocks and stained with hematoxylin-eosin. Three practiced pathologists who were
blinded to the study design performed all the histopathological examination, then scored the ballooning
degeneration score and the NAFLD activity score. The scoring criteria were in accordance with the
guidelines of the National Institutes of health clinical research network on non-alcoholic steatohepatitis.

Biochemical estimations

The blood samples were centrifuged at 3000 r/min for 10 min to separate the serum. We used fall-
automatic biochemical analyzer to evaluate serum activity of liver enzymes (alanine transaminase
enzyme (ALT) and aspartate transaminase enzyme (AST)) and serum level of lipid pro�le
(triglyceride(TG), total cholesterol(TC), low density lipoprotein(LDL) and free fatty acids(FFA)).

Assessment of serum IL-1β, L-18, TNF-α, IL-6

Blood was obtained from abdominal aorta and centrifuged to get the serum. The levels of IL-1β, L-18,
tumor necrosis factor α(TNF-α) and IL-6 in serum were determined by enzyme-linked immunosorbent
assay technique (ELISA) according to standard instructions.

The levels of serum LPS

Blood was obtained from the abdominal vein and placed at room temperature for 30 minutes, then
centrifuged to separate the serum. The level of serum LPS was measured with a kit according to the
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manufacturer’s instructions. Firstly, samples were added into the enzyme labeled wells which had been
coated with antibodies, and then labeled recognition antigens were added. The mixture was allowed to
incubate at room temperature for 1 h. Afterwards, the plate was washed with PBST three times, then we
added avid in HRP and made them incubated at 37 ℃ for 1 h. The absorbance was measured at 450 nm.
The standard curve was drawn according to the absorbance of standard pore and its corresponding
concentration, and the concentration of LPS in serum of each group could be calculated.

Western blot analysis

We randomly selected �ve mice in each group, and took the same segments of liver tissue 100 mg. Then
1 ml RIPA (with cocktail and phosphatase inhibitor added) was added. After homogenize on ice with a
glass homogenizer for 30 min, the homogenate was centrifuged to obtain the hepatic tissue proteins, the
concentration of protein extracted was determined with BCA. We took 40 ug protein in each group for the
follow-up experiment. Protein samples were separated by SDS-PAGE gels and transferred to PVDF
membranes. After blocking with 5 % nonfat milk in TBST for 1 h, membranes were incubated at 4 °C
overnight with the primary antibodies against NLRP3 (1:1000), apoptosis-associated speck-like protein
containing a CARD(ASC)(1:1500), Caspase-1 (1:500), Caspase-11 (1:500), GSDMD (1:1000), GSDMD N-
terminus(GSDMD-N) (1:1000), IL-1β (1:1000), IL-18 (1:1000) and β-actin (1:5000). After washing the
membrane with TBST, the membranes were incubated at room temperature with secondary antibodies for
1 h. The protein bands were visualized with Western Bright ECL. Finally, Quantity One software was used
for the quantitative grayscale analysis of the band

Statistical analysis

The grouped data were analyzed with SPSS 22.0. Comparison of two groups was performed by two
tailed Student's t-test. Comparison among three or more groups were analyzed with one-way ANOVA test.
Results were expressed as the mean ± SD(standard deviation). The GraphPad Prism6.0 software was
used for statistical evaluations. P<0.05 was considered to indicate a statistically signi�cant difference.

Results
JZLGD Reduced Liver Index, Serum Lipid Levels, and Protects Injured Liver

To evaluate the therapeutic effect of JZLGD on NAFLD in the HFD-fed rat model, we detected the body
weight, liver weight, liver index, serum lipid levels and liver function parameters. Compared to the control
group, the body and liver weight and liver index in NAFLD model group apparently increased. JZLGD
treatment for 6 weeks signi�cantly decreased body weight, liver weight and liver index. As shown in �gure
1(d)(e)(f)(g) compared to HFD group, serum TG, TC, FFA, LDL levels were noticeably decreased after
JZLGD treatment. The progression of NAFLD signi�cantly induced the higher levels of both liver injury-
related markers ALT and AST compared with the control rats. Corresponding, JZLGD showed signi�cantly
lower serum circulating ALT and AST levels, which indicated that JZLGD can protect rats from HFD
induced liver injury.
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JZLGD Alleviated Pathological Morphology of Liver Tissue and In�ammation

To further con�rm the effect of JZLGD on the liver histopathology of NAFLD rats, we performed H&E
staining, NAFLD activity score(NAS) and ballooning score. Compared with the control group, the livers
from rats on a high fat diet showed typical fat deposition and hepatic steatosis, accompanied by
hepatocyte ballooning and lobular in�ammation. These distinguishing features implied that HFD feeding
can induce NAFLD and developed hepatic steatosis. With the intervention of JZLGD, hepatic steatosis
and lipid accumulation gradually decreased, at the same time, the NAFLD model group ballooning score
and NAS were signi�cantly increased, while the intervention of JZLGD signi�cantly reduced the
ballooning score and NAS. The extent of its improvement was concentration-dependent.

Then we detected the related in�ammatory factors to assess the degree of hepatic in�ammation in mice
fed with high-fat diet, which showed there were higher IL-1β, IL-18, TNF-a and IL-6 levels in serum of the
HFD induced rats relative to the normal group. Similarly, in mice fed with JZLGD, IL-1β, IL-18, TNF-a and
IL-6 were decreased obviously relative to HFD fed mice alone.

JZLGD Inhibited the Expression of GSDMD and GSDMD-N

We used western boltting to detected the key protein GSDMD which is the ultimate executor and the most
critical part of cell pyroptosis, besides, its active form GSDMD-N in liver tissues also were detected to
further research its related mechanism. From �gure 3, it was found that GSDMD and GSDMD-N were
obviously over-expressed in livers in the NAFLD model group compared with the control group; GSDMD
and GSDMD-N levels in livers were signi�cantly decreased after treatment with JZLGD.

JZLGD Suppressed the Levels of NLRP3, ASC, caspase-1, IL-1β, IL-18

To further explore the effect of JZLGD on GSDMD-mediated canonical pyroptosis pathway, we detected
NLRP3, caspase-1, and their adaptor protein ASC. Compared with the normal group, the expression levels
of NLRP3, caspase-1, and ASC protein in liver tissue of model group were signi�cantly increased.
However, with the treatment of JZLGD, NLRP3, caspase-1, and ASC protein were signi�cantly decreased.
Moreover, IL-1β, IL-18 in liver tissue were detected, the result showed that the IL-1β, IL-18 levels of rats
feeding with HFD were higher than normal diet rats, and JZLGD suppressed the expression of IL-1β, IL-18
compared with HFD rats.

JZLGD Suppressed the expression of caspase-11 and LPS

Compared with the normal group, the expression of caspase-11 protein in the liver tissue of the model
group was signi�cantly increased; compared with the model group, the expression of caspase-11 protein
in the liver tissue of the JZLGD group was signi�cantly reduced; At the same time, HFD markedly
increased serum LPS concentrations. Treatment with JZLGD signi�cantly decreased the LPS level
elevation induced by HFD.
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Discussion
NAFLD is rapidly developing into the main cause of liver cancer and liver cirrhosis in the world, yet there is
no approved treatment drug[18]. Contrarily, traditional Chinese medicine has the characteristics of a
multi-ingredient and multipath pharmacological action, and been well-documented for its therapeutic
effects for treatment of NAFLD[19, 20]. JZLGD is a clinical experience prescription and has a history of
clinical use for treatment of NAFLD, in this present study, the potential mechanism of JZLGD on NAFLD
was explored �rstly via the high fat diet induced NAFLD rats.

12 weeks of HFD feeding increased body weight, liver weight and liver index of HFD mice, however, after
JZLGD administration, body weight, liver weight and liver index of NAFLD rats induced by high-fat diet
were obviously reduced. Besides, lipid pro�le detection showed that JZLGD had the ability of regulating
blood lipid levels. The activity of hepatic injury marker, such as ALT and AST, also tended to be lower in
the JZLGD treated rats suggesting its role in prevention and alleviation of NAFLD in HFD fed rats.
Subsequently, pathological examinations showed that JZLGD markedly mitigated liver lipid droplets and
hepatic steatosis. Furthermore, NAFLD activity score and balloning score were decreased in HFD rats
suggesting JZLGD slowing down lipid accumulation and steatosis. Hence, all these �ndings illustrated
that JZLGD indeed had a good therapeutic effect for NAFLD.

In sequencing studies, we observed that high fat diets markedly increased hepatic in�ammatory factors
such as IL-1β, IL-18, TNF-α and IL-6. Treatment with JZLGD obviously decreased these high levels
compared with the NAFLD model group, which suggested JZLGD attenuated hepatocelluar in�ammation.
As the core of the pathogenesis of NAFLD, in�ammatory response plays an important role in the
occurrence and development of NAFLD[21, 22]. Therefore, we speculated the protective effect of JZLGD
against NAFLD occured probably through anti-in�ammatory response. Recent studies have shown that
pyroptosis, as an in�ammation-related and controllable cell death method with potential therapeutic
implications of NAFLD[23], accelerates the process of hepatic in�ammation and �brosis[24, 25].
Noticeably, pyroptosis is the indispensable pathogenesis in the development of NAFLD model[23, 26],
more importantly, suppression of in�ammasome-dependent GSDMD-mediated cell pyroptosis could
attenuate hepatic injury in liver diseases[27]. Therefore, we focused on the in�uence of JZLGD on
pyroptosis in this study. So,we detected the major executor protein GSDMD �rstly, which is a generic
substrate of in�ammatory caspases. GSDMD acts as a pyroptosis executor via its cleaved form GSDMD-
N that triggers pyroptosis and aggravates the released of pro-in�ammatory factors like IL-1β, IL-18
through the GSDMD-induced pores[24], apart from this, inhibiting the activation of GSDMD blocks the
progression of NAFLD, hence, GSDMD is considered as a potential target for the treatment of NAFLD[9,
28]. Here, our experimental dates showed that the expression of GSDMD protein and its activated form
GSDMD-N were signi�cantly increased in NAFLD rats induced by high-fat diet, this is consistent with
previous studies[9], which further veri�ed that GSDMD plays an important role in the occurrence and
development of NAFLD. However, the intervention of JZLGD reversed the high expression of GSDMD and
GSDMD-N induced by HFD indicating that JZLGD could regulate the activation of GSDMD, so as to
therapy NAFLD.
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GSDMD protein were cleaved to generate GSDMD-N depended on pro-in�ammatory caspases-1, and
caspase-4/5/11 via the canonical and non-canonical in�ammasome signaling pathways[29]. Caspase-1
is the initiating factor of the canonical pyroptosis pathway and its activation required the activated of
NLRP3[30]. Otherwise, caspase-1 directly cleaves pro-IL-1β and pro-IL-18 to generate the mature cytokines
and controls their secretion to induce pyroptosis[31]. Our results had showed that, in addition to elevated
GSDMD, NLRP3, ASC, caspase-1, IL-1β and IL-18 were also elevated in HFD-induced NAFLD mice, which
suggested that there is also activation of in�ammasome NLRP3 in NAFLD. The expression levels of
NLRP3, caspase-1, IL-1β and IL-18 are key indicators for evaluating the activation of NLRP3
in�ammasomes[32, 33]. The NLRP3 in�ammasome transmits the recognition signal to ASC, which as the
intermediate adaptor protein for signal ampli�cation enables to activate caspase-1 in a large amount[34].
Then, caspase-1 is subjected to stimulate directly pro-IL-1β/18[35] and to cleave the key effector molecule
of pyroptosis—GSDMD[36], both of which results in the massive release of IL-1β/18. In our present study,
JZLGD treatment decreased NLRP3, ASC, caspase-1, IL-1β and IL-18 levels, suggesting that the treatment
mechanism of JZLGD on high-fat-induced NAFLD mice may be related to the NLRP3-caspase-1-GSDMD-
mediated pyroptosis pathway.

Besides, in the non-canonical pyroptosis signaling, GSDMD is cleaved by caspase-11, and caspase-11 is
directly activated by LPS[37, 38]. The activated caspase-11 directly induces pyroptosis via the rupture of
GSDMD-induced pores and subsequent membrane to release the pro-in�ammatory factors[39]. The
results showed that the cleaved forms of caspase-11 in liver tissue of NAFLD rats induced by high-fat diet
was signi�cantly increased, while in the JZLGD treatment group, we observed a signi�cance decrease on
caspase-11, implying that JZLGD may regulate the activation of GSDMD protein through inhibiting the
express of caspase-11. There is evidence showing that the disorder of intestinal �ora and the damage of
intestinal mucosa can lead to the dissolution of gram-negative bacilli in the intestinal tract, resulting in
the release of LPS into the portal vein blood, aggravating the liver in�ammation and accelerating the
disease progression of NAFLD[40, 41]. Here, our data showed that the content of LPS in hepatic portal
vein serum of NAFLD rats was signi�cantly increased, and the intervention of JZLGD could signi�cantly
improve it. Based on the above results, we speculate that JZLGD may regulate the levels of LPS in serum
of NAFLD rats to prevent the activation of caspase-11 and GSDMD, then reduce the release of pro-
in�ammatory factors and attenuate the process of NAFLD. Our �ndings illustrated JZLGD treatment
prevented steatosis, in�ammation, pyroptosis in rats fed with high fat, which may be related to LPS-
caspase-11-GSDMD mediated pyroptosis pathway.

Conclusions
In conclusion, all these �ndings demonstrated that there was a canonical /non- canonical activation of
pyroptosis pathway in NAFLD rats induced by high-fat diet, while JZLGD prevented the activation of
pyroptosis pathway by suppressed the expression level of GSDMD protein, and these results provided a
new basis for the clinical treatment of NAFLD with JZLGD. In recent years, some studies have shown that
GSDMD, as the executor of pyroptosis, is considered as a potential drug target for NAFLD treatment. Our
study showed that JZLGD could regulate GSDMD mediated canonical / non-cannonical pyroptosis
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pathway to treatment rates fed with HFD, this is consistent with the current studies on NAFLD model, and
suggested that GSDMD is a potential target for the treatment of NAFLD, but further veri�cation is needed.
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Figure 1

Effects of JZLGD on NAFLD rats and biochemical estimations. a Body weight of rats in different groups;
b Liver weight of rats in different groups; c Liver index of rats in different groups; d Serum level of
triglyceride(TG); e Serum level of total cholesterol(TC); f Serum level of free fatty acids(FFA); g Serum
level of low density lipoprotein(LDL); h Serum activity of liver enzymes alanine transaminase enzyme
(ALT); i Serum activity of liver enzymes aspartate transaminase enzyme (AST). Data are expressed as the
mean ± SD (n = 10); **p < 0.01 vs. control; #p < 0.05, ##p < 0.01 vs. model group. JZLGD, Jiangzhi Ligan
Decoction; NAFLD, nonalcoholic fatty liver disease; SD, standard deviation
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Figure 2

Effects of JZLGD on liver histology against high fat diet and hepatic in�ammatory-related parameters. a
H&E stained sections of liver tissue (×200) b The NAFLD activity score c Ballooning degeneration score d
Quantitative analysis of serum IL-1β content e Quantitative analysis of serum IL-18 content f Quantitative
analysis of serum tumor necrosis factor α(TNF-α) content g Quantitative analysis of serum IL-6 content.
Data are expressed as the mean ± SD (n = 10); **p < 0.01 vs. control; #p < 0.05, ##p < 0.01 vs. model



Page 16/18

group. JZLGD, Jiangzhi Ligan Decoction; H&E, hematoxylin and eosin; NAFLD, nonalcoholic fatty liver
disease; SD, standard deviation

Figure 3

Effects of JZLGD on the expression of protein GSDMD and GSDMD-N in the liver. a Representative
Western blotting results of GSDMD and GSDMD-N; b Densitometric analyses of the band intensity ratios
for GSDMD/β-actin; c Densitometric analyses of the band intensity ratios for GSDMD-N/β-actin. The
protein levels are expressed relative to β-actin. Data are expressed as the mean ± SD (n = 10); **p < 0.01
vs. control; #p < 0.05, ##p < 0.01 vs. model group. JZLGD, Jiangzhi Ligan Decoction; SD, standard
deviation
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Figure 4

Effects of JZLGD on the expression of in�ammasomes and pro-im�ammtory factors on canonical
pyroptosis signaling. a Representative Western blotting results of NLRP3, ASC, Caspase-1, IL-1β and IL-18
in the liver; b Densitometric analyses of the band intensity ratios for NLRP3/β-actin; c Densitometric
analyses of the band intensity ratios for ASC/β-actin; d Densitometric analyses of the band intensity
ratios for Caspase-1/β-actin; e Densitometric analyses of the band intensity ratios for IL-1β/β-actin; f
Densitometric analyses of the band intensity ratios for IL-18/β-actin. The protein levels are expressed
relative to β-actin. Data are expressed as the mean ± SD (n = 10); **p < 0.01 vs. control; #p < 0.05, ##p <
0.01 vs. model group. JZLGD, Jiangzhi Ligan Decoction; SD, standard deviation
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Figure 5

Effects of JZLGD on the levels of caspase-11 in the liver and LPS in serum. a Representative Western
blotting results of Caspase-11 in the liver , β-actin was used as internal control; b Densitometric analyses
of the band intensity ratios for Caspase-11/β-actin; c The level of LPS in serum of NAFLD model rats.
Data are expressed as the mean ± SD (n = 5); **p < 0.01 vs. control; ##p < 0.01 vs. model group. JZLGD,
Jiangzhi Ligan Decoction; LPS, lipopolysaccharide; NAFLD, nonalcoholic fatty liver disease; SD, standard
deviation
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