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[i) &0 A4 PN B 328 T Sk 3R G0 32 4t 1 2R 0 2 L
AT REA B T 2 ik SR u T T A S AE B8 5 T
T, DRI, A4S 3k 6 452 400 5 ) 40 = A 7 AN (] i 2
ST I HC i e % BT A AR FE bR B R G g
PRIAR G 2% 35 2 1Y 72 Ak, 1B 76 IR 984K 0048 P 1 0 8
X245 2 LT G 28 L S AL s LA B AH 5G 356 PR A XoF
FIR RS, Ry B o A RR 5F A 4 4R I HE e
M .

1 MRlEFR*E
1.1 Rt

AR T 2017 4E 7 H 31 H & 2017 4£ 8 A
27 HEWNSE ol KRR 7 1 . O
KE N (63.11£4.82) kg, BAHARKE N (9.47+
1.18) cm 1Y 3 H il FEAE 522428 15 18 H BlMLAY
34, a6 KA, XL EAN TR N AR
JEIHE (25.23 C) ;AL 5 92 B2 0, T &
AL Tl HRLE (19.60 C) 5wl & N % &
LIRS, R 5 N R e IR AR (27.19 C) ik
AL 28 d, 5 A B AROK, B KT 08.00 Al
15:00 £ fAME 2R A HAR 1R, BREIES 5% 1
P AR 452 I NRC (2007 ) 17 35 b v B 1 35 Al 4]
M, HAH B FRK IR 1,
1.2 H#mRiE

S TR A 14 A1 28 K 0800 23 I R 4 #
VK I T A PTEE R 1L A £ e DU 2R (ED-
TA) FIHLEER ML 1,3 000xg 2.0 20 min J5 435
WCAEINLYE FD 40, I YE —20 C AR AF, A0 h
JInA Trizol ( TaKaRa) J& &) 317 F-80 T, H T &
RNA (142 BURE 2248 br 19 I X

&1 ERARAMREFRKT (RTFEM)
Table 1 Composition and nutrient levels of the

basal diet (air-dry basis) %

i H Ttems
Jikl Ingredients

& & Content

E K Corn 14.72
2B Millet straw 58.80
JHEE B Oat grass 8.08
B 75 ¥ Alfalfa hay 2.96
=M1 Soybean meal 5.30
TEHY N H AT %) DDGS 3.30
W FR{WF Linseed cake 5.30
1 Limestone 0.12
WM A 45 CaHPO, 0.12
ik NaCl 0.30
/NI54T NaHCO, 0.50
TR Premix" 0.50
41t Total 100.00
35K Nutrient levels”

1k fiE DE/(MIJ/kg) 10.95
+4% 5 DM 92.36
HE A CP 10.04
FLEE T EE 2.24
H PSR 4 48 NDF 54.71
R TP A 47 4k ADF 30.98
KKy Ash 7.88
5 Ca 0.63
WP 0.29

1) BUiE A} A B T 52 1A A $2 4t The premix provided the
following per kg of the diet: VA 1 200 000 IU, VD,
500 000 IU, VE 5 000 IU, VK, 360 mg, VB, 70 mg, VB,
1 700 mg, VB, 180 mg, VB,, 6 mg, D—iZ i D-pantothenic
acid 3.4 g, #MA& nicotinic acid 4.4 g, Mg folic acid 300 mg,
)& biotin 28 mg,Cu 1.6 g,Fe 8 g,Mn 6 g,Zn 10 g,1
60 mg,Se 60 mg,Co 50 mg,

2) HALRE N i3 (E, HoA N S fEL, DE was a calcu-

lated value, while the others were measured values.

1.3 NEERKFTZE
1.3.1 R8BSR VR 48 £ (THI) (1
RIS, T2 A i 1.5 m S A
Hac A e R W8 B0 s (ZIT-2A B 1 ifg
AR5 A FRAS w] ) 3k A i 30 5 M lf, 5 2K U
S IF IR S R 0 I S A A B RURE X R B (A X
A3k F SR N/ LR A/ B S AR T
(RFA TR ) | R Marai %51°) (% )5 %:4144 THI, i1
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THI=T-[ (0.31-0.31RH) x(T-14.4) ],

K. T HEFHICEE(C) ;RH N E &1
XTREIE (%) o

MG Marai 2500 5 75 3 6 12 40 2F & A2 FAO0 3
i THI R{E N 22.2, THI<22.2 i 378 JC U 3
22 .2 <THI<23.3 I} kb T 45 B #0384 ; 23.3 < THI <
25.6 BF Sy v B BN B THI > 25. 6 I Oy 8 4
VR
1.3.2 I Sy da br il

My Rk E A A(IgA) REHREH G
(G) APEERE N M(M) AR -1(IL-1) |
A 2 -2 (1L-2) S TNF-o {9 75 52k FH R e
92 W a5 ( ELISA ) 250 & (i B2 A= W BH B A BR
O E] )M He BRI 5 B R T4
1.3.3  MIEHUE A8 bR B9 I

L7 BT E AL EE 11 (T-AOC) 5 i & Ak & i
(CAT) ,GPx &\ S8 b ¥) B AL ( T-SOD ) ¥ 7 LA

Kt A AL F= P (MDA & =R
5, 3 5 P A ) AR S R
1.3.4 & RNA $2H % s St 7t % 7 PCR
B2 L

K Trizol 32 A\ 1 41 Bt b £ BUEL RNA |, 48 4b
O3 BE ¥E I SE B RNA Y ok B Fnafi fiE % 8
Prime Script™ RT reagent Kit with gDNA Eraser
( TaKaRa) U B 45 i#F 17 2 %% 5%, % F TB Green™
Premix Ex Taq"™ i 7] & ( TaKaRa) #F 17 32 i} 5¢ O
SE T PCR K, BEFF AR 195 CHUAENE 30 5;95 C
AR 5 s, iR K 60 5,72 CHEMH 20 5,40 MHIF, 4
. IL-1B IL-2 . TNF-o, CAT . GPx . # & 1L ¥ I 1k
fitf 1(SODY) SR ALY B AL EE 2(SOD2) Bk ¢
T 2(Nif2) MINZ B-WLEhE H ( B-actin) 5197
NG 2 i, mdb st S & AR R IE R BHE A R A
H A, £ B R B A G Gk AR A 2700k
.

*2 31MF%
Table 2 Primer sequences
B GenBank % 5% 5 ElE/E 2l KR 1B kIR
Genes GenBank accession No. Primer sequences (5'—3") Length/bp Tm/C
L AN 2 .
ey FATOGTGCTITOG
e NMLDIOO0 G etoacaTacoAGAGS 1 o0
o A :
oo OGOy,
T i
BN STy,
o e TAase 19 o0
I I e
1.4 Zitoh ZH B, P<0.05 R R RFH, SR USFE

RIS BE R SAS 9.0 B AFHEAT N K )7 22
4 M7 ( one-way ANOVA ) | >k F Duncan [C ¥ 3 17

(mean) +h5fE22 (SD) i,
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2 HER595W
21 ¥ THIWHEZTL

TR 1 (1] % 5 <5 1 B RN A X0 B 3 AN A ]
Wel 34 3 ZH2E 4 28 d 19 H ST 238 B FAH X
JE(FR 3), x4l H ¥R E A 21.30 ~
28.74 C, &K F¥IRE N 25.23 C ;@& R4 HF
R H17.53~22.44 C, 2R EHIRE R

19.60 C; Fidl HF¥RE R 23.16~31.03 C,
RBNEEE N 27.19 T, %R H P24 %5
JER 48.43% ~ 91.47% , 4= K F ¥ A1 X 12 &
70.30% ; i i 20 H SF YA 8 B 68.64% ~
90.89% , 4> K- FF XTI B R 81.73% ; = i 41 H
SESAAE VR E K 54.49% ~ 70.06% , 4> K-35 40 %f
Tk 67.98%

®3 KRB AFEFESHEEHEEMEXEE

Table 3 Daily mean temperature and relative humidity in different sheds during test period

205 Groups

| Y N, Y ey
WiH LD - R i
Items Indexes Preference High
Control
temperature temperature
- H 4 A {H Daily mean minimum value 21.30 17.53 23.16
yE pE
fn H -5 5 {8 Daily mean maximum value 28.74 22.44 31.03
Temperature/ C
H -2l Daily mean value 25.23 19.60 27.19
R H 35 K {E Daily mean minimum value 48.43 68.64 54.49
HRH Lo .
. . H -4 5 {8 Daily mean maximum value 91.47 90.89 70.06
Relative humidity/ %
H -2l Daily mean value 70.30 81.73 67.98

Wi 1 s, & 4 THI 768 50 4 W 4K T
22.2, Bz 4 40 3 #0143 BN R
A AR H X EAL THI R 22.2, B 06 H Wi
6 10 [ 2% 2 408 2 Ah T S RN SCTR 285 X BB 4 THI

& &R Preference temperature group

-0 iRl High temperature group

301 -o-xtH&4L Control group

W Z5 R R Z AR5 E 5 H 4 F 4 h(06:00 ~
09:00) LI 20 h AR FCRES . 25 B AW, &
T4 2 2 37 B0 R P R ™ T, HL R S A IR
Rk,

)
=
x
I
Juiz
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Fig.1

Diurnal variation curve of temperature and humidity index in different sheds during test period
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2.2 BN 4R SE I S T AR R HE ok B B A X
RIEEHN T

H 2 4 n] g0 7RG 2R 14 K @ TR 41103 1eG
i T B M S IR 4 (P<0.05) | T 6 R
HYEFEE T EIRA(P<0.05); & it 4 1M iE
TNF-o 5 5 i 2 5 TiE R4 (P<0.05) ; X BR 41
s 2 Y TL-2 & 3 s TiE R4 (P<0.05) ,
6T FRZH St 2 8 T R 2 ( P<0.05) 5 45 21 H) 3

e H8 bR 22 R A 0% (P>0.05) . 7RISR % 28
K GERA I 1gG & & 2 3w T X B4R &
4 (P<0.05) , ML IgM & & i 2 w5 T 5 B4 fn s
TR (P<0.05) ;B R AL TE H IgA A1 IL-2 &
FHE TR (P<0.05) ; w2 i E IL-1 & &
EE T A IR AT R (P<0.05) 5 4% 44 (8] 1L 37
TNF-a £ | JC B 3 2% 5% (P>0.05) ,

R4 PRHXLRF M R AR IRE T

Table 4 Effects of heat stress on serum immune indexes of sheep (n=6)

ZH %] Groups

HiH - P1H
Items RES E i % 1 P-value
Control Preference temperature  High temperature

% 14 X Day 14

SPERE T A IgA/ (ug/mL) 60.09+10.35 65.36+8.41 57.40£6.02 0.444
GREEREH G 1gG/ (pug/mL) 233.97+37.00° 303.01+62.71° 102.11£9.95¢ <0.001
SEBRE T M IgM/ ( wg/mL) 367.84+59.80 506.39+113.64 363.72+98.09 0.102
F4Rff A2 -1 IL-1/( pg/mL) 247.61+26.44 211.71+42.00 231.99+42.64 0.291
4 A 26 -2 TL-2/( pg/mL) 447.33£39.70" 282.15+23.82° 383.59+33.15" <0.001
JifEE SR BE K T —a TNF-o/ ( pg/mL) 47.76+8.89" 36.54+9.17" 56.84+5.87° 0.013
% 28 X Day 28

SRR A IgA/ (ug/mL) 63.53£10.57° 116.70£26.79" 29.20£3.91°¢ <0.001
GIEERE M G 1gG/(pg/mL) 246.44+33.50" 417.63%18.90° 206.66+38.53" <0.001
SPERRE I M IgM/ ( wg/mL) 383.99+91.89° 602.56+122.47* 383.37+75.38" 0.017
B4~ -1 1IL-1/(pg/mL) 197.21+22.22° 167.50+17.31° 314.10+55.69° <0.001
M4/ % -2 IL-2/(pg/mL) 431.00+51.33° 420.91+17.31° 225.88+44.20" <0.001
Jith g FRFE F—a TNF-o/ ( pg/mL) 61.19+9.73 59.23+9.12 64.72+10.45 0.705

[ 4 KAl A B G 7 Bk O ) 7 B R R 22 53 AN 3 (P>0.05) AR P BEROR 2257 B35 (P<0.05) o R[]

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

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

MR 5 Al 50, AR R0 50 14 K, ST 41 4
IL-2 Fll TNF-ou FE PRUFH X 2 55 it 5 3 i 21 AH B 43 5]
W THE 28.17% M1 27.37% (P<0.05) , i& i 41 H
YR 1L-2 FE PRFH X 28 58 AR A8 T X BR 4 B 35 R AIG
40.85% ( P<0.05) , T IL-18 & IR (/) A X} 2% 3k 1 G
BEZA(P>0.05) , FiEEEE 28 X, &4l A 40
JH IL-1B F R () A X 3 3k 8 b 2 = T4 R 4 RS
HREH (P<0.05) 1T H 40 IL-2 F1 TNF-o 3 R ) AH
Rk g T 21 (P>0.05)
23 ANEMEBEENIRELIEREREXER
3T RIEEH T

H 2R 6 "] AL, 7R 50 5 14 K, 3 IR 41 I i

CAT 35 PE B &7 T4 B4 A iR 4 ( P<0.05) | fij
X B I 2 TR iR 4 (P<0.05) 5 X R A i
GPx {1 & 3 & Tl 4l A s iR 41 (P<0.05)
T-SODEPE 3 i T 18 M 4 M s L 41 (P<0.05)
ERA MG T-AOC .3 & T &4l (P<0.05) , 1
i 41 M MDA & Fm T HAMA (P<
0.05) , EIRKSE 28 K, & R 4L I3 CAT 36 M
F TR IR R IR 4 (P<0.05) , GPx 1% P i 3%
fE T BRZH A IR 4L (P <0.05) 1 % B X g 3
= TR (P<0.05) ;id R 4L T-SOD {if H i
FE TR IR AR (P<0.05) , T-AOC & i
FEETX A ME IR (P<0.05) , 1if MDA &
WERTEIR4 (P<0.05)
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Table 5 Effects of heat stress on relative expression levels of IL-18, IL-2 and
TNF-a genes in leukocytes of sheep (n=6)
2H %] Groups
i H N P1{H
Items RES E ik i 1 P-value
Control Preference temperature  High temperature
% 14 K Day 14
H4iE-18 IL-18 1.00+0.00 1.04+0.17 0.93+0.13 0.384
M FE -2 IL-2 1.00%0.00° 0.71+0.10° 0.91£0.13° 0.002
JigE SR FE R F—o TNF-au 1.00+0.00° 0.95+0.14° 1.21£0.21° 0.036
% 28 K Day 28
HAANE-18 IL-18 1.00+0.00" 0.96+0.12° 1.96+0.40" <0.001
H 4l R -2 IL-2 1.00£0.00 1.04£0.36 0.71£0.16 0.091
IR AL F—a TNF-a 1.00+0.00 0.96+0.19 1.08+0.22 0.572
F6 WEHNEEMFTRENIERNIT
Table 6 Effects of heat stress on serum antioxidant indexes of sheep (n=6)
2H %] Groups
WiH — Pl
Items RES E ik % i P-value
Control Preference temperature  High temperature

% 14 X Day 14
i B AL E B CAT/(U/mL) 2.57+0.23" 3.22+0.18" 1.14£0.38° <0.001
A H kit A AP GPx/ (U/mL) 154.91+17.14° 98.82+11.49" 34.18+7.43° <0.001
M E ALY AL E T-SOD/ (U/mL) 31.23+3.72° 25.03+3.33" 19.92:£3.66" 0.004
BPrALEE S T-AOC/(U/mL) 0.52£0.05™ 0.57+0.02° 0.46£0.03" 0.010
N MDA/ (nmol/mL) 0.63+0.04° 0.63£0.07" 0.860.16* 0.025
% 28 K Day 28
it B LA E CAT/(U/mL) 2.45+0.05" 3.10%0.22° 1.40+0.31° <0.001
A kT E AL P GPx/(U/mL) 73.18+2.63" 115.64+8.54° 46.64£6.02° <0.001
SO ALY LB T-SOD/ (U/mL) 21.76+2.64° 27.32+1.56" 18.93+1.96" <0.001
RYrE LrES) T-A0OC/(U/mL) 0.42+0.05" 0.56+0.03" 0.38+0.05" <0.001
N - MDA/ (nmol/mL) 0.73+0.04™ 0.66x0.10" 0.85+0.10° 0.049

2 7 AT, FEIR IR AR 14 K 6 IR 4 A iR 4
20 L CAT 5 PR A A X 2 38 et R 48 345 Yk 40 433l
BE R 34.00% 1 50.56% ( P<0.05) , 1fii SOD2
FER Y AE X 2R ORI 2 TR R 42.86% Al
35.71% ( P<0.05) , Nrf2 5 R B A 6 26 35 14331
FTFE 25.00% F1 13.75% ( P<0.05) ; 5 %F B4 40
Ll 3 I 20 R0 s L 2 A GPx SRR AR XS R G 1
i TR 13.64% 1 9.89% ( P<0.05) , TEiR
Y5 28 K, AHH T om T A, %k R 2H A v T 4 1 e
Jl CAT J PR AH X 2= 35 18 43 0 b 2 B F31.00% Al
77.03% ( P<0.05) , SOD2 FE K A X} 3 15 8 5 5l &

Z T 23.00% 1 39.77% ( P<0.05) , H & iR 41
Yl CAT & R AH X R 18 & B 8 T X 4l (P<
0.05) ; #4118 41 il GPx FI Nrf2 F H AH X 3 38
HEFARE(P>0.05) , MA ERE 2, A4
6] 40 SODT JE PR A X 6 3k & G i 3% 22 7 (P>
0.05) .

3 i i
3.1 PN B4R F I RE R AR R AR K B B AR X
RIZEHFIT

Ui — BT B 5 0 60, LA
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BILHYAFINIX 5~ 25 T {H i PR 55 3 BE A7 2 %)
PRI T e R TR A LR S R L
B+ 52 2% , B AR PR TR A A2 AL 38 5% 0 50 A9 i A
PEFEAS A7 O AR B 3 P 0 A AR A R I
S BRI B, N IERT LA S 4R AR AR
PRI, T 3o 7 A ) 356 1R 460 (ROS) 5 B 32 40 i
240 6 5 ) AN R R i A B i B AS A5 A5 AL
R B S22 200 i, 108 0L 9 PP A9 3 200 R B A 4 i
BOT B, M52 Wi BLIA 1 S e Dl ae ' e Bk
AR M G 2 1) L 2H AR A, S A AE 5 i
TP A L A0 I 240 i 4 A R AR T 3R] LS 4

J45 5 77 22 il AR W) 2 BN, R FLAA 1) e S5 1 e
PER B K 4y EE AR, Tao &N
T VPA far 357 HE 475 2 40 Ui S 1 R A B R J5O6) A A A
E ) RE S  FF 5 26 B . 5 AR I B AL A B, B A
B IMTE 1gG F % TR T 32.9% , X /R BEA
ZE A 3T B8 43 tE — 20 AR e T BE
SET ARG R AL, RIS SR, A
FREAR TR0 )5 W48 2 17 TeA 1gG Al 1gM 5
i, N6 T UL A S s D g, X AT RS AN
PR T b B A A 3 B R AR T A S
P 4 A Bl

xR7T PNMXEEQMIE CAT . GPx . SOD1,SOD2 1 Nrf2 B EEX R ik 28 &0
Table 7 Effects of heat stress on relative expression levels of CAT,GPx,SOD1,SOD2 and
Nrf2 genes in leukocytes of sheep (n=6)

2H 51 Groups

miH ! - P {H
Items RES a ik % i P-value
Control Preference temperature  High temperature

% 14 X Day 14

i EALE T CAT 1.00+0.00" 1.34%0.34° 0.89+0.14° 0.016
A BEH K & e GPx 1.00£0.00° 0.88+0.10° 0.91+0.07" 0.026
ALY B ALEE 1 SoD1 1.00£0.00 1.02+0.11 0.99+0.20 0.962
B AL IE LG 2 SOD2 1.000.00° 0.70%0.08" 0.95+0.19* 0.003
B A T 2 Nif2 1.00=0.00° 0.80%0.03° 0.91£0.13" 0.004
% 28 K Day 28

i EALE R CAT 1.00=0.00° 1.31+0.33" 0.74£0.09° 0.002
A H kst ALY GPx 1.00£0.00 1.18+0.20 1.07+0.04 0.080
ALY E LG 1 SOD1 1.00£0.00 0.95+0.27 0.92+0.20 0.785
ALY B ALEE 2 SOD2 1.00=0.00° 1.23+0.20° 0.88+0.19" 0.017
Ml s N1 2 Nif2 1.00+0.00 1.10+0.16 1.04%0.12 0.389

TNF-o  IL-1 5542 48 20 i P4 by 28 0 300 s
N LR RN T, BB S 2 R s Al i Y
ZARGE G KRR AR (HBE 2 o WA i 1Y
M, LA ) 98 RE RN 23 IR e 2% 3 A 21 2 40
P BEARHUAR S e Dy tig . A der v, BRItk 5 0
I T AR B AT I 4R 2 LT TNF-o & 5 AR5 148
ST TL-1 A i, ik 5 e SR 45 0 i o 4%
SR O U 7 A B R S B2 0
ST S 20 23 55 40 D b mRNA (1 3635 £ i
M, Strong 45" FT A L, 4T UR IS 0B R 4RO 3
REMETH R B AN T TNF-o JER R GA R, AT
FEH, IR B LA T 4R A A TNF-a A
IL-1B5E PRAR XS & 3k i, 3 3¢ B R0 334 7T g 38 o 7+
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Effects of Heat Stress on Serum Immune and Antioxidative Indexes and
Relative Expression of Related Genes in Sheep

SHI Lulu  WANG Zheqi XU Yuanging MAO Chenyu GUO Shiwei JIN Xiao SHI Binlin "
( College of Animal Science, Inner Mongolia Agricultural University, Hohhot 010018, China)

Abstract: This study was conducted to evaluate the effects of heat stress on serum immune and antioxidant in-
dexes and related gene expression of sheep. Eighteen 3-year-old DorperxMongolian crossbred ewes were ran-
domly allocated into three groups: control group in natural room temperature (25.23 C) , preference tempera-
ture group furnished with an air-conditioner (19.60 C ), and high temperature group furnished with a radiator
(27.19 C). The trial lasted for 28 days. Blood and leukocyte samples were collected on days 14 and 28 to a-
nalysis the immune and antioxidant indexes and relative gene expression. The results showed as follows: com-
pared with preference temperature group, 1)on day 14, the content of immunoglobulin G (IgG) in serum in
control group and high temperature group was significantly decreased ( P<0.05), while the interleukin-2
(IL-2) content in serum and its gene expression in leukocyte were significantly increased ( P<0.05), tumor
necrosis factor-a ( TNF-a) content in serum and its gene expression in leukocyte in high temperature group
were significantly increased ( P<0.05). On day 28, the contents of immunoglobulin A (IgA) , IgG, immuno-
globulin M (IgM) in serum in control group and high temperature group were significantly decreased ( P<
0.05) , interleukin-1 (IL-1) content in serum and interleukin-1B ( IL-18) gene expression in leukocyte in high
temperature group were significantly increased ( P<0.05), while the IL-2 content in serum was significantly
decreased ( P<0.05).2) On day 14, catalase (CAT) activity in serum and its gene expression in leukocyte in
control group and high temperature group were significantly decreased ( P<0.05), while the genes expression
of superoxide dismutase 2 (SOD2) and nuclear transcription factor 2 ( Nrf2) in leukocyte were significantly in-
creased ( P<0.05) , total antioxidant capacity (T-AOC) in serum in high temperature group was significantly
decreased ( P<0.05), while the content of malonaldehyde ( MDA ) in serum was significantly increased ( P<
0.05). On day 28, the activity of CAT, glutathion peroxidase ( GPx) , total superoxide dismutase ( T-SOD)
and T-AOC in serum in control group and high temperature group were significantly decreased ( P<0.05) , and
the content of MDA in serum in high temperature group was significantly increased ( P<0.05). In conclusion,
chronic heat stress can reduce antioxidant capacity and suppress the immune system of sheep.[ Chinese Journal
of Animal Nutrition, 2020, 32(11) :5275-5284 ]
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