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Effects of high protein diet on renal oxidative damage and mRNA
expression of xanthine oxidase gene in broilers
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Abstract; [Objective] The aim of this experiment was to study the effects of high protein diet on renal
function, lipid peroxidation and xanthine oxidase (XOD) in broilers. [Method)] One hundred and twenty
white-feathered broilers at the age of 20-day-old were randomly divided into four groups with 5 repeats
each group and 6 feathers each repeat. The control group was fed on a basic diet with protein content of 190
g/kg,while the experimental groups were fed on a diet with soybean meal added to the basal diet for crude

protein contents of 220,250 and 280 g/kg,respectively. The trial was conducted for 14 days. In days 0,7
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and 14,5 feathers from each group were randomly selected and blood samples were collected from the sub-
wing vein to separate serum. Then,renal function (serum calcium (Ca),creatinine (CREA) , urea nitrogen
(BUN) ,uric acid (UA) ,serum phosphorus (P) and magnesium (Mg) contents),lipid peroxidation (serum
malondialdehyde (MDA) ,nitric oxide (NO), hydroxyl free radical ( «+ OH) contents and total antioxidant
(T-AOC) , glutathione peroxidase (GSH-Px) and superoxide dismutase (SOD) activities) and XOD activity
were determined. At the end of the experiment,5 feathers were randomly selected from each group for dis-
secting,and kidney tissues were taken to detect expression of XOD gene mRNA. [Result] 1) Compared
with the control group, serum contents of Ca, CREA,BUN and UA in each high protein diet group had sig-
nificant or extremely significant increase (P<C0. 05 or P<C0. 01), while the changes in P and Mg were insig-
nificant (P>>0.05). 2) Compared with the control group,contents of MDA ,NO and ¢« OH in serum of high
protein diet groups were increased significantly or extremely significantly (P<C0. 05 or P<C0. 01) , while ac-
tivities of T-AOC,GSH-PX and SOD were significantly or extremely significantly decreased (P<C0. 05 or
P<C0.01). 3) Compared with the control group,XOD activity in each high protein diet group was signifi-
cantly higher (P<C0. 05) ,and expression level of XOD mRNA in renal tissue of high protein group was sig-
nificantly increased (P<C0. 05). [Conclusion] High protein diet can change renal function and lipid peroxi-
dation of broilers,leading to increase of XOD activity and expression of XOD mRNA in renal tissue and
causing renal damage to chickens.
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Table 1 Dietary ingredients and nutrient levels for different proteins contents

Tji { % 14 1 Il 2 A
Item Composition Group | Group [l Group [l Group [V
FAK/(g -+ kg Corn 664.7 570. 6 490. 8 398.1

SH1/(g+ kg!) Soybean meal 206. 8 295.8 353.3 435.0

EKRFEHK/ (g kg ') Corn protein powder 60.0 60.0 80.0 80.0

FYME/ (g « kg™ ') Animal fat 27.0 36.0 41.0 52.0

#fi %2 /(g kg™ ') Lysine 6.6 2.7 0.0 0.0

iﬁszfcdicms JE B BRGN/ (g » kg™ ') Sodium humate 1.0 1.0 1.0 1.0
A/ (g« kg~ ') Montmorillonite 1.0 1.0 1.0 1.0

fiky/ (g« kg™ ') Mountain flour 12.2 12.2 12.2 12.2

iR A 4% /(g » kg™ 1) CaHPO4 » 2H20 8.0 8.0 8.0 8.0

frEh /(g kg ') NaCl 2.7 2.7 2.7 2.7

1% WA}/ (g + kg™ 1) Premixa 10.0 10.0 10.0 10.0

ME AT/ (g« kg™ 1) Crude protein 187.0 218.4 249. 1 279. 4
» fRigfE/(MJ « kg™') ME 3.07 3.07 3.07 3.08
Ejﬁfﬂ?levels /(g kg D) Ca 10.1 9.3 9.5 9.5
B/ (g kg ) TP 7.0 6.8 6.9 6.9

WM/ (g kg™ ') Lysine 11.5 10. 7 8.4 7.3

EAEMR AR/ (g - kg 1) Met+Cys 8.1 7.3 6.8 7.1

e TR A 1) B T ST AR AL VA 14~29 J7 TU, VE=350 TU, 4 & Bi =50 mg 4i/E K B, >150 mg 44 &% Be =80 mg 4t &K B, >
0.3 mg.Vp 9~35 77 TU . 4kE: % Ky 40~75 mg MABENE =550 mg .8 =>16 mg. AL MHHK =7 000 mg. .4 5~700 mg.%% 1 000~3 000
mg. fili 2~10 mg. E#=2.6 % JZHE 280 mg AP E=>1. 8 mg. Bk 1 600~15 000 mg. B 1 000~3 000 mg. il 6~100 mg, fCiEE NI

BAE L A g SN

Note: The premix provides vitamin A 140 000—290 000 1U, Vg=350 IU, vitamin B; =50 mg, vitamin B, =150 mg, vitamin Bs >80 mg, vi-

tamin By, >>0. 3 mg, Vp 90 000 — 350 000 IU, vitamin K; 40— 75 mg, nicotinamide=>=550 mg, folic acid==16 mg, choline chloride=>

7 000 mg.,copper 5— 700 mg,manganese 1 000—3 000 mg,selenium 2—10 mg., total phosphorus==>2. 6% , pantothenic acid 280 mg.

biotin=>1. 8 mg,iron 1 600—15 000 mg,zinc 1 000—3 000 mg and iodine 6 —100 mg in each kilogram of premix. ME is calculated val-

ue, while the others are measured values.
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14 K, A BEHLIE 5 PRy, A ERE 1P 7
TR A TR BUE IR ZL, F —80 CLRFRKL .
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BF(CREA) , JR 2 A (BUN) . JR 8 (UA) | Il %
(P) B (Mg) & 4%,
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e Bk 48 L B T (GSH-Px) | 8 4816 ¥y 15 1 i
(SOD) i 14 45« ) 7 A0 B8 e R ) 6 d B 15 454 .
1.6 XOD & M4

K HI ELISA 3550 &% F1 3 P 2% 3 1L 7 XOD (1)
TP AT ARG 45 1 0 TR R & 16 BH B E AT .
1.7 XOD EERXRHEN
1.7.1 cDNA ## & B 351 kit 54 m  HEME
2H BIVREAR 43 5 W A A 6 A 1 mL Trizol i
F L AERE VK 143,12 000 r/min B .0 15 min B I
THW A 500 pL W 5845 . IR 2], ##t# 5 min, 4 C|
12 000 r/min &> 10 min, L E¥EFFMA 700 uL 57
WEEL,JE2) .4 C .12 000 r/min Z5.0> 10 min, L H &
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UUVE s FHRFL B0 7500 10 L BE VR 1 WK, B T %
& ERT T 50 L DEPC &b Bk o, H JkAG I
FH Rt SR iR BB R U RNA S S cDNA,

4R GenBank H XOD #1 18S N H F 51,
iz Ji Prime 5. 0 R8T 50 L FIES I B 50
MRFEF 51975 L3 2,

£2 XOD BMERM18S WS EESIWSH
Table 2 Parameters of XOD target gene and 18S internal gene primer
R %% ¥4 GenBank % 519751 (5"—>3D 744/ bp
Gene GenBank Sequence of primer (5'—>3") Product
188 NR_003278 F.CGGCGACGACCCATTCGAAC 99
R:GAATCGAACCCTGATTCCCCGTC
XOD NM_205127. 1 F.:ATCGGATCCACGACTCTCCAG 161

R:CTCGAGGAAGAGCTGGGTGCT

1.7.2 XOD mRNA %k # qRT-PCR #%&m K
StepOne™ Real-Time PCR System #1 BIOMIGA
SYBR qPCR Mix i) & . #4150 & vi W 45 247
PRAE M BC R PCR B WRCE T 8 B i, i
R, 4T RT-PCR . PCR R 1k & N
50 pL:qPCR & Vi 1R & ¥ (Bestar™ SybrGreen) 25
pL, BTG4 2 pL B 2 pL. ] ddH, O %b
JEZE 50 pl, PCR R 41495 CHUZAEIE 120 5595
‘C 105,60 C 305,72 C 30 s,40 MM ;55 C 1
min,55~98 'C 0.05 C/s,20 C 10 s, FJJ] 2724

7 AT A R L TR S AR T R A
1.8 #iEAE

TR 25 3 LA 8 £ bR ifE 227 KR s R A SPSS
20. 0 B AP HEAT B R O 2250 B s R Duncan’s %
T2 E L.
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Table 3 Effects of high protein diet on serum renal function of broilers
iR 6 B AE] /d 2 UA/(pmol - BUN/ (pmol « CREA/(pmol - Ca/(mmol « P/(mmol Mg/ (mmol «
Experiment date  Groups L b LY LY LY LY L b

1 135.064-28.63 a 0.76740.07 a 6.02+0.12 a 1.894+0.03 a 2.25+0.18 a 0.78+0.04 a

0 I 125.44+43.23 a 0.737£0.04 a 5.94+0.15 a 1.904+0.06 a 2.147+0.23 a 0.75+0.18 a

Il 124.664+23.16 a 0.72+0.11 a 6.04+0.37 a 1.96+0.13 a 2.31£0.42 a 0.79%£0.06 a

I\ 127.304+23.68a 0.6940.06 a 6.26+0.42 a 1.85+0.10 a 2.3240.23 a 0.79£0.06 a

1 173.86+63.04 a 1.0940.09 Bb 8.32+0.26 b 2.06£0.25b 2.087+0.42 a 0.78+0.04 a

7 Il 202.24+75.80 a 1.1940.10 Bb 8.30+0.16 b 2.36£0.11 a 1.774+0.52 a 0.75+0.18 a

It 207.24+74.72 a 1.1640.04 Bb 8.44+0.27 b 2.26+0.16 a 2.0840.16 a 0.79%£0.06 a

I 233.82+79.32a 2.03+0.30 Aa 14.54+0.45 a 2.3740.05 a 2.10£0.22 a 0.79+0.56 a

1 165.50+56.17 b  1.2640.18 ¢ 8.36+0.35 Cc 2.327+0.09 a 1.8240.14 a 1.824+0.11 a

14 I 166.20+18.32 b  1.3640.03 ¢ 8.52+0.47 Cc 1.884+0.94 a 2.04740.35a 2.04+0.35 a

I 226.30+68.70 ab 1.89+0.02 b 10. 44+0. 30 Bb 2.4740.22 a 2.0540.53 a 2.0540.53 a

I\ 260.60+72.24 a 2.26+0.05 a 16.54+2.56 Aa 2.36+0.21 a 2.347+0.53 a 2.34+0.53 a

TE « [ 5 B e b A [ /N5 52 6 2R [R]

- IR 5] A [ 4 1) 22 53¢ 3 2 (P<0. 05) B AN AR 5 B R

S B (P<<0.01), F#EIE,

Note: Different lowercase letters mean significant difference (P<C0. 05) among groups, while different uppercase letters indicate extremely

significant difference (P<C0.01). The same below.

H 2 3 AL PR 2 H CGF 0 R) . & il 4l
XS 4% T35 bR 5 X B A L 25 RO B (P >
0.05), 57K E5XBACT DML, &M & AR
AV IVd WX E UA & EEfF AR ¥
(P>0.05); 5 REZH C T 4D M. . T2 A A9 i
i BUNCREA & & 2 5 A~ 8 2, IV 41 BUN,
CREA &M B E FTH(P<<0.0); 54 (T
gD, T4 CaZRARE MU Ca &
WETE(P<<0.05), 55 14 K, 5 AT 4 M

Fo. T ARSI 1 UABUN f1 CREA & # £ 57
A5 VIV 2H R i 3 H UABUN il CREA &
I O 3 B (P<C0. 05 5 P<<0. 01) s TMi45 41
Z Ca FE2ZERARE(P>0.05), fEIRE WM,
FHRXGIMIE P Mg & 5B B3 (P>0.05),
2.2 BEAARMALERISNLIBRNINE
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Fe b5 % B2 25 FOR W (P>>0. 05) 355 7 K, 5% IR
HA4DOME. FmEAH M. IVE) /I E



5 2 3 i

75 A 1 HE DR PR X W S A5 A B B IR S S 1 i R (R mRINA 33K B (Y 52 1) 5

MDA & &t 2 3 s il @ 2 F+ s (P<<0. 05 8¢ P<<
0.0DLIIZH S Mg « OH A1 NO & & 22 5348
F(P>0.05), M NAHIMiF « OHNO F & i % stk
BE TR (P<C0. 05 8f P<C0. 01) 345 14 K, IV 41 1 v
MDA, « OHY NO & & 8 0 241 B i 2 7t 5 (P<<

0.01) , HoAth #5240 JC it 35 22 5% (P>>0. 05) , 5 XF 4
CTHDAE S 7 f 14 K, VA ILTE SOD i #: DL &
GSH-PX.T-AOC &t 2 % T FE(P<<0.05) ;% 7 K,
[MH 1fn 3% GSH-PX. T-AOC 5 8 3 F & (P<<0. 05),
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Table 4 Effect of high protein diet on serum lipid peroxidation index in broilers
] MDA/ (nmol +_+ OH/(nmol + _ NO/(nmol SOD/ (U - GSHPx/(U-  TAOC/(U -
Experiment date Groups L™ L™ L™ mL~1) mL 1) mL~1)
I 1.01£0.04 a 2.01%+0.04 a 1.01£0.04 a 1.31£0.04 a 1.3440.04 a 1.3040.04 a
0 1 0.99+0.18 a 2.004+0.18 a 1.02£0.18 a 1.30£0.18 a 1.2940.18 a 1.2940.18 a
1 1.0240.06 a 1.9940.06 a 1.0040.06 a 1.3240.06 a 1.3240.06 a 1.3140.06 a
I\ 1.00£0.06 a 2.0240.06 a 1.024+0.06 a 1.2940.06 a 1.2940.06 a 1.2940.06 a
1 1.0140.02 cC 2.324+0.03 b 1.347+0.02 bB 1.3940.01 a 1.5340.03 a 1.5240.03 a
7 I 1.254+0.14 b 2.2940.03 b 1.347+0.02 bB 1.37+0.06 a 1.4840.06 ab 1.4940.06 ab
il 1.3240.04 ab 2.35+0.07 b 1.35+0.01 bB 1.34+0.03 a 1.434+0.03 b 1.4540.03 b
I\ 1.46=40.03 aA 2.3940.03 a 1.7840.10 aA 1.324+0.01 b 1.4240.05 b 1.414+0.05b
1 1.3140.02 bB 2.30%+0.03 bB 1.35+0.02 bB 1.58+0.13 a 1.57+0.13 a 1.53+0.13 a
14 I 1.3240.02 bB 2.304+0.03 bB 1.3640.02 bB 1.43+0.01 a 1.4340.01 a 1.40+0.01 a
m 1.3540.01 bB 2.3140.07 bB 1.3640.01 bB 1.41£0.01 a 1.4040.01 a 1.40+0.01 a
v 2.06+0.10 aA 2.3840.03 aA 1.80+0.10 aA 1.33£0.01 b 1.434+0.01 b 1.4240.01 b

2.3 BEAAMRABMF XOD iEFHA 0
e 5 nl WL R I A 0 K. 4 4 P X Ja] T I s 4
BTG B 228 (P>0.05);i R85 7 X, I 4H

W I 7 XOD 3 5 xF B4 0 i & 22 % (P>

0.05) .17 [T 415 IV 2H R A% 13 XOD 3% M W 2% & F
XTREZH (P<C0. 05) s i 50 55 14 K, IV 24 A X9 I i
XOD {1 8 2w/ F X IR 41 (P<<0. 05) , HiAx &% i
25 XTI T 3 2 7 (P>>0.05),

x5 BEAMAMRMABIMFE XOD &0
Table 5 Effect of high protein diet on serum XOD activity in broilers
20 51 %0 KR E NP 14K 215 ENIPN TR 14 K
Group Day 0 Day 7 Day 14 Group Day 0 Day 7 Day 14
1 0.97+0.24 a 0.93740.28 a 3.27+3.23 a I 0.947+0.23 a 1.162+0.43 b 4,83+3.77 ab
il 0.99+0.17 a 1.010+0.39 a 4.23+2.20 ab I\ 0.98+0.18 a 1.158+0.43 b 6.23+3.14 b

2.4 XOD EFE mRNA F ik 7k FE#
EE AR A S HE XOD £ K mRNA
AXT Feak B R UL 1,

2071
S sy b -e|l- ?I'
pof b L
5 0r L
o
2
E 0.5
0.0
I il il Y
4 5 Group

AL EARA F/ING 8k 3R A [/ 41 1) 22 57 .35 (P<<0. 05)
Different lowercase letters mean significant
difference among groups (P<Z0. 05)
5 2 1RO ARG 2 41 XOD St
mRNA A 35 7 15 10
Effects of high protein diet on relative expression of

XOD mRNA in renal tissue of broilers

A1

Fig. 1
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HEE AR I g 2 S — B, DR T A S Ak
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UA FtiE . AR R ER, SXF A M, mEA
T AR A XS I Mg & AR A AN 1, R A
Jo B AR X Mg fr B W OR S, 5O 4.
CREA JEHURA LU ™= 9. i i CREA &
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