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Dietary L-arginine supplementa-
tion enhances intestinal antioxi-
dative capacity in yellow-

feathered chickens

Deng Yuan Fan
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This study investigated the effects of dietary Arginine (Arg) on intestinal antioxidative capacity in Chinese yellow-feath-
ered chickens. One thousand and two hundred 1-day-old female Qingyuan partridge chickens were randomly assigned
to 5 groups with 6 replicates of 40 birds each. Chickens were fed diets with 5 levels of total Arg (8.5, 9.7, 10.9, 12.1, and
13.3 g/kg) without antibiotics for 30 days. Dietary Arg level had a linear (P < 0.05) or quadratic (P < 0.05) effect on the
gene expression of glutathione peroxidase 1, heme oxygenase 1, nuclear factor erythroid 2-related factor 2, and the
activities of glutathione peroxidase and total antioxidative capacity in the jejunum and ileum. A diet containing 12.1 g
Arg/kg promoted intestinal antioxidation in yellow-feathered chickens.
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Introduction

In poultry, arginine (Arg) is an essential amino acid and is also a functional amino acid due to the lack of carbamoyl-phos-
phate synthetase and ornithine carbamoyl transferase in the urea cycle (Wu et al., 2009). Arginine and/or its derivatives
enhance growth performance, reproduction, digestive enzymes secretion, nutrient transporters expression, antioxida-
tive status, intestinal barrier function, and immunity (Duan et al., 2015; Hu et al., 2016; Gao et al., 2017; Xu et al., 2018;

Castro et al., 2019; Zhang et al., 2020).

Intestinal antioxidation, immunity, and structure of the enteric microbial community in young broiler chickens are all
associated with health of the birds (Tang et al., 2019; Diaz et al., 2019). Previous studies have shown that Arg supplemen-
tation alleviated oxidative stress and improved the antioxidative capacity (Cao et al., 2016; Liang et al., 2018). Chickens
fed diets deficient in Arg have decreased protein accretion resulting in problems in growth, antioxidation, and immunity
(Kwak et al., 1999; Jahanian, 2009; Xu et al., 2018).
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The Qingyuan partridge chicken is an important indigenous slow-growing breed in China that is very popular for its
superior meat quality. To the authors’ knowledge, nothing is known about the impact of Arg on intestinal antioxidation
in Qingyuan partridge chickens. Therefore, the current study aimed to determine the effect of dietary Arg levels on
antioxidative capacity in Qingyuan partridge chickens reared without in-feed antibiotics and the optimal dietary Arg
requirements in a dose-dependent manner.

Materials and methods

Experimental design, diets, and bird husbandry

All experimental procedures were approved by the Animal Care and Use Committee of the Institute of Animal Science,
Guangdong Academy of Agriculture Sciences and performed in accordance with animal welfare and ethics (GAASI-
SA-2019-019). The trial used a completely randomized block design with 5 dietary levels of total Arg. The control diet
used corn gluten meal to achieve a low level of Arg (calculated 8.5 g/kg) but otherwise satisfied the nutritional require-
ments for Qingyuan partridge chickens (Table 1). The 4 additional treatments were the basal diet supplemented with
1.2,2.4,3.6, and 4.8 g/kg L-Arg (98.5% purity, CJ CheilJedang Co., Ltd, Shanghai, China) to make the dietary Arg level of
9.7,10.9, 12.1, and 13.3 g/kg of diet.

Table 1. Composition and nutrient content of the basal diet for yellow-feathered

chickens (as-fed basis)

Content, g/kg Nutrient composition? Level, g/kg

Corn 606.0 Metabolizable energy, M)/kg 11.9
Wheat bran 135.0 CpP 192.6
Soybean meal 90.0 Ca 9.5
Corn gluten meal 120.0 Total P 6.7
L-Lysine-HCI (98.5%) 4.7 Available P 44
DL-Methionine (99%) 0.9 Total Lys 9.9
L-Threonine hydrochloride (98.5%) 1.3 Total Met 4.1
L-Tryptophan (98%) 0.2 Total Met+Cys 8.0
Limestone 13.2 Total Thr 7.2
Dicalcium phosphate 16.8 Total Trp 1.6
Sodium chloride 3.0 Total Ile 7.0
Premix’ 10.0 Total Arg 8.7
Total 1000.0

The premix provided per kilogram of diet: vitamin A, 3,000 IU; vitamin D3, 600 IU; vitamin E, 20 mg; vitamin K3, 0.5 mg; vitamin B1, 3.8 mg; vitamin B2, 4.0 mg; vitamin B6,
3.5 mg; vitamin B12, 0.01 mg; choline, 1,300 mg; nicotinic acid, 25 mg; pantothenic acid, 10 mg; folic acid, 0.55 mg; biotin, 0.15 mg; Fe, 80 mg; Cu, 7.0 mg; Mn, 60 mg; Zn,
70 mg; 1, 0.35 mg; Se, 0.23 mg

2Total Arg, Lys, Met, Met+Cys, Thr, Ile, and CP were measured values in the mixed feed. Each value is based on triplicate determinations. Other nutrient compositions are
calculated values.

Atotal of 1,200 one-day-old female Qingyuan partridge chicks were randomly assigned to the 5 dietary treatments, each
with 6 replicates of 40 birds. Each replicate was housed in 1 of 30 identical galvanized steel floor pens with 8 water
nipples and 2 feeders. All chicks were handled in accordance with the Qingyuan partridge chicken management guide-
lines for lighting, ad libitum feeding and allowed access to non-antibiotic tap water from 1 to 30 d. The temperature of
the room was maintained at 32 to 35 °C for the first week and then reduced by 2 to 3 °C per week to a final temperature
of 26 °C.
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Sample collection and preparation

At the end of the 30-d experiment, 2 chickens per replicate were sampled at random. The birds were stunned and exsan-
guinated. Samples of the mid-portions of jejunum and ileum were collected, rinsed rapidly with ice-cold PBS (pH 7.4),
snap-frozen in liquid Nz and stored at -80 °C. for further analysis. Ileal digesta samples were collected, and snap-frozen
as well.

Antioxidative indices in jejunum and ileum

The jejunal and ileal tissues were homogenized in ice-cold PBS and then centrifuged at 10,000 x g for 10 min at 4 °C, and
the supernatants were stored at -80 °C. The activities of total superoxide dismutase (T-SOD), glutathione peroxidase
(GSH-Px), total antioxidative capacity (T-AOC), and the content of malondialdehyde (MDA) were measured using
commercial kits purchased from Nanjing Jiancheng Bioengineering Institute (Nanjing, China) according to the manufac-
turers' instructions.

RNA Isolation, Reverse Transcription, and Real-Time Quantitative PCR

Total RNA was isolated from the frozen jejunum and ileum samples by TRIzol reagent (Invitrogen, Carlsbad, CA) followed
by quality measurement on 1.0% denaturing agarose gel and yield determination on a Nano-Drop ND-1000 spectropho-
tometer (Thermo Fisher Scientific, Waltham, MA). The cDNA was synthesized by reverse transcription using a PrimeScript
RT Regent Kit with gDNA Eraser (TaKaRa, Dalian, China). The primers (Table 2) were based on chicken sequences and
were purchased from Sangong Biological Engineering Co., Ltd. (Shanghai, China).

Real-time quantitative PCR were performed on a CFX 96 real-time PCR Detection System (Bio-Rad,Hercules, CA). The
gPCR procedure was as follows: denaturation at 95°C for 30 s, followed by 40 cycles of 95°C for 15 s, and annealing and
amplification for 30 s. Amplification was performed in a total volume of 20 pL containing 10 pL of SYBER Green PCR
Master Mix (TakaRa), 2 pL of 10 x cDNA mix, 1 pL of each primer, and 7 pL nuclease-free water. All measurements were
carried out in triplicate, and the average values were obtained. The 2-*““ method was used to analyze the relative mRNA
expression of each target gene (Livak and Schmittgen, 2001). B-actin was used as an endogenous control to normalize
the expression of the targeted genes. Data are shown with further normalization to values obtained from the basal diet.

Results

Antioxidative indices and related gene expression in the jejunum and lleum of yellow-feath-
ered chickens

Jejunal and ileal activities of GSH-Px and T-AOC increased linearly and quadratically (P < 0.05) as dietary Arg concentra-
tion increased (Table 3). However, the jejunal content of MDA decreased linearly with Arg supplementation (P < 0.001).
Dietary Arg levels increased the jejunal and ileal abundance of glutathione peroxidasel (GPX1), heme oxygenase 1
(HMOX1), and nuclear factor erythroid 2-related factor 2 (NRF2) transcripts in a linear (P < 0.05) and quadratic (P < 0.05)
manner. There were no significant effects (P > 0.05) on the jejunal and ileal expression of superoxide dismutase 1
(SOD1).
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Table 2.

Transcript’

Accession number

Primer sequence (5"-3")

Primers of target genes used for quantitative real-time PCR.
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Annealing temperature (°C)

F: AAGTGCCAGGTGAACGGGAAGG

GPX1 NM_001277853.2 60
R: AGGGCTGTAGCGGCGGAAAG
F: GGTGCTCACTTTAATCCTG
SOD1 NM_205064.1 60
R: CTACTTCTGCCACTCCTCC
F: CTCAAGGGCATTCATTCG
HMOX1 NM_205344.1 56
R: ACCCTGTCTATGCTCCTGTT
F: ATCACCTCTTCTGCACCGAA
NRF2 NM_205117.1 60
R: GCTTTCTCCCGCTCTTTCTG
F: GAAGTGCTTCGTGCTGGAGT
IL1B NM_204524.1 60
R: ACTGGCATCTGCCCAGTTC
F: AATTTGCAGGCTGTTTCTGC
TNF-a NM_204267.1 60
R: TATGAAGGTGGTGCAGATGG
F: TGCAACGATATGGCTGAGAG
COX-2 NC_001323.1 57
R: CTGCGATTCGGTTCTGGTAT
F: AGCATTACCAGGGCTGAGTT
MYD88 NM_001030962.4 59
R: TGGTACCATGCCAGCAGTTA
F: AGTCTGAAATTGCTGAGCTCAAAT
TLR4 NM_001030693.1 60
R: GCGACGTTAAGCCATGGAAG
F: CAACTGGCCCTCCTCCTTTA
TICAM1 NM_001081506.1 56
R: CAAGTCAGCTGGTTGTGTCC
) F: GAGAAATTGTGCGTGACATCA
B-actin NM_205518 55~60

R: CCTGAACCTCTCATTGCCA

1GPX1 = glutathione peroxidase 1; SOD1 = superoxide dismutase 1; HMOX1 = heme oxygenase 1; NRF2 = nuclear factor erythroid 2-related factor 2; IL1B = interleukin 1, beta;
TNF-a = tumor necrosis factor-alpha; COX2 = cyclo-oxygenase 2; MYD88 = myeloid differentiation primary response 88; TLR4 = toll like receptor 4; TICAM1 = toll like receptor

adaptor molecule 1.

Table 3.

Indices?

Dietary Arg level, g/kg

s s na

Effects of dietary L-arginine levels on the antioxidant indices in jejunum and ileum
of yellow-feathered chickens at 30 days of age’

g | e ]

Jejunum

GSH-PX (U/mg prot) 4810 6.32° 11.36° 11.88° 7.55%0 1.33 <0.001 0.02 0.00
T-SOD (U/mg prot) 743.2 764.9 735.1 749.9 765.9 715 NS NS NS
T-AOC (U/mg prot) 1.73° 1.87° 1.9520 2.11° 2.08° 0.10 0.07 0.01 0.06
MDA (nmol/mg prot) 0.595 0.353**  0.349%° 0.297° 0.281° 0.07 0.03 0.07 NS
Ileum

GSH-Px (U/mg prot) 7.8 13.85b¢  22.322b 26.85° 16.76° 2.48 <0.001 <0.001 0.00
T-SOD (U/mg prot) 754.50 684.60 793.10 705.00 731.30 79.08 NS NS NS
T-AOC (U/mg prot) 1.99 2.20% 2,190 2.66° 2.24%b 0.14 0.02 0.02 0.04
MDA (nmol/mg prot) 0.223 0.197 0.181 0.172 0.225 0.035 NS NS NS

"Means are based on 2 birds per pen and 6 replicate pens per diet.

2GSH-PX = glutathione peroxidase; T-SOD = total superoxide dismutase; T-AOC = total antioxidative capacity; MDA = malondialdehyde.

NS = not significant.

*Means with different superscripts within a main effect differ significantly (P < 0.05).

Dietary Arg requirements of Qingyuan partridge chickens estimated by quadratic regression analysis are shown in Table
4. The dietary Arg requirements for chickens aged 1 to 30 d for optimizing ileal activity of GSH-Px was 11.0 g/kg.
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Table 4. Effects of dietary L-arginine level on the relative jejunal and ileal expression of

genes related to antioxidation in yellow-feathered chickens at 30 days of age’

P-valuet

o | e [ouatiate

Dietary Arg level, g/kg

_ss o7 ds 2113

Indices?

Jejunum

GPX1 1.02° 1.12° 1.20° 1.60° 1.422° 0.110 0.021 0.083 0.005
SOD1 1.02 1.08 1.20 1.39 1.14 0.212 NS NS NS
HMOX1 1.04° 1.3° 2.04° 2.15° 1.802° 0.227 0.013 0.005 0.031
NRF2 1.02° 1.35° 1.972° 2.39° 1.8220 0.266 0.035 0.004 0.022
Ileum

GPX1 1.01° 1.6230 2172 243 224 0.247 0.02 <0.001 0.015
SOD1 1.04 1.08 1.14 13 1.31 0.182 NS NS NS
HMOX1 1.03° 0.97° 1.08° 2.57° 2172 0.185 0.008 <0.001 0.022
NRF2 1.05° 1.38° 1.66%° 2.75° 1.86%° 0.320 0.003 0.004 0.017

Means are based on 2 birds per pen and 6 replicate pens per diet.

2GPX1 = glutathione peroxidase 1; SOD1 = superoxide dismutase 1; HMOX1 = heme oxygenase 1; NRF2 = nuclear factor erythroid 2-related factor 2.
NS = not significant.

*®Means with different superscripts within a main effect differ significantly (P < 0.05)

Discussion

Arg is considered to contribute significantly to antioxidative potential. It increases antioxidative ability, reduces superox-
ide release, and ameliorates lipid peroxidation (Liang et al., 2018). Atakisi et al. (2009) revealed that diet supplemented
with 5 mg Arg/kg for a month improved antioxidative capacity and decreased plasma MDA in quail, which was consistent
with the present findings in Chinese yellow-feathered chickens. Also, in aged broiler breeder hens, adding 4.0 g Arg/kg
diet increased activity of GSH-Px and T-AOC in egg yolk of breeders and in the serum, liver, and breast muscles of their
hatchling offspring, while concentrations of MDA decreased in all of these tissues (Duan et al., 2015). In the current
study, dietary Arg increased expression in jejunum and ileum of GPX1, HMOX1, and NRF2 genes. Heme oxidase-1
(HMOX-1) participates in the antioxidative defense system by its a pivotal role in generating biliverdin and bilirubin,
whereas the transcription factor, NRF2, is a key transcription factor for antioxidative mechanisms against oxidative
stress. It can upregulate antioxidative responsive element depezndent gene expressions, such as SOD, GPX, catalase,
glutathione S-transferase, NAD(P)H: quinone oxidoreductase 1 (Loboda et al., 2016). The present findings indicate that
Arg enhanced the intestinal antioxidative defense system and reduced lipid peroxidation via regulating the NRF2 signal-
ing pathway. In Carp fish, dietary Arg supplementation enhanced GPX mRNA expression by activating NRF2 signaling
pathway (Wang et al., 2015).

Conclusions

Optimal Arg levels for maximizing ileal activity of GSH-Px were 11.0 g/kg in Qingyuan partridge chickens. Dietary Arg
enhanced intestinal antioxidative capacity.



AMINO ACIDS

REFERENCES

10.

11.

12.
13.

14.

15.

16.

17.

Atakisi, O., E. Atakisi, and A. Kart. 2009. Effects of dietary zinc and L-arginine supplementation on total antioxidants
capacity, lipid peroxidation, nitric oxide, egg weight, and blood biochemical values in Japanses quails. Biol. Trace. Elem.
Res. 132:136-143.

Cao, W., L. Xiao, G. Liu, T. Fang, X. Wu, G. Jia, H. Zhao, X. Chen, C. Wu, J. Cai, and J. Wang. 2016. Dietary arginine and
N-carbamyl glutamate supplementation enhances the antioxidant statuses of the liver and plasma against oxidative stress
in rats. Food. Funct. 7:2303-2311.

Castro, F. L. S., S. Su, H. Chio, E. Koo, and W. K. Kim. 2019. L-Arginine supplementation enhances growth performance, lean
muscle, and bone density but not fat in broiler chickens. Poult. Sci. 98:1716-1722.

Diaz Carrasco, J. M., N. A. Casanova, and M. E. Fernandez Miyakawa. 2019. Microbiota, gut health and chicken productivity:
what is the connection? Microorganisms. 7:374.

Duan, X., F. Li, S. Mou, J. Feng, P. Liu, and L. Xu. 2015. Effects of dietary L-arginine on laying performance and antioxidant
capacity of broiler breeder hens, eggs, and offspring during the late laying period. Poult. Sci. 94:2938-2943.

Gao, T., M. M. Zhao, L. Zhang, J. L. Li, L. L. Yu, P. A. Lv, F. Gao, and G. H. Zhou, 2017. Effects of in ovo feeding of |-arginine on
the development of lymphoid organs and small intestinal immune barrier function in posthatch broilers. Anim. Feed. Sci.
Tech. 225:8-19.

Hu, Y., J. Tan, J. Qi, and H. Zhang. 2016. Regulatory effects of dietary L-Arg supplementation on the innate immunity and
antioxidant ability in broiler chickens. J. Inter. Agr. 15:2578-2587.

Jahanian, R. 2009. Immunological responses as affected by dietary protein and arginine concentrations in starting broiler
chicks. Poult. Sci. 88:1818-1824.

Kwak, H., R. E. Austic, and R. R. Dietert. 1999. Influence of dietary arginine concentration on lymphoid organ growth in
chickens. Poult. Sci. 78:1536-1541.

Liang, M., Z. Wang, H. Li, L. Cai, J. Pan, H. He, Q. Wu, Y. Tang, J. Ma, and L. Yang. 2018. L-arginine induces antioxidant
response to prevent oxidative stress via stimulation of glutathione synthesis and activation of Nrf2 pathway. Food. Chem.
Toxicol. 115:315-328.

Loboda, A., M. Damulewicz, E. Pyza, A. Jozkowicz, and J. Dulak. 2016. Role of Nrf2/HO-1 system in development, oxidative
stress response and diseases: an evolutionarily conserved mechanism. Cell. Mol. Life. Sci. 73:3221-3247.

National Research Council. 1994. Nutrient Requirements of Poultry. 9th rev. ed. Natl. Acad. Press, Washington, DC.

Tang, D., ). Wu, H. Jiao, X. Wang, J. Zhao, and H. Lin. 2019. The development of antioxidant system in the intestinal tract of
broiler chickens. Poult. Sci. 98:664-678.

Wang, B., Y. Liu, L. Feng, W. D. Jiang, S. Y. Kuang, J. Jiang, S. H. Li, L. Tang, and X. Q. Zhou. 2015. Effects of dietary arginine
supplementation on growth performance, flesh quality, muscle antioxidant capacity and antioxidant-related signaling
molecule expression in young grass carp (Ctenopharyngodon idella). Food chemistry. 167: 91-99.

Wu, G., F. W. Bazer, T. A. Davis, S. W. Kim, P. Li, J. M. Rhoads, M. C. Satterfield, S. B. Smith, T. E. Spencer, and Y. Yin. 2009.
Arginine metabolism and nutrition in growth, health and disease. Amino Acids. 37:153-168.

Xu, Y. Q., Y. W. Guo, B. L. Shi, S. M. Yan, and X. Y. Guo. 2018. Dietary arginine supplementation enhances the growth
performance and immune status of broiler chickens. Livest. Sci. 209:8-13.

Zhang, B., G. Li, M. S. Suhaib, L. Gan, H. Fan, Z. Lv, and Y. Guo. 2020. Dietary L-arginine supplementation ameliorates
inflammatory response and alters gut microbiota in broiler chickens infected with Salmonella enterica serovar Typhimuri-
um. Poult. Sci. 99:1862-1874.



