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hepatotoxicity via activating the Nrf2/ARE pathway in chicken
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ABSTRACT Liver injury plays a heavy burden on the
chicken industry. Although modified rougan decoction is
a prescription for the treatment of liver disease based on
the classical prescription of rougan decoction (contain-
ing peony and licorice). However, the effect and mecha-
nism of modified rougan decoction on the liver remain
unclear. In this study, the effects of the water extracts
(MRGD) and the alcohol precipitates of water extracts
(MRGDE) against lipopolysaccharide-enrofloxacin
(LPS-ENR)-induced hepatotoxicity were discussed in
vivo and in vitro. The isolated hepatocytes and 128 one-
day-old Hyline chickens were considered research
objects. The indices of liver injury and oxidative stress
were evaluated by hematoxylin and eosin (H&E)
stained and the assay kits, and the nuclear erythroid 2-
related factor 2 (Nrf2)/antioxidant responsive element
(ARE) pathway was detected by the RT-PCR, western
blot, and immunofluorescence tests. All data were ana-
lyzed using the IBM SPSS 20.0 software. In vivo, the

structural integrity of the liver was maintained, AST,
ALT, and MDA levels were decreased, and antioxidant
enzymes were increased, confirming that the oxidative
stress was reduced and liver injury was alleviated. Corre-
spondingly, MRGD and MRGDE were observed to
improve cell viability and decrease lactate dehydroge-
nase (LDH) in vitro, and the cell oxidative damage was
reduced. In addition, the nuclear translocation of Nrf2
was improved significantly, and the mRNA and protein
expression levels of the related genes were upregulated.
In conclusion, MRGD and MRGDE can exert a protec-
tive effect against LPS-ENR~induced hepatotoxicity by
activating the Nrf2/ARE pathway, which might be a
potential therapeutic prescription for preventing or
treating liver injury. Notably, no significant difference
was found between the 2 extracts, suggesting that a
depth extraction method did not always improve the
efficacy of natural medicine. Our results provided new
insights into finding effective hepatoprotective medicine.
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INTRODUCTION

The liver is the largest visceral organ in the body and
plays a vital role in dyspepsia, biosynthesis, metabolism,
and detoxification (Ren et al., 2019). However, liver
health is susceptible to various factors. For example,
improper or excessive use of drugs, pathogen invasion,
toxins, and so on (Begriche et al., 2011). Liver disease
seriously affects animals’ health. Enrofloxacin (ENR) is
a fluoroquinolone and has been widely used to prevent
or treat avian-associated bacterial infections. Long-term
or excessive use of ENR increases the burden on the liver
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and results in hepatotoxicity causing chemically driven
liver damage. After infection with gram-negative bacte-
ria, ENR treatment leads to the lysis of bacterial cell
lipopolysaccharide (LPS) in the body, and its endotox-
ins aggravate liver damage (Gandhi, 2020). Previous
studies have explored the related mechanisms of drugs
and LPS leading to liver injury (Al-Dossari et al., 2020;
Guo et al., 2020). Only a few drugs can be used for the
treatment, and there are no obvious therapeutic effects.
Therefore, new drugs and therapeutic strategies are
needed to enhance therapeutic efficacy.

One of the causes of liver injury is cellular oxidative
stress (Vera-Ramirez et al., 2011, 2013; Kucera et al.,
2014), which subsequently induces inflammation, apo-
ptosis, and liver fibrosis. Nuclear factor erythroid-2-
related factor 2 (Nrf2) is the primary regulator of cell
protection genes, maintaining intracellular homeostasis
(Jadeja et al., 2016). Nrf2 is translocated into the
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nucleus which regulates the antioxidant responsive ele-
ment (ARE) gene expression to protect the cells from
oxidative stress (He et al., 2008). Activation of Nrf2
effectively blocks or postpones oxidative stress-induced
liver diseases.

Some drugs alleviate liver injury via the inhibition of
oxidative stress. Rougan decoction (RGD) was
recorded in the Treatise on Febrile Diseases (Shang Han
Lun), which is a famous Chinese prescription containing
Paeoniae Radix and Glycyrrhizae Radix (Bi et al.,
2014). RGD has the effect of harmonizing the liver and
spleen and relieving abdominal pain. Previous studies
have demonstrated that RGD effectively treats liver dis-
eases (Sun et al., 2020). MRGD, a new traditional Chi-
nese medicine (TCM) prescription based on RGD, is
composed of 7 herbs based on a certain proportion.
MRGDE is a crude polysaccharide component
obtained by the water extraction and alcohol precipita-
tion method. Chinese herbal medicine contains abun-
dant active ingredients, including flavonoids,
polysaccharides, polyphenols, terpenoids, sterols, vita-
mins, and so on (Jiang et al., 2006; Lin, 2014; Liu et al.,
2014; Ma et al., 2020). These bioactive components are
known to have hepatoprotective, anti-inflammatory,
and high antioxidant capacities (Lin, 2014; Torres et al.,
2016; Bakr et al., 2017; He et al., 2019). Based on this
research, we speculated that MRGD and MRGDE have
an antioxidant effect and might alleviate liver disease
(Peng et al., 2020).

Many herbs were well established to prevent and treat
liver diseases; however, the scientific basis for MRGD
and MRGDE hepatoprotective effects remains to be
explored. In this study, LPS combined with ENR-
induced hepatotoxicity model was used to evaluate the
antioxidant stresses of MRGD and MRGDE in in vitro
and in vivo, respectively. It is expected to provide poten-
tially valuable TCM prescriptions for developing hepa-
toprotective drugs.

MATERIALS AND METHODS
Preparation of MRGD and MRGDE

The herbs were purchased from Nanjing Tongren-
tang Medicine Company (Nanjing, China) in this
study.

MRGD was composed of 7 Chinese herbs (Hypericum
japonicum, Alisma orientalis, Paeonia lactiflora, Poria,
Glycyrrhizae radix, Schisandra chinensis fruit, and Mag-
nolia officinalis). The herbs of MRGD (200 g) and 2 L of
water were added to a beaker. After soaking for 45 min,
the herbs were boiled and stewed for 2 h. After the liquid
was filtered, the herb residue was added to 2 L of water
for cooking the second time. The 2 liquids were mixed
and concentrated to 200 mL.

Preparation of MRGDE: to reach a final 70% alcohol
concentration (v/v), anhydrous ethanol was added to the
prepared MRGD concentrate. After precipitation at 4°C
for 12 h, the precipitate was obtained, dissolved in

deionized water, and deproteinized by the Sevage method
(n-butanol:chloroform = 1:4). The solution of polysaccha-
ride and Sevage reagent were mixed to a 5:1 ratio, and
vibrated for 30 min at low-speed centrifugation, and
repeated 3 times to remove the denatured protein (Yi
et al., 2015; Tang et al., 2019). Finally, the total sugars of
the MRGDE were determined to be 34.45 £+ 1.78% by
the phenol-sulfuric acid method, using glucose as the
standard (Cuesta et al., 2003; Albalasmeh et al., 2013).

The lyophilized powders of MRGD (30 g, the rate of
power /raw herbs was 15%) and MRGDE (8.8 g, the rate
of power /raw herbs was 4.4%) were obtained by a vac-
uum freeze-drying machine (ShanghaiBiLang, Shanghai,
China). The MRGD and MRGDE dry powders were dis-
solved in pure water. LPS (1.2630, Sigma-Aldrich, St.
Louis, MO) was dissolved in normal saline. ENR
(SE8390, Solarbio, Beijing, China) was stored in a
slightly alkaline aqueous solution.

Cell Culture and Treatment

Liver tissue was isolated from 14-day-old fertilized
eggs and then digested with 0.20% trypsin (T2600000,
Amresco, Spokane, WA). After washing thrice with D-
Hank’s solution, the cells were cultured in 10% FBS
DMEM, inoculated in 96- or 6-well plates at 1
—1.5 x 10° cells/mL for 24 h at 37°C with 5% COs.

The cells were cultured in MRGD, MRGDE, LPS, and
ENR solutions (1% FBS DMEM) for 12 h at 37°C,
respectively. Subsequently, the cell viability was
detected by the MTT assay and measured to quantify
by the ODsyp nm (Rabkin, 2002; Li et al., 2014). The
IC50 values were calculated using the Prism software
(GraphPad Prism 8 software, Inc., San Diego, CA)
(Hurtado et al., 2019; Krakowian et al., 2021).

Detection of Cell Injury and Oxidative Stress
Indices

To determine the effects of MRGD and MRGDE on
cell injury and oxidative stress induced by LPS-ENR,
the cells were inoculated in 6-well plates at 3 x 10° cells/
mL and divided into 4 groups (BLANK, LPS-ENR,
MRGD, and MRGDE groups). The drugs (MRGD,
MRGDE) were added to the MRGD and MRGDE
groups for 12 h, respectively. Then LPS (30 ng/mL) and
ENR (125 pg/mL) were mixed and added to the LPS-
ENR, MRGD, and MRGDE groups for 12 h, respec-
tively. The cell viability was detected by the MTT assay
and a lactate dehydrogenase (LDH) kit (BC0685, Solar-
bio, Beijing, China). The oxidative stress of cells was
estimated by detecting the malondialdehyde (MDA)
level (A003-4-1, Nanjing Jiancheng, Nanjing, China)
and superoxide dismutase (SOD) (A001-3-2, Nanjing
Jiancheng, Nanjing, China) and catalase (CAT) activi-
ties (A007-1-1, Nanjing Jiancheng, Nanjing, China) fol-
lowing the detection kits protocol of Nanjing Jiancheng
Bioengineering Institute (Nanjing, China).
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Detection of Intracellular ROS Level to
Determine the Oxidative Stress in
Hepatocyte

The detection of ROS level is one of the indicators of
oxidative stress in cells. The content of ROS was evalu-
ated by the DCFH-DA probe method (S0033S, Beyo-
time, Shanghai, China). After the cells were treated
according to the above method, they were coincubated
with a DCFH-DA probe (5 uM/L) at 37°C for 30 min.
The fluorescence signal of DCF (an oxidation product of
DCFH-DA) by the Invitrogen EVOS FL Auto Imaging
System (Thermo Fisher, Waltham, MA) was immedi-
ately observed. The ImageJ software was used to ana-
lyze the average fluorescence intensity of randomly
selected regions.

Nuclear Localization of Nrf2 After Oxidative
Stress by Immunofluorescence Staining

The cells were planted in 6-well plates at 1 x10° cells /
mL. After the influence of LPS-ENR, the cells were
washed twice with PBS and fixed with 4% paraformalde-
hyde for 15 min. Then the cells were penetrated with
0.5% Triton X-100 for 20 min, re-washed in PBS, and
blocked in PBS containing 5% BSA for 30 min. The pri-
mary or secondary antibody solutions were used, respec-
tively. DAPI was used to stain nuclei for 5 min. Images
were taken by using the Invitrogen EVOS FL Auto
Imaging System.

Animals Grouping and Treatment

This study was conducted following the “Guidelines
for Laboratory Animals” issued by the Ministry of Sci-
ence and Technology (2006, Beijing, China) and was
approved by the Animal Protection and Utilization
Committee of Nanjing Agricultural University
(#NJAU-Poult-2021101218). Male 1-day-old healthy
Hyline hens were purchased from Jiangsu Province. The
chickens were fed in the Experimental Animal Centre of
Nanjing Agriculture University, with a 12 h light or
dark cycle, constant temperature of 30 + 2°C, and adap-
tive feeding for 3 d before the research.

The chickens were randomly divided into 4 groups
(n = 32): BLANK, LPS-ENR, MRGD, and MRGDE
groups. The LPS-ENR, MRGD, and MRGDE groups
were given aqueous ENR, (20 mg/kg) for 3 d per chicken,
and intraperitoneal injection of LPS (0.25 mg/kg) on
the third day. At 1 h and 6 h after LPS injection, the
protection groups were orally administered MRGD or
MRGDE at a dose of 0.15 g/kg per chicken (raw herbs).
The BLANK group was injected or orally given the
same amount of normal saline or water.

After 24 h of LPS injection, the chickens were anaes-
thetized and killed (n = 6). The blood was collected to
prepare serum, and the liver was immediately collected
and washed with cold PBS, and stored at —80°C. Some
liver sections were fixed in 4% neutral buffer formalin.

Biochemical Analysis of Serum and
Histology Analysis to Detect Liver Injury in
Chicken

To detect liver injury in chicken, the serum aspartate
aminotransferase (AST), alanine aminotransferase
(ALT), LDH, total protein (TP), and albumin (ALB)
contents were determined by an automatic biochemical
analyzer (UniCel DxC 600 Synchron, Beckman Coulter,
Brea, CA). The liver tissue was evaluated by optical
microscope after being stained with hematoxylin and
eosin (H&E).

Determination of Oxidative Damage
Evaluation Index in Chicken Liver

Liver tissue was added to the cold PBS at 1:10 (w/v),
homogenized, and centrifuged at 3,000 x g, for 10 min.
Then the supernatant was collected to measure the
activities of antioxidant enzymes SOD and CAT and
the level of MDA following the detection kits protocol of
Nanjing Jiancheng Bioengineering Institute (Nanjing,

China).

Real-Time Quantitative PCR and Western
Blot Analyses to Detect the Nrf2|ARE
Pathway

Total RNA of the cells and liver tissues were extracted
by the Trizol method. The concentration was determined
by the NanoDrop 2000 Spectrometer (Thermo Scientific,
Waltham, MA). Total RNA was transcribed into cDNA
using a reverse transcription kit produced by Vazyme of
China. The mRNA expressions of the antioxidant genes
were detected by quantitative real-time qPCR (Quant-
Studio? Flex, Thermo Fisher, Waltham, MA), and
GAPDH was used as the internal control. The 2724¢T
method was used to analyze the relative gene expression
data. All primers were synthesized from Shanghai Gen-
eray Biotech Co. Ltd. (Shanghai, China) (Table 1).

The cells and liver tissues were collected with RIPA
Lysis Buffer (P0013B, Beyotime, Beijing, China) con-
taining PMSF protease inhibitor. The protein concen-
tration of samples was determined by the BCA protein

Table 1. Primers used in qRT-PCR.

Gene Primer sequence (5 to 3)

Nrf2-F GATGTCACCCTGCCCTTAG

Nrf2-R CTGCCACCATGTTATTCC

NQO1-F TCGCCGAGCAGAAGAAGATTGAAG
NQOI-R GGTGGTGAGTGACAGCATGGC
HO-1-F ACGTCGTTGGCAAGAAGCATCC
HO-1-R TTGAACTTGGTGGCGTTGGAGAC
CAT-F GTTGGCGGTAGGAGTCTGGTCT
CAT-R GTGGTCAAGGCATCTGGCTTCTG
SOD-F TTGTCTGATGGAGATCATGGCTTC
SOD-R TGCTTGCCTTCAGGATTAAAGTGA
GPXI1-F CAAAGTTGCGGTCAGTGGA
GPX1-R AGAGTCCCAGGCCTTTACTACTTTC
GAPDH-F CAACACAGTGCTGTCTGGTGGTA
GAPDH-R ATCGTACTCCTGCTTGCTGATCC
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detection kit (P0010, Beyotime, Beijing, China). The
standard western blot analysis was performed with pri-
mary antibodies for the detection of Nrf2 (1:500,
AF0639, Affinity), NQO1 (1:500, A0047, ABclonal),
GPX1 (1:500, A1110, ABclonal), and g-actin (1:2,000,
AC038, ABclonal). An ultrasensitive chemiluminescence
gel imaging system (Bio-Rad, Hercules, CA) was used to
detect the bands, and the ImageJ software was used to
analyze the gray value quantitatively.

Statistical Analysis

All data came from at least 3 independent repeated
trials and were analyzed using the IBM SPSS 20.0 soft-
ware (Ammonk IBM, New York, NY). One-way analysis
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of variance was used for comparison between groups,
and Duncan’s multiple range test was used for different
analyses. All values were expressed as mean + SD. P <
0.05 and the 95% confidence interval indicated that the
difference was statistically significant.

RESULTS

The Cell Viability and LDH Activity Were
Changed by the Treatment of MRGD and
MRGDE in Injured Hepatocytes

The MTT assay showed that the cell viability was
decreased in a dose-dependent manner after LPS (10,
20, 40, 60, 80, 100, 120 ug/mL) or ENR (15.63, 31.25,

cell viability ( %)

0 3125 625 125
MRGDE concentration (ug/mL)

250 500 1000

150

1004

)

T T T T 1
100 200 300 400 500 600

50 ENR concentration (pg/mL)

cell viability ( %)
s
1

=
S 150
=
= a
- <l
=< ab
< 100 ab
~—
= b
Q
-~
S 50
]
=
u
E 0 T T T T
RO e
N = = g
& - -
¥ S
Q.C‘o &
> &

Figure 1. The cell viability was detected by MTT assay, and the LDH activity was assessed in injured hepatocytes. (A) MRGD affected cell viabil-
ity. (B) MRGDE affected cell viability. (C) LPS affected cell viability. (D) ENR affected cell viability. (E) Effect of MRGD and MRGDE against the
LPS-ENR in vitro. (F) The level of LDH activity in cells. Values are mean = SD. * "Bars without the same superscripts differ significantly (P < 0.05).
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Figure 2. Oxidative stress occurred in cells. (A) The result of ROS immunofluorescence, with 3 images in each group. (B) Detection of MDA,
CAT, and SOD levels in cells by the kit. Data are mean & SD. *"Bars without the same superscripts differ significantly (P < 0.05).

62.5, 125, 250, 500 pg/mL) treatment, the results of
IC50 showed LPS (21.12 pg/mL) and ENR (111 pg/
mL), respectively (Figure 1C and D). When the concen-
tration of LPS-ENR was 30/125 pg/mL, the number of
living cells was significantly decreased, and the cell via-
bility was 63.00 £ 2.97% (Figure 1E). After MRGD and
MRGDE (250 ng/mL) treatments, the cell viability was
91.13 £ 11.86% and 105.90 £ 11.11%, which were simi-
lar to BLANK group (P > 0.05), respectively. The
results showed that there were significant differences
with the LPS-ENR group (P < 0.05), indicating that
MRGD and MRGDE can protect (Figure 1A, B, and E).
With the individual inoculation of LPS-ENR, at 30/125
wng/mL, LDH activity was significantly lower than that
of the BLANK group, while the LDH levels were
decreased by MRGD and MRGDE (Figure 1F). These
results showed that MRGD and MRGDE reduced hepa-
tocyte injury.

MRGD and MRGDE Had an Antioxidant
Effect in LPS-ENR-Induced Chicken
Hepatocytes Injury

For further confirmation of ameliorating the oxidative
stress, we measured the level of ROS in cultured hepato-
cytes with the fluorescence probe method. According to
the fluorescence intensity, the level of ROS in the LPS-
ENR group was significantly higher than that of the
BLANK group (P < 0.05), indicating the increase in the
accumulation of ROS levels after LPS-ENR stimulation.

Compared with the LPS-ENR group, the fluorescence
intensities of the MRGD and MRGDE groups were
weaker (P < 0.05). There was no significant difference
between the BLANK and the 2 drug groups (P > 0.05)
(Figure 2A).

The excessive production of ROS indicated that oxi-
dative stress occurs in the cells. We further detected
the levels of MDA and antioxidant enzymes in cells.
The results showed that the MDA content in the LPS-
ENR group was significantly higher (P < 0.05), and
the activities of SOD and CAT in the cells were lower
than that of the BLANK group (P < 0.05). After
MRGD or MRGDE pretreatments, the MDA, SOD,
and CAT levels recovered to the normal level
(Figure 2B).

The Treatments of MRGD and MRGDE
Alleviated the Oxidative Stress Via
Upregulating Nrf2IARE Signals Pathway In
Vitro

In in vitro experiment, the mRNA expression levels of
antioxidant genes were obviously decreased in the LPS-
ENR group (P < 0.05), and the results showed that oxi-
dative stress might occur (Figure 3A). Notably, the
expression levels of antioxidant proteins in the LPS-
ENR group were significantly lower than that of the
BLANK group (P < 0.05), which confirmed the occur-
rence of oxidative stress at the protein level (Figure 3B).
MRGD and MRGDE improved the Nrf2 and GPX1
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Figure 3. The treatment of MRGD and MRGDE alleviated oxidative stress by upregulating the Nrf2/ARE signal pathway in cells. (A) The
mRNA expression levels of Nrf2/ARE signal pathway genes (Nrf2, NQO-1, HO-1, SOD, GPX1, CAT) in cells. (B) The protein expression levels of
Nrf2, NQO1, and GPX1 in cells. Data are mean & SD. *~“Bars without the same superscripts differ significantly (P < 0.05).

proteins levels (P < 0.05), and the MRGDE upregulated
the level of NQO1 protein (P > 0.05). In brief, the results
showed that oxidative stress was reduced via activating
the mRNA and protein expression levels of Nrf2/ARE
pathway genes by MRGD or MRGDE pretreatment.

MRGD and MRGDE Activated Nuclear
Translocation of Nrf2 in Cells

We examined whether MRGD and MRGDE protect
the cell from injury by activating Nrf2, and the effects of

Nrf2 translocation from cytoplasm to nucleus were eval-
uated (Figure 4). It was observed that the Nrf2 transfer
was blocked by the treatment with LPS-ENR alone,
while MRGD and MRGDE pretreatments changed the
level of Nrf2 in the cytoplasm and nucleus. The results
showed that Nrf2 was mainly located in the cytoplasm
of LPS-ENR group cells using an immunofluorescence
assay. These data demonstrated that MRGD and
MRGDE pretreatments alleviated the LPS-ENR-medi-
ated obstruction in the translocation of Nrf2 protein in
hepatocytes and increased its localization in the nucleus
(Figure 4).
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Figure 4. MRGD and MRGDE activated nuclear translocation of Nrf2 protein in cells by immunofluorescence assay. MRGD and MRGDE acti-
vate the nuclear translocation of Nrf2 in cells. DAPI (blue) was used to label the nucleus; green was used to label the protein of Nrf2 in cells. Observa-
tion of Nrf2 fluorescence by fluorescence microscope, with 3 images in each group. Scale bar: 20 pum.

MRGD and MRGDE Ameliorated LPS-ENR-
Induced Liver Injury by Inhibiting the
Oxidative Stress In Vivo

The serum biochemical indices and structure of liver
tissue were evaluated. Compared with the BLANK
group, the AST and ALT levels in the LPS-ENR group
were remarkably increased (P < 0.05), while the LPS-
ENR did not change the levels of TP and ALB in this
study. After drug treatment, the impacts on AST and
ALT were significantly decreased by MRGD (P < 0.05),
and lightly alleviated by MRGDE (P > 0.05) (Table 2).

Compared with the BLANK group, the liver in the
LPS-ENR group was slightly expanded and showed
hemorrhage; however, the liver had improved in the
treatment groups. The H&E-staining showed that the
intercellular boundary of the hepatic lobular structure
in the chicken liver tissue was clear, and there was no
inflammation, congestion, bleeding, or exudation in the
BLANK group (Figure 5A). The LPS-ENR group
showed deeply stained nuclei, inflammatory cell infiltra-
tion, vascular swelling, hemorrhage, and necrosis
(Figure 5A); however, the MRGD and MRGDE groups
showed slight pathological changes (Figure 5A). The
ratio of the liver /body of the LPS-ENR group was signif-
icantly increased compared with the BLANK group (P
< 0.05), and indicated that the liver was swollen, which
was consistent with the H&E results (Figure 5B). Inter-
estingly, MRGD and MRGDE maintained the normal
liver structure. These results showed that MRGD and

MRGDE had a certain inhibition action on the LPS-
ENR-induced chicken liver injury.

Specifically, the MDA level in the LPS-ENR group
was significantly higher than that of the BLANK group
(P < 0.05) (Figure 5C), and the activities of SOD and
CAT were significantly lower (P < 0.05) (Figure 5D ~
E). Compared with the LPS-ENR, group, MDA levels
were decreased in MRGD and MRGDE groups (P <
0.05); however, it did not decrease to the normal level of
the BLANK group (P < 0.05) (Figure 5C). The SOD
levels were improved markedly with the treatments of
MRGD and MRGDE (P < 0.05); there was a marked
increase in the CAT activity, but it remained nonsignifi-
cant (Figure 5E). These results showed that MRGD and
MRGDE promote the activity of antioxidant enzymes.

MRGD and MRGDE Activated the Nrf2|ARE
Pathway to Attenuate the LPS-ENR-Induced
Liver Oxidative Stress In Vivo

Among the Nrf2/ARE signal-related genes detected in
chicken liver, the mRNA expression levels of 4 genes
were affected by the LPS-ENR treatment (Figure 6A),
the mRNA expression levels of NQO1, HO-1, SOD, and
GPX1 genes were downregulated by LPS-ENR alone
(P < 0.05). MRGD effectively increased the mRNA
expression levels of SOD and GPX1 genes, while the
MRGDE improved the mRNA expression levels of
NQO1 and HO-1 genes after LPS-ENR treatment (P <
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Table 2. Biochemical indexes in serum.

MRGD+ MRGDE+
Index BLANK LPS-ENR LPS-ENR LPS-ENR
AST (U/L) 233.53 £ 11.00" 297.93 + 15.38" 241.10 + 8.88" 266.97 + 21.50™"
ALT (U/L) 7.17 4 0.85° 11.00 4 0.25 8.33 +£0.67" 9.83 4+ 0.41""
TP (g/L) 34.43 £ 1.30" 26.63 £ 0.95" 29.23 +0.74" 29.63 +1.32"
ALB (g/L) 12.50 + 0.68" 10.73 £ 0.77" 11.33 4 0.54" 10.87 £ 0.61°

Abbreviations: ALB, albumin; ALT, alanine aminotransferase; AST, aspartate aminotransferase; TP, total protein. Values are mean + SD.

#~“Bars in the same row without the same superscripts differ significantly (P < 0.05).
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Figure 5. MRGD and MRGDE ameliorated LPS-ENR-induced liver injury by inhibiting oxidative stress in chicken. (A) Effects of MRGD and
MRGDE on histopathology of chicken liver. Liver sections were stained with hematoxylin and eosin. Black arrow: hemorrhage, necrosis, and inflam-
matory infiltration in liver tissue; Scale bar: 100 pum. (B) Hepatic index of each group. Organ ratio = organ weight/body weight. (C) MRGD and
MRGDE affected the MDA levels in chicken liver. (D, E) Effects of the antioxidant enzyme SOD and CAT levels. Values are mean + SD. *~“Bars

without the same superscripts differ significantly (P < 0.05).
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Figure 6. MRGD and MRGDE activated the Nrf2/ARE pathway to attenuate the LPS-ENR-induced liver oxidative stress in chickens. (A) The
mRNA expression levels of the Nrf2/ARE signaling pathway gene. (B) Effect of MRGD and MRGDE on the protein expression levels of the Nrf2/
ARE signaling pathway (Nrf2, NQO1, and GPX1) in chicken liver. Data are mean =+ SD. *~“Bars without the same superscripts differ significantly

(P<0.05).

0.05). In addition, the western blot results showed that
compared with the BLANK group, the expression levels
of Nrf2 and GPX1 proteins were significantly decreased
in the LPS-ENR group (P < 0.05) (Figure 6B). It is
worth noting that compared with the LPS-ENR group,
the expression levels of related proteins were improved
in the MRGD and MRGDE groups (Figure 6A and B).

DISCUSSION

For thousands of years, herbal and traditional medi-
cines have been used to prevent and treat diseases

worldwide, and they are the sources of many prescrip-
tions and new drugs (Wu et al., 2017). In recent years, a
variety of TCM prescriptions for the treatment of liver
diseases have been widely studied, such as Huangqi and
Xiaochaihu decoctions (Zhang et al., 2017; Zhao et al.,
2017; Xi et al., 2018). In addition, there are many TCM
extracts, such as ethanol precipitate (polysaccharide)
hepatoprotective, that have received some researchers’
attention (Wu et al., 2011, 2020; Yuan et al., 2018). In
this study, the hepatoprotective effects of the water
extract (MRGD) and ethanol precipitation extract
(MRGDE) were compared. Two kinds of drugs showed
excellent hepatoprotective effects in vivo and in vitro,
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LPS-ENR

Nucleus

Figure 7. The relevant mechanism diagram of this study. This figure shows that the Nrf2/ARE signaling pathway was possibly activated by the

MRGD and MRGDE.

reduced the levels of ALT and AST in serum (Table 2),
decreased the levels of LDH activity (Figure 1F), and
the liver tissue structure tended to be normal
(Figure 5A). The results showed that the 2 drugs sup-
pressed the liver injury caused by LPS-ENR to a certain
extent, and the MRGD group also achieved as good
effects as the MRGDE group, indicating that the poly-
saccharide components in the water extract played a
vital role, and the over-extraction of herbs did not neces-
sarily improve the effectiveness of drugs.

Oxidative stress can induce severe liver injury. MDA
is one of the major products of lipid peroxidation
induced by ROS, which is directly related to liver dam-
age. It is reported that the MDA level in chicken was
increased while exposed to LPS (Lee et al., 2017,
Figure 5C). In this study, the occurrence of oxidative
stress has been confirmed in the LPS-ENR-induced liver
injury and cell model. In in vitro experiments, the level
of ROS was increased in the LPS-ENR group
(Figure 2A), and the LDH and MDA (Figures 1F and
2B) levels were significantly increased. Notably, MRGD
and MRGDE decreased the levels of LDH and MDA
and improved the activities of SOD and CAT
(Figure 2B), suggesting that MRGD or MRGDE had a
restraining effect on the LPS-ENR-induced cell injury.
The antioxidant activities of MRGD and MRGDE at
the cellular level have been verified. In vivo, LPS-ENR
caused hepatocyte degeneration and necrosis by induc-
ing oxidative stress, while the effects of MRGD and
MRGDE were studied. In this investigation, the MDA
level in the liver tissue homogenate was increased in the
LPS-ENR group compared with the BLANK group,
suggesting that the liver was occurred oxidative damage.
In addition, the capacities of antioxidant enzymes
declined significantly with the administration of LPS-

ENR in chicken’s liver, and the decreases in SOD and
CAT levels confirmed that. When MRGD or MRGDE
was administrated, the elevated MDA level was
decreased (Figure 5C) and the activities of SOD and
CAT were increased (Figure 5D and E).

It is known that the transcription factor Nrf2 plays a
central role in antioxidative stress and adjusts lipid
metabolism abnormity. Under oxidative stress, Nrf2 dis-
sociated from Keapl and then transferred into the
nucleus, when the Keapl oxidative modified in the cellu-
lar antioxidant defense system (Chen et al., 2019; Chang
et al., 2021). Figure 7 showed that the Nrf2/ARE signal-
ing pathway was possibly activated by MRGD and
MRGDE. In our study, the results showed that Nrf2 was
blocked into the nucleus in the LPS-ENR group
(Figure 4), while the transfer of Nrf2, the mRNA expres-
sion level of Nrf2, and the protein expression level of
Nrf2 were improved by MRGD and MRGDE
(Figure 3A and B). Once in the nucleus, Nrf2 bonded to
the ARE, thereby activating the mRNA expressions of
several downstream genes such as HO-1 and NQO1 in
the nucleus (Zhang et al.; 2019; Zhao et al., 2020). A
report showed that trehalose adjusts the REDOX in
cells via activating the Nrf2 pathway and increasing the
mRNA expression levels of genes GPX1, CAT, SODI1,
NQO1, and HO-1 (Xie et al., 2017). In this research, the
mRNA expression levels of HO-1 and NQO1 genes were
recovered in the treatment groups, and then activated
the mRNA expression of the downstream target genes
and the protein expression of GPX1 (Figure 3A and B).
The results in vitro indicated that MRGD and MRGDE
inhibited the accumulation of ROS and increased the
accumulation of Nrf2 in the nucleus (Figures 2A and 4).
The drugs played an antioxidant activity in the same
way as in vivo by regulating the Nrf2/ARE pathway
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(Figure 6A and B). Therefore, these results suggested
that MRGD and MRGDE might be effective in protect-
ing the hepatocytes against oxidative damage.

Liver disease causes more than 2 million deaths annu-
ally worldwide (Xing et al., 2021), and about 300 million
people suffer from liver diseases in China (Wang et al.,
2014); therefore, there has been increasing focus on the
burden of severe health. Liver disease has caused a heavy
economic burden. RGD is a famous TCM prescription
for abdominal pain, which is helpful for the recovery of
liver disease and has an unusual application in animals.
In this research, the MRGD and MRGDE inhibited the
oxidative damage of the liver by activating the Nrf2/
ARE pathway. There was almost no difference in the
protection effects between the MRGD and MRGDE.
The economic cost and cumbersome operation of poly-
saccharide production were considered, the MRGD was
sufficient for liver therapy, and it was unnecessary to
further extract polysaccharides.

CONCLUSIONS

In conclusion, when the LPS-ENR caused liver injury,
MRGD and MRGDE alleviated the hepatotoxicity and
activated the Nrf2/ARE pathway to defend the oxidant
stress in vitro and in vivo. The MRGD is more eco-
friendly, economical, and simpler than MRGDE to con-
trol liver disease.
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