Trans-anethole ameliorates lipopolysaccharide-induced acute liver
inflammation in broilers via inhibiting NF-«B signaling pathway
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ABSTRACT The aim of this study was to investigate
the protective effect of trans-anethole (TA) on lipopoly-
saccharide-induced acute liver inflammation model of
chickens by determining the levels of inflammatory media-
tors in serum and liver, relative mRNA expression and
protein expression of inflammation-related genes in NF-«B
signaling pathway. A total of 160 one-day-old male chick-
ens (Arbor Acres) were assigned into 4 treatments with 8
replicates of 5 birds each. On d 20, the control group was
intraperitoneally injected with sterile saline and the other
groups were injected with lipopolysaccharide (LPS;
5 mg/kg body weight). There were no significant differen-
ces in average daily gain (ADG), average daily feed intake
(ADFTI) and feed conversion ratio (FCR) among groups.
However, compared with the control group, the LPS group
significantly increased (P < 0.01) the serum levels of inter-
leukin-6 (IL-6), interleukin-1beta (IL-18), tumor necrosis
factor-alpha (TNF-«), alanine aminotransferase (ALT)

and aspartate aminotransferase (AST), and decreased
(P < 0.01) the interleukin-10 (IL-10) level. TA attenuated
(P < 0.01) these increases in IL-18, TNF-or;, ALT, and
AST levels and improved (P < 0.01) the IL-10 level. In
liver, the groups fed with TA had lower (P < 0.01) concen-
trations of IL-6 and TNF-« as well as higher (P < 0.05)
concentration of IL-10. Furthermore, TA downregulated
(P < 0.05) the mRNA expression levels of nuclear factor
kappa B p65 (NF-kB p65) and TNF-a, also upregulated
(P < 0.05) IL-10 and inhibitor of NF-«B alpha (Ik Be)
upon LPS challenge. In protein level, supplementation of
600 mg/kg of TA downregulated (P < 0.05) and upregu-
lated (P < 0.05) the protein expression of NF-«B p65 and
IxBua, respectively. The present findings suggest that TA
could alleviate the acute liver inflammation induced by
LPS via blocking the activation of NF-«B and the
600 mg/kg of TA plays more fruitful role in protecting
broilers against LPS stimulus.
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INTRODUCTION

The acute inflammatory response plays a pivotal role
in innate immune reaction occurred when the body is
exposed to a variety of stimuli, which is manifested as
amplified vascular permeability and release of proinflam-
matory cytokines including tumor necrosis factor-alpha
(TNF-«), interleukin-6 (IL-6) and interleukin-1beta
(IL-1B; Varela et al., 2018). The acute inflammation is
a short process generally lasting from hours to a few
days until the endogenous stimuli are scavenged totally,
however, if not, this procedure will turn to chronic
inflammation, which can lead to mortal diseases, such as
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autoimmune disorder, pulmonary sepsis, and so forth
(Arulselvan et al., 2016). Many studies have identified
universally that animal acute inflammation models are
well-established in seeking and screening the anti-
inflammatory  activity of  phytopharmaceuticals
(Shen et al., 2010; Dickson et al., 2016; Patil and
Patil, 2017; Patil et al., 2019). In the acute inflammation
models, lipopolysaccharide (LPS) is the primary stimu-
lus consisting of lipid A and a polysaccharide chain,
which derives from the outermost membrane of Gram-
negative bacteria (Rossol et al., 2011). In addition, dur-
ing LPS infection process, it can provoke different extent
of damage in organs including paw edema (Vajja et al.,
2004), acute lung injury (ALI) (Wang and Xiao, 2019),
acute liver failure (ALF; Li et al., 2021), and pleurisy
(Sampaio et al., 2004). Researches concerning LPS-
induced animal models have suggested that the liver is
the target for activating acute inflammatory response
(Savio et al., 2017; Wilde and Katsounas, 2019; Li et al.,
2021).
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Herbal plants are the major sources for healing many
common symptoms of diseases like flatulence and ulcera-
tion with few side effects in Chinese traditional medicine
(Liu et al., 2015). Trans-anethole (TA) is an alkenylben-
zene compound, as the main bioactive component of the
volatile oil which is isolated from the seeds of anise and
fennel responsible for its multiple bioactivities including
antioxidative, antiulcer, anticonvulsant, insecticidal, and
anti-inflammatory activity. (Mimica-Duki¢ et al., 2003;
Ghosh et al., 2012; Yu et al., 2020a). Furthermore, TA is
easy to be deteriorated when exposed to light and high
temperature. It has been recognized as safe by the Food
and Drug Administration (FDA), and mainly applied in
food, cosmetic, perfume, and medical industries
(Aprotosoaie et al., 2016). Numerous studies shed light
on the anti-inflammatory activity of TA in intestinal
inflammation, pulmonary inflammation, hepatic inflam-
mation, and so forth (Yea et al., 2006; Sung et al., 2012;
Ritter et al., 2013; Wisniewski-Rebecca et al., 2015).
Moreover, TA is reported to inhibit the activation of
nuclear factor kappa B (NF-kB) signaling pathway in
LPS-stimulated inflammatory response (Kang et al.,
2013). Nonetheless, few researches was done to investigate
the anti-inflammatory effect of TA on chickens under the
challenge of LPS. Thus, we hypothesized that TA may
have protective effect on the acute liver inflammation by
suppressing the NF-«B signaling pathway.

MATERIALS AND METHODS

Preparation of Trans-anethole and
Lipopolysaccharide

TA was obtained from Nanjing Dilger Medical Technol-
ogy Co., Ltd, the purity of which was 98.35%. The TA
was kept in glass bottles avoiding light at 4°C until use.
LPS was purchased from Sigma-Aldrich Chemical Co.
(O55:B5; #1.2880; St. Louis, MO), which was dissolved in
0.86 % (w/v) sterile saline prepared to 1 mg/mL concen-
tration solution before used for administration.

Animals and Experimental Design

All of the experimental procedures in this study were
approved by the Institution of Animal Care and Use
Committee of Nanjing Agriculture University (Nanjing,
China). A total of 160 one-day-old male broiler chickens
(Arbor Acres) were purchased from a commercial hatch-
ery (Yantai Land Animal Husbandry Co., Ltd). All
chicks were randomly assigned to four treatment groups
with eight replicates of 5 birds. Birds were divided into 4
groups: 1) broilers fed with basal diet (CON); 2) LPS-
stimulated broilers fed with basal diet (LPS); 3) LPS-
stimulated broilers fed basal diet with 400 mg/kg TA
(LPS + TA400); 4) LPS-stimulated broilers fed basal
diet with 600 mg/kg TA (LPS + TA600). The basal diet
was formulated to meet nutrient requirements of broilers
according to the Feeding Standard of chicken of the Peo-
ple’s Republic of China (NY/T 33-2004). The

Table 1. Ingredients and nutrient composition of the basal diet'
(%, as fed-basis).

Ingredient % Nutrient levels' %
Corn 55.60 Metabolizable energy, 2.87
Mcal/kg

Expanded soybean meal 29.00  Crude protein 20.95
Cottonseed meal 2.50 Total calcium 0.96
Wheat flour 4.00 Total phosphorus 0.66
Hydrolyzed feather meal 1.50 Total lysine 1.11
Soybean oil 2.00 Total methionine 0.35
Dicalcium phosphate 0.90 Total threonine 0.82
Limestone 1.50

Bentonite 1.00

Premix” 2.00

Total 100.00

! All nutrient levels were analyzed values, except metabolizable energy.

2Supplied per kilogram of diet: vitamin A, 11,500 IU; cholecalciferol,
3,500 IU; vitamin E, 30 mg; vitamin K3, 5 mg; thiamin, 3.38 mg; ribofla-
vin, 9.0 mg; pyridoxine, 8.96 mg; vitamin By, 0.025 mg; choline chloride,
800 mg; calcium pantothenate, 13 mg; niacin, 45 mg; biotin, 0.15 mg; folic
acid, 1.20 mg; Mn, 60 mg; Fe, 66.5 mg; Zn, 88 mg; Cu, 8.8 mg; I, 0.70 mg;
Se, 0.288 mg.

ingredients and nutrient levels of basal diet were shown
in Table 1. At the 20 d of age, LPS-challenged broilers
were intraperitoneally injected with a dose of 5 mg/kg
body weight (BW) LPS solution and broilers in control
group were treated with an equal amount of sterile
saline. The dosage of LPS was referred to earlier studies
(Tavakoli et al., 2020; Zhang et al., 2020; Chen and
Yu, 2021). The experiment period lasted for 21 d when
birds were housed in battery cages that supplied water
and feed for ad libitum amount. These cages were placed
in a room where the temperature was kept at 35°C in
first week and then reduced gradually by 0.5°C per day
to a range of 21°C to 26°C.

Growth Performance

On d 20, the BW and feed intake of birds in each repli-
cate were recorded to calculate average daily gain
(ADG), average daily feed intake (ADFI), and feed
conversion ratio (FCR). Meanwhile, the values were
adjusted based on the mortality of birds.

Sample Collection

On d 21, eight birds were selected randomly from each
treatment group. About 3 mL of blood samples were col-
lected from the wing vein into the coagulation-promot-
ing tubes. The blood samples were incubated at 37°C for
2 h and centrifuged at 3,000 g for 10 min at 4 °C. After
that, the supernatant was transferred into 1.5 mL cen-
trifugal tube, then stored at —20°C until analysis. A
total 32 birds were sacrificed by cervical dislocation, liv-
ers of which were collected as fast as into sterile tubes
and stored in liquid nitrogen for further analyses.

Determination of Inflammatory Cytokines

The concentration of IL-6, interleukin-10 (IL-10), IL-
18, and TNF-¢ in the serum and liver were determined
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Table 2. Gene-specific primers sequences for quantitative real-time PCR.

Gene name' GenBank” Primer sequence” (5'—3') Length

IL-6 AB302327.1 AACAACCTCAACCTGCCCAA 112
AGGTCTGAAAGGCGAACAGG

IL-8 DQ393272.2 CCTCCTCCTGGTTTCAGCTG 136
TGGCGTCAGCTTCACATCTT

IL-10 NM_ 012854.2 CAGACCAGCACCAGTCATCA 96
TCCCGTTCTCATCCATCTTCTC

NF-«B NM_ 001012887.2 AAGATCTGGTGGTGTGCCTG 137
AGTGGAACCTTTCGCGGATT

Ik B NM_001001472.2 CAGCACTACACTTGGCCGTA 101
GGAGTAGCCCTGGTAGGTCA

TNF-a HQ739087.1 GAACCCTCCGCAGTACTCAG 116
AACTCATCTGAACTGGGCGG

TLR/ KP410249.1 CGGCTCCGCATCTTGGATAT 148
GGGCTTGGAGTGGCTTGTAT

IFN-y NM 205149.1 TGTAGCTGACGGTGGACCTA 134
GCGGCTTTGACTTGTCAGTG

B-Actin NM_205518.1 ACCGGACTGTTACCAACACC 116

CCTGAGTCAAGCGCCAAAAG

! Abbreviations: IL, interleukin; IxBe, inhibitor of NF-«B alpha; IFN-y, interferon-y; TNF-a, tumor necrosis factor-o; TLRA, toll-like receptor 4.

2GenBank Accession Number.
3Shown as the forward primer then the reverse primer.

by ELISA kits (Jiangsu Meimian Industry Co., Ltd,
China) following the manufacturer’s instructions. The
levels of alanine aminotransferase (ALT) and aspartate
aminotransferase (AST) in serum were determined
using commercial kits (Nanjing Jiancheng Bioengineer-
ing Institute, China).

RNA Extraction and Fluorescence
Quantitative Real-Time PCR

Total RNA from liver samples was isolated with the
Trizol reagent (Nanjing Vazyme Biotech Co., Ltd,
China) according to the manufacturer’s instructions.
After measured the purity and concentration using a
spectrophotometer (NanoDrop Products, Wilmington,
DE), 500 ng of total RNA was performed reverse tran-
scription reaction to product cDNA using EasyScript
All-in-one First-Strand ¢cDNA Synthesis SuperMix for
quantitative real-time qPCR products (TransGen Bio-
tech, Beijing, China) following the manufacturer’s
instructions. The cDNA was used to amplify with Per-
fectStart Green qPCR SuperMix (TransGen Biotech)
for assessing the expression level of genes following the
manufacturer’s instructions based on Applied Biosys-
tems QuantStudio 7 Flex apparatus. The primer sequen-
ces were presented in Table 2 and B-Actin was used as
an internal reference. The mRNA expression of target
genes relative to B-Actin was calculated by 9 -AALT
method.

Western Blot Analysis

Western blot was conducted for determining the liver
protein expression level related to NF-«B signaling path-
way. Four replicates per treatment were randomly
selected, which was referred to previous studies
(Hollemans et al., 2021; Xing et al., 2021). Cytoplasmic

protein and nuclear protein were obtained using the
Nuclear and Cytoplasmic Protein Extraction kit (Beyo-
time Biotechnology, Shanghai, China) according to the
manufacturer’s instructions. Subsequently, the bicincho-
ninic acid (BCA) Protein Assay kit (Beyotime Biotech-
nology) was used for the determination of protein
concentration. Preparing the protein gel using the
12.5% PAGE Gel FAST Preparation Kit (Epizyme Bio-
medical Technology Co., Ltd, Shanghai, China), after
that, separating the protein samples on a protein gel and
transferring the target gel to the polyvinylidene fluoride
(PVDF) membrane. After closed in blocking buffer for
1.5 h, the membranes were incubated with the primary
antibodies against NF-«B p65 (Proteintech Group, Inc.,
Wuhan, China), inhibitor of NF-«B alpha (IxBe; Pro-
teintech Group, Inc.), B-Actin (Affinity Bioscicences
Co., Ltd, Jiangsu, China), Lamin Bl (Proteintech
Group, Inc) overnight at 4°C, B-Actin and Lamin Bl
were used as cytoplasmic and nuclear internal reference,
respectively, then, the bands were washed using Tris-
buffered saline (TBS) containing 0.1% Tween 20
(TBST) buffer for 3 times and incubated with second-
ary antibody for 1.5 h. The expression of target proteins
was detected using ChemiDoc MP Imaging System
(Bio-Rad Laboratories, Inc., Hercules, CA) with
enhanced chemiluminescence (ECL) reagent (Nanjing
Vazyme Biotech Co., Ltd).

Statistical Analysis

All data were analyzed using one-way ANOVA of
SPSS software (ver. 21.0; IBM-SPSS, Inc., Chicago, IL).
The values were expressed as the mean + SEM and the
significant differences among groups were assessed by
Tukey’s HSD test. P < 0.05 and P < 0.01 were consid-
ered as statistically significant and highly significant,
respectively.



4 TONG ET AL.

Table 3. Effects of trans-anethole on the growth performance of broilers before LPS challenge'.

Ttems” CON LPS LPS+TA400 LPS+TA600 P-value
ADG, g/d 54.53 4 0.70 54.41 % 0.56 55.01 + 1.41 59.57 + 1.27 0.223
ADFI, g/d 40.79 £+ 1.37" 41.5 £ 0.59" 41.68 £1.16" 44.17 £1.33" 0.008
FCR, g/g 1.31 £ 0.02 1.31+0.01 1.32 £0.01 1.35 £ 0.01 0.243

*PThe values in the same row with different superscripts means significantly different (P < 0.05).

IThe values are represented as mean &+ SEM, n = 8.

2Abbreviatios: ADG, average daily gain; ADFI, average daily feed intake; FCR, feed conversion ratio. CON, control group fed with basal diet and
treated with saline; LPS, group fed with basal diet and treated with lipopolysaccharide; LPS+TA400, group fed with 400 mg/kg trans-anethole and
treated with lipopolysaccharide; LPS+TA600, group fed with 600 mg/kg trans-anethole and treated with lipopolysaccharide.

RESULTS the levels of serum ALT and AST. These increases were

attenuated (P < 0.01) by dietary supplementation of

Growth Performance TA
The effects of TA on the growth performance of
broilers before LPS challenge are shown in Table 3. All
of the birds were healthy and no mortality appeared.
Birds supplemented with 600 mg/kg of TA had a higher

(P < 0.01) ADFI than other groups. There were no sig- Inflammatory Cytokines Levels in the Serum

nificant differences in ADG and FCR of broilers among As shown in Table 4, LPS challenge increased (P <
groups from d 0 to d 20. 0.01) the serum concentrations of IL-6, IL-18, TNF-«

but decreased (P < 0.01) the IL-10 concentration com-
Levels of ALT and AST in the Serum pared with control group. However, birds supplemented

with TA had lower (P < 0.01) serum concentrations of
As shown in Figure 1, compared with the control  IL-18, TNF-«, as well as higher (P < 0.01) concentration
group, the LPS group significantly increased (P < 0.01)  of IL-10.
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Figure 1. Effects of trans-anethole on the serum levels of ALT and AST in lipopolysaccharide-challenged broilers. The values are represented as
mean (n = 8) with their standard errors. Bars with unlike letters means significantly different. Abbreviations: ALT, alanine aminotransferase; AST,
aspartate aminotransferase. CON, control group fed with basal diet and treated with saline; LPS, group fed with basal diet and treated with lipo-
polysaccharide; LPS+TA400, group fed with 400 mg/kg trans-anethole and treated with lipopolysaccharide; LPS+TA600, group fed with
600 mg/kg trans-anethole and treated with lipopolysaccharide.

Table 4. Effects of trans-anethole on the serum inflammatory cytokine levels of LPS-challenged broilers'.

Items> CON LPS LPS+TA400 LPS+TA600 P-value
IL-6, pg/mL 3.23 +0.08" 3.66 + 0.06" 3.57 £ 0.05" 3.56 + 0.06" <0.001
IL-10, pg/mL 8.72 £ 0.07° 8.37 + 0.07" 9.57 +0.14" 9.84 +0.15" <0.001
IL-18, pg/mL 77.54 £ 1.33° 85.75 =+ 0.68" 83.17 £ 0.35"" 81.80 £ 0.91" <0.001
TNF-a, pg/mL 11.55 +0.12" 12.85 +0.13" 11.72 +£0.16" 11.61 £+ 0.16" <0.001

““The values in the same row with different superscripts means significantly different (P < 0.05).

The values are represented as mean + SEM, n = 8.

2Abbreviations: IL-6, interleukin-6; IL-10, interleukin-10; IL-1p8, interleukin-18; TNF-a, tumor necrosis factor-a. CON, control group fed with basal
diet and treated with saline; LPS, group fed with basal diet and treated with lipopolysaccharide; LPS+TA400, group fed with 400 mg/kg trans-anethole
and treated with lipopolysaccharide; LPS+TA600, group fed with 600 mg /kg trans-anethole and treated with lipopolysaccharide.
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Table 5. Effects of trans-anethole on the liver inflammatory cytokine levels of LPS-challenged broilers’.

Ttems” CON LPS LPS+TA400 LPS+TA600 P-value
IL-6, ng/g protein 22.83 + 0.51° 36.21 4 1.22° 30.90 + 1.21" 28.22 4 0.59" <0.001
IL-10, ng/g protein 38.37 + 1.87° 33.31 +1.12" 35.31 + 1.35"" 39.33 + 0.41° 0.023
IL-1B, ng/g protein 49.30 + 1.40" 78.15 % 0.96" 74.51 + 4.64° 70.72 £ 1.72° <0.001
TNF-a, ng/g protein 51.13 + 1.99° 85.48 + 3.26" 69.69 + 3.28" 67.22 £ 1.02" <0.001

““The values in the same row with different superscripts means significantly different (P < 0.05).

'The values are represented as mean - SEM, n = 8.

2Abbreviations: IL-6, interleukin-6; IL-10, interleukin-10; IL-18, interleukin-18; TNF-, tumor necrosis factor-o. CON, control group fed with basal
diet and treated with saline; LPS, group fed with basal diet and treated with lipopolysaccharide; LPS+TA400, group fed with 400 mg/kg trans-anethole
and treated with lipopolysaccharide; LPS+TA600, group fed with 600 mg/kg trans-anethole and treated with lipopolysaccharide.

Inflammatory Cytokines Levels in the Liver

As shown in Table 5, although LPS enhanced (P <
0.05) the levels of 11-6, IL-18, and TNF-«a and declined
(P < 0.05) the IL-10 level, the levels of IL-6 and TNF-«
in the liver were decreased (P < 0.01) by dietary TA sup-
plementation as compared with LPS group. However,
compared with the LPS group, the IL-10 concentration
in the liver was increased (P < 0.05) by the administra-
tion of 600 mg/kg of TA.

Expression Levels of Inflammation-Related
Genes in the Liver

The expression levels of inflammation-related genes in
the liver of birds are shown in Figure 2. Challenging birds
with LPS enhanced (P < 0.05) the liver mRNA expres-
sion of interleukin-8 (IL-8), NF-«xB p65, TNF-u, toll-like
receptor 4 (TLR4), and interferon-gamma (IFN-y), but
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downregulated (P < 0.05) the mRNA expression of IL-10
and IkBa as compared with unchallenged birds. Dietary
supplementation of TA decreased (P < 0.05) the mRNA
expression levels of NF-kB p65 and TNF-o, also enhanced
(P < 0.05) IL-10 and IkBa in LPS-challenged birds. The
results indicated that LPS challenge activated NF-«B sig-
naling pathway in the liver and supplementation of TA
exerted inhibitory effect on that.

Relative Protein Expression Levels in the
Liver

As shown in Figure 3, LPS challenge downregulated
(P < 0.01) the relative protein expression of IxBe in the
liver of birds in comparison with control group. Supple-
mentation of 600 mg/kg of TA suppressed (P < 0.05)
the activation of NF-xB signaling pathway induced by
LPS challenge.
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Figure 2. Effects of trans-anethole on the relative mRNA expression of genes related to inflammation in the liver of LPS-challenged broilers.
The values are represented as mean (n = 8) with their standard errors. Bars with unlike letters means significantly different. Abbreviations: IL-6,
interleukin-6; /L-8, interleukin-8; IL-10, interleukin-10; NF-x B, nuclear factor kappa B; Ik Be, inhibitor of NF-«B alpha; TNF-o, Tumor necrosis fac-
tor-a; TLR4, Toll-like receptor 4; IFN-y, Interferon-y. CON, control group fed with basal diet and treated with saline; LPS, group fed with basal diet
and treated with lipopolysaccharide; LPS+TA400, group fed with 400 mg/kg trans-anethole and treated with lipopolysaccharide; LPS+TA600,
group fed with 600 mg/kg trans-anethole and treated with lipopolysaccharide.
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Figure 3. Effects of trans-anethole on the protein expression of NF-kB pathway in the liver of LPS-challenged broilers. The values are repre-
sented as mean (n = 4) with their standard errors. Bars with unlike letters means significantly different. Abbreviations: NF-«B p65, nuclear factor
kappa B p65; IkBe, inhibitor of NF-«B alpha. CON, control group fed with basal diet and treated with saline; LPS, group fed with basal diet and
treated with lipopolysaccharide; LPS+TA400, group fed with 400 mg/kg trans-anethole and treated with lipopolysaccharide; LPS+TA600, group

fed with 600 mg/kg trans-anethole and treated with lipopolysaccharide.

DISCUSSION

It is well established that LPS, as a constituent of
Gram-negative bacterial outer membrane, can recognize
and bind with the receptor proteins on the surface of
immune-related cells leading to the subsequent com-
mence of innate immune response in host (Fenton and
Golenbock, 1998). Moreover, LPS is also known as endo-
toxins that exist in gut microbiota with their high abun-
dance (Verhaar et al., 2020). When the host is infected
by exogenous LPS or the endogenous LPS in gut translo-
cates into blood circulation, which can in turn contribute
to pulmonary sepsis, hepatic failure, intestinal barrier
damage, and even death (Seeley and Ghosh, 2017).
Therefore, LPS has been extensively used for acute
inflammation modeling in animals, which simultaneously
may pave a way for developing and assessing therapeutic
agents to control the endotoxins. To the best of our
knowledge, much scientific work has been published
about the anti-inflammatory effect of TA on mammals in
vivo and in vitro (Cavalcanti et al., 2012; Estevao-
Silva et al., 2014; da Rocha et al., 2017) but little on
poultry. Meanwhile, in the context of intensive produc-
tion system, chickens are very susceptible to bacterial
diseases which can cause widespread death. Thus, this
study aimed to investigate the protective effect of TA on
chickens under the challenge of LPS via determining the
levels of inflammatory mediators in serum and liver,
thereafter, to further explore the protective mechanism

of TA by detecting the mRNA expression of inflamma-
tion-related genes and protein expression of key proteins
involved NF-«B signaling pathway.

The serum ALT and AST activities, as biomarkers for
liver injury, are commonly used in many studies
(Hao et al., 2015; Ren et al., 2021). A former study
exhibited that the mean levels of the AST and ALT
activities were increased in the endotoxin shock model of
mice challenged with LPS (Motobu et al., 2006). In con-
sistency with that, the serum levels of ALT and AST
were obviously increased by LPS stimulation in the cur-
rent study, which implied that the administration of
LPS caused hepatic lesion in broilers. However, dietary
supplementation of TA decreased the high levels of
serum ALT and AST. It is in accordance with the results
of Cho et al. (2013), who showed that pretreatment with
TA attenuated the increased level of serum ALT in mice
after hepatic ischemia/reperfusion (I/R) and the
increased level of ALT is correlated with the production
of proinflammatory cytokines.

It is well known that inflammatory cytokines are criti-
cal to participating innate immune response processes,
which are categorized as proinflammatory and anti-
inflammatory (Rossol et al., 2011). During immune
response processes activated by bacterial stimuli, the
macrophages and monocytes are in charge of secreting
these inflammatory cytokines (Cavaillon, 2018). Among
these cytokines, TNF-« is the prototype of proinflamma-
tory cytokines contributing to many pathogenic
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processes, such as periodontitis and acute lung injury
(ALI) (Jiao et al., 2021). Similarly, IL-18 is the most
studied member of IL-1 family released from macro-
phages and IL-6 is one of the major regulators in acute
phase reaction (Tannarelli et al., 2018). In contrast, IL-
10 is involved in antagonizing inflammation response by
inhibiting the production of proinflammatory cytokines
(Cavaillon, 2018). Hence, we determined the levels of
the 4 representative cytokines in the serum and liver.
The results of this study exhibited that the concentra-
tions of serum and liver IL-18, IL-6 and TNF-a were ele-
vated, but the serum and liver levels of IL-10 were
decreased after LPS challenge. Nevertheless, birds sup-
plemented with TA had not only reduced serum concen-
tration of IL-18 and TNF-a, but also increased
concentration of IL-10. The similar changes of these
cytokines were observed in liver, except there is a signifi-
cantly declined level of IL-6 instead of IL-18. We noted
that there were no differences among groups in the gene
expression of IL-6. This may be explained by the post-
translational modification of mRNA, which could cause
the discrepancy between mRNA and protein levels
(Leutert et al., 2021). Numerous reports showed that
LPS is a potent stimulus to elicit the release of inflam-
matory cytokines (Wu et al., 2017; Ramires et al., 2021).
It has been documented that anethole was capable of
controlling the periodontitis through suppressing the
serum IL-18 and TNF-« levels (Moradi et al., 2014).
Furthermore, Zhang et al. (2018) elucidated that TA
increased the gene expression of IL-10 in acute lung
injury mice. Intriguingly, a study based on LPS-induced
inflammation model of mice revealed that TA had no
effect on the production of IL-6 (Kang et al., 2013).
In the model of pleurisy rats, the level of IL-18 was
not significantly altered by treatment with TA
(Domiciano et al., 2013). These evidences validate the
results with respect to the variations of inflammatory
cytokines in the present study, which may partially
attribute to the animal species (Klasing, 1994).

The association between LPS and NF-«B has been
illustrated most clearly due to the broad function of NF-
kB pathway acting to the inflammatory response, which
is a complex process characterized by a cascade of
the expression of both proinflammatory and anti-inflam-
matory mediators like IL-18, TNF-«, I1L-6, and IL-10
(Lawrence, 2009). NF-«kB is an inducible nuclear tran-
scription factor, the whole pathway of which comprises
of a plenty of positive and negative modulatory elements
(Dolcet et al., 2005). One of the basic core components is
NF-«B dimers responsible for multifunctional regulation
of downstream events including binding to DNA and
inducing the transcription of proinflammatory cytokines
(Hayden and Ghosh, 2008). Among the dimers of NF-
kB, the most canonical heterodimers consisted by p65
and p50 are largely bound to IkBa protein, these bound-
ing forms of which constitute inactive compounds in the
cytoplasm (Newton and Dixit, 2012). A diversity of
stimuli was reported to activate NF-xB pathway as a
result of the release of NF-«B dimers after the degrada-
tion of IkBa, which further cause the translocation of

NF-kB dimers into the nucleus initiating the inflamma-
tory response (Poveda et al., 2017; Akhter et al., 2018;
Yu et al., 2020b). An earlier study demonstrated that
the LPS toxin triggered the activation of NF-«xB path-
way in the model of acute lung injury rats (Feng et al.,
2019). Thereby, this study investigated whether TA
could suppress NF-«B signaling pathway in LPS-
induced inflammation in broilers. The results showed
that LPS enhanced the mRNA expression of NF-xB p65
and downregulated the mRNA and protein expression of
IxBea in the liver of broilers. Whereas, TA supplementa-
tion downregulated the mRNA and protein expression
of NF-«kB p65, meanwhile, up-regulated the mRNA and
protein expression of IkBa. This is in accordance with
the findings of Rezayat et al. (2018), who revealed that
Foeniculum vulgare essential oil protected rat from ace-
tic acid-induced colitis by inhibiting NF-«kB signaling
pathway. Moreover, Chainy et al. (2000) indicated that
TA blocked IxBa phosphorylation by acting on IkBa
kinase. Taken together, TA may ameliorate the liver
inflammatory response upon LPS challenge through
repressing the activation of NF-xB signaling pathway
and inhibiting the production of proinflammatory cyto-
kines in broilers.

In the present study, it is worthwhile to mention that
administration of 600 mg/kg of TA is more effective on
protecting broilers from liver damage after LPS stimula-
tion than 400 mg/kg of TA. We also found that
600 mg/kg of TA supplementation significantly
improved the ADFTI of broilers before LPS challenge. It
is similar with the results of Yu et al. (2021), who
revealed that the inclusion of T'A significantly increased
the ADFTI of broilers from d 1 to d 42 and it may be due
to the sweet odor of TA that further stimulates appetite.
This study also reported that 800 mg/kg of TA had
adverse effect on intestinal barrier function of broilers,
which provided a reference for choosing the efficient con-
centrations of TA for ameliorating acute inflammation
in the present study. As a matter of fact,
Kang et al. (2013) also revealed that anethole (62.5, 125,
250, and 500 mg/kg) reduced cell numbers of leukocyte
in a dose-dependent manner, which may support this
finding that 600 mg/kg of TA plays more fruitful role in
protecting broilers against LPS stimulus. In conclusion,
dietary supplementation of TA at 600 mg/kg could
show the promising effect on LPS-induced acute liver
inflammation by inhibiting the activation of NF-«B sig-
naling pathway and improving the hepatic inflamma-
tory response in broilers. Although the studies on TA
made a great progress in recent years, much remains to
be done to investigate the anti-inflammatory mecha-
nisms of TA more specifically, for instance, except from
the perspective of nutrition, if TA could cause the muta-
tion of amino acid residues from IxkBa protein in order to
preventing its ubiquitination and degradation in geno-
mics level.
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