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Table 1 Composition and nutrient levels of the

basal diet (air-dry basis) %

i H Items 2/ Content

J5kl Ingredients

2HEWIH Whole milk powder (34% ) 58.00
FLi W45 % 11 Whey protein concentrate 26.00
%5 1 Casein 2.00
W7 FE Glucose 1.18
f8-F-4H Coconut oil 10.00
SALBBAK Choline chloride 0.10
e ZHUR AL Vitamin premix” 0.10
Y R BR AL Mineral premix” 0.10
LA R EL R £k L-Lys - HCI (78%) 0.26
DL-EH % DL-Met (98.5% ) 0.11
L-J7 &R L-Thr (98%) 0.10
L-TN% MR L-Ala (99%) 2.05
A1t Total 100.00
377K F Nutrient levels®

T# 5 DM 96.91
Hi1kfiE DE/(MI/kg) 21.05
HEH CP 27.34
HLAg i EE 25.72
FLB# Lactose 35.94
5 Ca 0.96
H AWk AP 0.59
] LI R Digestible Lys 2.05
] H L E AR Digestible Met 0.78
AT WAL R Digestible Thr 1.21
A Ak 0 %R Digestible Trp 0.49
] H LK Z R Digestible Arg 0.80

1) 44 R R RN 4 T 52 1 B 42 it The vitamin
premix provided the following per kg of the diet: VA
0.94 mg,VD,0.01 mg, VE 20 mg, VK, 1 mg, VB, 1.5 mg,
VB, 0.1 mg, =¥ & biotin 2 mg, VB, 2 mg, VB, 0.04 mg,
JHR niacin 20 mg, D—iZ R D-pantothenic acid 15 mg, Mg
folic acid 1.5 mg,

2) W o TR R O A T 5 4R R 2 fit The mineral
premix provided the following per kg of the diet:Fe (as fer-
rous sulfate) 100 mg,Cu (as copper sulfate) 10 mg,Mn (as
ferrous sulfate) 5 mg,Zn (as zinc sulfate) 100 mg, Se ( as
sodium selenite) 0.3 mg,I (as potassium iodide) 0.2 mg,

3)1148{H Calculated values,
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A7, RNA Jo A6 s FH 42 2 85 3 K6 1Y ( Beckman
DU-800,CA, £ H) fill 260 F1 280 nm Mt B,
AZGO/AZSO{EE 1.8~2.0 7"7%*%0 cDNA %ﬁk#ﬁﬁgﬂ_&
#3307 & (Prime Script™ regent kit, TaKaRa, H
AK) R EEHRIG-20 CIRFE, 5193 ilgET
Y TRAFG B, 1P H 3 2, FE R SR
9 PCR P44, ) MK &2 10 pL:5 pL
SYBR Premix Ex Taq™ Il (2x),0.5 wL FiiF5(#7,
0.5 pL FIEGI#9,3 wL XWZE/K 1 pL cDNA ity ,
K HI W 25 35 PCR 47 1 s o 2 7« A6 Al 100 722
95 C,30 s; ¥ 44,95 C,5 s, i& B 1B Kk E,
30 s, 342 NYEIR Efi i 2k, 55 ~95 T, IR E LU
0.5 T/sH T, A2 45 5L R IG AR X 0k i
LI B - L3I 4& 1 (B-actin) 1E K N 2 3K, % H
2R AR SR R — AR 2 ST,
=R WY EOR N (= WA S €75 7
1.7 HES&ITHH

RGBS B 46K Excel 2016 HE4T3 B 1
K SPSS 22.0 A i) — M 2 PR (GLM)
FrH N J7 2253 BT (one-way ANOVA) , 4543 Dun-
can [CIEHEAT 2 8 LWL, 0 7 4% ) 1) 25 5 W 2%
P, BT A R B0 25 R BE Y DL O I e AR E TR T R
/N,P<0.05 #/RZFEE,0.05<P<0.10 FRAH
A

2 & R
2.1 fA#RAFE Arg 3F LBW BHZLIF 35 £ K EREH
=1

Nz 3 frR, 5 NBW 4754 L ,LBW 4117
WA ADG fl ADMI & 3 P& K (P<0.05) ; fi f2
WIE Arg B E IR LBW HILIF 5 K &  ADG HI
ADMI( P<0.05) ,
2.2 (AN Arg X LBW ZL{FREMERE W
miEMS MDA S E/E I

WM 4 Fin RN Arg B 52 5 LBW I
FUTFHE M CAT 35 (P<0.05) ,
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Table 2 Primer sequences
FH B2l B kR GenBank % 53 &
Genes Primer sequences (5'—3") Anneal temperature/C GenBank ID
B-NLEh & A F.CCTGCGGCATCCACGAAAC
55.8 XM_003124280.3
B-actin R:TGTCGGCGATGCCTGGGTA -
i A AL A F.TGTACCCGCTATTCTGGGGA
55.8 NM_214301.2
CAT R:TCACACAGGCGTTTCCTCTC -
B ALY I AL F.GAGACCTGGGCAATGTGACT 65.0 E06791.1
SOD R:CTGCCCAAGTCATCTGGTTT : :
I H R A AR 1 F.GCTCGGTGTATGCCTTCTCT
59.7 AF532927.1
GPx1 R:AGCGACGCTACGTTCTCAAT
% A F B2 MHSCHF 2 F:GAAA AGTCTTCATT
BT B2 T .G GCCCAGTCTTCATTGC 0.7 XM_003133500.5
Nrf2 R:TTGGAACCGTGCTAGTCTCA
Fikt S Ak i S 1 F.GTATCCTGCCGAGACTGCTC
’ 59.7 NM_001159613.1
NQO1 R:TAGCAGGGACTCCAAACCAC -
MmaREAM-1 F:GCTGAGAATGCCGAGTTCAT
: 55.8 NM_001004027.1
HO-1 R:TGTAGACCGGGTTCTCCTTG -
‘Tjuj Bi] YAl T 57
;Egg%ﬁ RO S F.CCCGAAACAGTAGCAGAGACAAG s0.7 NM 213963
- « R.CTGGGGTCAGAGGAAGAGATAAAG ' -
PGC-1a
LR SR F T A F.GGTCCATCACAGGTAAAGCTGAA
: 55.8 NM_001130211.1
TFAM R:ATAAGATCGTTTCGCCCAACTTC -
2 A% W TR 1 F.GCCAGTGAGATGAAGAGAAACG 0 7 AK237171.1
NRF1 R:CTACAGCAGGGACCAAAGTTCAC : |
AR A il F.ATTATCCTGACGCATACACAGCA
RAAfER 1 : CCTGACGCATACACAGC 59.7 AJ950517.1
Cox | R:GCAGATACTTCTCGTTTTGATGC
¥ F:CCAAGT ACTACGACAAGAA
HRILHEIV : CCAAGTGGGACTACGACAAGAAC 59.7 AK233334.1
CoxIV R:CCTGCTCGTTTATTAGCACTGG
ALV F.ATCTGGAGGTGGTGTTCCTACTG
59.7 AY786556.1
CoxV R:GTTGGTGATGGAGGGGACTAAA
R C F.AGTTGGCCACCGCCTTATTT
: 55.8 NM_001129970
CyiC R:CCAACAGAAACATTCCATCAGCC -
ATP & i F.TGTCCTCCTCCCTATCACACATT
: 59.7 AK230503
ATPS R:.TAGTGGTTATGACGTTGGCTTGA
VA Yy A A .
J;ﬂﬁs HEA F.AGTAGTGAGGATTGCGAGGC 0.7 XM._021086263.1
Fisl R:TACTTGCTTCGCACCAGACA
ok TR : .
LB S CEN 1 F.GCAGCCATTTCACAAACCTGT 0.7 NM_017426.4
Drpl R:TTTGAGGGGTAGGGGGATTTC
ML ERERA 1 F.TGCCTGACATTGTGTGGGAG
OPA1 R:AACCAATTTGTGACCTGTGGTG 591 XM_021070065.1
LRAMAEH 1 F.GAAAGCACAAAGCACAGGGG
: 59.7 XM_021068494.1
Mfnl R.CTTTTCTCTGCTGCTGCCAC -
RN .
BRI S E D 2 F.CCTCTGTTCCAGTTGTGCCA 0.7 XM_021095364. 1

Mfn2

R:CATGCACAGCAACTCCTAGC
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Table 3  Effects of dietary Arg on growth performance of LBW suckling piglets (n=10)

i H 20 %) Groups P
Items NBW LBW LBW+Arg P-value
i 4= ¥ Birth body weight/kg 1.59+0.04° 0.92+0.05" 0.91+0.05° <0.001
Y H Initial body weight/kg 2.07+0.03" 1.17+0.03" 1.16+0.03° <0.001
K & Final body weight/kg 8.65+0.28" 5.50£0.09¢ 6.24+0.15" <0.001
SEYJH I ADG/g 314+12° 207+3° 242+6° <0.001
FHH TP A S ADML/ g 229+9* 144+3¢ 174+5° <0.001
TERHEE L3 FE 1.37+0.04 1.44%0.03 1.39+0.01 0.364
[T £ A AR JC - BE B [R] - BE R R 2 R A B2 (P>0.05) , AN Al/NE 58 RR 28 7 3 (P<0.05) . T 3R,

In the same row, values with no letter or the same letter superscripts mean no significant difference ( P>0.05), while with

different small letter superscripts mean significant difference ( P<0.05). The same as below.

F4 {ARIFE Arg X LBW B FREOERSLEELES MDA M T
Table 4 Effects of dietary Arg on serum antioxidant enzyme activity and MDA content of LBW suckling piglets (n=10)

i H 2H %] Groups Pl

Items NBW LBW LBW+Arg P-value
W% MDA/ (nmol/mL) 1.23+0.11 1.32+0.12 0.97+0.14 0.172
L E LAl CAT/(U/mL) 12.48+1.11° 11.83+1.03° 16.28+0.91° 0.027
ALY B 1LEE SOD/(U/mL) 62.08+1.61° 64.49+2.47" 70.66+2.78° 0.038
A H M E kR GPx/ (U/mL) 171.84+6.33 163.62+15.66 194.33+17.03 0.257

2.3 fA#RANFE Arg 3F LBW I EFFREEL
fiEMS MDA SE/EIN
nZ s s, 5 NBW HAFIEAH G, LBW AT

FENFIE CAT 7 P 1 2 BRI ( P<0.05) 5 1Rl AR b 72
Arg & $2 = LBW 1144 i IE CAT . SOD #1 GPx
W (P<0.05)

5 RN Arg Xt LBW EELFHE TR S EBIEES MDA & 21300
Table 5 Effects of dietary Arg on liver antioxidant enzyme activity and MDA content of LBW suckling piglets (n=10)

WA ZH %] Groups Pl
Items NBW LBW LBW+Arg P-value
N & MDA/ (nmol/mg prot) 1.19+0.19 1.27+0.15 1.29+0.22 0.913
it E AL S CAT/(U/mg prot) 142.76+12.44" 98.89+3.52° 178.06+16.09* 0.001
ALY L SOD/ (U/mg prot) 99.77+5.82" 103.29+2.61° 124.46+5.45" 0.006
A BEH KT & e B GPx/ (U/mg prot) 366.75+20.98" 349.71£34.15" 465.45+39.81° 0.040

2.4 fAMRANTE Arg X LBW W ZLF RS K
REHEXEERENZ G

w6 Frn, WM AN S Arg 3% L IH LBW 41
WHFE GPx1 mRNA ik & (P<0.05),F L
LBW {744 iF lE CAT mRNA Kk & @a# (pP=
0.056) .

2.5 fAMANTE Arg Xt LBW M ZLIF 3 BTRE Ca® .
mPTP #1 ATP & 2150

Wk 7 Fion, 5 NBW 40 e, LBW 414154 I
JIE ATP & i ZFEAK (P<0.05) ; WM AN 78 Arg i
FHHEE LBW 46 IFIE ATP & & ( P<0.05)
2.6 {RARANTE Arg Xt LBW N8 2L 4F 3% BT BE £k Rk
hee X ERRIZHEM

N 8 fin, 5 NBW A Lt ,LBW 411154 T
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WEFREALEG (COX) 1T mRNA £k EBETFM(P<  F L LBW A58 IFIE LR AR fl & & 1 1(Mfnl)
0.05) , AFAEALFH 2 ZE45 5 85 1 1 (OPA1) mRNA  mRNA FEik& (P<0.05), ) HA FiE coOXIV(P=
KkEETFHBEE(P=0.089) ; @M 47T Arg G 0.063) Fl OPA1( P=0.087) mRNA ik & [l a3

R 6 (AT Arg Xt LBW HELFREAFBE AL EFEEXERRIEHZIM
Table 6 Effects of dietary Arg on liver redox related gene expression of LBW suckling piglets (n=10)

W H 215! Groups P 1
Items NBW LBW LBW+Arg P-value
A ER CAT 1.00+0.09 0.88+0.07 1.1620.12 0.153
ALY L EE SOD 1.00+0.07 0.92+0.09 1.17+0.13 0.351
A H RS ALY 1 GPxl 1.00+0.10® 0.74+0.08° 1.1120.17° 0.107
B+ E2 MG F 2 Nirf2 1.00+0.08 0.96+0.09 1.09+0.15 0.687
fit S AL IR L 1 NQO1 1.00+0.10 0.91+0.10 1.06+0.18 0.702
MaOEEAM-1 HO-1 1.00+0.12 0.96+0.11 1.03+0.14 0.915

R7 RN Arg X LBW BFLFSEATAE Ca®™ .mPTP 71 ATP & 28I
Table 7 Effects of dietary Arg on contents of Ca®*, mPTP and ATP in liver of LBW suckling piglets (n=10)

s #0% Groups P
Items NBW LBW LBW+Arg P-value
FERF Ca™/(mmol/g prot) 0.20+0.01 0.20+0.00 0.20+0.01 0.964
LR A 35 PR 0 fL mPTP/ (ng/g prot) 106.78+7.78 112.19+1.24 105.15+2.13 0.670
=W ATP/ (umol/g prot) 291.59+11.36°  213.55+10.93"  269.60+5.42°  <0.001

Fx 8 (AMANTE Arg 3T LBW ML ATAE LA Th e HH X BE A RIERH =M

Table 8 Effects of dietary Arg on mitochondrial function related gene expression in liver of LBW suckling piglets (n=10)

i H 205 Groups P
Items NBW LBW LBW+Arg P-value
i A Tl A B B S A2 AR y S R F-1a PGC-1ae 1.00£0.10 0.9620.12 0.93£0.10 0.895
BRREE SR INTF A TFAM 1.000.06 0.9420.11 1.03+0.11 0.793
AN AZIF I K F 1 NRF1 1.00+0.10 0.8420.05 1.01+0.11 0.344
WEALEE T Cox 1 1.000.09* 0.70£0.09" 0.84%0.05" 0.046
WEALEEN CoxlV 1.00+0.08 0.78+0.05 0.98+0.07 0.071
WEALEEV CoxV 1.18+0.14 1.00+0.09 1.24+0.10 0.348
B C CyiC 1.00+0.12 0.76+0.11 1.04+0.19 0.331
ATP & il ATPS 1.00+0.08 0.96+0.11 1.07+0.13 0.752
LARARSFZE 1 Fisl 1.00£0.12 0.89+0.13 1.03+0.15 0.755
LARRSN FIAH KR 1 Drpl 1.00+0.17 1.09£0.15 0.98+0.11 0.877
M2 ZEEAEE H 1 OPAL 1.00+0.17 0.88+0.18 1.32+0.12 0.212
LRGN 1 Mfnl 1.00+0.16" 0.81+0.13" 1.54+0.23" 0.034
LARRBAEN 2 M2 1.00+0.12 0.89£0.23 1.18+0.26 0.684

RERME N ZE S AR &, LBW {145

RIS 1 S I MR ADG 5 ADMI ¥ & 3% K T NBW
LBW {355 Xy A FRART 1 kg W47, A8, X ST AR5 45 3R — 5, £ W] LBW 1 flifT
KEMF RN, AR R R EFE R ERAERE BERKEZM, Arg S8 8 7L 0 55— BR il %
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IR, Wang S5 PIFSE B RRANFE 0.6%
Arg W ZE 4R LBW P A K ERE, AMFR B
7 AN FE 1% Arg B 3 42 5 LBW 4% ADG ,
ADMI KA H |, 1% 55 74 U R0 4 iy 300 A0 o 4 2R 0 —
2, VLI B T 1% Arg fE 938 i £2 = LBW I
FUTFHE R 2k LBW /P85 E K, AR B
/N, Arg #hFEXT LBW W ZLAT %% FE JC i 3 52 ), Ui
W Arg AN 2 o 505 ) e A O 38 0o 4 R R B
B IEdE LBW 35 K1,

IERAEAMT, SR T 3h & 1 A 1k
W AR A Y ALK 3Z B0 S, ROS i & 7
AL T ALK A A R B IR, R A B
SELBIRIESE e B, B AE () LBW A5 T E A7 78 1 48
b, Am s KL, AR A0 e, ZHEF
E2 FHOCHF 2( Nrf2) {5538 #6 2 h W ALK N 22 i
S AL A 3 1 L B AR AL Nef2 1 3800 Wi 5
S5¥ANHEAL RN T (ARE) 454, ¥ sk H T i
ZRPPER AR RLTT ) AR A, 5
NBW {154 [ 48, LBW 154 ILVE GPx i 7E A FE AL
K 5 ST 45 R SR — 3, R LBW 1T
WA AP E L R 2B, Arg VLA A B
FWERRFY . Zheng S HESE Won , KR AN S 1%
Arg 5 ZE AL LBW Wi FLAT 4 I 8 1 T ok 0 &
i, 2R LT SOD 1 GPx (Y36 Mk E— A AE =5 g
AR E] T AU S5 8, £ S = AT Arg B3
REARAT 4 E kI 4% . Ramprasath 55/ 7 Arg /it
1) 28 figk 2 U 25 SR AL D B SR 6 v & B, Arg AR i
Nrf2 S HUR U FE R i 4T 2 A A -1 (HO-1) AR
AR 5 1 (NQOL ) FEH Rk, A 56 25 1 ik
7 TR AN FE 1% Arg 35 5 LBW AT 5 1L T
CAT % AT IE CAT  SOD Hl GPx & %, If i 3%
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Effects of Dietary L-Arginine on Liver Redox Status and Mitochondrial
Function of Suckling Piglets with Low Birth Weight

ZHANG Hao CHEN Daiwen YU Bing HE Jun YU Jie MAO Xiangbing LUO Yuheng
HUANG Zhiging LUO Jungiu ZHENG Ping”
( Key Laboratory for Animal Disease-Resistance Nutrition of Ministry of Education, Institute of Animal Nutrition,

Sichuan Agricultural University, Ya’ an 625014, China)

Abstract: This study investigated the effects of L-arginine ( Arg) on liver redox balance status and mitochon-
drial function of suckling piglets with low birth weight (LBW ) aiming to explore the possible mechanism of
Arg, which improved the growth and development of LBW suckling piglets. Piglets from primary sows with
similar body condition, delivery period and parity were selected, and at 4 days of age, ten normal birth weight
[ NBW, body weight of (2.07+0.10) kg] piglets and twenty LBW [ body weight of (1.16+0.08) kg] pig-
lets were selected and divided into 3 groups with 10 replicates per group and 1 pig per replicate according to the
similar body weight and consistent proportion of males and females. NBW piglets were fed a basal diet ( a kind
of artificial milk, NBW group) , and LBW piglets were fed the basal diet (LBW group) or the basal diet sup-
plemented with 1% Arg (LBW+Arg group). The experiment lasted for 21 days. At day 22, all piglets were
slaughtered, then serum and liver samples were collected and growth performance, redox status, and mitochon-
drial function were determined. The results showed as follows: 1) compared with NBW piglets, the final
weight, average daily gain (ADG) and average daily dry matter intake ( ADMI) of LBW piglets were signifi-
cantly decreased ( P<0.05) , the liver catalase ( CAT) activity and ATP content were also significantly reduced
(P<0.05), the liver cyclooxygenase (COX) I mRNA expression level was significantly down-regulated ( P<
0.05) , and the liver optic atrophy protein 1 ( OPA1) mRNA expression level was tended to be down-regulated
(P=0.089). 2) Dietary Arg significantly improved the final weight, ADG and ADMI ( P<0.05) , significant-
ly enhanced serum CAT activity and liver activity of CAT, superoxide dismutase ( SOD) and glutathion perox-
idase (GPx) (P<0.05), significantly increased liver ATP content ( P<0.05) , significantly up-regulated the
mRNA expression levels of liver GPx1 and mitofusin 1 (Mfnl) (P<0.05), and tended to up-regulate the mR-
NA expression levels of liver CAT (P=0.056), COXIV (P=0.063) and OPAl1 (P=0.087). In summary,
LBW piglets exhibit lower liver antioxidant capacity and blocked mitochondrial function, which leads to im-
paired growth and development of piglets; while 1% Arg supplementation promotes growth performance
through enhancing antioxidant capacity and improving mitochondrial function in liver of LBW piglets. [ Chinese
Journal of Animal Nutrition, 2020, 32(2) :654-663 |
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