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The Effect of Resveratrol on Alleviating Heat Stress Induced Oxidative Stress in

Porcine Sertoli Cells

ZHANG Li, RAN Maoliang”
(College of Animal Science and Technology, Hunan Agricultural University, Changsha 410128, China)

Abstract: This study aimed to investigate the impact of heat stress on the antioxidant capacity of
porcine sertoli cells and to further elucidate the protective role and underlying mechanism of resveratrol
(RES) in alleviating oxidative stress. Porcine sertoli cells were isolated and cultured primarily. The
cells were divided into 3 groups: control group (NC, 34 °C ), heat stress group (HS, 43 °C for
30 min) , and heat stress+resveratrol group (HS+200 nmol-L"'RES). The levels of reactive
oxygen species (ROS), the content of malondialdehyde (MDA) and advanced glycation end products
(AGEs) , as well as the activities of superoxide dismutase (SOD) and catalase (CAT) were
measured. The expression levels of RAGE, NOX4, and NF-«kB genes were determined using real-
time fluorescence quantitative PCR. Compared with the control group, heat stress significantly
increased ROS level (P<C0.05), MDA content (P<Z0.05), and AGEs content (P<<0.01) , whereas
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the activities of SOD and CAT were significantly decreased (P<C0.01) , indicating that heat stress

successfully induced oxidative stress in porcine sertoli cells. Pretreatment with 200 nmol-L™" RES
significantly attenuated the heat stress-induced elevations in ROS, MDA, and AGEs levels (P<C
0.05) , and restored the activities of SOD and CAT (P<C0.05). Moreover, RES significantly
downregulated the expression levels of RAGE, NOX4, and NF-«B genes induced by heat stress

(P<C0.05). Heat stress disrupts redox homeostasis in porcine sertoli cells, leading to oxidative

stress. Resveratrol alleviates this heat stress-induced oxidative stress by suppressing the AGEs-

RAGE/NOX4/NF-kB signaling pathway. The findings provide a theoretical basis for utilizing resveratrol

to improve boar semen quality during summer.
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TR ARG W BN R — B KRB A
AE 98 /0 I M AU BV R AL B R i A T i
S R T TS A T B R Y AR BF SR
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1.1 ##

1.1.1 K5z 63k 21 H W& (9 {dt B Vb 7 1% 24
H TR T VD 0e A TR IR I PR At ISR LA BN T
Gy B SR LSRR A M

1.1.2 & 7 DMEM-F12 # 3% % (Gibco) ,
DPBS(Gibco) , Jifi 4 ifiL 7 (Gibeo) , B4t (Gibeo) , i
1B (Gibeo) , — H 3£ . (DMSO, MeilunBio) ,
e 4R 7] & (ABM) , RNA 2 BUR 7 & (AG)
BCA 5 11 7€ 1 1070 & CRER ) |, 9% P 40 2 2 4 D 5]
&R K)ok S Ak S D R & (Rt R
T 4 A b7 b Tt ARG T R0 (e e ) P AR T
WA & (RS, M W03 fb &K 7™ ¥ (AGEs)
ELISA i 7 & (VL3 , 519 (A T A ), 4 it 4%
#e (Logos Biosystems) , 1 22 = i (21 JiF 9806 , F 4%
BHE AW

1.1.3 FEAUg: PCR 1 ( APPlied Biosystems) ,
CFX Connect 5 B} ¢ % 5 & PCR{X (BIO-RAD) ,
2 ) i W #5{X (Thermo Scientific) , Nano Drop NC
2000 (Thermo Scientific) , CO, 1H & 40 g 55 3% 46
(Thermo) , {8 & B 5% (ZEISS) , 5 )6 ] B W i 5
(ZEISS).

1.1.4 HEAERE FRELO.011 412 g RES
% F 1 mL DMSO, ¥ & 25 50 pmol-L "3 88 5 i A
4 HE S IR, 29Uk SR 200 nmol - L7

1.2 A&

1.2.1 4isres 2 U2 T IO 0 O 1k
Sy B AN IR EAT e OB RT-PCR%EGE o
1.2.2 40k FH10% B4 13 .2 %60 WAL AN
88% DMEM/F 12 K 37 5L B il g 56 4= 55 77 5, 15 5%
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TE 34 °C 506 CO, B 5 FR AR f , AR 408 40 M A= 1 0 %

I 8 T FAZAR
1.2.3 4 ral 5 a8 L F g AR 5 B e R
I T8 L BE K B TR] 15 GE B2 (34 °C) F N I 4H

(43 °C 30 min) K5 75 5 S U SRR 4 ) 35 )
41 (NC, 34 °C) FAR 4L (HS, 43 °C 30 min) , #4 i}
L+ B (HS -+ RES, 1357 20 i %5 BE7E 50% A2
F LA RES #ilhb B 24 h, & T 43 °C 30 min) . A
W 5% 2 JCUR A 20 T 400 76 % 52 AL ) J5 40 o 0 5 25
JU U RES #9249k 24 200 nmol - L7

1.2.4 3EPER(ROS) & &K K A JEA 2% 28
PREF I, T LT 55 5% WS VEAH A 3 UK, I A2k B2 R
10 pmol-L "Hy DCFH-DA T AE W, {4 5570 B % 40
Jf, 34 ClE G B 40 min, 4% 5% 55 3% M LA BE 45
B 55 4 R FE 43 B2 ol s B S R I R AR TR R
W3 LA ERR £ 4 DCFH-DA, il A 1 mL JC IfiL 14 1%
IR W5 R FH B B 9O BB AR IE R B . R
F Image JITM A e & 4554 .

1.2.5 N/ (MDA) #  K ik it 7 1L 4
Mo, 1.8 mL A RF 2 ki Ak, d 40 A, B 10 pL Bk
P A0 B RO S RO S B BEAT A0 3
B, AR e R0 A U B A A B AR A A2 532 nm A
600 nm 1 WG JE .

1.2.6 HEAYEALEE(SOD) I H A JER T T
16, HCL. 5 mL A3 24 R THAR A1 %; 1 000 remin ™!
B0 10 min 3 B3 s in A 1 mL DPBS B # WK 4T,
1000 remin” "> 10 min, 3% L35 . A 100 J5 40 # i
A 0.3~0.5 mL DPBS, i 75 filf % 4 Jfd , #% B 3050 &

®1 51955

Table 1 Primer sequences

Ui B AR IR R OB B IR AT, 37 CIEE 20 min, il
FRACI 5E 450 nm Y W6

1.2.7 A AL (CAT) I P A Il FE A i b
5 SOD {f PRI — 4% o 42 B0 & Ui B 43 L e
T A4S, 4548 B 200 pl (4 B2 R N 28 96 FLAR
it AR A 5 405 nm (WG

1.2.8 AGEs & & 20 Jf K5 S5 5L 1 000X g
B0 20 min, HCETE I 40 RS AK L 1 000 remin !
200 5 min J5 WO 40, T 1 DPBS W Uk 31k, B
100 5 A 40§ B A 150 pl. DPBS & &, [7] i fin A
A A R0 SR P P I SR R A, 2 S
F4°C,1500 remin "B .0 10 min, BCEGE R . 2
HEELISA 3 5 & Ul B 45 i ZE ok b #J5 , 7F 450 nm
PRAR I E ODA i3 AGEs W i .

1.2.9 FRNA 21 BiFEmHin A AG RNAex
pro reagent, AR ¥5 1507 & 15 B A5 $R IR RNA B it J5
(1 RNA I 32t 36 B2 I A8 T Ao v/ Ao o A Ao/
Ao THAZ T A 2R, — 80 "C IR A7

1.2.10  SEHF#8% € 7 PCR S JH 35 % s )
EF B RNA W% 55 5 cDNA % i1 IF & il RAGE .
NOX4 NF-xB Fl B-actin 3 N B 51 ¥y (£ 1) . ¥
12.5 pL 92W} 98 % 2 B PCR R W AR &, 145 6. 25 pl.
SYBR Premix Ex Taq.0.5 pl. E##5[47.0.5 pL F
W59 1 pL cDNA Bifg #1 4. 25 pl. ddH,O. & Jf
PR - 95 CHIAE M 30 5595 °C 55,60 °C 30 5,40 1 fF
PR 555~95°C 30 s, 45 0. 5 CHEAT 1R %6 Wil , 22 il
M . pracinE NS BN R 272 A K
THE AR X R GK K-

K Gene 514 Primer F%1(5'—>3") Sequence BkEE/C Tm
RAGE F TACCTGACGGCAAAGGAGTG 59
R CGGGCATGAGTTGAAGAGTT
NOX4 F GGCTCTCCCTGAATGTCCTG 61
R TAGGCACAATCCTAGCCCCA
NF-kB F AACCAGCCAGAAATCGCTGA 61
R TGCAGACATGTGTGGCCATT
[-actin F CCAGGTCATCACCATCGG 62
R CCGTGTTGGCGTAGAGGT

1.3 HEFEFITELW

BB ELHETFTIREYSFELZ ., XH
spss 29 FAF AT BUHE et o B, SR M S AR ek
95 70 BT WA 4L [R) 25 55, B DR 2R O 25 40 B FXR 45 K I o

T2 E B . B DL bRk 227 fom , +P<
0.0 FE/REFRE ++P<0. 01 EREFWEE N
[l /N PR R R 27 B3 (P<<0.05),
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2.1 BEHMNBEASZFARNELERNZN
Shy B AT BT A AL SR A M A Ak 3

i 5 52 M, 1 B X IR 2 (34 °C) M BN B 2 (43 °C

30 min) , K 0 46 M AL 48 bR o 40 B ROS 98615

5 0L B 1A, ROS [ AH X 2% % 5 B 45 5L [/ 1B B

7N, O T BUROS B LR (P <C0.05) . R

MDA K 0328 750 60 4 I 2 30487 98 ] Sk 25 4 5 4
MDA %1 (P<<0.05) (E 1C) o R FAK 77 & 46 il %
LILAF A ML CAT F1SOD i 1, 0 84 5 35 %
it CAT 1 SOD 3% 1 (P<<0. 01) (& 1D F1 1E) . 4H
Ml AGEs &t 6 I 45 5 3= W, 2400 305 48 il AGEs
M FE RN (P<0.01) (K 1F) ., k4R %
B, B0 I SO S L S A0 M R 3 TR A K Al
(087 A =R AR 8

A B z2 *
Z 10-
B
f=1
By 8+
n{h: o
Rg O
= o
L2 >
°=
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o)
& HS
C D F
_ 0.004 * 0.03 0.025 300 *k
3 —— = 5 i e
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A. ROS fluorescence signal image; B. Relative ROS fluorescence intensity; C. Relative MDA content; D. CAT activity; E.

SOD activity; F. AGEs content. NC. Control group; HS. Heat stress group. Data are presented as “mean®+SD”. *. P<C0. 05,

k. P<<0.01
Bl 1 #2032 FE AR R AL FE AR B0 R 0

Fig. 1 [Effects of heat stress on oxidative indicators in porcine sertoli cells
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RES X #4075 5 48 52 AL S5 040 0 B0 1
M E 25778 o ROS K i 25 5 o, #1035 ROS
KA 2 B TF(P<C0.05), 1 %I RES Ji ROS 7K 3
R 43 28 %k BB 4H K SF- (P<<0. 05) (&l 2A #12B) . MDA
I &5 S @, O R MDA K- 3% ETH(P<
0.05), N RES J§ MDA /K F i 3 F & (P<<0. 05)
(F2C) . CAT A1 SOD K I 45 3 7w, #4034 )5
CAT F SOD 7 2. 2 & B (P<<0.05) , % il RES

J5 CAT #1 SOD /K F & 2% I J+ (P<<0.05) ( &l 2D
F2E).
2.3 RESHANHFSEENZIHFHMAGE S
ERRm

RES XJ #4007 #0075 5 09 58 S2 AL SR A ML AGEs &
Y WA 3TN . A AGEs & B 6 I 245 2R %
B, 20N 385 H S AL R AN AGEs 7% i i 2 18
hn(P<<0.05) , 1 % il RES J5 AGEs & &K & & X}
HEZH 7K (P<<0. 05) 6
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A. ROS fluorescence signal image; B. Relative ROS fluorescence intensity; C. Relative MDA content; D. CAT activity; E.
SOD activity. NC. Control group; HS. Heat stress group; HS+RES. Heat stress+ Resveratrol group. Data are presented as
“mean=+SD”. Different lowercase letters above the bars indicate significant differences (P<C0.05). The same as below
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Fig. 2 The alleviating effects of RES on heat stress induced oxidative stress in porcine sertoli cells
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Fig. 3 Effect of RES on the AGEs level in porcine sertoli B 2o i 23 7 BB SR UOR N BT B RS
cells induced by heat stress E‘f*ﬂ(ﬁﬁ[@ﬁ% [ P 3 S | T X W S IV R ¢
B AR R 2 5 W CAT F MDA 48 S Ak 15 45100,
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Fig. 4 [Effect of resveratrol on the expressions of RAGE, NOX4, and NF-kB genes in porcine sertoli cells induced by heat

stress
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S, RES 1T LA B0E AMPK 9 8% B2 16, ek 20 3% 4 41
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FENF-kB-RAGE {5 5 1% 5 19 B VE A6 26 w2,
ARG 25 R B RES SR 1T W 07 5 1 Ak B
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K, BT T SOD FICAT TG TE

i 409 4 3 £k 28 oK 7= ¥ (advanced glycation end-
products, AGEs) J& —F Z M . k&9 . A
51 W S N i S G 1 NS | 5 A A o A I
AGEs™ . AGEs 51 £ 3 3 5 i IR 28 FUB0% 19 15
5 B G HE N VR M AT AMIE M AGEs i 56 £ 4
(R B E R IRV B, R e S 524
FROF 2 AL AR 0 TR Ok R £ AGEs BHIE
W) 8 of 5 OO 40 3% A2 & RAGE (receptor of
AGEs,RAGE) iy A H.AE FH 51 & 48 Ak 17 #0ORN 48 9 S
B AGEs 5 RAGE B 25438 % 25 300 B UiF

NF-kB FUH A5 5 700 A 098 £ B, RAGE /v
S NF-kB B 76 & RS X s TRk R il
X I, RAGE K 3 i v] G S 1458 AGEs 5
RAGE (%54, I sk ROS Y Jea 35 7= 47 #F 5
KB, ROS KT 4 T 80 U R TR A% R 11
SECAR I T e 0 i £ 2 57 ) KT 14 8 m SR B
AR IE M ECRTE M AR B, #E— 25 S AGEs B
WL ARG R B, 43 “CAb 30 min fili 52 L K HF
40 ML AGEs & it 3 B, i i A RES 23 8 3% B
IR AGEs & & . A WF5E £ W AGEs il 2 %04k I i 1Y
77 B RAGE ik, W1 7E AGEs #1 RAGE i &
1) S8 Ak 7 38 22 TR0 i — A IE R A5t 1 %4 NF kB
J7Z A T A T, A T Y SR I IR 5 R
EEAEH . NOX4 1] #% NF-«B i j#% , o i b 58
SiE R F R R 8 RS R R B M A
& A 30 AGE B9 T8 5, AT Lhdd of 95 9 RAGE/
TGF-B/NOX4 i# % ¥ 52 b5 JE b IF ol 35 40 My 2F 4k
B9 AR I RAGE .NOX4 Fl NF -«B % [ ()
FIR KO KB, R E AGEs i i 5 RAGE 45
B O R R NOX4 T NF - B 3 K 5%, il 4
Mo 7 . X A AGEs-RAGE %ll i 5 % B35 & P07
WS 5 0 S L SR 20 M A I R T BB AR
RES AT L3 2 $ il HE 6 1k DA 2% fife #4007 38005 5 1) 41
AR, &

WA A BT HGE | AR AT S 2l R B A
B GUVE AR R B, S R A SR AL S P
DA 20 B, SR 0 R T BI0E L 45 R R O T g R Y e A
TREMEERNEY . RES UMM LA 24 E
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