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Abstract

Oxidative stress is detrimental to animals. Previous studies have indicated that arginine (Arg) may function as a potential substance
against oxidative stress. The present study was conducted to explore the potential mechanisms behind the Arg-induced protective effects
against oxidative stress in piglets. A total of thirty-six piglets were randomly allocated to six groups with six replicates per group. Piglets
were subjected to three dietary treatments (namely two groups per treatment) in week 1 and fed with a basal diet (ArgL) or the basal diet
supplemented with 0-8% (ArgM) or 1-6% (ArgH) L-Arg, respectively. On day 8, piglets were injected intraperitoneally either with diquat
(10 mg/kg body weight) or sterile saline. The whole trial lasted 11 d. Results showed that dietary Arg supplementation did not affect growth
performance in week 1. Oxidative stress significantly decreased the growth performance of piglets (P<0-05). However, ArgH attenuated
the negative effects of oxidative stress on feed intake and significantly increased the total antioxidant capacity in the liver under oxidative
stress (P<0-05). Both ArgM and ArgH enhanced the activities of plasma glutathione peroxidases and superoxide dismutases and decreased
the IL-6 and TNF-a mRNA level in the liver under oxidative stress (P<0-05). The present study not only shows that Arg can function as a
potential nutrient to alleviate oxidative stress responses through the enhancement of antioxidant capacity, and inhibition of the expression
of inflammatory cytokines, but the results also suggest that alleviation of oxidative stress responses using dietary nutrient components
deserves further attention in the future.
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Oxidative stress is an imbalance between the generation of
reactive oxygen species (ROS) and the antioxidant defence
capacity of the body. Reactive oxygen species, such as super-
oxide and H,0,", are constantly generated from oxygen in
all aerobic metabolism and pathogenic processes. Under
normal circumstances, the ROS in the body are maintained
at certain steady-state levels and excessive oxidative radicals
are generally eliminated by the antioxidant system including
non-enzymic components (for example, glutathione, Se,
vitamin E and vitamin C) and a series of antioxidant enzymes
(for example, superoxide dismutase (SOD) and glutathione
peroxidase (GPx)). For weaned piglets, numerous factors
such as environmental factors, weaning and infection can
lead to oxidative stress, which may result in growth retar-
dation, disease and even death to piglets.

L-Arginine (Arg), a basic amino acid, serves as an essential
precursor for the synthesis of biologically important molecules

such as protein, ornithine, proline, polyamines, creatine,
NO and agmatine'®. Traditionally, it has been thought of as
a non-essential amino acid. However, it is a nutritionally
essential amino acid for young mammals and adults under
stress and illness®. Arg deficiency causes growth retardation,
intestinal and reproductive dysfunction, impaired immune and
neurological development, cardiovascular and pulmonary
abnormalities, impaired wound healing, hyperammonaemia,
and even death in animals‘”. Our previous study found that
oxidative stress depressed the growth performance and
decreased the concentration of plasma Arg in weaned pig-
lets® | indicating that Arg may serve as a limited amino acid
under oxidative stress. As previous studies®” have indicated
that Arg may function as a potential substance against
oxidative stress, in the present study, we hypothesised that
dietary Arg supplementation could attenuate oxidative stress
in piglets. Although many studies have been previously

Abbreviations: ADFI, average daily feed intake; ADG, average daily gain; Arg, arginine; ArgH, basal diet and supplementation with 1-6% synthetic
L-arginine; ArgL, basal diet; ArgM, basal diet and supplementation with 0-8% synthetic L-arginine; F:G, feed intake:gain ratio; GPx, glutathione

peroxidase; MDA, malondialdehyde; SOD, superoxide dismutase; TAC, total antioxidant capacity.
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conducted to evaluate the effect of Arg supplementation on
B9 no studies
explored the changes of the antioxidant defence system in
weaned piglets after dietary Arg supplementation under

oxidative stress. Pro-oxidants such as diquat are widely used
(5,10—-13)

oxidative stress in animal models and patients

to induce oxidative stress in different animal models
The aim of the present study was to evaluate if dietary Arg
supplementation could enhance body antioxidative capacity
and attenuate diquat-induced oxidative stress in weaned
piglets, and offer a theoretical basis for developing Arg as a
dietary stress-resistant component in feeds.

Materials and methods
Animals

The experimental procedures followed the actual law of
animal protection that was approved by the Animal Care
Advisory Committee of Sichuan Agricultural University. All
crossbred (Pig Improvement Company; PIC) male piglets
weaned at 21 (sem 1)d and housed individually in a stain-
less-steel cage (1'5m X 0-7m X 1-0m) in a temperature- and
humidity-controlled room, maintained at 24-26°C on a 12h
light—dark cycle starting at 08.00 hours. All piglets were
given free access to distilled water and feed. Before the
formal experiment, all piglets were fed with a basal diet for
the start of the experiment of 7d.

Experimental procedure

A total of thirty-six piglets (867 (sem 0-43) kg, 28 (sem 1D d)
were allocated to six groups with six replicates per group.
Piglets were subjected to three dietary treatments (namely
two groups per treatment) in week 1 and fed a basal diet sup-
plemented with varying concentrations of Arg. Diets were as
follows: Argl (basal diet), ArgM (basal diet and supplemen-
tation with 0-8% synthetic 1-Arg) and ArgH (basal diet and
supplementation with 1-6% synthetic 1-Arg). These diets
were formulated according to National Research Council
1998 requirements and PIC requirements of practical com-
mercial feed for all nutrients. Ingredients and nutrient compo-
sition of the experimental diets are shown in Table 1. All feed
was mash. Feed intake was recorded, and feed refusal was
collected and weighed daily. Piglets were weighed before
the morning meal on days 1, 8 and 12. Average daily feed
intake (ADFID), average daily gain (ADG) and the ratio of
feed intake:gain (F:G) were calculated. The whole trial
lasted for 11d.

At 08.00 hours on day 8, piglets in each dietary treatment
were intraperitoneally injected with diquat at 10 mg/kg body
weight or sterile 0-9% NaCl solution of the same amount,
respectively. Diquat (diquat dibromide monohydrate, PS365;
Sigma Co.) was dissolved in isotonic saline and filter-sterilised.
The concentration of diquat solution was 10 mg/ml.

Before injection (0h) and at 6, 24, 48 and 96h post-
injection, blood (10ml per pig) was collected from the
portal vein precava into heparinised polyethylene tubes
(Axygen Biotechnology Co. Ltd). Plasma was prepared by

Table 1. Dietary composition and nutrient levels

ArgL ArgM ArgH

Ingredients (%)

Maize 25.23 24.43 23.63
Extruded maize 25-00 25-00 25-00
Soyabean meal, dehulled (46 % CP) 5-60 5-60 5.60
Fish meal 5-00 5.00 5.00
Pig plasma protein powder 3.00 3-00 3-00
Whey powder (3% CP) 10-00 10-00 10-00
Puffed soyabean 11.00 11.00 11.00
Maize protein powder (55 % CP) 5.00 5.00 5.00
Wheat bran 2-00 2-00 2.00
Cane sugar 3-00 3-00 3-00
Fat powder* 1-00 1.00 1.00
L-Lysine HCI 0-60 0-60 0-60
DL-Methionine 0-18 0-18 0-18
L-Tryptophan 0-06 0-06 0-06
L-Threonine 0-20 0-20 0-20
Choline chloride 0-10 0-10 0-10
Calcium carbonate 0-90 0-90 0-90
Calcium phosphate 0-80 0-80 0-80
NaCl 0-13 0-13 013
Pig compound enzymet 0-10 0-10 0-10
Acidifying agentt 0-10 0-10 0-10
Vitamin and mineral premix§ 1.00 1.00 1.00
L-Arginine 0-00 0-80 1.60
Total 100-00  100-00  100-00
Nutrient composition
Digestible energy (calculated, MJ/kg) 14-35 14.35 14.35
CP (analysed) 19.50 19.55 19.70
Ca (calculated) 0-79 0-79 0-79
P, available (calculated) 0-43 0-43 0-43
L-Lysine (analysed) 1.45 1.37 1.49
Methionine + cysteine (analysed) 0-66 0-69 0-67
L-Tryptophan (calculated) 0-28 0-28 0-28
L-Threonine (analysed) 0.92 0-90 0-89
L-Arginine (analysed) 0-95 1.62 2.48

ArgL, basal diet; ArgM, basal diet and supplementation with 0-8% synthetic
L-arginine; ArgH, basal diet and supplementation with 1-6 % synthetic L-arginine;
CP, crude protein.

* A pig fat powder (Beijing AnHaiWei Farm Co. Ltd).

1 A pig compound enzyme (Wuhan Sunhy Animal Pharmacy Co. Ltd).

1+ An organic compound acidifier ACID LAC™ Dry (Kemin Industries, Inc.).

§ The vitamin and mineral premix (maize powder as diluent) provided the following
amounts per kg complete diet: retinol, 8-4 mg; cholecalciferol, 0.008 mg; vitamin E,
20 mg; menadione, 1mg; vitamin By,, 0-03mg; riboflavin, 5mg; niacin, 20mg;
pantothenic acid, 15mg; folic acid, 0-5mg; thiamin, 1-5mg; pyridoxine, 2mg;
biotin, 0-1mg; Fe, 100mg (FeSO,4-7H,0); Cu, 6 mg (CuSO,4-5H,0); Zn, 100 mg
(ZnS047H,0); Mn, 4 mg (MnSO,4.H.0); Se, 0-3mg (Na,SeO3-5H,0); I, 0-14 mg (KI).

centrifuging the blood (3000g, 4°C, 5min) and immediately
stored at —20°C.

After the blood was collected at 96 h post-injection, piglets
were slaughtered by exsanguination according to protocols
approved by the Sichuan Agricultural University Animal Care
Advisory Committee. Liver samples were removed and snap-
frozen in liquid N, and then stored at —80°C for assay.

Analytical methods

Measurement of cortisol in plasma. Plasma cortisol concen-
tration was analysed by a commercially available ELISA kit
(R&D System). The methods were according to the manufac-
turer’s instructions.

Measurement of enzyme activity. GPx, SOD, total anti-
oxidant capacity (TAC) and concentration of malondialdehyde
(MDA) in plasma and liver were measured by assay Kkits
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from Nanjing Jiancheng Bioengineering Institute. The methods
were according to the manufacturer’s instructions.

RNA isolation and reverse transcription. Total RNA was
extracted from samples of liver using TRIzol reagent
(TaKaRa) according to the manufacturer’s instructions. The
concentration of RNA in the final preparations was calculated
from the optical density at 260 nm. The integrity of RNA was
verified by denaturing agarose gel electrophoresis. Reverse
transcription was performed using the Prime Script™ RT
reagent kit (TaKaRa) with a 2 g RNA sample according to
the manufacturer’s instructions. The ¢cDNA was used as the
template for PCR.

Real-time quantitative PCR. Real-time quantitative PCR
was performed in an Option Monitor 3 Real-Time PCR Detec-
tion System (Bio-Rad) using the SYBR Green Supermix
(TaKaRa). Expression levels of TNF-a and IL-6 in liver were
analysed by real-time quantitative PCR with SYBR Green
PCR reagents (TaKaRa) and performed by means of the
Option DNA Engine (Bio-Rad) using the following cycle par-
ameters: 95°C for 10s, and forty cycles at 95°C for 5s and
61°C for 20s with a final extension at 72°C for Smin. The
gene-specific primers used are listed in Table 2. All primers
were purchased from TaKaRa. Fluorescence detection was
carried out immediately at the end of each annealing step,
and the purity of the amplification was confirmed by analysing
the melting curves. Relative gene expression to the house-
keeping gene B-actin was performed in order to correct for
the variance in amounts of RNA input in the reactions.

Each primer pair used yielded a single peak in the melting
curve and a single band with the expected size in agarose
gel. The relative gene expressions compared with the house-
keeping gene B-actin were calculated using the Pfaffl’>
method.

Statistical analysis

Data before the injection were analysed by one-way ANOVA.
Data after the injection were analysed by two-way ANOVA
using the general linear model procedure. Model main effects
included Arg levels (ArgL, ArgM and ArgH) and oxidative
stress (injection of diquat or saline). Probability values of
<0-05 were considered to indicate a significant difference
and values between 0-05 and 0-10 to indicate a trend. Variable
means for treatments showing significant differences in the
ANOVA were separated by Duncan’s multiple-range test
(P<0:05). Values were expressed as means with their standard
errors. All statistical analysis was performed using SPSS 17.0
(SPSS, Inc.).

Results
Growth performance

The effects of dietary Arg levels and oxidative stress on growth
performance of piglets are summarised in Table 3. From day 1
to day 7 (pre-injection), supplementation with Arg did not
affect (P>0-10) ADG, ADFI and F:G. From day 8 to day 11
(post-injection), oxidative stress induced by diquat signifi-
cantly decreased ADG and ADFI (P<0-05). Supplementation
of Arg tended to increase the ADFI of piglets under oxidative
stress (P=0-053). Moreover, ArgH significantly increased ADFI
relative to ArgL under oxidative stress (P<<0:05). All piglets
subjected to oxidative stress induced by diquat lost weight,
so we did not calculate F:G for these groups. Arg X oxidative
stress interaction effects did not affect piglet ADG and ADFI.

Cortisol concentration

As shown in Table 4, supplementation with Arg did not affect
the concentration of cortisol before diquat injection. Oxidative
stress induced by diquat significantly increased the concen-
tration of cortisol at 48 and 96 h in the ArgL group after injec-
tion. ArgM and ArgH significantly decreased the concentration
of cortisol at 48 h compared with Argl under oxidative stress.
ArgM significantly decreased the concentration of cortisol at
96 h compared with ArgL under oxidative stress.

Malondialdehyde production and enzyme activities
in plasma

Table 5 shows the effect of Arg and diquat on the activity of
antioxidant enzymes and MDA in plasma. Supplementation
with Arg did not affect the activity of GPx before diquat injec-
tion. Oxidative stress induced by diquat significantly
decreased the activity of GPx at 6, 24 and 48 h after injection.
ArgM or/and ArgH significantly increased the activity of GPx at
6, 48 and 96 h compared with ArgL under oxidative stress. It
also can be seen from Table 5 that the activity of GPx in the
plasma of piglets had the trend of first decreasing then gradu-
ally rising and the activity of GPx was the lowest at 24 h under
oxidative stress. Arg X oxidative stress interaction effects had a
significant effect on GPx at 6 and 96 h after injection.

As shown in Table 5, supplementation of Arg significantly
decreased the SOD activity of piglets compared with ArgL
before injection. Oxidative stress induced by diquat signifi-
cantly decreased the activity of SOD at 24 and 48 h after injec-
tion. ArgH significantly decreased the activity of SOD at 24 and
96h after injection with sterile saline. ArgM or/and ArgH

Table 2. Primers used for the real-time analyses

Primer Sequence 5' to 3'

Product size (bp) Accession number

B-Actin forward
B-Actin reverse
TNF-a forward
TNF-« reverse
IL-6 forward
IL-6 reverse

gtgatctccttctgcatectgt
gctcttetgectactgeacttc
ggcttatctgaggtttgagacg

ccacgaaactaccttcaactcc

ggagacctgcttgatgagaatc
gtactaatctgcacagcctcgac

132 DQ845171
123 X57321
117 M80258
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Table 3. Effects of dietary arginine (Arg) supplementation and diquat injection on growth performance of weaned piglets

(Mean values with their standard errors)

SS oS P
Response ArgL ArgM ArgH ArgL ArgM ArgH SEM Arg (O] Argx OS*
1-7d (n12)
ADG (9) 285 280 263 - - - 5 - - -
ADFI (g) 331 322 313 - - - 6 - - -
F:G 117 115 119 - - - 0-01 - - -
8-11d (n6)
ADG (9) 354 340 348 54 68 60 26 1-000 0-000 0-865
ADFI (g) 436 403 443 148 158 242 24 0-053 0-000 0-260
F:G 1.23 119 1.31 n/at n/at n/at 0-04 - - -

SS, injection with sterile saline; OS, oxidative stress (injection with diquat); ArgL, 0-95% Arg; ArgM, 1.62% Arg; ArgH, 2-48% Arg;
ADG, average daily gain; ADFI, average daily feed intake; F:G, feed:gain ratio; n/a, not applicable.

* Arg x oxidative stress interaction effect.

1 Some pigs’ weight gain was negative after injection, so not calculated.

significantly increased the activity of SOD at 6, 48 and 96h
compared with ArgL under oxidative stress. It also can be
seen from Table 5 that the activity of SOD in plasma of piglets
had the trend of first decreasing then gradually rising and the
activity of SOD was the lowest at 24 h under oxidative stress.
Arg X oxidative stress interaction effects had a significant
effect on SOD at 48 and 96 h after injection.

Activity of TAC in plasma was detected (Table 5). Sup-
plementation with Arg did not affect the activity of TAC
before diquat injection. Oxidative stress induced by diquat
significantly decreased the activity of TAC at 6 h after injection.
ArgM or/and ArgH significantly increased the activity of TAC at
6, 24 and 48h compared with ArgL under oxidative stress.
Arg X oxidative stress interaction effects had a significant
effect on TAC at 6, 24 and 48 h after injection.

Supplementation with Arg did not affect MDA before diquat
injection (Table 5). Oxidative stress induced by diquat signifi-
cantly increased MDA at 6, 24, 48 and 96h after injection.
ArgM or/and ArgH significantly decreased MDA at 6, 48 and
96 h compared with ArgL under oxidative stress. It also can be
seen from Table 5 that the concentration of MDA in the plasma
of piglets had the trend of first increasing then gradually
decreasing and the concentration of MDA was the highest at
24h under oxidative stress. Arg X oxidative stress interaction
effects had a significant effect on MDA at 6 h after injection.

Malondialdehyde production and enzyme activities
in liver

The data for MDA production and enzyme activities in liver
are presented in Table 6. Oxidative stress induced by diquat
did not affect the activity of GPx in liver (P>0:05). Dietary
Arg supplementation significantly increased the activities of
GPx in liver under non-oxidative stress and oxidative stress
(P<0:05). Oxidative stress induced by diquat significantly
decreased the activity of SOD and TAC in the ArgL group
in liver (P<0:05). ArgM or/and ArgH significantly increased
the activities of SOD and TAC in liver under oxidative
stress compared with Argl (P<0-05). Supplementation of
Arg could decrease the concentration of MDA under non-
oxidative stress.

Gene expression

As shown in Fig. 1, ArgM and ArgH significantly decreased
IL-6 mRNA level in liver compared with Argl under non-
oxidative stress and oxidative stress. Oxidative stress induced
by diquat had no effect on TNF-a mRNA level in liver of the
ArgL group (P>0-05). Supplementation with Arg significantly
decreased the TNF-a mRNA level in liver under oxidative
stress (P<0-05).

Table 4. Effects of dietary arginine supplementation and diquat injection on cortisol concentration in plasma of weaned piglets (ng/ml)

(Mean values with their standard errors)

SS (o] P
Response ArgL ArgM ArgH ArgL ArgM ArgH SEM Arg (O] Argx OS*
0h (n12) 88-11 83.06 85.07 - - - 4.04 - - -
24h (n6) 66-99° 62-98° 94.042 65-52° 91.172 79.95%P 3.97 0-061 0-542 0-048
48h (n 6) 90.052 77532 63-542 199.21° 57.592 58.04% 12.86 0-004 0-192 0-034
96h (n6) 93-.64 141.74 63-35 21288 128.97 158-16 1317 0-317 0-006 0-054

S8, injection with sterile saline; OS, oxidative stress (injection with diquat); ArgL, 0-95 % Arg; ArgM, 1-62 % Arg; ArgH, 2-48 % Arg.
abC\ean values within a row with unlike superscript letters were significantly different (P< 0-05).

* Arg x oxidative stress interaction effect.
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Table 5. Effects of dietary arginine supplementation and diquat injection on the activities of antioxidant enzymes and malondialdehyde (MDA) in

plasma of weaned piglets
(Mean values with their standard errors)

SS 0s P
Response ArgL ArgM ArgH ArgL ArgM ArgH SEM Arg oS Argx OS*
GPx (U/ml)
0h(n12) 662-4 653-3 658-8 - - - 5.82 - - -
6h (n6) 643.5° 647-6° 635.2° 546.6% 593-8° 618-6"° 7-85 0-005 0-000 0-001
24h (n6) 606-7 631-1 6295 504-0 515.6 523.3 11-11 0-013 0-000 0-655
48h (n6) 6166 614-8 616-6 523.9 546-9 567-7 7-98 0-057 0-000 0-057
96h (n6) 624.6P° 602.02° 593.42 637.4°¢ 661.5%4 686-6% 7-96 0-631 0-000 0-002
SOD (U/ml)
0h(n12) 65-75° 61.132 63-18° - - - 0-49 - - -
6h (n6) 59.08 60-34 62.30 59-15 61.78 62-30 0-51 0-009 0-532 0-709
24h (n6) 64-28 63-70 62-44 58.38 57-75 58.24 0-55 0-161 0-000 0-163
48h (n6) 67-90° 66-50°° 67-73° 63.18% 64-05*P 65-98° 0-40 0-000 0-000 0-001
96h (n6) 70-56° 69-30°° 68-322P 66-85% 69-30°° 70-53° 0-32 0219 0-163 0-000
TAC (U/ml)
0h(n12) 1.38 1.34 1.40 - - - 0-04 - - -
6h (n6) 1.38° 1.39° 1.39° 1.052 1.022 1.32° 0-05 0-022 0-000 0-025
24h (n6) 1.42 1.27 1.33 1.23 1.36 1.56 0-05 0-162 0-458 0-023
48h (n6) 1.062 1.032 1.23%P 1.112 1.39° 1.23%P 0-04 0-016 0-003 0-003
96h (n6) 076 0-99 091 1.36 1.30 1.40 0-07 0-661 0-000 0-446
MDA (nmol/ml)
0h(n12) 1.67 1.63 1.66 - - - 0-02 - - -
6h (n6) 1.352 1.41%P 1.37%P 1.85° 1.61°° 1.67° 0-05 0-135 0-000 0-017
24h (n6) 2.03 2.03 2.00 3-10 3.55 3.23 0-15 0-296 0-000 0-325
48h (n6) 1.68 1.65 1.61 2.06 1.85 2.02 0-05 0-210 0-000 0-237
96h (n6) 1.69 1.67 1.37 1.84 1.81 1.45 0-05 0-000 0-031 0-853

S8, injection with sterile saline; OS, oxidative stress (injection with diquat); ArgL, 0-95% Arg; ArgM, 1.62 % Arg; ArgH, 2-48 % Arg; GPx, glutathione peroxidase; SOD, super-

oxide dismutase; TAC, total antioxidant capacity.

ab.c Mean values within a row with unlike superscript letters were significantly different (P<0-05).

* Arg x oxidative stress interaction effect.

Discussion

In livestock production, numerous factors can induce oxi-
dative stress to damage cellular antioxidant defence. Oxidative
stress can result in suboptimal health conditions of livestock
and a reduction in production efficiency. 1-Arg is the key
physiological substrate of NO, polyamines, creatine, agmatine,
glutamate and proline with enormous biological import-
ance"®'” Kim & Wu"'® showed that supplementation of
0-2 and 0-4% Arg to suckling pigs enhanced ADG by 28 and
66% between ages 7 and 21d, respectively. In the present
study, dietary Arg supplementation did not affect (P>0-10)
ADG, ADFI and F:G before diquat injection. In fact, the

effect of Arg supplementation on the performance of piglets
is related to the age of piglets, the dose of Arg and the
period of supplementation. For example, Hernandez et al.*”’
reported that supplementing 0-6% Arg to a diet containing
1:1% Arg had no influence on the performance of piglets in
the first week after weaning, but significantly increased feed
intake and ADG in the third week after weaning.

Oxidative stress significantly decreased ADG and ADFI
(P<0:05), and increased F:G (P<0-05). This is consistent
with previous results that oxidative stress significantly reduced
@9 Arg deficiency may
occur under various nutritional and clinical conditions.
Accumulating evidence has indicated that Arg levels in

the growth performance of piglets

Table 6. Effects of dietary arginine supplementation and diquat injection on the activities of antioxidant enzymes and malondialdehyde (MDA) in liver

of weaned piglets
(Mean values with their standard errors)

SS 0s P
Response ArgL ArgM ArgH ArgL ArgM ArgH SEM Arg (OF] Argx OS*
GPx (U/mg protein) (n 6) 75-0° 94.9° 92.9°¢ 79.32 86-0° 90-0°°¢  2.30  0-000  0-191 0-026
SOD (U/mg protein) (n 6) 361-8°° 379.7° 345.4%P 330-4% 344.5%  377.8° 6-94 0045  0-053 0-000
TAC (U/mg protein) (n 6) 1.110¢ 1.130¢ 1.17°4 0-912 1.05° 1204 003 0000  0-001 0-001
MDA (nmol/mg protein) (n 6) 6-7° 5.6%P 4.9 5.42P 4.9 56°° 043 0133 0223 0-068

SS, injection with sterile saline; OS, oxidative stress (injection with diquat); ArgL, 0-95% Arg; ArgM, 1-62 % Arg; ArgH, 2-48 % Arg; GPx, glutathione peroxidase; SOD, super-

oxide dismutase; TAC, total antioxidant capacity.

abC\ean values within a row with unlike superscript letters were significantly different (P< 0-05).

* Arg x oxidative stress interaction effect.
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Fig. 1. Effects of dietary arginine (Arg) supplementation and diquat injection on (A) IL-6 and (B) TNF-a mRNA relative expression in liver of weaned piglets.
Values are means (n 6), with their standard errors represented by vertical bars. > Mean values with unlike letters were significantly different (P<0-05). ArgL,
0-95% Arg; ArgM, 1-62 % Arg; ArgH, 2-48 % Arg; OS, oxidative stress (injection with diquat).

plasma are markedly reduced in the sepsis pig model®?. In
the present study, supplementation of Arg tended to increase
the ADFI of piglets under oxidative stress (P=0-053), and this
is more profound at the high inclusion level of Arg (ArgH).
Feed intake of pigs often decreases under stress or injury
conditions, and increasing feed intake of pigs under stress
conditions helps relieve stress and repair. Our experiment
showed that high-Arg supplementation (ArgH) was helpful
to piglets under oxidative stress through increasing feed
intake. Again, the beneficial effects of dietary Arg supplemen-
tation under stress conditions could be widely variable
depending on many factors, such as the age of piglets
and the level of Arg in the diet. Liu et al.*® reported that
dietary supplementation of 0-5 or 1:0% Arg significantly
alleviated weight loss compared with lipopolysaccharide-
challenged pigs.

Cortisol, a corticosteroid hormone, is an important physio-
logical effector of homeostasis and commonly used as a
biomarker of stress®®. In the present study, oxidative stress
significantly increased the concentration of cortisol, and the
concentration of MDA in plasma was also increased after
diquat injection. MDA which remains after termination of
lipid peroxidation provides the basis for the thiobarbituric
acid test for measuring lipid peroxidation and products in
body fluid®®. Lipid peroxidation is a biochemical oxidative
degradation of unsaturated fatty acids that causes irreversible
denaturation of essential proteins. GPx and SOD are two
major antioxidant enzymes in mammals, which reduce the
accumulation of H,O, and organic hydroperoxides in the
body. The activity of the two enzymes is commonly used to
monitor the body’s antioxidative capability’®~%”. In the pre-
sent study, the activities of the two enzymes in plasma were
significantly decreased after diquat injection, suggesting that
the antioxidative capabilities of piglets were damaged under
oxidative stress. These results are consistent with the findings
of Yuan et al®® and Zheng et al.®. Moreover, we found that
dietary supplementation of Arg significantly decreased the
concentration of cortisol and MDA, increased the activities of
GPx and SOD, and increased the contents of TAC in plasma
under oxidative stress. These results indicate that supplemen-
tation of Arg can effectively relieve the oxidative stress of

piglets. These results are consistent with the findings in the
sickle-shaped erythrocyte anaemia model of mice in which
supplementation of Arg increased the content of antioxidants
in plasma®. Furthermore, we also studied the antioxidant
capability of the liver. The results in liver were same as
plasma, that supplementation of Arg could significantly
increase the activities of GPx, SOD and TAC.

Inflammation is the consequence of oxidative stress, and the
pathways that generate the mediators of inflammation, such as
adhesion molecules and interleukins, are all induced by oxi-
dative stress. IL-6, a central regulator of inflammatory diseases,
is produced at the site of inflammation and plays a key role in
the acute-phase response™. In the present study, IL-6 mRNA
expression in the liver significantly decreased in the ArgL
group at 96 h after diquat injection compared with the isotonic
saline-injected group. The results from the present study are,
however, not consistent with previous findings that oxidative
stress increased the concentration of IL-6 in plasma®.
This is probably due to the fact that diquat is removed
quickly 3030,

rats were administered 45 mg/kg diquat dibromide, 95% of
hG2.

Previous research indicated that when male

the compound was recovered in urine and faeces in 96
In the present study, the time we detected the IL-6 mRNA
expression change was after 96h of diquat injection. IL-6 is
induced often together with the pro-inflammatory cytokines
TNF-a in many alarm conditions®***. Overproduction of
pro-inflammatory cytokines has a negative influence on
animal health®. In the present study, diquat-induced oxi-
dative stress did not influence TNF-a mRNA expression in
liver, and supplementation of Arg could significantly suppress
TNF-a mRNA in liver. TNF-a is a cytokine involved in systemic
inflammation and can induce inflammation. It is possible that
supplementing Arg to pigs attenuates oxidative injury through
suppressing the expression of TNF-a. Moreover, IL-6 also
plays a crucial role in the regulation of local and systemic
inflammatory responses by down-regulating the
expression of pro-inflammatory cytokines(%’jg). For instance,
IL-6 was shown to inhibit the production of TNF-a, and
stimulated the release of soluble TNF-a receptors®. There-
fore, the protective effects of Arg on oxidative injury may be
attributed in part to the elevated expression of hepatic IL-6,

acute
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which subsequently decreases the production of the pro-
inflammatory cytokine TNF-a.

In conclusion, dietary Arg supplementation significantly
alleviates a reduction in feed intake and other negative
stress responses in weaned piglets under oxidative stress.
The beneficial effects of dietary Arg supplementation are
due in part to the enhancement of the total antioxidative
capacity, and inhibition of the expression of inflammatory
cytokines. Moreover, the present results also suggest that
alleviation of the oxidative stress responses using dietary
nutrient components, such as Arg, deserves further attention
in the future.
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