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Abstract
This study aimed to investigate the effects of asparagine (Asn) on growth
performance and mRNA expression of key genes in the Toll-like receptor 4
(TLR4) and nucleotide-binding oligomerization domain (NOD) signaling path-
ways in the hypothalamic-pituitary-adrenal (HPA) axis of lipopolysaccharide
(LPS)-challenged weaned piglets. Twenty-four healthy (21±2)-day-old “Duroc
× Landrace × Large White”weaned piglets [(8.12±0.56) kg] were selected and
randomly allocated to 4 groups based on similar body weight: 1) control group
(basal diet); 2) LPS group (basal diet + LPS); 3) LPS+0.5% Asn group (basal
diet + 0.5% Asn + LPS); 4) LPS+1.0% Asn group (basal diet + 1.0% Asn
+ LPS). Each group had 6 replicates with 1 pig per replicate. On day 20 of
the experiment, pigs in the LPS, LPS+0.5% Asn, and LPS+1.0% Asn groups
were injected with 100 �g/kg BW of LPS, while pigs in the control group were
injected with an equal volume of physiological saline. The experimental pe-
riod lasted 20 days. The results showed that compared with the control group,
LPS challenge and dietary Asn supplementation had no significant effect on the
growth performance of LPS-challenged weaned piglets (P>0.05). LPS challenge
significantly increased the mRNA expression of TLR4, myeloid differentiation
factor 88 (MyD88), NOD2, receptor-interacting serine/threonine-protein kinase
2 (RIP2), and nuclear factor-�B (NF-�B) in the HPA axis (P<0.05). Dietary
Asn supplementation significantly decreased the mRNA expression of NF-�B in
the hypothalamus (linear, P<0.05) and tended to decrease the mRNA expres-
sion of TLR4 and NOD2 in the adrenal gland (linear, P<0.10). Furthermore,
dietary Asn supplementation significantly decreased the mRNA expression of
tumor necrosis factor receptor-associated factor 6 (TRAF6) in the pituitary
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(quadratic, P<0.05) and significantly increased the mRNA expression of RIP2
in the adrenal gland (linear, P<0.05; quadratic, P<0.05). These results indicate
that although Asn had no effect on the growth performance of LPS-challenged
piglets, it may exert certain inhibitory effects on the hypothalamic TLR4 signal-
ing pathway by decreasing the mRNA expression of NF-�B in the hypothalamus.

Full Text
Abstract
This study investigated the effects of asparagine (Asn) on growth perfor-
mance and key gene mRNA expression in the Toll-like receptor 4 (TLR4)
and nucleotide-binding oligomerization domain (NOD) signaling pathways
of the hypothalamus-pituitary-adrenal (HPA) axis in weaned piglets chal-
lenged with lipopolysaccharide (LPS). Twenty-four healthy (21±2)-day-old
“Duroc×Landrace×Yorkshire”weaned piglets [(8.12±0.56) kg] were selected
and randomly allocated to 4 groups: 1) control group (basal diet), 2) LPS
group (basal diet + LPS), 3) LPS+0.5% Asn group (basal diet + 0.5%
Asn + LPS), and 4) LPS+1.0% Asn group (basal diet + 1.0% Asn + LPS).
Each group had 6 replicates with 1 pig per replicate. On day 20, pigs in
the LPS, LPS+0.5% Asn, and LPS+1.0% Asn groups were injected with
100 �g/kg BW of LPS, while control pigs received an equivalent volume of
saline. The experiment lasted 20 days. Results showed that compared with
the control group, LPS challenge and dietary Asn supplementation had no
significant effects on growth performance of LPS-challenged weaned piglets
(P>0.05). LPS challenge significantly increased mRNA expression of TLR4,
myeloid differentiation factor 88 (MyD88), NOD2, receptor-interacting protein
serine/threonine kinase 2 (RIP2), and nuclear factor-�B (NF-�B) in the HPA
axis (P<0.05). Dietary Asn supplementation significantly decreased NF-�B
mRNA expression in the hypothalamus (linear, P<0.05) and tended to decrease
TLR4 and NOD2 mRNA expression in the adrenal gland (linear, P<0.10).
Additionally, Asn supplementation significantly decreased tumor necrosis
factor receptor-associated factor 6 (TRAF6) mRNA expression in the pituitary
(quadratic, P<0.05) and significantly increased RIP2 mRNA expression in the
adrenal gland (linear, P<0.05; quadratic, P<0.05). These results suggest that
although Asn did not affect growth performance in LPS-challenged piglets, it
may exert inhibitory effects on the hypothalamic TLR4 signaling pathway by
decreasing NF-�B mRNA expression.

Keywords: asparagine; lipopolysaccharide; weaned piglets; hypothalamus-
pituitary-adrenal axis; TLR4; NOD

Introduction
In modern swine production, early-weaned piglets are vulnerable to various ad-
verse environmental factors such as bacterial and viral challenges, which can trig-
ger immune stress. During immune stress, the immune system produces large
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quantities of inflammatory cytokines including tumor necrosis factor-� (TNF-�),
interleukin (IL)-6, and IL-1, leading to tissue damage (e.g., in intestine and liver)
[1] and ultimately causing reduced growth performance. Therefore, nutritional
interventions (such as supplementation with fatty acids and amino acids) that
reduce excessive release of inflammatory mediators are important for alleviating
immune stress in piglets.

Traditionally considered a non-essential amino acid, asparagine (Asn) has been
shown to play important roles in regulating immune function [2]. Wu et al. [3]
classified Asn as a member of the arginine (Arg) family of amino acids, as
it can be converted to Arg and glutamine (Gln) in vivo through deamination
and transamination pathways. Both Arg and Gln are known to regulate tis-
sue function and alleviate inflammation. Previous studies from our laboratory
demonstrated that Asn could relieve immune stress and tissue damage induced
by LPS challenge in piglets [4] and improve impaired hepatic energy metabolism
[5]. The hypothalamus-pituitary-adrenal (HPA) axis regulates numerous phys-
iological processes including immunity, reproduction, and stress responses [6],
playing a crucial role in stress and infection [7]. LPS stimulates peripheral im-
mune cells to produce abundant inflammatory cytokines such as TNF-�, IL-1,
and IL-8]. Elevated levels of these cytokines activate the HPA axis, triggering
immune stress responses [9-10]. Nutritional strategies that reduce inflamma-
tory cytokines may help alleviate LPS-induced immune stress [11]. Based on
these findings, we hypothesized that dietary Asn supplementation might mit-
igate LPS-induced inflammatory responses in the HPA axis, thereby relieving
systemic stress.

Toll-like receptor 4 (TLR4) is a critical component of innate immunity. Its inter-
action with myeloid differentiation factor 88 (MyD88) initiates nuclear factor-
�B (NF-�B) activation, which stimulates expression of inflammatory genes and
promotes pro-inflammatory cytokine production. Similarly, nucleotide-binding
oligomerization domain receptors (NOD) 1 and NOD2 can also activate inflam-
matory cytokine release. While these cytokines protect against pathogen in-
vasion, they can also cause host tissue damage and neuroendocrine disruption.
The HPA axis plays an important role in stress and infection, and LPS stim-
ulation can activate TLR4 and NOD inflammatory signaling pathways in the
HPA axis, leading to increased secretion of inflammatory factors such as TNF-�
[12]. Previous research showed that dietary fish oil could alleviate LPS-induced
immune stress in weaned piglets by inhibiting TLR4 and NOD inflammatory
signaling pathways in the HPA axis and reducing inflammatory factor secretion
[12]. However, the effects of Asn on TLR4 and NOD signaling pathways in the
HPA axis have not been reported. Therefore, this study investigated the effects
of Asn on growth performance and TLR4 and NOD signaling pathways in the
HPA axis of LPS-challenged weaned piglets to provide a theoretical basis for
alleviating immune stress in piglets.
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1. Materials and Methods
1.1 Experimental Material

Asparagine: Active ingredient >99.4%, purchased from Wuhan Amino Technol-
ogy Co., Ltd.

1.2 Experimental Animals and Design

Twenty-four healthy (21±2)-day-old “Duroc×Landrace×Yorkshire”weaned
piglets with an average body weight of (8.12±0.56) kg were selected and
randomly divided into 4 groups according to similar body weight: 1) control
group (basal diet), 2) LPS group (basal diet + LPS), 3) LPS+0.5% Asn group
(basal diet + 0.5% Asn + LPS), and 4) LPS+1.0% Asn group (basal diet +
1.0% Asn + LPS). Each group had 6 replicates with 1 pig per replicate, and
the experimental period lasted 20 days. The basal diet was isonitrogenously
balanced with alanine. On day 20, pigs in the LPS, LPS+0.5% Asn, and
LPS+1.0% Asn groups were injected intraperitoneally with 100 �g/kg BW of
LPS (E. coli serotype 055:B5, Sigma, USA), while the control group received
an equivalent volume of saline.

1.3 Experimental Diets

Diet formulation followed NRC (1998) nutrient requirements for piglets. The
composition and nutrient levels of the basal diet are shown in Table 1 .

1.4 Feeding Management

The animal trial was conducted at the Hubei Key Laboratory of Animal Nutri-
tion and Feed Science. Before the experiment, pens were cleaned and washed,
disinfected with 2% NaOH solution, sprayed with 1:200 diluted disinfectant, and
fumigated with formaldehyde and potassium permanganate for several hours,
followed by a 1-week purification period. Experimental piglets were housed in
stainless steel cages (1.80 m × 1.10 m). During the trial, room temperature was
maintained at 25-27°C with 12 h daily lighting, free ventilation, and ad libitum
access to feed and water.

1.5 Sample Collection and Processing

Daily feed intake was recorded throughout the trial. Pigs were weighed after 12
h fasting on days 1 and 19 to calculate average daily gain (ADG), average daily
feed intake (ADFI), and feed/gain ratio (F/G). On day 19, after 12 h fasting
before LPS or saline injection, all pigs were slaughtered 4 h post-injection. The
hypothalamus, pituitary, and adrenal glands were collected, rinsed with ice-cold
saline, placed in cryovials, snap-frozen in liquid nitrogen, and stored at -80°C
for subsequent analysis.
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1.6 Detection Indicators and Methods

Tissue samples were homogenized in 1 mL RNAiso Plus reagent (Takara, Dalian,
China) on ice, and total RNA was extracted according to the manufacturer’s in-
structions. cDNA synthesis was performed using the PrimeScript® RT reagent
kit with gDNA eraser (Takara, Dalian, China) in a 20 �L reaction system con-
taining 4 �L 5×PrimeScript® Buffer, 1 �L PrimeScript® RT enzyme mix, 1.0
�L RT primer mix, 10 �L DNase-treated RNA, and RNase-free dH2O to 20 �L.
Reverse transcription parameters were: 37°C for 15 min, 85°C for 5 s, and 4°C
hold.

Real-time quantitative PCR was performed using SYBR® Premix Ex TaqTM
(Tli RNaseH Plus) (Takara, Dalian, China) in a 20 �L reaction system containing
10.0 �L SYBR® Premix Ex TaqTM (2×), 0.4 �L ROX reference dye II (10×), 2.0
�L cDNA, 6.8 �L RNase-free dH2O, 0.4 �L forward primer (10 �mol/L), and 0.4 �L
reverse primer (10 �mol/L). Amplification was performed on an ABI 7500 Real-
time PCR system (Applied Biosystems) with the following conditions: 95°C for
30 s, followed by 40 cycles of 95°C for 5 s and 60°C for 34 s. Glyceraldehyde-
3-phosphate dehydrogenase (GAPDH) was used as the internal reference gene,
and relative gene expression was analyzed using the 2-ΔΔCT method [13].

Specific primers were designed using Primer Premier 5.0 software and synthe-
sized by Takara (Dalian, China). Primer sequences are listed in Table 2 .

1.7 Statistical Analysis

Data were analyzed using SPSS 22.0 software. Independent samples t-tests were
used to compare the LPS group vs. control group (to determine LPS effects) and
LPS group vs. LPS+0.5% Asn and LPS+1.0% Asn groups (to determine Asn
effects). Linear and quadratic regression analyses were used to evaluate the
effects of different Asn levels (0, 0.5%, 1.0%) in LPS-challenged piglets. Data
are presented as means. P�0.05 was considered statistically significant, and
0.05<P�0.10 indicated a significant trend.

2. Results
2.1 Effects of Asn on Growth Performance of LPS-Challenged Weaned
Piglets

As shown in Table 3 , LPS challenge and dietary Asn supplementation had
no significant effects on growth performance of LPS-challenged weaned piglets
compared with the control group (P>0.05).
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2.2 Effects of Asn on Key Gene mRNA Expression in TLR4 and NOD
Signaling Pathways in the Hypothalamus of LPS-Challenged Weaned
Piglets

As shown in Table 4 , LPS significantly increased mRNA expression of TLR4,
MyD88, NOD2, receptor-interacting protein serine/threonine kinase 2 (RIP2),
and NF-�B in the hypothalamus (P<0.05). Dietary Asn supplementation
significantly decreased NF-�B mRNA expression in the hypothalamus (linear,
P<0.05) and tended to decrease interleukin-1 receptor-associated kinase 1
(IRAK1) mRNA expression (linear, P<0.10).

2.3 Effects of Asn on Key Gene mRNA Expression in TLR4 and
NOD Signaling Pathways in the Pituitary of LPS-Challenged Weaned
Piglets

As shown in Table 5 , LPS significantly increased mRNA expression of TLR4,
MyD88, NOD1, NOD2, RIP2, NF-�B, and TNF-� in the pituitary (P<0.05).
Dietary Asn supplementation significantly decreased tumor necrosis factor
receptor-associated factor 6 (TRAF6) mRNA expression in the pituitary
(quadratic, P<0.05) and increased NOD1 mRNA expression (linear, P<0.10;
quadratic, P<0.05).

2.4 Effects of Asn on Key Gene mRNA Expression in TLR4 and NOD
Signaling Pathways in the Adrenal Gland of LPS-Challenged Weaned
Piglets

As shown in Table 6 , LPS significantly increased mRNA expression of TLR4,
MyD88, IRAK1, NOD2, RIP2, NF-�B, and TNF-� in the adrenal gland (P<0.05).
Dietary Asn supplementation tended to decrease TLR4 and NOD2 mRNA ex-
pression in the adrenal gland (linear, P<0.10) and significantly increased RIP2
mRNA expression (linear, P<0.05; quadratic, P<0.05).

3. Discussion
Immune stress is common in swine production and represents a major factor
causing growth inhibition, resulting in significant economic losses. It is triggered
by pathogens or non-pathogens (such as bacteria, viruses, and endotoxins) in
the environment or by vaccination [14]. Highly activated immune stress leads
to excessive secretion of inflammatory cytokines, causing tissue damage. Tra-
ditionally, inflammatory cytokines were thought to be produced primarily by
the immune system, but recent studies have revealed that the neuroendocrine
system, gastrointestinal tract, liver, muscle, and adipose tissue can also secrete
inflammatory cytokines [15-17]. These cytokines cause behavioral and metabolic
changes in animals through direct effects on target tissues or by acting on the
neuroendocrine system, ultimately leading to growth retardation and reduced
carcass quality [14]. Therefore, measures to moderately regulate excessive im-
mune responses, particularly the overproduction of inflammatory cytokines, are
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important for alleviating immune stress.

Nutritional regulation to mitigate immune stress has become a key research
area in animal nutrition. Studies have shown that nutrients such as n-3 polyun-
saturated fatty acids (PUFA), Arg, and conjugated linoleic acid can alleviate
immune stress in pigs [15-19]. However, the regulatory mechanisms of immune
stress remain unclear, limiting the specificity of nutritional interventions.

Toll-like receptors (TLRs) are pattern recognition receptors (PRRs) that recog-
nize pathogen-associated molecular patterns (PAMPs) and play crucial roles in
antibacterial defense and activation of innate immune responses [20-21]. TLR4
recognizes LPS and mediates inflammatory responses through signaling cas-
cades involving MyD88, IRAK1, and TRAF6, ultimately triggering NF-�B ac-
tivation, which stimulates expression of inflammatory genes and promotes pro-
inflammatory cytokine production. Many disease pathogenesis mechanisms are
closely related to excessive activation of TLR signaling pathways [22], and TLR4
pathway activation is an important cause of immune stress in pigs [15-18]. There-
fore, effective inhibition of the TLR4 signaling pathway is of practical signifi-
cance for alleviating immune stress in piglets. In this study, LPS increased
mRNA expression of TLR4, MyD88, NF-�B in the hypothalamus, pituitary, and
adrenal gland, and IRAK1 in the adrenal gland, indicating that LPS challenge
activated the TLR4 signaling pathway in the HPA axis. Dietary Asn supplemen-
tation decreased IRAK1 mRNA expression in the hypothalamus, TLR4 mRNA
expression in the adrenal gland, and TRAF6 mRNA expression in the pituitary,
suggesting that Asn may inhibit the upstream TLR4 signaling pathway in the
adrenal gland while inhibiting downstream pathways in the hypothalamus and
pituitary.

Previous studies demonstrated that Arg can alleviate LPS-induced increases in
hepatic TLR4 mRNA expression in weaned piglets [23]. As an Arg family amino
acid that can be converted to Arg in vivo [2], Asn may inhibit TLR4 and down-
stream gene expression in the HPA axis through conversion to Arg, thereby
alleviating LPS-induced inflammatory responses. Additionally, Asn supplemen-
tation showed a quadratic effect on TRAF6 mRNA expression in the pituitary,
with 0.5% Asn being more effective than 1.0% Asn in inhibiting downstream
TLR4 receptor signaling gene expression. Previous research also showed that
Asn can alleviate LPS-induced liver injury [24] and improve damaged intesti-
nal integrity [25] by decreasing mRNA expression of TLR4, IRAK1, TRAF6,
NOD1, and NOD2. Therefore, Asn may alleviate LPS-induced inflammatory
responses in the HPA axis by reducing mRNA expression of IRAK1, TLR4, and
TRAF6.

In addition to the TLR4 pathway, nucleotide-binding oligomerization domain
proteins (NODs) are another PRR family that plays key roles in recognizing
PAMPs and regulating host innate immune responses [20-21]. Research has
focused primarily on NOD1 and NOD2, which, similar to TLR4, can activate
NF-�B through the adaptor molecule RIP2, leading to upregulated transcription
of pro-inflammatory cytokine genes [21]. To prevent excessive NOD pathway
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activation and maintain homeostasis, negative regulators of NOD1 and NOD2
exist, such as Erbb2-interacting protein (ERBB2IP) and ACAP1 [26-27]. In this
study, LPS challenge increased mRNA expression of NOD2, RIP2, NF-�B in the
hypothalamus; NOD1, NOD2, RIP2, NF-�B in the pituitary; and NOD2, RIP2,
NF-�B in the adrenal gland, indicating activation of NOD signaling pathways.
Dietary Asn supplementation decreased NOD2 mRNA expression in the adrenal
gland and NF-�B mRNA expression in the hypothalamus. However, Asn also
increased RIP2 mRNA expression in the adrenal gland and tended to increase
NF-�B mRNA expression. Pi et al. [28] found that LPS challenge decreased
hepatic ACAP1 mRNA expression, suggesting that excessive inflammatory re-
sponses may reduce expression of negative regulators. Similarly, high levels of
dietary Asn may suppress expression of negative regulators in the NOD path-
way, leading to increased NF-�B mRNA expression. RIP2 is an upstream factor
in the NOD signaling pathway that links NOD1/NOD2 to downstream NF-�B.
Although Asn increased RIP2 mRNA expression in the adrenal gland, it had
minimal effect on downstream NF-�B mRNA expression.

4. Conclusion
Although Asn did not affect growth performance in LPS-challenged piglets, it
may exert inhibitory effects on the hypothalamic TLR4 signaling pathway by
decreasing NF-�B mRNA expression.

References
[1] CHEN F, LIU Y L, ZHU H L, et al. Fish oil attenuates liver injury caused by
LPS in weaned pigs associated with inhibition of TLR4 and nucleotide-binding
oligomerization domain protein signaling pathways[J]. Innate Immunity, 2013,
19(5): 504–515.

[2] LI P, YIN Y L, LI D F, et al. Amino acids and immune function[J]. British
Journal of Nutrition, 2007, 98(2): 237–252.

[3] WU G Y, BAZER F W, DAVIS T A, et al. Important roles for the arginine
family of amino acids in swine nutrition and production[J]. Livestock Science,
2007, 112(1/2): 8–22.

[4] 李爽. 天冬酰胺对脂多糖刺激断奶仔猪肠道损伤的调控作用 [D]. 硕士学位论文. 武汉: 武汉轻
工大学, 2013.

[5] KANG P, LIU Y L, ZHU H L, et al. The effect of dietary asparagine sup-
plementation on energy metabolism in liver weaning challenged lipopolysaccha-
ride[J]. Asian-Australasian Journal of Animal Science, 2018, 31(4): 548–555.

[6] DEMORROW S. Role of the hypothalamic-pituitary-adrenal in health and
disease[J]. International Journal of Molecular Sciences, 2018, 19(4): 986.

[7] HADDAD J, SAADÉ E, SAFIEH-GARABEDIAN B. Cytokines
neuroimmune-endocrine interactions: a role for the hypothalamic-pituitary-

chinarxiv.org/items/chinaxiv-201812.00661 Machine Translation

https://chinarxiv.org/items/chinaxiv-201812.00661


adrenal revolving axis[J]. Journal of Neuroimmunology, 2002, 133(1/2): 1–
19.

[8] JACOBI S K, GABLER N K, AJUWON K M, et al. Adipocytes, myofibers,
and cytokine biology: new horizons in the regulation of growth and body com-
position[J]. Journal of Animal Science, 2006, 84(Suppl.13): E140–E149.

[9] CHESNOKOVA V, MELMED S. Minireview: neuro-immuno-endocrine
modulation of the hypothalamic-pituitary-adrenal (HPA) gp130 signaling
molecules[J]. Endocrinology, 2002, 143(5): 1571–1574.

[10] LEONARD B E. The HPA and immune axes in stress: the involvement of
the serotonergic system[J]. European Psychiatry, 2005, 20(Suppl.3): S302–S306.

[11] LIU Y L, SHI J X, LU J, et al. Up-regulated expression of peroxisome
proliferator-activated receptor � in the hypothalamic-pituitary-adrenal axis of
weaned pigs after Escherichia coli lipopolysaccharide challenge[J]. The Veteri-
nary Journal, 2010, 184(2): 230–235.

[12] LIU Y L, CHEN F, LI Q, et al. Fish alleviates activation hypothalamic-
pituitary-adrenal axis associated with inhibition of TLR4 and NOD signaling
pathways in weaned piglets after a lipopolysaccharide challenge[J]. The Journal
of Nutrition, 2013, 143(11): 1799–1807.

[13] LIVAK K J, SCHMITTGEN T D. Analysis of relative gene expression data
using real-time quantitative PCR and 2-ΔΔCt method[J]. Methods, 2001, 25(4):
402–408.

[14] GABLER N K, SPURLOCK M E. Integrating the immune system with
the regulation of growth and efficiency[J]. Journal of Animal Science, 2008,
86(Suppl.14): E64–E74.

[15] LIU Y L, CHEN F, ODLE J, et al. Fish oil enhances intestinal integrity
and inhibits TLR4 and NOD2 signaling pathways in weaned pigs after LPS
challenge[J]. The Journal of Nutrition, 2012, 142(11): 2017–2024.

[16] AMMERDORFFER A, SCHOFFELEN T, GRESNIGT M S, et al. Recog-
nition of Coxiella burnetii by Toll-like receptors and NOD-like receptors recog-
nition of C. burnetii by TLRs and NLRs[J]. Journal of Infectious Diseases, 2014,
211(6): 1027–1034.

[17] LIU Y L, CHEN F, ODLE J, et al. Fish oil increases muscle protein mass
and modulates Akt/FOXO, TLR4, and NOD signaling in weanling piglets after
lipopolysaccharide challenge[J]. The Journal of Nutrition, 2013, 143(8): 1331–
1339.

[18] LIU Y L, GONG L M, LI D F, et al. Effects of fish oil on lymphocyte
proliferation, cytokine production and intracellular signalling in weanling pigs[J].
Archives of Animal Nutrition, 2003, 57(3): 151–165.

[19] LIU Y L, LI D F, GONG L M, et al. Effects of fish oil supplementation on
the performance and the immunological, adrenal, and somatotropic responses

chinarxiv.org/items/chinaxiv-201812.00661 Machine Translation

https://chinarxiv.org/items/chinaxiv-201812.00661


of weaned pigs after an Escherichia coli lipopolysaccharide challenge[J]. Journal
of Animal Science, 2003, 81(11): 2758–2765.

[20] FUKATA M, VAMADEVAN A S, ABREU M T. Toll-like receptors (TLRs)
and Nod-like receptors (NLRs) inflammatory disorders[J]. Seminars in Immunol-
ogy, 2009, 21(4): 242–253.

[21] TAKEUCHI O, AKIRA S. Pattern recognition receptors and inflamma-
tion[J]. Cell, 2010, 140(6): 805–820.

[22] DE NARDO D. Toll-like receptors: activation, signalling and transcriptional
modulation[J]. Cytokine, 2015, 74(2): 181–189.

[23] 车政权. 精氨酸对脂多糖刺激仔猪肝脏损伤的缓解作用及其机理 [D]. 硕士学位论文. 武汉:
武汉工业学院, 2010.

[24] WU H T, LIU Y L, PI D A, et al. Asparagine attenuates hepatic in-
jury caused by lipopolysaccharide in weaned piglets associated with modulation
of Toll-like receptor 4 and nucleotide-binding oligomerisation domain protein
signalling and their negative regulators[J]. British Journal of Nutrition, 2015,
114(2): 189–201.

[25] CHEN S K, LIU Y L, WANG X Y, et al. Asparagine improves intestinal
integrity, inhibits TLR4 and NOD signaling, and differently regulates p38 and
ERK1/2 signaling in weanling piglets after LPS challenge[J]. Innate Immunity,
2016, 22(8): 577–587.

[26] MCDONALD C, CHEN F F, OLLENDORFF V, et al. A role for Erbin
in the regulation of Nod2-dependent NF-�B signaling[J]. Journal of Biological
Chemistry, 2005, 280(48): 40301–40309.

[27] EITEL J, KRÜLL M, HOCKE A C, et al. �-PIX and Rac1 GTPase mediate
trafficking and negative regulation of NOD2[J]. The Journal of Immunology,
2008, 181(4): 2664–2671.

[28] 皮定安. 天冬酰胺对脂多糖诱导的仔猪肝脏损伤和肌肉蛋白质降解的调控作用 [D]. 硕士学位
论文. 武汉: 武汉轻工大学, 2014.

[29] WANG X Y, LIU Y L, WANG S H, et al. Asparagine reduces the mRNA ex-
pression of muscle atrophy markers via regulating protein kinase B (Akt), AMP-
activated protein kinase �, toll-like receptor 4 and nucleotide-binding oligomeri-
sation domain protein signalling in weaning piglets after lipopolysaccharide chal-
lenge[J]. British Journal of Nutrition, 2016, 116(7): 1188–1198.

Note: Figure translations are in progress. See original paper for figures.

Source: ChinaXiv —Machine translation. Verify with original.

chinarxiv.org/items/chinaxiv-201812.00661 Machine Translation

https://chinarxiv.org/items/chinaxiv-201812.00661

	Effects of Asparagine on Growth Performance and Hypothalamic-Pituitary-Adrenal Axis Toll-Like Receptor 4 and Nucleotide-Binding Oligomerization Domain Signaling Pathways in Lipopolysaccharide-Challenged Weaned Piglets: Postprint
	Abstract
	Full Text
	Abstract
	Introduction
	1. Materials and Methods
	1.1 Experimental Material
	1.2 Experimental Animals and Design
	1.3 Experimental Diets
	1.4 Feeding Management
	1.5 Sample Collection and Processing
	1.6 Detection Indicators and Methods
	1.7 Statistical Analysis

	2. Results
	2.1 Effects of Asn on Growth Performance of LPS-Challenged Weaned Piglets
	2.2 Effects of Asn on Key Gene mRNA Expression in TLR4 and NOD Signaling Pathways in the Hypothalamus of LPS-Challenged Weaned Piglets
	2.3 Effects of Asn on Key Gene mRNA Expression in TLR4 and NOD Signaling Pathways in the Pituitary of LPS-Challenged Weaned Piglets
	2.4 Effects of Asn on Key Gene mRNA Expression in TLR4 and NOD Signaling Pathways in the Adrenal Gland of LPS-Challenged Weaned Piglets

	3. Discussion
	4. Conclusion
	References


