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Abstract
This study aimed to investigate the effects of alanyl-glutamine (Ala-Gln) in al-
leviating oxidative damage induced by Diquat in weaned piglets. A two-factor
design was adopted in the experiment. Twenty-four healthy 21-day-old weaned
piglets with similar parity were selected and randomly divided into 2 groups,
with 12 replicates per group and 1 piglet per replicate. The two groups were fed
a basal diet and a basal diet supplemented with 0.3% Ala-Gln, respectively. Af-
ter a 7-day pre-feeding period, based on the previous feeding regimen, the piglets
were divided into 4 groups, with 6 replicates per group and 1 piglet per repli-
cate, namely the basal diet group, basal diet + 0.3% Ala-Gln group, basal diet
stress group, and basal diet + 0.3% Ala-Gln stress group. Oxidative stress in
piglets was simulated by intraperitoneal injection of 8 mg/kg BW Diquat, while
the non-stressed groups received an equal volume of sterile physiological saline.
The experimental period lasted for 7 days. The results showed that: 1) Under
oxidative stress conditions, compared with the basal diet stress group, dietary
supplementation with Ala-Gln significantly increased serum glutamine (Gln)
and glutathione (GSH) contents, as well as the activities of glutathione peroxi-
dase (GSH-Px) and total superoxide dismutase (T-SOD), and total antioxidant
capacity (T-AOC) (P<0.05). 2) Under both normal physiological and oxidative
stress conditions, compared with the corresponding basal diet group and basal
diet stress group, dietary supplementation with Ala-Gln significantly increased
jejunal GSH-Px activity and T-AOC (P<0.05), and significantly decreased mal-
ondialdehyde (MDA) content (P<0.05); dietary supplementation with Ala-Gln
also significantly increased hepatic GSH-Px activity and T-AOC (P<0.05), and
significantly decreased MDA content (P<0.05). 3) Under oxidative stress condi-
tions, compared with the basal diet stress group, dietary supplementation with
Ala-Gln significantly increased the mRNA expression level of glutathione per-
oxidase 4 (GPx4) in the liver (P<0.05), and significantly decreased the mRNA
expression level of superoxide dismutase 1 (SOD1) (P<0.05). It can be con-
cluded that dietary supplementation with Ala-Gln can enhance the antioxidant
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capacity of piglets and decrease MDA content under both normal physiologi-
cal and oxidative stress conditions, thereby mitigating oxidative stress-induced
damage to tissues in weaned piglets; and the effect is more pronounced under
oxidative stress conditions.

Full Text
Abstract
This study investigated the effects of alanyl-glutamine (Ala-Gln) on alleviating
oxidative damage induced by Diquat in weaned piglets. A 2×2 factorial design
was employed with twenty-four 21-day-old weaned piglets in good health and
of similar parity. The piglets were initially randomly divided into 2 groups
(12 replicates per group, 1 pig per replicate) and fed either a basal diet or
a basal diet supplemented with 0.3% Ala-Gln. After a 7-day pre-feeding pe-
riod, the piglets were further divided into 4 groups (6 replicates per group, 1
pig per replicate): basal diet group, basal diet + 0.3% Ala-Gln group, basal
diet + stress group, and basal diet + 0.3% Ala-Gln + stress group. Oxidative
stress was induced by intraperitoneal injection of 8 mg/kg BW Diquat, while
non-stressed groups received an equivalent volume of sterile saline. The exper-
imental period lasted 7 days. The results showed: 1) Under oxidative stress,
dietary Ala-Gln supplementation significantly increased serum glutamine (Gln)
and glutathione (GSH) contents, as well as glutathione peroxidase (GSH-Px),
total superoxide dismutase (T-SOD) activities, and total antioxidant capacity
(T-AOC) compared with the basal diet stress group (P<0.05). 2) Under both
normal physiological and oxidative stress conditions, dietary Ala-Gln supplemen-
tation significantly increased jejunal and hepatic GSH-Px activity and T-AOC,
while significantly decreasing malondialdehyde (MDA) content (P<0.05). 3)
Under oxidative stress, dietary Ala-Gln supplementation significantly increased
hepatic glutathione peroxidase 4 (GPx4) mRNA expression and significantly
decreased superoxide dismutase 1 (SOD1) mRNA expression (P<0.05). These
findings indicate that dietary Ala-Gln supplementation can enhance antioxidant
capacity and reduce MDA content in piglets under both normal physiological
and oxidative stress conditions, thereby mitigating oxidative stress-induced tis-
sue damage in weaned piglets, with more pronounced effects under oxidative
stress conditions.
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Introduction
Under normal physiological conditions, oxidation and reduction exist in dynamic
equilibrium within animal bodies, with free radicals being continuously gener-
ated and promptly eliminated. When this homeostasis is disrupted, free radicals
accumulate due to inadequate decomposition or conversion. When free radicals
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exceed the capacity of the antioxidant defense system, oxidative damage occurs,
impairing digestive and immune systems and reducing production performance
[1]. In swine production, oxidative stress is a common physiological phenomenon
in weaned piglets and a major factor causing economic losses.

Glutamine (Gln) is the most abundant free amino acid in mammalian blood,
reaching 1.93 mmol/L in sow milk at 21 days of lactation [2]. As an impor-
tant immune enhancer, Gln reduces oxidative damage during oxidative stress.
Studies have shown that dietary Gln supplementation increases free Gln and
GSH contents in piglet plasma and jejunal tissue. Gln alleviates the decrease in
intestinal Gln content and the increase in oxidized glutathione (GSSG)/reduced
GSH ratio induced by weaning stress [3], and reduces apoptosis during disease
or stress states, primarily by enhancing antioxidant enzyme defense, heat shock
protein expression, and inducing autophagy [4]. As the main energy source for
intestinal cells, Gln also effectively promotes proliferation and differentiation
of small intestinal epithelial cells and lymphocytes, and repairs intestinal mu-
cosa [5]. However, due to its low water solubility, thermal instability, and easy
decomposition into toxic pyroglutamic acid and ammonia, monomeric Gln is
limited in livestock feed applications. Dipeptide forms of Gln (such as alanyl-
glutamine, Ala-Gln) overcome these disadvantages, showing greater stability in
aqueous and thermal environments (remaining stable for 2 years at room tem-
perature) with approximately 4 times higher water solubility than monomeric
Gln [6]. Intestinal mucosa can absorb Gln dipeptides, which rapidly decompose
into Gln in tissues and cells for utilization. The absorption of Gln dipeptides
by the small intestine is non-saturable and non-competitive, offering greater
absorption advantages compared to monomeric Gln. Consequently, Gln dipep-
tides are widely used in clinical total parenteral nutrition as Gln substitutes.
However, few studies have reported the effects of Gln dipeptides on antioxidant
capacity in weaned piglets. Therefore, this study used Ala-Gln to investigate its
effects on serum, jejunal, and hepatic antioxidant indices in Diquat-induced ox-
idative stress piglets, aiming to provide a scientific basis for Ala-Gln application
in piglet diets.

Materials and Methods
1.1 Experimental Material

The Ala-Gln used in this experiment was purchased from Shanghai Chaoqiang
Chemical Co., Ltd., with purity �99%.

1.2 Experimental Animals and Design

A 2×2 factorial design was employed. Twenty-four 21-day-old weaned castrated
male piglets in good health and of similar parity were randomly divided into
2 groups (12 replicates per group, 1 pig per replicate). The two groups were
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fed either a basal diet or a basal diet supplemented with 0.3% Ala-Gln. After
a 7-day pre-feeding period, the piglets were further divided into 4 groups (6
replicates per group, 1 pig per replicate): basal diet group, basal diet + 0.3%
Ala-Gln group, basal diet + stress group, and basal diet + 0.3% Ala-Gln +
stress group. Oxidative stress was induced by intraperitoneal injection of 8
mg/kg BW Diquat, while non-stressed groups received an equivalent volume of
sterile saline. The Diquat dosage was determined according to Xu et al. [7]. The
experimental period lasted 7 days.

1.3 Experimental Diets

The basal diet was a corn-soybean meal-based diet. The experimental diet
was prepared by adding 0.3% Ala-Gln to the basal diet. The diet formulation
followed NRC (2012) guidelines and was formulated based on true ileal digestible
amino acids. The composition and nutrient levels of the basal diet are shown in
Table 1 .

Table 1 Composition and nutrient levels of the basal diet (air-dry basis) %

The premix provided the following per kilogram of diet: Fe 120 mg, Cu 7 mg,
Mn 25 mg, Zn 130 mg, I 0.2 mg, Se 0.3 mg, Co 1.5 mg, VA 4,800 IU, VD� 480
IU, VE 40 IU, VK� 1.5 mg, VB� 3 mg, VB� 8 mg, VB� 3.5 mg, VB�� 0.04 mg,
pantothenic acid 25 mg, niacin 35 mg, biotin 0.15 mg, folic acid 1 mg.

1.4 Management

The experiment was conducted at the Animal Experimental Center of the Key
Laboratory of Animal Nutrition in Jiangxi Province, Jiangxi Agricultural Uni-
versity. The pig house temperature was maintained at 23–26°C with relative
humidity of 55–65%. Pigs were fed powdered feed ad libitum with free access
to water. Deworming, castration, and vaccination were performed according to
routine farm procedures.

1.5 Sample Collection and Processing

On day 7 of the experimental period, blood samples were collected from the
anterior vena cava after overnight fasting (by replicate). After clotting, serum
was separated by centrifugation at 3,000 r/min for 15 min and stored at -20°C
for analysis. Piglets were anesthetized by intravenous injection of 5% sodium
pentobarbital, then euthanized by exsanguination. The abdomen was opened,
and the liver and jejunum were rapidly separated. After removing fat and
visible connective tissue, samples were rinsed with pre-cooled (4°C) saline. Liver
samples were immediately frozen in liquid nitrogen and stored at -70°C.

The small intestine and mesentery were pushed to the lower left to expose the
duodenal peritoneal fixation segment. The jejunal head position was located
and ligated with suture. After cutting the mesentery, approximately 10 cm of
the middle jejunum was taken, gently rinsed with pre-cooled saline, and a 2 cm
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segment was stored in a 1.5 mL cryovial, snap-frozen in liquid nitrogen, and
stored at -70°C.

1.6 Assays

1.6.1 Serum Antioxidant Indices Using kits from Nanjing Jiancheng Bio-
engineering Institute, serum Gln, GSH, and MDA contents, as well as GSH-Px,
CAT, T-SOD activities, and T-AOC were determined according to kit instruc-
tions.

1.6.2 Jejunal and Hepatic Antioxidant Indices Using kits from Nanjing
Jiancheng Bioengineering Institute, GSH and MDA contents, GSH-Px, CAT,
T-SOD activities, and T-AOC in jejunum and liver were determined according
to kit instructions.

1.6.3 Hepatic GPx4 and SOD1 mRNA Expression 1.6.3.1 Total
RNA Extraction and Reverse Transcription

Total RNA was extracted from liver using Trizol method according to kit in-
structions. RNA concentration and purity were measured (ideal OD 260/280
ratio: 1.8–2.2). First-strand cDNA was synthesized using TaKaRa RR047A
reverse transcription kit and stored at -20°C.

1.6.3.2 GPx4 and SOD1 mRNA Expression Detection

GPx4 and SOD1 mRNA primers and probes were designed using Primer Ex-
press 2.0 software and synthesized by a commercial company. Primer and probe
sequences are shown in Table 2 . Reactions were performed on an FTC2000 real-
time PCR system (Canada) under the following conditions: 50 µL reaction vol-
ume containing 25 µL 2×Hotstart Fluo-PCR mix, 1 µL each of forward/reverse
primer, 0.5 µL Probe (25 pmol/µL), 1 µL cDNA template, and 21.5 µL dH�O.
Thermal cycling: 94°C for 4 min; 40 cycles of 94°C for 20 s, 60°C for 30 s. �-actin
served as internal control. GPx4 and SOD1 mRNA expression was calculated
using the 2^(-ΔCt) method.

Table 2 Primer and probe sequences of GPx4, SOD1 and �-actin mRNA

Target gene Accession No. Sequence
Glutathione peroxidase 4
(GPx4)

NM_214407.1 5’-
CCAGTTTGGGAGGCAGGAG-
3’
5’-
GGACTTTCATCCACTTCCACAG-
3’
5’-
TCCCCATTCACACAGATCTTGCTGAAC-
3’

chinarxiv.org/items/chinaxiv-201812.00160 Machine Translation

https://chinarxiv.org/items/chinaxiv-201812.00160


Target gene Accession No. Sequence
Superoxide dismutase 1
(SOD1)

XM_005657141.1 5’-
TGGAGACCTGGGCAATGTG-
3’
5’-
CCACCTCTGCCCAAGTCATC-
3’
5’-
CATCGAAGATTCTGTGATCGCCCTC-
3’

�-actin AF054837.1 5’-
GGGTATGGGTCAGAAAGATTCC-
3’
5’-
TCTCCATGTCGTCCCAGTTG-
3’
5’-
CTCAGAGCAAGAGAGGTATCCTGACCCTC-
3’

1.7 Statistical Analysis

Data were analyzed using SPSS 17.0 software. Two-way ANOVA was performed
to analyze main effects (Ala-Gln and Diquat) and their interaction. Duncan’s
multiple range test was used for post-hoc comparisons. Results are expressed
as “mean ± SE”. mRNA expression data calculated by 2^(-ΔCt) are also
expressed as “mean ± SE”. P<0.05 was considered statistically significant.

Results
2.1 Effects of Ala-Gln on Serum Antioxidant Indices of Oxidative
Stress Piglets

The effects of Ala-Gln on serum antioxidant indices are shown in Table 3 . Di-
quat significantly affected serum GSH-Px and T-SOD activities, T-AOC, and
MDA content (P<0.05), but not serum Gln, GSH contents, or CAT activity
(P>0.05). Ala-Gln significantly affected serum Gln and GSH contents, GSH-Px
and T-SOD activities, and T-AOC (P<0.05), but not serum MDA content or
CAT activity (P>0.05). The interaction between Diquat and Ala-Gln signif-
icantly affected serum T-SOD activity and T-AOC (P<0.01), but not serum
Gln, GSH, MDA contents, or GSH-Px, CAT activities (P>0.05).

Multiple comparisons revealed that Diquat-induced oxidative stress signifi-
cantly decreased serum GSH content and T-SOD activity (P<0.05). Under
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normal physiological conditions, dietary Ala-Gln supplementation significantly
decreased serum T-SOD activity (P<0.05), significantly increased serum Gln
content and T-AOC (P<0.05), but had no significant effect on serum GSH
content or GSH-Px and CAT activities (P>0.05). Under oxidative stress
conditions, dietary Ala-Gln supplementation significantly increased serum Gln,
GSH, and MDA contents, as well as GSH-Px and T-SOD activities (P<0.05).

Table 3 Effects of Ala-Gln on serum antioxidant indices of weaned piglets
challenged with oxidative stress

(-) indicates no stress; (+) indicates stress. Ala-Gln: alanyl-glutamine. In
the same row, values with different small letter superscripts differ significantly
(P<0.05), while values with the same or no superscripts do not differ significantly
(P>0.05). The same applies below.

2.2 Effects of Ala-Gln on Jejunal Antioxidant Indices of Oxidative
Stress Piglets

The effects of Ala-Gln on jejunal antioxidant indices are shown in Table 4 .
Diquat significantly affected jejunal GSH-Px, CAT, T-SOD activities, MDA
content, and T-AOC (P<0.05). Ala-Gln significantly affected jejunal GSH-Px,
T-SOD activities, MDA content, and T-AOC (P<0.05), but not CAT activity
(P>0.05). The interaction between Diquat and Ala-Gln significantly affected
jejunal MDA content, GSH-Px activity, and T-AOC (P<0.05), but not CAT or
T-SOD activities (P>0.05).

Multiple comparisons revealed that Diquat-induced oxidative stress significantly
decreased jejunal GSH-Px, T-SOD activities, and T-AOC (P<0.05), and signif-
icantly increased jejunal MDA content (P<0.05). Under normal physiologi-
cal conditions, dietary Ala-Gln supplementation significantly increased jejunal
GSH-Px activity and T-AOC (P<0.05), significantly decreased jejunal MDA
content (P<0.05), but had no significant effect on CAT or T-SOD activities
(P>0.05). Under oxidative stress conditions, dietary Ala-Gln supplementation
significantly increased jejunal GSH-Px, T-SOD activities, and T-AOC (P<0.05),
and significantly decreased jejunal MDA content (P<0.05).

Table 4 Effects of Ala-Gln on jejunal antioxidant indices of weaned piglets
challenged with oxidative stress

2.3 Effects of Ala-Gln on Hepatic Antioxidant Indices of Oxidative
Stress Piglets

The effects of Ala-Gln on hepatic antioxidant indices are shown in Table 5 .
Diquat significantly affected hepatic GSH-Px, CAT, T-SOD activities, MDA
content, and T-AOC (P<0.05). Ala-Gln significantly affected hepatic T-SOD,
GSH-Px activities, MDA content, and T-AOC (P<0.05), but not CAT activity
(P>0.05). The interaction between Diquat and Ala-Gln significantly affected
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hepatic MDA content, GSH-Px activity, and T-AOC (P<0.05), but not CAT or
T-SOD activities (P>0.05).

Multiple comparisons revealed that Diquat-induced oxidative stress significantly
decreased hepatic GSH-Px, T-SOD activities, and T-AOC (P<0.05), and sig-
nificantly increased hepatic MDA content (P<0.05). Under normal physiologi-
cal conditions, dietary Ala-Gln supplementation significantly increased hepatic
GSH-Px activity and T-AOC (P<0.05), significantly decreased MDA content
(P<0.05), but had no significant effect on CAT or T-SOD activities (P>0.05).
Under oxidative stress conditions, dietary Ala-Gln supplementation significantly
increased hepatic GSH-Px, T-SOD activities, and T-AOC (P<0.05), and signif-
icantly decreased hepatic MDA content (P<0.05).

Table 5 Effects of Ala-Gln on liver antioxidant indices of weaned piglets chal-
lenged with oxidative stress

2.4 Effects of Ala-Gln on Hepatic GPx4 and SOD1 mRNA Expression

The effects of Ala-Gln on hepatic GPx4 and SOD1 mRNA expression are shown
in Table 6 . Diquat, Ala-Gln, and their interaction significantly affected hepatic
GPx4 and SOD1 mRNA expression (P<0.05).

Under normal physiological conditions, dietary Ala-Gln supplementation in-
creased hepatic GPx4 mRNA expression by 95.8% (P<0.05). Under oxida-
tive stress conditions, dietary Ala-Gln supplementation increased hepatic GPx4
mRNA expression by 166.7% (P<0.05).

Diquat-induced oxidative stress significantly increased hepatic SOD1 mRNA
expression (P<0.05). Under normal physiological conditions, dietary Ala-Gln
supplementation decreased hepatic SOD1 mRNA expression by 59.4% (P>0.05).
Under oxidative stress conditions, dietary Ala-Gln supplementation decreased
hepatic SOD1 mRNA expression by 40.0% (P<0.05).

Table 6 Effects of Ala-Gln on liver GPx4 and SOD1 mRNA expressions of
weaned piglets challenged with oxidative stress

Discussion
3.1 Effects of Ala-Gln on Serum Antioxidant Indices of Oxidative
Stress Piglets

The transition from sow milk to solid feed after weaning causes a sharp drop in
feed intake that cannot meet the piglet’s Gln requirement. As an important
antioxidant substance, exogenous Gln supplementation can effectively improve
piglet growth performance, protect intestinal morphology, and alleviate weaning
stress [3,8-12]. As a Gln substitute, Ala-Gln has similar functions. During
stress, the body’s demand for Gln increases and endogenous Gln cannot meet
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requirements. Since weaned piglets cannot obtain Gln from sow milk, dietary
Gln or Ala-Gln supplementation is particularly important [13]. The antioxidant
system in animals mainly consists of GSH-Px, superoxide dismutase (SOD),
CAT, and low molecular weight compounds (vitamin C, vitamin E, GSH, etc.).
Serum antioxidant enzyme activity reflects the redox status in vivo. Dietary
Gln supplementation can also prevent GSH synthesis 障碍 caused by insufficient
precursors [14].

Our previous study found that dietary supplementation with 0.3% Ala-Gln sig-
nificantly improved growth performance in 21-28 day-old piglets [15]. The cur-
rent study found that under normal physiological conditions, dietary Ala-Gln
supplementation significantly increased serum Gln content, supplementing the
body’s Gln, with a trend toward increased serum GSH content and GSH-Px
and CAT activities. This is similar to findings by Dai et al. [16]. The study
also found that serum T-SOD activity was significantly decreased, possibly be-
cause the body in redox balance does not require as many antioxidant enzymes
to maintain homeostasis. Similarly, Zhang et al. [17] found that dietary Gln
supplementation increased serum GSH-Px activity and decreased serum SOD
activity in 35-day-old piglets. Xi et al. [18] found that Gln dipeptide supple-
mentation increased serum SOD activity in weaned piglets, possibly due to
differences in supplement specifications and levels. Diquat injection to simulate
oxidative stress significantly decreased serum GSH-Px and T-SOD activities
and T-AOC, while significantly increasing serum MDA content. This confirms
that during persistent oxidative stress, serum GSH-Px and T-SOD activities
decrease to regulate oxidative-reductive balance. Studies show that decreased
antioxidant enzyme activity in animals results from feedback regulation by hy-
drogen peroxide (H�O�) end products or inactivation of antioxidant enzymes by
superoxide anion (O��). Xu et al. [7] also found that Diquat injection signif-
icantly decreased serum GSH-Px and T-SOD activities and hydroxyl radical
scavenging capacity, and significantly increased serum MDA content on days 7,
14, 21, and 28, with a trend toward decreased serum CAT activity and increased
H�O� content.

This study found that under oxidative stress, dietary supplementation with
0.3% Ala-Gln significantly increased serum Gln and GSH contents, as well as
GSH-Px, SOD activities, and T-AOC, with a trend toward decreased serum
MDA content. During oxidative stress, the body requires enhanced antioxidant
capacity to maintain redox homeostasis. Exogenous Ala-Gln supplementation
increases serum Gln content, promotes GSH-Px synthesis, maintains SOD func-
tion, and significantly improves T-AOC, alleviating oxidative stress intensity
and protecting piglets from stress damage.

3.2 Effects of Ala-Gln on Jejunal and Hepatic Antioxidant Indices of
Oxidative Stress Piglets

The small intestine and liver are the two most active sites in animals, providing
continuous nutrients and immune factors, while also being most vulnerable to
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damage during stress. Both tissues have well-developed antioxidant systems
with sophisticated mechanisms for antioxidant enzyme expression and synthesis.

Under normal physiological conditions, dietary Ala-Gln supplementation signif-
icantly increased jejunal GSH-Px activity and T-AOC, significantly decreased
jejunal MDA content, and showed a trend toward increased jejunal T-SOD activ-
ity, possibly because the piglet intestine encounters various stressors requiring
stronger antioxidant capacity to maintain tissue homeostasis. During oxidative
stress, jejunal GSH-Px, T-SOD, and CAT activities and T-AOC significantly
decreased, while MDA content significantly increased. However, Ala-Gln sup-
plementation significantly increased jejunal GSH-Px and T-SOD activities and
T-AOC, and significantly decreased jejunal MDA content. This indicates that
Ala-Gln can enhance jejunal antioxidant enzyme activity, improve antioxidant
capacity, and reduce oxidative stress damage. Additionally, dietary Ala-Gln
supplementation significantly increased hepatic GSH-Px activity and T-AOC,
and significantly decreased hepatic MDA content. Oxidative stress significantly
decreased hepatic GSH-Px, T-SOD, and CAT activities and T-AOC, while sig-
nificantly increasing hepatic MDA content, causing hepatic stress injury. Nu-
merous studies have also found that oxidative stress decreases hepatic SOD
activity and increases MDA content in piglets [19-21]. Dietary Ala-Gln supple-
mentation significantly increased hepatic GSH-Px, CAT, and T-SOD activities
under oxidative stress, possibly because increased serum Gln content enhanced
GSH-Px synthesis, protecting tissues from oxidative damage, while CAT and
T-SOD maintained enzyme activity to exert normal antioxidant functions. This
demonstrates that dietary Ala-Gln supplementation can improve hepatic antiox-
idant capacity in piglets.

3.3 Effects of Ala-Gln on Hepatic GPx4 and SOD1 mRNA Expression

GSH-Px and SOD are two important antioxidant enzymes that promptly clear
accumulated free radicals and maintain redox homeostasis during persistent ox-
idative stress. GPx4 is an important member of the GSH-Px family, playing
crucial antioxidant functions across different tissues [22]. GPx4 is the only en-
zyme in mammalian cells that can directly reduce phospholipid hydroperoxides
on biological membranes, thereby protecting membranes from oxidative stress
damage [23]. Studies have shown that hepatic GPx4 mRNA expression is signif-
icantly higher than in other tissues, with relatively high SOD mRNA expression
as well [24].

This study found that to maintain redox homeostasis, oxidative stress increased
hepatic GPx4 and SOD1 mRNA expression, enhancing hepatic antioxidant en-
zyme activity. With exogenous Ala-Gln supplementation, GPx4 mRNA ex-
pression significantly increased under both normal and stress conditions, while
SOD1 mRNA expression significantly decreased. This is consistent with Hiraishi
et al. [25], indicating that the entire antioxidant defense system in animals op-
erates through enzymatic mechanisms, maintaining relatively constant antioxi-
dant capacity across normal, stress, and pathological states. Hiraishi et al. [25]
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also demonstrated that SOD mRNA expression is induced by superoxide anion
radicals during oxidative stress. When Gln content increases, GSH-Px mRNA
expression rises, promptly clearing tissue free radicals and reducing the need for
SOD. Fluorescence quantitative PCR results further confirm that Ala-Gln sup-
plementation can reduce free radicals generated by oxidative stress, enhancing
antioxidant capacity through increased GSH-Px mRNA expression.

Conclusion
1. Under normal physiological conditions, dietary Ala-Gln supplementation

significantly increased serum Gln content and T-AOC, significantly in-
creased jejunal and hepatic GSH-Px activity and T-AOC, and significantly
decreased jejunal and hepatic MDA content.

2. Under oxidative stress conditions, dietary Ala-Gln supplementation signif-
icantly increased some antioxidant indices in serum, jejunum, and liver,
decreased MDA content, significantly increased hepatic GPx4 mRNA ex-
pression, and significantly decreased SOD1 mRNA expression.

3. Dietary Ala-Gln supplementation can alleviate oxidative stress-induced
tissue damage in weaned piglets, with more significant effects under ox-
idative stress conditions.

References
[1] LOSCALZO J. L-arginine atherothrombosis[J]. The Journal of Nutrition,
2004, 134(10S): 2798S–2800S.

[2] 蒋小丰, 方热军. 谷氨酰胺的营养生理功能研究进展 [J]. 中国饲料, 2009(11): 31–36.

[3] 王军军, 王凤来, 印遇龙, 等. 断奶和谷氨酰胺对仔猪肠道氧化状态与基因表达的影响 [C]//中
国畜牧兽医学会 2008 学术年会暨第六届全国畜牧兽医青年科技工作者学术研讨会. 广州: 中国畜
牧兽医学会, 2008: 16–19.

[4] 曹婧然, 谢颖, 李辉, 等. 谷氨酰胺在氧化应激疾病中的作用及其机制的研究 [J]. 临床误诊误
治, 2013, 26(9): 102–104.

[5] REEDS P J, BURRIN D G, STOLL B, et al. Intestinal glutamate
metabolism[J]. The Journal of Nutrition, 2000, 130(4): 978S–982S.

[6] 桑剑锋, 吴文溪. 丙氨酰谷氨酰胺二肽的代谢及在肠外营养中的应用 [J]. 肠外与肠内营养,
2001, 8(1): 46–50.

[7] 徐静, 余冰, 陈代文. Diquat 诱导的生长猪氧化应激持续时间及适宜的应激标识 [J]. 中国农
业科学, 2008, 41(12): 4359–4364.

chinarxiv.org/items/chinaxiv-201812.00160 Machine Translation

https://chinarxiv.org/items/chinaxiv-201812.00160


[8] 黄冠庆, 黄晓亮, 李嘉嘉. 丙氨酰谷氨酰胺对断奶仔猪生长和血清抗氧化能力的影响 [J]. 动物
营养学报, 2008, 20(6): 706–711.

[9] 吕玉玲, 周玉香. 谷氨酰胺对动物机体免疫和抗氧化作用的研究概况 [J]. 畜牧与饲料科学,
2008, 29(2): 60–62.

[10] 王学斌, 刘凤莲, 李东风, 等. 体内游离谷氨酰胺的抗氧化作用 [J]. 生物物理学报, 2004,
20(6): 429–433.

[11] 余珊珊. 谷氨酰胺二肽调节断奶仔猪生长性能的研究进展 [J]. 畜牧与饲料科学, 2011(4):
44–46.

[12] 邹晓庭. 谷氨酰胺对断奶仔猪生长、免疫的影响及其机理研究 [D]. 博士学位论文. 杭州: 浙
江大学, 2007.

[13] 邓宸玺. Ala-Gln 对断奶仔猪小肠黏膜屏障功能和吸收功能的调控作用 [D]. 硕士学位论文.
南昌: 江西农业大学, 2013.

[14] 许梓荣, 邹晓庭, 孙庆宇, 等. 谷氨酰胺对断奶仔猪肝脏 SOD、GSH-Px 基因表达的影响
[J]. 中国兽医学报, 2008, 28(4): 461–464.

[15] 邓宸玺. Ala-Gln 对断奶仔猪小肠黏膜屏障功能和吸收功能的调控作用 [D]. 硕士学位论文.
南昌: 江西农业大学, 2013.

[16] 戴定威, 吴圣楣, 戚秋芬, 等. 谷氨酰胺对缺氧复氧损伤人小肠上皮细胞谷胱甘肽的影响 [J].
中国病理生理杂志, 1999, 15(2): 128–130.

[17] 张军民, 王连递, 高振川, 等. 日粮添加谷氨酰胺对早期断奶仔猪抗氧化能力的影响 [J]. 畜牧
兽医学报, 2002, 33(2): 105–109.

[18] 席鹏彬, 林映才, 蒋宗勇, 等. 谷氨酰胺二肽对断奶仔猪生长、免疫、抗氧化力和小肠粘膜形态
的影响 [J]. 动物营养学报, 2007, 19(2): 135–141.

[19] 袁施彬, 陈代文. 不同氧化应激模式下仔猪血细胞参数变化的比较研究 [J]. 动物营养学报,
2008, 20(6): 617–623.

[20] 袁施彬, 陈代文, 余冰, 等. 氧化应激对断奶仔猪生产性能和养分利用率的影响 [J]. 中国饲料,
2007(8): 19–22.

[21] 袁施彬, 陈代文. 氧化应激对断奶仔猪组织抗氧化酶活性和病理学变化的影响 [J]. 中国兽医
学报, 2009, 29(1): 74–78.

[22] 刘春旭, 李少臣, 陈洁, 等. 硒和蛋白质与大鼠心肌 GPX1、GPX4 表达及翻译 [J]. 中国
地方病防治杂志, 2011, 26(1): 4–6.

[23] IMAI H, NAKAGAWA Y. Biological significance of phospholipid hydroper-
oxide glutathione peroxidase (PHGPx, GPx4) in mammalian cells[J]. Free Rad-
ical Biology and Medicine, 2003, 34(2): 145–169.

[24] 陈伟, 杜金芳, 崔景香, 等. 莱芜猪 GPx4 基因在不同组织中的表达规律研究 [J]. 山东农业
大学学报: 自然科学版, 2011, 42(3): 433–437.

chinarxiv.org/items/chinaxiv-201812.00160 Machine Translation

https://chinarxiv.org/items/chinaxiv-201812.00160


[25] HIRAISHI H, TERANO A, RAZANDI M, et al. Role of cellular superoxide
dismutase against reactive oxygen metabolite injury in cultured bovine aortic en-
dothelial cells[J]. Journal of Biological Chemistry, 1992, 267(21): 14812–14817.

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

Source: ChinaXiv —Machine translation. Verify with original.

chinarxiv.org/items/chinaxiv-201812.00160 Machine Translation

https://chinarxiv.org/items/chinaxiv-201812.00160

	Alanyl-Glutamine Alleviates Diquat-Induced Oxidative Damage in Weaned Piglets: Postprint
	Abstract
	Full Text
	Abstract
	Introduction
	Materials and Methods
	1.1 Experimental Material
	1.2 Experimental Animals and Design
	1.3 Experimental Diets
	1.4 Management
	1.5 Sample Collection and Processing
	1.6 Assays
	1.7 Statistical Analysis

	Results
	2.1 Effects of Ala-Gln on Serum Antioxidant Indices of Oxidative Stress Piglets
	2.2 Effects of Ala-Gln on Jejunal Antioxidant Indices of Oxidative Stress Piglets
	2.3 Effects of Ala-Gln on Hepatic Antioxidant Indices of Oxidative Stress Piglets
	2.4 Effects of Ala-Gln on Hepatic GPx4 and SOD1 mRNA Expression

	Discussion
	3.1 Effects of Ala-Gln on Serum Antioxidant Indices of Oxidative Stress Piglets
	3.2 Effects of Ala-Gln on Jejunal and Hepatic Antioxidant Indices of Oxidative Stress Piglets
	3.3 Effects of Ala-Gln on Hepatic GPx4 and SOD1 mRNA Expression

	Conclusion
	References


