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ABSTRACT Lipopolysaccharide (LPS) infection
could cause severe liver inflammation and lead to liver
damage, even death. Previous studies have shown that
polysaccharide of Atractylodes macrocephala Koidz
(PAMK) could protect liver from inflammation caused
by LPS in mice. However, whether PAMK could allevi-
ate liver inflammatory injury in other animals with LPS
is still unknown. For evaluating whether PAMK could
alleviate liver inflammatory injury in goslings with LPS,
a total of 80 healthy 1-day old Magang goslings were
randomly divided into 4 groups (control group, PAMK
group, LPS group, and PAMK+LPS group). Goslings
in control group and LPS group were fed with basal
diet, and goslings in PAMK group and PAMK+LPS
group were fed basal diet supplemented with 400 mg/kg
PAMK to the end of trial. On 24 d of age, goslings in the
control group and PAMK group were intraperitoneal
injected 0.5 mL normal saline, and goslings in LPS and
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PAMK+LPS groups were intraperitoneal injected with
LPS at 5 mg/kg BW. The serum and liver samples were
collected for further analysis after treatment of LPS at
6, 12, 24, and 48 h. Furthermore, the hepatocytes were
extracted from goose embryo to measure the expression
of the key genes of miR-223/NLRP3 axis. The results
showed that PAMK pretreatment could maintain nor-
mal cell morphology of liver, alleviate the enhanced lev-
els of biochemical indexes ALT and AST, decrease the
levels of IL-1b and IL-18, increase the relative mRNA
expression of miR-223, and decrease the expression of
NLRP3, Caspase-1, and cleaved Caspase-1 in liver and
hepatocytes of goslings induced by LPS. These results
indicated that PAMK could relieve inflammatory liver
tissue damage after LPS treatment and downregulate
the level of inflammation factors via miR-223/NLRP3
axis, thus playing a liver protective role in liver inflam-
mation injury in goslings.
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INTRODUCTION

During the cultivation of goslings, feed corruption and
poor breeding environment could cause widespread bac-
terial infection. This phenomenon will increase blood
levels of endotoxin lipopolysaccharide (LPS) in goslings,
and LPS exposure could greatly impact both product
quality and consumer palatability (Herrera et al., 2021).
More importantly, LPS could stimulate the innate
immunity and trigger biochemical and cellular responses
that lead to the inflammation and toxicity
(Kolomaznik et al., 2017). The immature immune sys-
tem makes goslings vulnerable to LPS, which may lead
to serious liver damage or death and reduce production
performance and economic benefits. Liver is an impor-
tant organ for the body to build an organic connection
between the innate and adaptive immunity. And it is
the main organ for metabolism and excretion
(Sarkar et al., 2012). Within the liver, all resident cells
are able to respond to LPS (Schippers et al., 2020).
Exposure to high levels of LPS in the liver can lead to
the recruitment of inflammatory cells, destroying the
parenchyma of the liver (Farghali et al., 2015). There-
fore, maintaining homeostasis and keeping the function
of liver properly is crucial to preventing disease occur-
rence and improving the quality of cultured goslings.

https://doi.org/10.1016/j.psj.2022.102285
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:caonan870405@126.com


2 CHEN ET AL.
Chinese medicine polysaccharide is the extract of Chi-
nese herbal medicine, which is gradually being paid close
attention due to its beneficial features including multi-
target effects, rich resources, less side effects and safety
(Schepetkin and Quinn, 2006). Polysaccharide of Atrac-
tylodes macrocephala Koidz (PAMK) is the main
active ingredient of Atractylodes macrocephala which
has been shown to have the ability to regulate the
immune functions (Xu et al., 2017; Hou et al., 2020).
More importantly, PAMK could protect liver injury
caused by various reasons. Some research showed that
PAMK could reduce the elevated expression of markers
of liver dysfunction and the hepatic morphologic
changes induced by hepatic ischemia-reperfusion injury
in rats (Jin et al., 2011). Other studies have found that
PAMK has a certain protective effect on the CCl4-
induced liver injury in mice; the protective effect may be
related to its anti-oxidation, its inhibition of NOS activ-
ity and NO level, and its reduction in the production of
free radicals (Han et al., 2016). The hepatoprotective
effect of PAMK has been presented in diverse models of
liver injury.

Nucleotide-binding domain-like receptor protein 3
(NLRP3) inflammasome activation is involved in vari-
ous liver diseases (Shi et al., 2020a). NLRP3 inflamma-
some is a cytosolic complex for early inflammatory
responses that sense microbes and endogenous danger
signals (Stutz et al., 2017). LPS stimulation induces
activation of the NLRP3 inflammasome (Boaru et al.,
2012). The activation of the NLRP3 inflammasome trig-
gers Caspase-1 activation, subsequently, leads to the
processing of IL-1b and IL-18, which contributes to an
exacerbated inflammatory response (Basic et al., 2017;
Clark et al., 2018). miR-223 is a negative regulator of
inflammation and a highly conserved miRNA among
species, which could bind to the 30-UTR of the NLRP3
mRNA and regulate gene expression by inhibiting
NLRP3 mRNA translation to effect the process of
inflammation (Bauernfeind et al., 2012; Zhao et al.,
2018). Furthermore, it was reported that miR-223 was
downregulated in injury models induced by LPS
(Li et al., 2019b; Tan et al., 2020). More importantly,
many research have certificated that herbal polysacchar-
ides could attenuate inflammatory injury through sup-
pressing the expression of NLRP3 inflammasome
(Tian et al., 2017; Zhao et al., 2021). However, no infor-
mation is available about the effect and mechanism of
PAMK on liver inflammatory injury in goslings caused
by LPS. In that case, this study was designed to esti-
mate whether PAMK could attenuate liver injury in gos-
lings caused by LPS and explore the mechanism.
MATERIALS AND METHODS

Experiment Grouping and Treatments

All goslings were treated humanely, and the experi-
ments received prior ethical approval in accordance with
Zhongkai University of Agriculture and Engineering
under the approved protocol number SRM-2021-0902.
80 goslings were purchased from Guangdong Qingyuan
Jinyufeng Goose Co., Ltd. (Qingyuan, China). The gos-
lings were housed in a specific pathogen-free environ-
ment and enrolled in experiments at 1 d of age, with half
of them male and half female. PAMK without endotoxin
(purity 95%) used in this experiment was purchased
from Yangling Ciyuan Biotech Co., Ltd. (Xi’an, China).
It was freshly prepared every day and then diluted with
water and sprayed on the feed according to the concen-
tration of 400 mg/kg. Goslings were randomly divided
into 4 groups (control group, PAMK group, LPS group,
and PAMK+LPS group) with 4 replicates per group
and 5 goslings per replicate in a single-factor completely
randomized experimental design. The goslings had free
access to food (including vegetables) and water. The
control and LPS groups were fed normal diets. Whereas
goslings in PAMK and PAMK+LPS groups were fed
the normal diet supplemented with 400 mg/kg PAMK
from 1 d of age to the end of the trial. On 24 d of age,
goslings in the control and PAMK groups were intraper-
itoneal injected 0.5 mL normal saline, and goslings in
LPS and PAMK+LPS groups were intraperitoneal
injected with LPS (Escherichia coli 055: B5; Sigma, St.
Louis, MO) at 5 mg/kg BW, respectively. After treat-
ment of LPS at 6, 12, 24, and 48 h, blood was drawn
from randomly 5 goslings in each group to isolate serum.
Then the goslings were euthanized, and part of the same
leaf liver tissue of each gosling was fixed in 4% parafor-
maldehyde. The remaining part of liver was collected
and frozen in liquid nitrogen and stored at -80°C until
further analysis.
Histologic Analysis

The tissues were embedded in paraffin. Paraffin-fixed
blocks were serially sectioned into 5 mm-thick slices. Sec-
tions were stained with hematoxylin and eosin (H.E.)
for histological examination and visualized under a
Nikon ECLIPSE E100 microscope (Tokyo, Japan).
Serum Biochemical Indexes Analysis

The alanine aminotransferase (ALT) and aspartate
aminotransferase (AST) were measured by a VetScan
VS2 chemistry analyzer (ABAXIS, Union City, CA)
and used as indicators for liver damage.
Culture and Treatments of Hepatocytes

Primary goose embryo hepatocytes were isolated and
cultured after collagenase type Ⅳ (2091GR001, Bio-
FROXX, Einhausen, Germany) digestion of the liver.
Hepatocytes were adjusted to a density of 106 cells/mL
and cultured in a 6-well plate (Corning Incorporated,
Steuben County, NY) with DMEM (SH30022.02,
Hyclone, Logan, UT) containing 10% FBS (10100147,
Gibco, AUS). Hepatocytes were incubated for 24 h at
39°C with 5% CO2. Subsequently, all groups were
replaced the culture medium. Of these, the cells in the
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PAMK and PAMK+LPS groups were pretreated with
40 mg/mL PAMK for 12 h. After the medium was
changed, 200 mg/mL LPS was added to the LPS and
PAMK+LPS groups on the basis of retaining the origi-
nal PAMK treatment. After exposure to LPS for 24 h,
culture medium was collected for analysis the concentra-
tions of cytokines, and cells were harvested for RNA and
protein extraction.
Double Luciferase Reporter Gene to
Validation of Target Gene

New vectors were constructed based on psiCHECK-2
plasmids. Inserting the target response elements (NLRP3
3’UTR) into psiCHECK-2 and using XhoI/NotI to dou-
ble digestion. The target fragment was ligated with the
vector with T4 ligase, transformed, and the plasmid was
digested to identify positive clones and sequenced.
Mutating the target locus to a new vector, which was
named psiCHECK-2-NLRP3-plasmids. Mutate the bind-
ing site of miR-223, repeating the above steps and renam-
ing it mut-psiCHECK-2-NLRP3-plasmids. The 293T
cells were co-transfected with the psiCHECK-2-NLRP3-
plasmids, mut-psiCHECK-2-NLRP3-plasmids, miR-
223-mimic, and corresponding negative mimic (NC
mimic) using Lipofectamine 3,000 (L3000015, Invitro-
gen, Carlsbad, CA). The mut-psiCHECK-2-NLRP3-
plasmids sequences were shown in Table 1, the under-
lined sequence represents the mutation sequence.
Cell Transfection

The miR-223 mimic, corresponding negative mimic
(NC mimic), miR-223 inhibitor, and NC inhibitor (Ribo-
bio, Guangzhou, China) were used for the overexpres-
sion and inhibition of miR-223 in cells respectively.
Hepatocytes were transfected with 20 nM mimic or
100 nM inhibitor in 6-well plates according to the manu-
facturer’s instructions. After transfection for 24 h, cells
were harvested for further experiments and the trans-
fected efficiency were evaluated using quantitative real-
time quantitative polymerase chain reaction (PCR)
and western blot.

Rescued experiments were performed to further
explore and verify whether miR-223 can target and
Table 1. The sequence of mut-psiCHECK-NLRP3-plasmids.

NLRP3 reference sequence
(Gene bank accession number)

XM_013198346 ctcgagAGAGTA
GACCGCCC
GACTGCAA
CAAAATAA
GCGTTTCG
CAGCTGCC
CATCCTTG
CAGCCCTT
TTTGGCTG
regulate NLRP3 and the specific role of miR-223/
NLRP3 in the process of PAMK alleviating inflamma-
tory liver damage induced by LPS in goslings. Based on
the establishment of miR-223 overexpression/inhibition
model of hepatocytes, detected the expression levels of
NLRP3, Caspase-1 and cleaved Caspase-1 in LPS
induced hepatocytes after overexpression of miR-223.
On the other hand, cells were treated with the above
indicated dose and time of miR-223 inhibitor and used
PAMK in an attempt to rescue the inhibitory effects,
prior to stimulation with LPS for 24 h.
Concentrations of Inflammatory Cytokine
and Analysis

The livers were weighed and 0.86% normal saline was
added at a ratio of 1:9 (m:V). The sample was fully bro-
ken in sample disrupter (JXFSTPRP-24, Jingxin, Shang-
hai, China). After centrifugation (3,000 r/min, 4°C, 10
min), the supernatants were collected for test. Similarly,
after centrifugation, the supernatants of culture medium
were collected for test. Concentrations of IL-1b (ZK-
C6332) and IL-18 (ZK-C6333) in liver and hepatocytes
were respectively measured by means of enzyme-linked
immunosorbent assay (ELISA) kits (Ziker Biological
Technology Co., Ltd, Shenzhen, China).
Real-Time Quantitative PCR

Total RNA was extracted by Trizol RNA isolation
reagent (15596026, Ambion, Austin, TX). An Epoch 3
microplate spectrophotometer (Bio-Tek, Winooski, VT)
was used to detect RNA concentration, and agarose gel
electrophoresis was used to measure RNA quality. The
mRNA was reverse-transcribed into cDNA according to
the instructions of the PrimeScript RT Master Mix
(RR036A, Takara, Dalian, China). And the stem-loop
method was used for miR-223 reverse transcription
according to instructions of ImPro-Ⅱ Reverse Transcrip-
tion System (A3800, Promega, WI). After that, quanti-
tative real-time polymerase chain reaction assays were
conducted on an ABI StepOnePlus Real-Time PCR
detection system using a PowerUp SYBR Green Master
Mix (Applied Biosystems, Foster City, CA). PCR proce-
dure steps included 95°C for 10 min, followed by 35
Mutation sequence and site

AGGCCGGCAGCAGCCCCCAGGACTCTCCCCAGCTCCGCAAGA
CGATGGCAGCACTAGGCAGGCACCCTGCAGAAGCACCAGTAT
GGAACAATGGGGAGGCTCTCAGTCCTCGACCTAGGCTGCCA
AGATATCTAAAACAAGATGCGTGCCTTTCTTTCCTGGACG
ACTTCCTCCCCTTGTAGCACTGTTGACCCCATAAGCCC
ACTTCTGCTCCCTCCAGAGCTATGGCACGGTGGCTGGAG
CTGCTGCTTGTGGCCCCACCAACACCACCCCAG
CCCTTGGGGTCAGCTGGTGGCAGC
TCTGTTTGGgcggccgc



Table 2. Primer sequences of target genes.

Gene Primer sequences (5’! 3’)
Product
Size, bp

NLRP3 F: GCACTGGAAGGTCTCACACTCG
R:CCCTCTGGTTCATCTCCTCAAA

208

b-actin F: GCACCCAGCACGATGAAAAT
R: GACAATGGAGGGTCCGGATT

150

miR-223 RT: CTCAACTGGTGTCGTG-
GAGTCGGCAATTCAGTT-
GAGGGGGTATTT
F: ACACTCCAGCTGGGTGT-
CAGTTTGTCAAATA

R: CTCAACTGGTGTCGTGGA

195

U6 RT: AACGCTTCACGAATTTGCGT
F: CTCGCTTCGGCAGCACA
R: AACGCTTCACGAATTTGCGT

84
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cycles of 95°C for 15 s, and 55°C for 60 s. The primer
sequences for NLRP3, b-actin, miR-223 and U6 were
presented in Table 2. All primers were synthesized by
BGI (Shenzhen, China). The mRNA expressions of
NLRP3 and miR-223 were calculated using the 2�DDCt

method after normalization with the reference gene
b-actin and U6.
Western Blot Analysis

Antibodies against NLRP3 (1:1,500; WL02635), Cas-
pase-1 (1:1,000; WL03450), cleaved-Caspase-1 (1:1,000;
WL02996a) were purchased from Wanleibio Co., Ltd.
(Shenyang, China) and antibodies against GAPDH
(1:10,000, Ab181602) from Abcam plc. (Cambridge,
UK). Total protein from liver tissue was extracted by
using Radio Immunoprecipitation Assay buffer and
PMSF (Beyotime, Shanghai, China). Protein concentra-
tion was determined by the BCA method using the
Pierce BCA protein assay kit (23227, Thermo Scien-
tific). The proteins were denatured with SDS-PAGE
sample loading buffer (Beyotime, Shanghai, China) at
boiling water for 10 min and then cool down at the
bench before protein electrophoresis. Samples containing
10 mg proteins were separated by electrophoresis on
12.5% SDS-polyacrylamide gels (PG113, EpiZyme,
Shanghai, China). Next, proteins were transferred onto
PVDF membranes (88518, Thermo Scientific, Waltham,
MA). After blocking with PBST containing 5% skim
milk (1172GR500, BioFroxx, Germany), the membrane
was then incubated with primary antibody overnight at
4°C and with secondary antibody (goat anti-rabbit IgG
H&L 1:10,000; Ab6721, Abcam, UK) for 1 h at room
temperature. Finally, blots were visualized using the
Tanon 5200 system (Tanon, Shanghai, China). Quanti-
tative image analysis was accomplished employing
Image J 1.52v Software (National Institutes of Health,
Bethesda, MA).
Statistical Analysis

All data were assessed by one-way analysis of variance
procedure using SPSS statistical software (Ver. 20.0 for
windows, SPSS, Chicago, IL). The differences between
several groups were analyzed by one-way ANOVA fol-
lowed by the Tukey multiple-comparison test for
unequal replications. A level of P < 0.05 indicated that
the difference was statistically significant. Results were
presented as means § SD.
RESULT

Hepatic Morphology

At the 6 to 48 h after LPS treatment, the hepatic
cords were arranged neatly, the structure and morphol-
ogy of hepatocytes were normal, and the nucleoli was
clear in control group and PAMK group (Figures 1A
−1H). Compared with the control group, histopatho-
logic analysis in LPS group of the hepatic tissue revealed
hyperemia, and dilatation of hepatic sinusoids
(Figure 1I). Compared with LPS group, hepatic sinus-
oids of PAMK+LPS group became narrow, and portal
area exhibited good morphology (Figure 1M). At 12 h
after LPS injection, the number of fat vacuoles in the
hepatocyte increased, and the structures of the hepatic
cords were not clear in LPS group (Figure 1J). But the
hepatic cords of PAMK+LPS group was neat and
orderly (Figure 1N). At 24 h after LPS injection, LPS
induced severe steatosis with severe fat vacuoles in the
hepatic tissue (Figure 1K). However, in PAMK+LPS
group, the liver steatosis significantly attenuated, and
the structure of hepatic cords and hepatic sinusoids
returned to normal (Figure 1O). At 48 h after LPS injec-
tion, a large amount of inflammatory cell infiltration in
liver tissues, the hepatic cords arranged in disorder, the
cytoplasm became less, and the hepatocyte morphologi-
cal structure was unclear in the LPS group (Figure 1L).
But the pathological changes in the liver histology had
obviously improved in PAMK+LPS group (Figure 1P).
Activities of ALT and AST in Serum

ALT and AST in serum were determined to examine
LPS-induced liver function. As shown in Figure 2, the
level of serum ALT was significantly higher in the LPS-
treated goslings compared with the control group at 12
to 48 h after LPS injection (P < 0.05). However, the level
of ALT in the serum of the PAMK+LPS group signifi-
cant decreased compared with the LPS group (P <
0.05). Likewise, LPS-induced liver injury increased
serum AST levels, which decreased by PAMK pretreat-
ment in the PAMK+LPS group.
Concentration of Cytokines in Liver

As shown in Figure 3, during 24 to 48 h after LPS
treatment, the IL-1b level of LPS group increased. Like-
wise, LPS also increased level of IL-18 in liver tissue. In
addition, compared with control group, the levels of IL-
1b and IL-18 in LPS group were reached a maximum
level at 24 h after LPS injection (P < 0.05). Compare



Figure 1. Result of H.E. staining of goslings liver (H.E. staining, 660 £). (A−D) control group; (E−H) PAMK group; (I−L) LPS group; (M−P)
PAMK + LPS group; the images from left to right show the liver at 6 h, 12 h, 24 h, and 48 h after LPS treatment. Control, LPS group fed a basal
diet; PAMK, PAMK+LPS group fed a diet supplemented with PAMK at 400 mg/kg. Abbreviations: HS, hepatic sinusoid; HC, hepatic cords; HV,
hepatic venule; triangle, fat vacuole; circle, inflammatory cell infiltration.
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with LPS group, PAMK pretreatment decreased the
LPS-induced production of IL-1b and IL-18 in the
PAMK+LPS group.
Hepatic mRNA Expressions of miR-223 and
NLRP3

As shown in Figure 4, compared with control group,
relative expression of miR-223 in LPS group signifi-
cantly decreased at 24 h after LPS treatment (P < 0.05).
But the expression of miR-223 in PAMK+LPS group
was recovered to normal level after PAMK pretreatment
(P < 0.05). Besides, the expression of NLRP3 in the LPS
group increased after LPS treatment and extremely sig-
nificant increased at 12 and 24 h (P < 0.05). Specifically,
the mRNA relative expression of NLRP3 in PAMK
+LPS group significantly decreased at 6 to 24 h (P <
0.05).
Figure 2. Effect of PAMK on the activities of serum ALT and AST in g
§ SD, n = 5. Different letters mean significant difference (P < 0.05); the sa
ALT, alanine aminotransferase; AST, aspartate aminotransferase.
Hepatic Protein Expressions of NLRP3 and
Downstream Genes

As presented in Figure 5, compared with control
group, the protein expression levels of NLRP3, Caspase-
1 and cleaved Caspase-1 in LPS group slightly increased
at 6 h and 12 h, and significant increased at 24 and 48 h
after LPS treatment (P < 0.05). Compared with LPS
group, the protein expression levels of NLRP3, Caspase-
1 and cleaved Caspase-1 in PAMK+LPS group were
decreased at 24 and 48 h after LPS treatment. In which,
the NLRP3 and Caspase-1 expression were significantly
decreased at 48 h after LPS treatment (P < 0.05).
Concentration of Cytokines in Hepatocytes

As shown in Figure 6, compare with the control group,
the levels of IL-1b and IL-18 in the LPS group were
oslings with liver inflammatory injury. Data are expressed as the means
me letter indicates no significant difference (P > 0.05). Abbreviations:



Figure 3. Effect of PAMK on the cytokines concentration of IL-1b and IL-18 in hepatic tissue. Data are expressed as the means § SD, n = 5.
Different letters mean significant difference (P < 0.05); the same letter indicates no significant difference (P > 0.05).

Figure 4. Effects of PAMK on mRNA relative expression of miR-223 and NLRP3 in the hepatic tissue. Data are expressed as the means § SD,
n = 5. Different letters mean significant difference (P < 0.05); the same letter indicates no significant difference (P > 0.05).
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significantly increased after LPS stimulation (P < 0.05).
Compare with the LPS group, PAMK pretreatment sig-
nificantly decreased the LPS-induced production of IL-
1b and IL-18 in the PAMK+LPS group (P < 0.05).
Dual Luciferase Reporter Gene Validation
miR-223 Targets NLRP3

The double fluorescence detection results are shown in
Figure 7A. When miR-223 was co-transfected with wild-
type NLRP3, the R/F value was significantly lower
than the NC group and mut-NLRP3 group. It showed
that miR-223 interacted with wild-type NLRP3. The
results indicated that miR-223 targets NLRP3.
Transfection Efficiency Detected by Real-
Time Quantitative PCR and Western Blot

As shown in Figure 7B, the transfection efficiency was
achieved 100 times after overexpression of miR-223 in
hepatocytes. And Figure 7C shows that the interference
efficiency was more than 50%. The results showed that
these synthetic sequences could be used for miR-
223 overexpression/inhibition experiments in hepato-
cytes. Besides, as shown in Figures 7D−7F, the mRNA
and protein expression of NLRP3 was significantly
decreased in miR-223 mimic group (P < 0.05). On the
other side, Figures 7G−7I shows that the mRNA and
protein expression of NLRP3 was significantly increased
in miR-223 inhibitor group (P < 0.05). The results
showed that overexpressed or inhibited the expression of
miR-223 could reverse the expression of NLRP3.
miR-223 Could Inhibit LPS-Induced
Expression of NLRP3 and Downstream
Genes in Hepatocytes

As shown in Figure 8, the expression of NLRP3 was
significantly enhanced by LPS stimulation. Transfection
of miR-233 mimic inhibited the upregulation of LPS-
induced NLRP3, Caspase-1 and cleaved Caspase-1. In
addition, we found miR-223 overexpression could effec-
tively inhibit the mRNA and protein expression of
NLRP3 induced by LPS (P < 0.05).
Inhibiting miR-223 Could Reverse the Effect
of PAMK on the Expression of NLRP3 and
Downstream Genes in LPS Induced
Hepatocytes

As shown in Figure 9, inhibiting the expression of
miR-223 could reverse the effect of PAMK on LPS
induced gosling embryonic hepatocytes and up regulate
the expression levels of NLRP3 and cleaved Caspase-1.
DISCUSSION

Many natural polysaccharides derived from plants pos-
sess proven biological properties, including anti-tumor,
anti-oxidant, anti-bacterial, and anti-inflammatory



Figure 5. Effect of PAMK on protein relative expression levels of NLRP3, Caspase-1 and cleaved Caspase-1 in the hepatic tissue. (A) Expres-
sion of protein relative to GAPDH at 6 h after LPS treatment. (B) Expression of protein relative to GAPDH at 12 h after LPS treatment. (C)
Expression of protein relative to GAPDH at 24 h after LPS treatment. (D) Expression of protein relative to GAPDH at 48 h after LPS treatment.
Data are expressed as the means § SD, n = 5. Different letters mean significant difference (P < 0.05); the same letter indicates no significant differ-
ence (P > 0.05).
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(Schepetkin andQuinn, 2006; Li et al., 2021a). The chemi-
cal investigations on theAtractylodesmacrocephalaKoidz
have demonstrated immunoregulatory activities and
relieving heat stress (Li et al., 2021a). Studies have found
that PAMK might decrease the production of IL-6 and
TNF-a, increase the level of superoxide dismutase, and
improve the renal tissue injury (Xia et al., 2020). Li found
that PAMK could relieve LPS-induced gosling enteritis by
maintaining the small intestine morphology and decrease
the level of IL-1b, IL-6, TNF-a, and immunoglobulin



Figure 6. Effect of PAMK on the concentration of IL-1b and IL-18 in hepatocytes by LPS-stimulated. Data are expressed as the means § SD,
n = 6. Different letters mean significant difference (P < 0.05); the same letter indicates no significant difference (P > 0.05).

Figure 7. miR-223 could inhibit the expression of NLRP3. (A) Comparison of relative fluorescence values between wild-type and mutant plas-
mids. (B & D) The efficiency of the miR-223 mimic in hepatocytes was detected by real-time quantitative PCR. (C & G) The efficiency of the miR-
223 inhibitor in hepatocytes was detected by real-time quantitative PCR. (E & F) The efficiency of the miR-223 mimic in hepatocytes was detected
by western blot. (H & I) The efficiency of the miR-223 inhibitor in hepatocytes was detected by western blot. Data are expressed as the means § SD,
n = 3. Different letters mean significant difference (P < 0.05); the same letter indicates no significant difference (P > 0.05).
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relatively stable and improving the disorder of intestinal
flora (Li et al., 2021b). Furthermore, Li’s research suggests
that PAMK may increase immune-response capacity of
the spleen in mice through TLR4-MyD88-NFkB pathway
(Li et al., 2019a). This study confirms that PAMK plays a
preventive role to protect effects against LPS-induced
hepatic injury.

LPS is the main toxic substance produced by Gram-
negative bacteria, which severely impair extensive
physiological activities in both avians and mammals,
including causing sickness behavior, reductions in
immune function, embryo mortality and even death
(Jiang et al., 2011). LPS-binding protein is produced
mainly by the liver and helps mediate the LPS-induced
inflammatory response (Grube et al., 1994). Liver is the
central organ of metabolism (Nguenang et al., 2020).
Hepatic morphology reflects the liver health which can
be assessed by steatosis, fibrosis, hyperemia or degree of



Figure 8. Effect of miR-223 overexpression on the expression of NLRP3 and downstream genes in hepatocytes by LPS-stimulated. Data are
expressed as the means § SD, n = 4. Different letters mean significant difference (P < 0.05); the same letter indicates no significant difference (P >
0.05).

Figure 9. Effect of PAMK treatment on the expression of NLRP3, Caspase-1 and cleaved Caspase-1 in hepatocytes by LPS-stimulated after
miR-223 inhibition. PL: PAMK+LPS group. Data are expressed as the means § SD, n = 4. Different letters mean significant difference (P < 0.05);
the same letter indicates no significant difference (P > 0.05).
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inflammatory cell infiltration (Hermenean et al., 2012;
Zhang et al., 2018; Wang et al., 2021). In this experi-
ment, LPS mainly caused hyperemia and inflammatory
cell infiltration in liver at 6 h and 12 h after LPS injec-
tion. Obvious pathological changes were observed at 24
h after LPS injection. It was showed that LPS caused
hepatic steatosis and inflammatory focus were occurred.
But at 48 h, the effect of LPS on inducing hepatic
inflammatory responses was slightly weakened. In con-
trast, there were fewer histological abnormalities of hep-
atocytes in the LPS group with unclear hepatic cords
and inflammatory cell infiltration, whereas the fat drop-
lets disappeared. These results were similar to what was
observed in the previous LPS-induced liver injury study
(Guo et al., 2021). The previous study demonstrated
that LPS-induced liver injury belongs to a class of liver
inflammatory response syndromes (Yan et al., 2018).
Liver injury is usually accompanied with inflammatory
response. ALT and AST are the most sensitive indica-
tors reflecting hepatocellular inflammatory injury
(Yang et al., 2017). ALT is a cytosolic enzyme which is
mainly presented in the cell cytoplasm, while AST
mainly exists in the mitochondria of the hepatocytes,
plasma AST content will significantly increase only
when hepatocytes are severely damaged (Tang et al.,
2017; Du et al., 2019). Similar results were found in our
study: LPS could cause increasing levels of ALT and
AST of gosling. Furthermore, we observed that PAMK
supplementation reduced serum AST and ALT levels,
which played a protective role in liver inflammation
damage caused by LPS, consistent with the histopatho-
logical results. These data above suggested that PAMK
could improve the hepatic morphology and protected
goslings against LPS-induced hepatic damage. miR-223
is regarded as a negative regulator of inflammation in
many inflammatory diseases, infections and cancers
(Wang et al., 2018; Zhou et al., 2018). Zhang’s research
proved that feeding miR-223 gene-deficient mice with a
high-fat diet leads to nonalcoholic fatty liver disease,
which exhibits steatosis, inflammation, fibrosis, and liver
cancer (Zhang et al., 2018). Further research also found
that when high-fat diet was added, the deletion of miR-
223 gene also increased the expression of Cxcl10, Taz
and other inflammatory genes and cancer-related genes
in mouse hepatocytes (He et al., 2019). Wang’s findings
demonstrated that overexpression of miR-223 signifi-
cantly attenuated macrophage foam cell formation, lipid
accumulation, and pro-inflammatory cytokine produc-
tion, whereas transfection with an anti-miR-223 inhibi-
tor reversed this phenomenon, finally demonstrated that
the upregulation of miR-223 might block TLR4 signal-
ing by activating the PI3K/AKT pathway, thereby end-
ing the development of atherosclerosis (Wang et al.,
2015). NLRP3 is an inflammasome, a multi-protein com-
plex assembled from pattern recognition receptors in the
cytoplasm and is a key component of the innate immune
system’s defense against the host. Generally, NLRP3 is
a multiprotein complex assembled in response to infec-
tion, cellular injury, or environmental stress. It was
reported that NLRP3 overexpression results in severe
liver inflammation and fibrosis (Chen et al., 2020).
Thus, to ease the inflammatory process and reduce tis-
sue damage, the activation of the NLRP3 inflammasome
should be tightly controlled (Lamkanfi and Dixit, 2012).
Activation of NLRP3 can promote the development of
inflammation by generating Caspase-1, promoting the



Figure 10. Scheme summarizing the protective effects of PAMK on LPS-induced liver injury via the miR-223/NLRP3 axis.
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production of cytokines IL-1b and IL-18 (Shirato et al.,
2017).

LPS-stimulated inflammation could activate NLRP3,
and miR-223 also plays a role in LPS-induced inflamma-
tion and the regulation of inflammasome NLRP3. miR-
223 can specifically target the 30UTR region of NLRP3
mRNA, thereby inhibiting the expression of NLRP3
mRNA (Bauernfeind et al., 2012). Zhao found that the
activation of the inflammatory mediator NLRP3 and its
mediating effect on IL-1b production could be inhibited
by promoting the transcription of miR-223, thereby pre-
venting inflammatory damage (Zhao et al., 2018). It has
been reported that miR-223 attenuated LPS-induced
lung inflammation in mice via the TLR4/NF-kB and
NLRP3 inflammasome signaling pathway (Yan et al.,
2019). And the overexpression of miR-223 down-regu-
lates IL-6 and IL-1b expression in TLR-activated macro-
phages (Wang et al., 2014). IL-1b is an important
inflammatory mediator of the inflammatory process
(Logan et al., 2007). IL-1b activates additional inflam-
matory cells and facilitates the release of more inflamma-
tory mediators, which trigger inflammatory cascades
and amplify injury signals (Ning et al., 2016). Besides,
IL-18 is a pro-inflammatory cytokine that mediates the
inflammatory cascade reaction and is a factor in acute
liver injury (Tangkijvanich et al., 2007).

In this study, LPS could inhibit the expression of miR-
223 and significantly increase the expression of NLRP3
at the same time. More importantly, we found that
PAMK pretreatment could significantly up-regulate the
expression of miR-223 and decrease the expression of
NLRP3 in the PAMK+LPS group. This finding indi-
cated that PAMK could activate the miR-223/NLRP3
axis to attenuate inflammation caused by LPS. The sim-
ilar studies found that baicalin, sinomenine, and paeonol
exerted protective effects on improving inflammation
through miR-223/NLRP3 axis (Dong et al., 2019;
Sun et al., 2019; Shi et al., 2020b). These Chinese medi-
cine extracts could increase the expression of miR-223,
thereby directly inhibit NLRP3 expression, and reduce
the protein expression of ASC and Caspase-1 and the
cytokine expression of IL-1b and IL-18 to alleviate
inflammation. The result also showed that PAMK pre-
treatment could reduce the protein expression of
NLRP3 and Caspase-1 and the levels of pro-inflamma-
tory cytokines IL-1b and IL-18 in liver, especially signifi-
cantly decreased after 24 and 48 h of LPS treatments.
This indicates that PAMK pretreatment could activate
the miR-223/NLRP3 axis to inhibit inflammation in the
later stage. PAMK treatment may better prevent, and
attenuate hepatitis caused by LPS.
CONCLUSIONS

In conclusion, the study found that PAMK pretreat-
ment could reduce inflammatory cell infiltration and
ameliorated the structure of hepatic cords and hepatic
sinusoids, inhibit the levels of ALT and AST in serum
induced by LPS, decrease the level of IL-1b and IL-18 in
liver. More importantly, PAMK could improve the
hepatic morphology via miR-223/NLRP3 axis by
increasing the relative mRNA expression of miR-223
and decreasing the expression of NLRP3, Caspase-1 and
cleaved Caspase-1, which suggested that PAMK might
alleviate inflammatory damage of the liver of gosling
caused by LPS via miR-223/NLRP3 axis (Figure 10).
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