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Effects of heat stress on antioxidant capacity and
gastrocnemius musclefiber types of broilers

WANG Songbo, DENG Lin, ZHAO Jie, ZHU Xiaotong,
SHU Gang, WANG Lina, GAO Ping, JIANG Qingyan
(College of Animal Science, South China Agricultural University, Guangzhou 510642, China)

Abstract ; [ Objective] The present study was conducted to investigate the effects of chronic heat stress on
antioxidant capacity, endoplasmic reticulum stress and gastrocnemius muscle fiber types of yellow feather
broilers. [ Method ] Twenty 47-day-old yellow feather broilers were randomly divided into control and
chronic heat stress groups with 10 broilers in each group. The broilers were raised in an artificial climate
chamber for 30 days. At the end of the trial, the samples of blood, liver and gastrocnemius muscle were
collected. Serum biochemical indexes, hormones and antioxidant indexes of liver and gastrocnemius mus-
cle were determined using the commerical assay kit method. And the mRNA expression of endoplasmic

reticulum stress ( ERS) related genes and myosin heavy chain ( MyHC) of different skeletal muscle fiber
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types were detected using real-time quantitative PCR. [ Result and conclusion ] Chronic heat stress signifi-
cantly (P <0.05) decreased the average daily gain, serum TG content, thyroid hormone (T,and T,),
and insulin-like growth factor 1 (IGF-1) levels, and increased serum corticosterone ( CORT) concentra-
tion. Meanwhile, chronic heat stress markedly (P <0.05) enhanced serum malondialdehyde ( MDA)
content, and reduced serum, GSH-PX activity and total antioxidant capacity (T-AOC) in liver. In addi-
tion, chronic heat stress remarkablly (P <0.05) elevated the mRNA expression of heat shock protein 70
(HSP70) in liver and gastrocnemius muscle, and of activating transcription factor 4 (ATF4) in gastroc-
nemius muscle, and decreased the glucose-regulated protein 78 ( GRP78) mRNA expression in gastroc-
nemius muscle, with no obvious effect on the mRNA expression of ATF4 and GRP7S in liver. Moreover,
chronic heat stress significantly (P <0.05) inhibited the mRNA expression of slow myofiber MyHC , with
no influence on MyHC mRNA expression of fast red myofiber and fast white myofiber. In conclusion, this
results suggest that chronic heat stress may affect broiler growth and gastrocnemius muscle fiber types by

decreasing serum hormones involved in growth and metabolism, antioxidant capacity and eliciting ERS.
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Tab.1 Composition and nutrient levels of basal diets for yellow feather broilers aged from 47 to 77 days

w/ %
I — ‘ — - — —
B MECR A IR 5 W i AL WA ERAM
EPX% =17 <7 <9 0.35~1.00 0.70~1.30 0.15~0.80 =0.75 0.20 ~0.90
j(XL% =15 <7 <9 0.35~1.00 0.70~1.30 0.20~0.80 =0.70 0.18 ~0.90

1) BRI A2 P 47 ~ 62 B #4% )7 382 1 b B a4 4,63 ~ 77 B #4% B 382 Py K8 B A4 ;2 ANH e AL B oy £
ZRAAER . BH EH FHH CH HRRES EE LT MELEL.
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1.2 RIeHr
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cler PCR 1Y ( Bio-Rad, 3£ [# ) , HBPX220 %44 PCR
1 ( HYBRID, %% [& ) , Mx3005P %% ¥¢ & ¥ PCR X
(Sratagene, 3% [ ) , v UG it ##s B R H 4 GC-1200
(BFRATHB A R 4. BEH(TP) [
H(ALB) (G4 LRE ) (T-AOC) (N [ (MDA) 4+
JoeH ik 2k 4 A6 W i ( GSH-PX) | 4 4 1k W) 15 AL il
(SOD) i A 2 ( CAT ) A5 ) & 35 ) [ g o
FAEAT B AL IR RE RS (TC) ) 55 25 B b
ARSI R0 A B A Wl =k H il (TG ) i i A
(GLU) 5 5700 & B A b A Rk 0y A R
OS] AR  HURBR IR (T, T,) PR S Z A K
P T(IGF-1) I 37 G 0 [ R LA B2 AR 1
P MR W] B2 B ( CORT) ELISA #5270 & W
AR Y TRA R .
1.3 WEERRFZE

HLTBORE: it SR SR RGN - 356 45 TR, SR 48 PRI XS Iff,
T 10 mL Z.08 B0 B IS , 432 T 1.5 mL
BB, —20 CukAE T ORAEA L RG] SR
M AL FE #% . TC . GLU [ TP F1 ALB. F] FH i 5 90 5%
Sy BTN L5 R < Ty (T, F IGF-1; 7| H] ELISA 3%
I 1 3 P2 CORT. A1) 7] e e Il 1 375 e S Ak

E45 : MDA .GSH-PX A1 SOD.

ZHLVRE TSR AR R < AL BRI XS F , 3 T 38 e
JIK , Bt INIE , FH/NGY D 0 B AT, g 480 T, T [l 2
PLEFT 0.5 g HEWE I 2 mL 2RO, B 20
e [0 HE Rz LA B B 2 mL 48 G4 A A
WRRBARE D RS ARG F AR 2 - 80 Tk
Farh DR A s F. A PR Gk 5 D A 7 S A T8 -
SOD ,GSH-PX ,CAT # T-AOC.

SBCTPREFIHE B JUURE it 2 il il 42 5 RNA £ —
vk RNA Hili#2 1050 TRIzol, # HL 7 4t 2, H] Oligo
(dT) 5P AMV e s il it 47 S e 5%, RT-PCR
MR Z& A SYBR Premix Ex Tagq, | . T %549 cD-
NA 4, LI GAPDH S5 N2, Hit i &t PCR LA
JFRE AR JIL v P J5E 1 7 38R 5GP BT BT RA PR
745 [ 70 ( Heat shock protein 70, HSP70) J:[H %555
05 Bl F- 4 ( Activating transcription factor 4, ATF4) 3t
K] R A8 465 25 B 815 25 19 78 ( Glucose-tegulated protein
78, GRP78) J:[A mRNA [k, [a] iy iz WL rh
18 WLLERE 1 5 5E ( Slow myofiber MyHC , MyHC-SM)
FEA PR LILBR £ H B %% ( Fast red myofiber MyHC,
MyHC-FRM) FEPFIH LK 2 1 H 45 (Fast white
myofiber MyHC , MyHC-FWM ) Z£ K] mRNA f%) 33k, #H
KA R 51 Y0750 WL 2.

R2 WHAEEPCREASIMFES

Tab.2 The primer sequences used for real-time quantitative PCR

gy GenBank %= A5 3 /b
MyHC-SM U85022 F. GGCAAGACCTCGTTCACA 131
R. CCTCCACCTCCTCCTCATA
MyHC-FRM M74086 F. ATCTGGTGGACAAACTGC 334
R: AATCTATGGTCTTTATTCTCT
MyHC-FWM M74087 F. GTGAAGGGTGTACGCAAGT 9
R: ATAGATGACAATGACATAAAAAAGCAACAC
HSP70 KC706515 F. GTAGAAGAGTTCAAGCGTAA 166
R: TGGAGGTGTAGAAGTCAATG
ATF4 NM_204880 F. GATTTTGATGCCCTGTTAGGT 196
R: GTATGAGTGGAGGTTCTTTGTTG
GRP78 NM_205491 F. GACTTTGACCAGCGTGTTATG 156
R: TTCAATTCTAGCTTGGTGCTG
GAPDH NM_204305 F.GAGGGTAGTGAAGGCTGCTG 115
R:CGCATCAAAGGTGGAGGAAT
1.4 Sito#hr 2 BN

IR E R B + bR FoR. Gtk
il Sigmaplot 12. 5 FRAF5Ar , X H8 0z A AR JELx IR
HRUEEAT ¢ K5

2.1 SRR EX RIS A K iR A L RS AR DR I
B EKFRIR
18 P PR O RS AR L LT AR AR AR DL i
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THMEFKCF RN UL 3. A& PR 35 (P < BOMETC 0 (H 208 2% (P <0. 05) [ AR I 3
0. 01 ) B ARG A XS 2 A PA ot o FIF- 2 F3 i, B TG e, A8 R0 8l (2 3% 2 5 1L 7 CORT fg 7K
18 P PN OO XS AR R B A R IR e o ER AR (P <0.05) I3 Ts T, F1 IGKF-1 f
b, M8 BN O A IS L 3 A9 TC GLU TP FI ALB  7KF-.

R®3 BEAMHETABER MRERERUARDEREKFRORE

Tab.3 Effects of chronic heat stress on growth, serum biochemical indexes, and serum hormone levels of yellow feather

broilers
AR It fedeh IEHE
k] il Y3 b (T6)/ )/ l(GLU) p(TR)/ p(ALB)  p()/ p(Ty)/ p(IGF-1)/  p(CORT)/
[kFiE/g (kg F#e  (omol L") (mmol L7 (mmol L7 (goL7") (g L7") (ngeml™") (ngnl ™) (ngeml™") (ng-mL™")

B T08.5¢1L1 168.0£13.9 31707  0.580.06 2.3340.19 1147045 46.55+0.93 20.22:0.55 0.870.14 2L 11£1.52 164.21£15.51 17.55£0.52
i 097.847.0 13365285 22.0£0.9™ 0.44£0.03" 2.32£0.08 1200017 46.29+1.08 19.63£0.47  0.470.04™ 17.97£1.46 ™ 114,57 £14.16 " 20.74£0.34 ™

1) AP RAEH AT £ 47412 ,n =10, * | s 3 R R 53t £ 5734 0.05.0.01 2 F KT (1 ).

2.2 BEHAMHAGMEMFERSALENN  GSH-PX L, MiXf il # SOD % ¥ JC i 3% %2 . 7£
M JEPHE Fb A8 1 PN R RE 2 35 BRI GSH-PX {1 (P <
H1Z% 4 AT UL VAR AR i P (P <0.05)  0.01) M1 T-AOC(P <0.05) , ifii%f SOD Al CAT i {4
I MDA 5 &, [6] i A S8 25 FE AR (P < 0.01) MLy JGR2 .

R4 BRI E T A G M E AT T E L IR AR AR MR

Tab.4 Effects of chronic heat stress on serum and liver antioxidant indexes of yellow feather broilers

1% JFF I
5 ¢(MDA)/  GSH-PX &M/ SOD jE#/ SOD {itE/  GSH-PXJEM/  CAT it/ T-AOC/
(nmol * mL™")  (U-mL™") (U-mL™") (U-mg™") (U-mg™") (U-mg™") (U-mg™")
Hr 0 B 2.88+0.26  751.35£7.03 203.92+2.07 157.00+17.35 23.56+0.66  3.58 +0.15 0.60 £0.03
FAR7 I 3.98+0.34%  630.20£22.42°°192.56 £7.96  157.39 £16.00  20.19 +0.90™  3.65 £0.06 0.51+0.01"

1) AP HIFEH A THME £ 4742 ,n =10, = | s 55 KT 5 sFRBAL £ 734 0.05.0.01 2FAF ().
2.3 2P AEEFBEFIALA RN ERS 5 UPR & (P <0.05) WXSATHE HSP70 3 mRNA ()2 k.
X EFEE mRNA REHIF M0 Hi [ 1B RN, P PR 0 B A XS kI JIL HSP70
W 1A FEoR 18 PE N B0 RS FIE ATF4 F1 ATF4 35K mRNA ik 5 8 & T+ & (P <0.05) , 1fi
GRP78 P mRNA ik & T W&, (HAE R ETH  GRP7S JER KA & B EFFIL(P <0.05).

0241 0.025

4 S B2 o 5 i X HR 4L
0.22| ISV B L 0020 | SIS B 2 * B
R 020F s 0015+
% 0.18}F 2
< < 0.010
Z 016
£ 0.04 % 0.003
5 0.03F g 0.004 -
< < 0.003
002 . 0.002[
0.01} \ ' .
\ 0.001
Nl !
HSP70 HSP70 ATF4 GRP78
HH
* Fern 550 BRAAH FE 22 5734 0. 05 B /K (¢ K 5%)

BT A PERAEO A XS ATFIIE CA) R IIL(B) HSP70 ATF4 1 GRP78 3£ mRNA ik (50
Fig. 1 Effects of chronic heat stress on the mRNA expressions of HSP70, ATF4 and GRP78 genes in liver (A) and gastrocnemius

muscle (B) of broilers
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Fig.2 Effects of chronic heat stress on the mRNA expressions of

&l 2

different types of myosin heavy chain in gastrocnemius

muscle of broilers
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