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ABSTRACT Previous study showed that ginsenoside
Rg1 (Rg1) and ginsenoside Re (Re) alleviated growth
inhibition of broiler chicks with immune stress. The aim
of this study was to investigate the effect of Rg1 and Re
on inflammatory responses, oxidative stress, and apopto-
sis in liver of broilers with immune stress induced by lipo-
polysaccharide (LPS). Forty broiler chicks were
randomly divided into 4 groups, each group consisting of
10 chickens. The model group, Rg1 group, and Re group
were received continuously interval injection of 250 mg/
kg body weight LPS at the age of 12, 14, 33, and 35 days
to induce immune stress. Control group was injected with
an equivalent amount of sterile saline. Then broilers in
Rg1 group and Re group were given 1mg/kg body weight
Rg1 and Re intraperitoneally 2 h after the LPS challenge
respectively. Blood samples were collected for the
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detection of hormone levels, inflammatory mediators, and
antioxidant parameters. Hepatic tissues were taken for
pathological observation. Total RNA was extracted from
the liver for real-time quantitative polymerase chain reac-
tion analysis. Our results showed that Rg1 or Re could
alleviate histological changes of liver, reduce production
of stress-related hormones, inhibit inflammatory
responses, and enhance antioxidant capacity in broilers
challenged by immune stress. In addition, Rg1 or Re
treatment upregulated mRNA expression of antioxidant-
related genes and downregulated mRNA expression of
inflammation-related factors and apoptosis-related genes
in the liver of immune-stressed broilers. The results sug-
gest that the plant extracts containing Rg1 and Re can be
used for ameliorating hepatic oxidative stress and inflam-
mation and controlling immune stress in broiler chicks.
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INTRODUCTION

Lipopolysaccharide (LPS), one of the major constitu-
ents of cell wall in Gram-negative bacteria, has long
been a stress factor for young broilers and a threat for
poultry industry (Han et al., 2020; Shi et al., 2022b;
Ye et al., 2022). Immune stress and oxidative damage
not only decrease feed intake but also increase nutrients
catabolism (Bi et al., 2022b). Continuous interval injec-
tion of LPS is generally used to establish model of bacte-
rial infection and immune stress in mammals and birds.
LPS triggers Toll-like receptor 4 (TLR4) and activates
myeloid differentiation factor 88 (MyD88)
(Sangaran et al., 2021). Then nuclear factor-kappa B
(NF-kB) translocate to the nucleus and promotes
expression of proinflammatory mediators, inflammatory
cytokines, and induces oxidative stress in multiple
organs such as spleen, intestine, and liver (Aka and
Eren, 2019; Tong et al., 2022; Zhang et al., 2022). The
maintenance of inflammation changes the partitioning
of amino acid and lipid, induces oxidative damage and
cell apoptosis, leading to a huge decline of growth perfor-
mance in broilers (Zheng et al., 2021). Thus, it is urgent
to develop strategies to alleviate inflammatory responses
and oxidative stress in immune stressed broilers.
An increasing number of studies have demonstrated

that herbal extracts are effective to prevent immune
stress (Woo et al., 2006; Zhang et al., 2013). Ginsenoside
Re and Rg1 are tetracyclic triterpenoid derivatives
extracted from the roots of Panax ginseng C. A. Meyer.
Both of them have anti-inflammatory, antioxidant, and
hepatoprotective effect (Li et al., 2016; Zhao et al.,
2021a; Mao et al., 2022; Yang et al., 2022). Our previous
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Table 1. Dietary formulation of basal diet.1

Item %

Composition
Corn 55.35
Soybean meal 29.00
Wheat shorts 2.70
Fish meal 5.01
Rapeseed oil 3.17
Salt 0.27
Dicalcium phosphate 3.13
Limestone 0.15
DL-Met 0.12
Lys 0.10
Premix2 1
Total 100

Nutrient
Crude protein 21.10
Crude fiber 2.24

2 HU ET AL.
study showed that treatment with ginsenoside Rg1
(Rg1) and ginsenoside Re (Re) can reverse growth inhi-
bition (Bi et al., 2022a). However, the effects of Re and
Rg1 on regulating the inflammatory responses and oxi-
dative stress in broilers have not been illustrated.

Therefore, in this study, we used a classical immune
stress model to investigate the effects of Re and Rg1 on
inflammation, oxidative stress in broiler chicks chal-
lenged by LPS. We also detected the mRNA expression
of related genes in liver to better understand the mecha-
nisms conferring regulating effect of Rg1 and Re. The
results may help to screen potential herbs containing
ginsenosides Rg1 and Re for preventing immune stress
and other inflammation-related diseases in birds and
other species of animals.
Ca 0.92
Total phosphorus 1.20
Methionine 0.12
Sodium chloride 0.27
1Diet was in pellet form (F, 5mm).
2Each kilogram of premix compound contained: vitamin A, 7,000 IU;

vitamin D3, 2,500 IU; vitamin E, 30 mg; vitamin K3, 1 mg; vitamin B1, 1.5
mg; vitamin B2, 4 mg; vitamin B6, 2 mg; vitamin B12, 0.02 mg; niacin, 30
mg; folic acid, 0.55 mg; pantothenic acid, 10 mg; biotin, 0.16 mg; choline
chloride, 400 mg; Cu, 20 mg; Fe, 70 mg; Mn, 100 mg; Zn, 70 mg; I, 0.4 mg,
Se, 0.5 mg, and virginiamycin, 20 mg.
MATERIALS AND METHODS

Reagents

Ginsenoside Rg1 (purity, 98.92%; molecular formula,
C42H72O14; molecular weight, 801.024) and Re (purity,
98%; molecular formula, C48H82O18; molecular weight,
947.166) were purchased from Chengdu Purify Biotech-
nology Co. Ltd. (Chengdu, China). LPS (O55:B5, E.
coli, CAT. No. L2880) was obtained from Sigma
−Aldrich (St. Louis, MO). Detection kits for xanthine
oxidase (XOD, CAT. No. A002-1-1), catalase (CAT,
CAT. No. A007-1-1), total superoxide dismutase (T-
SOD, CAT. No. A001-1-2), malondialdehyde (MDA,
CAT. No. A003-1-2), reduced glutathione (GSH, CAT.
No. A006-2-1), corticosterone (CORT, CAT. No. H205),
and adrenocorticotropic hormone (ACTH, CAT. No.
H091-1-2) were purchased from Nanjing Jiancheng Bio-
engineering Institute (Nanjing, China). ELISA kits for
chicken TNF-a (CAT. No. BPE60016), iNOS (CAT.
No. BPE60145), IL-1b (CAT. No. BPE60017) and IL-6
(CAT. No. BPE60049) were purchased from Lengdon
Bioscienci Co., Ltd. (Shanghai, China).
Table 2. Experimental design.

Group n Treatments Drug

Control 10 sterile saline sterile saline
Model 10 250 mg/kg LPS sterile saline
Rg1 10 250 mg/kg LPS 1 mg/kg Rg1
Re 10 250 mg/kg LPS 1 mg/kg Re
Animals, Diets, and Experimental Design

One-day-old male Shaver brown broilers were pur-
chased from Sichuan Lihua Poultry Co., Ltd. (Zigong,
China) (Bi et al., 2022a). The chickens were housed in 3-
layer cages and after 7 days of adaptive feeding, with the
room temperature kept at 33 to 35°C for the first week,
then dropped by 2 or 3°C per week until maintained at
23°C. Light is adequate, water and food were freely
available (Table 1). The animal experiments were per-
formed in accordance with the Animal Care and Use
Committee of Southwest University (permit number
IACUC-20200701-01). All experimental animals were
euthanized at the end of the experiment. Experiments
were carried out as follows (Bi et al., 2022a). Forty male
broilers were randomly divided into 4 groups with 10
chickens in each group, which were the control group,
the model group, the Rg1 group, and the Re group
(Table 2). Chickens are housed in single cages, and dis-
tributed in the second of 3-layer cages. The model group,
the Rg1 group, and the Re group received an intraperi-
toneal injection of LPS (250 mg/kg body weight, dis-
solved in sterile saline) at the age of 12, 14, 33, and
35 days to induce immunological stress. The control
group was intraperitoneally injected with an equivalent
amount of sterile saline. Broilers in the Rg1 group, and
the Re group were given 1 mg/kg body weight Rg1 and
Re intraperitoneally 2 h after LPS attack, respectively.
Both the control group and the model group were
injected with an equivalent amount of sterile saline. The
LPS dose used was based on our preliminary experi-
ments, and the Rg1 and Re dose was selected according
to published studies (Bi et al., 2022a).
Sample Collection

At wk 2 and 4, ten broilers were selected from each
group and blood samples were collected from the jugular
vein. Twelve hours after the last LPS injection, 6 chickens
in each group were randomly selected and euthanized by
cervical dislocation, and the liver was removed by dissec-
tion. The serum samples were rested at 37°C for 2 to 3 h
and obtained by centrifugation at 3,000 £ g for 10 min
and then immediately stored at �20°C until further anal-
ysis (Shi et al., 2022b). Six liver samples from each group
were fixed in 10% formalin. Each liver sample was rinsed
with ice-cold sterile saline to remove blood contamination,



Table 3. Sequences of primers for RT-qPCR.

Gene name Gene description Primers sequence (50-30) Accession number References

Nrf2 Nuclear factor erythroid
2-related factor 2

Forward GAGCCCATGGCCTTTCCTAT NM_001007858.1 (Han et al., 2020)

Reverse CACAGAGGCCCTGACTCAAA
HO-1 HO-1 Forward AAACTTCGCAGCCACACAAC NM_205344.1 (Han et al., 2020)

Reverse GACCAGCTTGAACTCGTGGA
SOD1 Superoxide dismutase 1 Forward CCGGCTTGTCTGATGGAGAT NM_205064.1 (Han et al., 2020)

Reverse TGCATCTTTTGGTCCACCGT
TNF-a Tumour Necrosis Factor alpha Forward CCCCTACCCTGTCCCACAA NM_204267.1 (Han et al., 2020)

Reverse TGAGTACTGCGGAGGGTTCAT
IL-6 Interleukin 6 Forward CAGCTGCAGGACGAGATGTGCAA AJ309540 (Han et al., 2020)

Reverse GCACAGGACTCGACGTTCTGCT
TLR4 Toll-like receptor 4 Forward TTCAGAACGGACTCTTGAGTGG AY064697 (Han et al., 2020)

Reverse CAACCGAATAGTGGTGACGTTG
NF-kB p65 NF-kappaB subunits p65 Forward CAGCCCATCTATGACAACCG NM_001396038.1 (Yang et al., 2021)

Reverse CAGCCCAGAAACGAACCTC
Bax Bcl-2-associated X protein Forward TCCTCATCGCCATGCTCAT XM_422067

Reverse CCTTGGTCTGGAAGCAGAAGA
Bcl-2 B cell lymphoma-2 Forward GATGACCGAGTACCTGAACC XM_422067

Reverse CAGGAGAAATCGAACAAAGGC
b-Actin Beta-actin Forward TGCTGTGTTCCCATCTATCG NM_205518.1 (Han et al., 2020)

Reverse TTGGTGACAATACCGTGTTCA
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stored frozen in liquid nitrogen, and then stored at �80°C
until all assays were performed.
Measurement of Stress-Related Hormone

The levels of ACTH and CORT in the serum were
determined according to the commercial kits’ instruc-
tions.
Enzyme-Linked Immunosorbent Assay

The levels of chicken TNF-a, iNOS, IL-1b, and IL-6 in
the serum were determined by using the ELISA kits for
chicken TNF-a, iNOS, IL-1b, and IL-6, according to the
manufacturer’s instructions.
Measurement of Oxidative Stress-Related
Indicators

The levels of XOD, CAT, T-SOD, MDA, and GSH in
the serum were determined by commercial kits and
according to the manufacturer’s instructions.
Histological Assessment

Liver tissue was fixed in 10% neutral phosphate-buff-
ered formalin for 24 h, dehydrated in a graded ethanol
series of 50 to 100%, cleared in xylene, and embedded in
paraffin. Tissue sections (5-mm thick) were then pre-
pared and stained with hematoxylin and eosin (H&E)
and imaged with light microscopy (Shi et al., 2022a).
RNA Extraction and Quantitative Real-Time
PCR Analysis

Total RNA was extracted from the liver using TRIzol
reagent (CAT. No. 9101, Takara, Dalian, China)
following the manufacturer’s guidelines, and a Nano-
Drop (Thermo Fisher, Waltham, Ma) was used to evalu-
ate the purity and quantity of RNA by
spectrophotometric analysis at OD260/280 (Shi et al.,
2022a). PrimeScript RT Master Mix (CAT. No.
RR036A, Takara) was utilized to convert RNA into
cDNA on a T100 thermal cycler (Bio Rad, Hercules,
CA). The chicken b-actin was served as the housekeep-
ing gene. RT-qPCR with SYBR Premix Ex Taq II (Tli
RNaseH Plus) (CAT. No. RR820A, Takara) on selected
genes was performed on a Multiple Real-Time PCR Sys-
tem (Applied Biosystems, Carlsbad, CA) (Bi et al.,
2022a). The 2�DDCt method was used to calculate the
changes in gene expression levels (Livak and Schmitt-
gen, 2001), and the relative mRNA expression levels of
the genes were also normalized to the mRNA expression
levels of b-actin. The specific sequences of the primers
were shown in Table 3.
Statistics Analysis

All differences between groups were subjected to one-
way ANOVA and Duncan’s multiple range test using
SPSS version 19.0 software (SPSS, Inc., Chicago, IL).
All data were presented as mean § standard error (SE).
Differences between means were regarded as statistically
significant at P < 0.05 or P < 0.01.
RESULTS

Stress-Related Hormone Concentrations in
Serum

Serum concentrations of ATCH and CORT are shown
in Figure 1. Compared with the control group, serum
ACTH and CORT concentrations in the model group
were significantly higher at wk 2 and 4 (P < 0.05),
whereas intraperitoneal injection of Re decreased serum



Figure 1. The levels of adrenocorticotropic hormone (ACTH) (A) and corticosterone (CORT) (B) in serum. The values are represented as
means § SE (n = 10). In each histogram, bars sharing different letters are significantly different (P < 0.05).
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ATCH (2 and 4 wk of age, P < 0.05) and CORT (2 wk of
age, P < 0.05) concentrations, and intraperitoneal injec-
tion of Rg1 decreased serum ACTH (2 wk of age, P <
0.05) and CORT (2 and 4 wk of age, P < 0.05).
Serum Antioxidant Enzyme Activities

Figure 2 showed the effect of ginsenoside Re or Rg1 on
the serum levels of XOD, CAT, T-SOD, GSH, and
MDA in broilers with stress. At 2 or 4 wk of age, the
enzymatic activities of CAT, T-SOD, and GSH in broiler
serum were significantly reduced and the XOD activity
and MDA content were significantly increased after LPS
injection. Intraperitoneal injection of Re significantly
inhibited changes in XOD (2 wk, P < 0.05), CAT (2 and
4 wk of age, P < 0.05), T-SOD (2 and 4 wk of age, P <
0.05), and MDA (2 wk, P < 0. 05), whereas intraperito-
neal injection of Rg1 significantly inhibited changes in
XOD (2 wk, P < 0.05), CAT (2 wk, P < 0.05), T-SOD (2
and 4 wk of age, P < 0.05), and GSH (2 wk, P < 0.05)
changes were significantly inhibited by intraperitoneal
injection of Rg1.
Contents of Inflammatory Factors in Serum

The contents of TNF-a, iNOS, IL-1b, and IL-6 are
shown in Figure 3. At 2 wk of age, TNF-a, iNOS, IL-1b,
and IL-6 were significantly higher in the model group
compared to the control group (P < 0.05), and after
treatment with Re, the levels of TNF-a, iNOS, and IL-
1b decreased significantly (P < 0.05). TNF-a and iNOS
levels were significantly decreased after Rg1 treatment
(P < 0.05). At 4 wk of age, TNF-a, IL-1b, and IL-6 were
significantly higher in the model group compared to the
control group (P < 0.05), and after Re treatment, TNF-
a levels was significantly decreased (P < 0.05).
Hepatic Inflammatory Gene Expression

The data of mRNA expression of inflammatory genes
in the liver of broiler chickens are shown in Figure 4.
Compared with broilers in the control group, LPS injec-
tion increased the mRNA expression levels of TNF-a,
IL-6, TLR4, and NF-kB p65 in broiler liver (P < 0.05).
In contrast, Rg1 treatment decreased the mRNA expres-
sion of TNF-a, IL-6, TLR4, and NF-kB p65 (P < 0.05)
and Re treatment decreased the mRNA expression of
TNF-a, IL-6, and NF-kB p65 (P < 0.05).
Hepatic Oxidative Stress-Related Gene
Expression

The mRNA expression of antioxidant genes in the
liver of broilers are shown in Figure 5. LPS injection
declined the mRNA expression levels of SOD, HO-1,
and Nrf-2 in broiler liver compared to control chickens
(P < 0.05). However, Rg1 treatment reversed the expres-
sion of these genes (P < 0.05). Re treatment showed a
tendency to increase, although it did not show a signifi-
cant change (P > 0.05).
Hepatic Apoptosis Proteins Gene
Expression

The mRNA expression of apoptosis proteins genes in
the liver of broilers are shown in Figure 6. Compared
with the control group, Bax mRNA expression levels
were significantly higher (P < 0.05) and Bcl-2 mRNA
expression levels were significantly lower in the control
group. Rg1 treatment prevented the elevation of Bax
mRNA expression (P < 0.05).
Histological Characterization

Histological analysis was performed to estimate the
extent of liver tissue damage. The results of histological



Figure 2. Activities of enzymatic and non-enzymatic antioxidants in serum. Detection for serum xanthine oxidase (XOD) (A), catalase (CAT)
(B), total superoxide dismutase (T-SOD) (C), malondialdehyde (MDA) (D), and glutathione (GSH) (E). Values are means § SE (n = 10). In each
histogram, bars sharing different letters are significantly different (P < 0.05).
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analysis showed that the hepatocytes in the control group
were completely intact without histopathological changes
(Figure 7A). The cytoplasm within the model group was
infiltrated with fat vacuoles of various sizes and shapes
(Figure 7B). However, hepatocytes in the Rg1 and Re
groups (Figures 7C and 7D) showed less pronounced his-
topathological changes compared to the model group.
DISCUSSION

Hepatic inflammation response and oxidative damage
are hallmark of immune stress in broilers (Zhao et al.,
2021b; Zheng et al., 2021; Bi et al., 2022b). Therefore,
regulating inflammatory response and ameliorating oxi-
dative damage are considered effective to prevent
immune stress. As one of the major constituents in
Panax ginseng C.A. Meyer, ginsenoside Rg3 have anti-
inflammatory and antioxidant effects (Liu et al., 2020;
Ren et al., 2021; Bi et al., 2022a). In this study, ginseno-
side Rg1 and Re reduced the stress-related hormone
level, decreased the oxidative damage, inhibited the
enhanced inflammatory responses and cell apoptosis, as
well as alleviated the pathological changes in liver of
broilers challenged by LPS. Due to the protection of
liver and regulation of stress-induced catabolism,
enhanced body weight gain was observed in chickens in
our previous study (Bi et al., 2022a).
Environmental pathogens such as Escherichia coli

and its component LPS generally attack chickens and
activate inflammatory responses, promoting degrada-
tion of amino acids for muscle synthesis and inhibiting



Figure 3. The levels of adrenocorticotropic hormone (ACTH) (A) and corticosterone (CORT) (B) in serum. The values are represented as
means § SE (n = 10). In each histogram, bars sharing different letters are significantly different (P < 0.05).

Figure 4. Relative mRNA expression in the liver. The Chicken b-actin was served as the housekeeping gene. Expression of IL-6 (A), TNF-a (B),
TLR4 (C), and NF-kB p65 (D) mRNA were assessed by real-time quantitative PCR. A relative quantitative method (2�DDCt) was employed to eval-
uate the quantitative variation. Data are represented as means § SE (n = 6). In each histogram, bars sharing different letters are significantly differ-
ent (P < 0.05).

6 HU ET AL.



Figure 5. Relative mRNA expression in the liver. The Chicken b-actin was served as the internal control gene. Expression of SOD (A), HO-1
(B), and Nrf-2 (C) mRNA were assessed by real-time quantitative PCR. A relative quantitative method (2�DDCt) was employed to evaluate the
quantitative variation. Data are represented as means § SE (n = 6). In each histogram, bars sharing different letters are significantly different (P <
0.05).
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growth (Zheng et al., 2021; Bi et al., 2022b). When
TLR4 on immune cells recognizes LPS, a series of cas-
cade responses are activated including synthesis and
release of TNF-a, IL-1b, IL-6, and iNOS mediating NF-
kB signaling pathway (Lu et al., 2008; Lai et al., 2017).
The production of proinflammatory cytokines and
inducible proinflammatory enzymes released free
Figure 6. Relative mRNA expression in the liver. The Chicken b-actin w
(B) mRNA were assessed by real-time quantitative PCR. A relative quantita
ation. Data are represented as means § SE (n = 6). In each histogram, bars s
radicals and induced oxidative stress, causing cell apo-
ptosis, and tissue damage. Antioxidant enzymes (CAT,
T-SOD, and GSH) and oxidases (XOD) play an impor-
tant role in mitigating oxidative stress damage
(Hahn et al., 2014; Neha et al., 2019). However, excess
oxygen radicals will consume antioxidant enzymes and
increase oxidase activity, peroxidizing polyunsaturated
as served as the internal control gene. Expression of BAX (A) and Bcl-2
tive method (2�DDCt) was employed to evaluate the quantitative vari-
haring different letters are significantly different (P < 0.05).



Figure 7. Histopathological changes of hepatocytes among groups. (HE, on the top, magnification 200£; on the bottom, magnification 400£).
(A) Control group; (B) Model group; (C) Rg1 group; (D) Re group.
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fatty acids to lipid peroxides (Tsikas, 2017). Similar to
previous reports, challenge with LPS has been demon-
strated effective in inducing immune stress in chickens
(Rehan et al., 2020; Bai et al., 2022; Wang et al., 2022).
The present study showed that LPS treatment increased
ACTH and CORT, TNF-a, iNOS, IL-1b and IL-6, XOD
and MDA, as well as reduced activities of CAT, T-SOD,
and GSH.

The alleviated effect of ginsenosides Rg1 and Re may
attributed to their anti-inflammatory and antioxidant
effects. Su et al. reported that Rg1 and Re prevented
LPS from binding to TLR4 and blocked LPS-triggered
signaling pathways, downregulated the expression and
production of multiple proinflammatory mediators, and
enhanced the immune response (Su et al., 2012, 2015).
Ning et al. (2018) demonstrated that Rg1 also enhanced
resistance to oxidative stress and hepatic detoxification.
Lee et al. (2020) reported that Re has the potential to
suppress lung inflammation by interrupting the inflam-
matory signaling pathway. Huang et al. (2016) showed
that Re protects human umbilical vein endothelial cells
from oxidative stress damage by participating in the



Figure 8. Chemical structure of ginsenoside Re (C48H82O18; molecular weight, 947.166) (A); Rg1 (C42H72O14; molecular weight,
801.024) (B).
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stress response, antioxidant system, regulation of pro-
tein synthesis, transcription and PTM, and repair of
mitochondrial function. In the present study, inhibited
inflammatory mediators, oxidases, and MDA, as well as
elevated antioxidant activities were observed in chickens
with immune stress after treatment of ginsenoside Rg1or
Re. The results of this study and in our previous studies
suggest that herbs containing ginsenosides Rg3, Rg1,
and Re could be considered as potential drugs to prevent
immune stress in chickens in the future. Though both
Rg1 and Re belong to the protopanaxatriol-type sapo-
nins (Figure 8), Re has an additional rhamnose at the C-
6 position (Bi et al., 2022a). Structural differences
between them may explain the discrepancy on antioxi-
dant and anti-inflammation effect.

Nrf-2 is an important transcription factor in the regu-
lation of antioxidant enzymes (Solano-
Urrusquieta et al., 2020). Under normal physiological
conditions, Nrf-2 binds to Keap1 to form a complex in
response to oxidative stress or other pathological stimuli
(Bellezza et al., 2018). When Nrf-2 release from the com-
plex and translocated to the nucleus, antioxidant
response elements (AREs) are activated, initiating
Nrf2-mediated transcriptional process and regulating
the expression of a range of antioxidant enzymes such as
HO-1, SOD, and glutathione peroxidase (GSH-Px).
HO-1 is a phase II antioxidant enzyme regulated by
Nrf2 regulated phase II antioxidant enzyme, which is an
important inducible stress response protein exhibiting
antioxidant properties (Qiao et al., 2014;
Raghunath et al., 2018; Hassanein et al., 2020). SOD
plays a role in protecting enzymes and proteins from
oxygen toxicity in prokaryotes and eukaryotes
(Wang et al., 2018; Ali et al., 2020). In this study, Rg1
prevented oxidative stress in liver by upregulating
mRNA expression of SOD, HO-1 and Nrf-2. The results
were consistent with previous reports that the antioxi-
dant and hepatoprotective effects of ginsenoside Rg1 are
mainly achieved through induction of the Keap1-Nrf2-
ARE signaling pathway (Gao et al., 2017). Wang et al.
also reported that Re protects neurons from oxidative
damage at least in part through induction of the Nrf2/
HO-1 pathway (Qiao et al., 2022). Therefore, we
hypothesized that ginsenosides Rg1 and Re ameliorated
LPS-mediated oxidative stress injury in broilers by
mediating the Keap1-Nrf2-ARE pathway. However, the
exact mechanism of action needs to be verified in the fur-
ther experiment.
Oxidative stress also increased apoptotic cells in liver

as implied by increased expression of Bax and decreased
Bcl-2 (Kello et al., 2020; Li et al., 2021). The damage of
hepatocytes under oxidative stress was in association
with decreased amino acid metabolism and lipid metab-
olism observed in chickens in our previous study
(Bi et al., 2022b). In the present study, ginsenoside Rg1
inhibited the expression of the pro-apoptotic protein
Bax but not promoted the expression of anti-apoptotic
protein Bcl-2 in liver of broilers challenged by LPS.
Therefore, we speculate that Rg1 may reduce LPS-
induced apoptosis in hepatocytes by upregulating the
expression of Nrf2 and releasing more antioxidant
enzymes, as well as inhibiting NF-kB and downstream
inflammatory responses.
In conclusion, ginsenoside Rg1 and Re could decreased

inflammatory responses and reduced oxidative damage
in liver of broiler chicks challenged by LPS. The effect of
Rg1 may be attributed to upregulation of Nrf-2, HO-1,
SOD-1, and downregulation of TLR4 and NF-kB. The
results showed that the Rg1 and Re can be used for ame-
liorating hepatic oxidative stress and inflammation in
broilers and alleviating the immune stress.
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