TEPRRNY K224 2024,46(6) http://xuebao.jxau.edu.cn g :
Acta Agriculturae Universitatis Jiangxiensis https://doi.org/10.3724/aauj. 2024134  mHenws

s R TR AR A L R AT R ISR AN TS 5 0 A O R 20 AP N L) ] VTP ROl R 2 4R, 2024, 46 (6) < 1544
1551.

ZHU X T,MIN J,ZHANG Z H,et al.Reduction of heat stress—induced oxidative stress in bovine oocytes by Proanthocyanidins[J].Ac-
ta agriculturae universitatis Jiangxiensis,2024,46(6):1544-1551.

JRAE 75 2 e R LTS 1
GRIRS 3| URERAATAT-

RUF LR KT R KA KT R
CHEANEZ AN S S AN

(LR RO PRERE BHRASERT Wm M 4500052 FF RO K SR #BE iR M 450002;3. 0 F 4
WAPH L R AT L R T )E 463700)

FEE . [ Hi9 ] BRI RO PR INEAE T 25 B2(PB2) W37 80 - B BE A AR A AL, S 75 B vt 4
UL AR T i AR IR (RS 75 % B RE ) IS M SRR 2R o [ 575 10X 6~8 20 Y TR fr i 2= A iR g v 42, B 2 4
RS- GN L 103 X 5250 % Fl I 0 55 36 181 D96 A B9 - IR R A & A5 7R (COCs ), 4 COCs BEAL Y 1% 3 4H 44 7
ARG o HR 2 (38.5 “CHEFF 24 h) s PR K2 (41 CHE 7 8 hBk A 38.5 CRE MRS IR 16 h) 5 b T KA
(25 pmol/L PB2 41 “CHFF% 8 h 4k A 38.5 CEEFAMARLERTFE 16 h) o IRIMAGAIEF5 24 h, COCs 2835 W i BR Bt T 1k
S FEAL R SUBE T 0T 4520 BB A0 Al R 5 (o A 2t o) BB 20 AR T IO, IRSMRE 37 48 hge 2
168 h iR T FH OO GG LRI IR BEAN RIS M (ROS) IR JFEAIAS e H K (GSH) T , DA S BERR AT A
B 5 R 92 26 ' 78 B PCR (qPCR) 461 25 21 B 1 40 i 41 40 Ak 56 R (SODT.SOD2 . CAT) L AH I 5L (] (GSS
GPX1.CAS6) MR A [ 45 1 (1) COCs PRI 24 h, S0 B AR HL , JFAE T R AL T U4 R (1
P Z 825 55 AR 25 (P>0.05) ; (2) IRHERIG 5 , 5 A0 A AH L, JRAE 75 28 21 B S48 I JUR 4 B 50 2 4 oy
(P<0.05) , ZEF R 22 FOR B (P>0.05) 5 (3) 5N AL AH LE , JRAETT 25 41 ROS 1 i 2 2 F#AI% (P<0.01) , GSH 1
P S R R N LR T R A R TR 3 ik o L T (P<0.05) o [ 4518 1 7R AMa: 32 0 R 3N 25 wmol/L J5EAE
T E B2, 0T LU SR R B0 2 BB AT i AR A AR I 8, s R AR K BV O R LT

KR JRACTT 5 UIRR AN B ; 30 AL 3 '-
hE 45355885721 SCRRARAEAD: A TR R (R RR S ) #RIRE8 (OSID) :

X E 4 S :1000-2286(2024)06—-1544-08

Reduction of heat stress—induced oxidative stress in bovine
oocytes by Proanthocyanidins

ZHU Xiaoting' ,MIN Jia'?,ZHANG Zhihao'?,SHI Qiaoting', Wang Xiangnan',
CHU Qiuxia',ZHANG Zijing' ,CHEN Fuying',ZHAO Caiyan',
QIAO Zhihui', LI Jing’, WANG Eryao"”

Wrs B H#1:2024-09-02 &[] H#5:2024-10-09

BESWA - WA FFEF AR KR ITH (CARS-37) A R 4 AR P L AR R R 5T H (HARS-22-13-8)
Project supported by the National Beef Cattle Yak Industry Technology System (CARS-37)and Henan Province
Beef Cattle Industry Technology System Project(HARS 22-13-S)

YEB N R 5, I ERFFSE B, W1, orcid.org/0009-0009-0731-4727, 543029708@qq.com ; * W {5 1E# : £ HE , 0 5%
B A, BN Sh W A KRG TREFSE , orcid.org/0009-0005-6544-2963 , wangeryao666@qq.com

OGI AR A FFR)MIEER, FFHIRE CC BY-NC-ND #3l



55 6 3] R A AR T FR BRI 05 T ) 2 1 R 2 i S A 38 - 1545 -

(1. Institute of Animal Science and Veterinary Medicine, Henan Academy of Agricultural Sciences,
Zhengzhou 450002, Chinaj; 2. College of Animal Science and Technology, Henan Agricultural University,
Zhengzhou 450002, China; 3. Center of Xia’ nan Cattle Research and Promotion, Biyang, Henan Priovince,
Zhumadian, Henan 463700, China)

Abstract: [Objective] The objective of this study is to explore the protective mechanisms of
proanthocyanidin B2 (PB2) when incorporated into the maturation medium of bovine oocytes under heat stress
conditions. This investigation aims to provide a scientific foundation for enhancing the quality of bovine oocytes
exposed to high temperatures and improving their capacity for embryonic development in vitro. [ Method | A
total of 103 pairs of ovaries were collected from 68 years old Holstein cattle. The cumulus oocyte complex
(COCs) in ovarian follicles were aspirated in the laboratory and randomly divided into 3 groups for in vitro
maturation : control group (cultured at 38.5 °C for 24 h) ; heat stress group (cultured at 41 °C for 8h and
transferred to 38.5 °C incubator for 16 h) ; proanthocyanidin group (25 wmol/L PB2, cultured at 41 °C for 8h and
transferred to 38.5 °C incubator for 16 h).After the oocytes were treated by hyaluronidase , the oocyte maturation
rate of each group was measured under stereomicroscope. After parthenogenetic activation of oocytes by
chemical agent, the cleavage rate and blastocyst rate were recorded at 48 h and 168 h, respectively. The ROS
and GSH of oocytes and the total number of blastocysts were measured by fluorescence staining.The expression
levels of antioxidant genes (SODI, SOD2, CAT) and maturation genes (GSS, GPX1, CAS6) were detected by
quantitative real—time PCR (qPCR).[ Result](1)COCs matured in vitro for 24 h.Compared with the heat stress
group, the proanthocyanidin group increased the oocyte maturation rate , but there was no significant difference
between the two groups (P>0.05) ; (2) After parthenogenesis activation, compared with heat stress group, the
cleavage rate of proanthocyanidin group was significantly increased (P<0.05) , the blastocyst rate was not
significantly different (P>0.05) , but the total number of blastocyst cells was significantly increased (P<0.05) ;
(3) After 24h maturation in vitro, compared with heat stress group, ROS content in proanthocyanidins group was
significantly decreased (P<0.01) , GSH content was significantly increased (P<0.05) , the expression levels of
maturation genes and antioxidant genes were significantly increased (P<0.05). [ Conclusion] By adding
proanthocyanidin B2 to in vitro maturation medium, oxidative stress of bovine oocytes induced by heat stress
can be effectively alleviated, thus improving the maturation process of oocytes in vitro and enhancing the
development potential of embryos as well as embryo quality.

Keywords : proanthocyanidin ; oocytes ; heat stress ; oxidative stress

(W98 SC) Sl W 2 PR I SR i sl /b AR R R D12 BT MERE T I A e T RE 2L, X & 4
b 2R 7 ™ B ZE BRI R o RO A BB T RE 1 S 0 R BTE R A BRI BT, IR B R R
5 S SERG ARG S AN B U AR SR T RRONEIBONS AR B 1 R A S e e R 7R Al R
Jre iy B SO, & 32 B E N AN Bl 12 00 o (AT AWESE 2 R 14 18 52 i R R0 5P 58 F B 3eL o 1y A= 4k
U e - B G S RS Vi O (- o = R € Y RO B S A R e o B A 5
YPEE 20 0 2 A 0 E T RE . 7E 4R & I 24 (germinal vesicle breakdown, GVBD) B Bt , 3 1L S 20 4%
2N B S5 S It 58 , 27 R J 5, A e Tt TP B BRI L AR D BE , DNA W 2L, S BUIR iR o
R BRI D R A N T A R T R B A L e (BTSSR S AR R RE AN AR RS S
PR RSN GAAZ B, LA IR IG % B0 0 AR 5% B RE A0 M AE AL IOR AT, OB A0 I LR AR T E 52
1 K 1A T (reactive oxygen species, ROS) P4z, SRR A A& A= E AL N 3, DRREAN S R Fl & B 32
P, FECIING & B 240 FET0 Sy S MR O B9 B AR B 1A L R IR iR B RS2, F5E N
SR B S NS R . Ross S5 7E BRI I & ZAEA K - 1 (insulin-like growth factor 1,
IGF-1) , K5 519 58 51 6 P B [~ B 1 41 0 52 5 44 (cumulus oocyte complex, COCs) '8 T 41 “C il & 1F T, #F
ZL 14 h, KL IGF-13G I 1 Lok (A 5 ey (6 76 M el 2D 1 B BRE 20 B v ROS 197 A8, IR AR 1 3 P4 20 i 141



- 1546 - RN AN I 3 o 46 &

(inner cell mass, ICM) HVAR LR T B 43 LU o Li S5 65 BB 200 JE Al 220 mh s ol B 20/ 1 400 33
BRI ROS W97 A= 451 1 IR BRI SZ A B 7, vl 1 AR o D R4 M 1) AR AR S . Nabenishi 577
2= BB L AR I B SRR K B2 T A B B T BRI GSH

(AW 55 V) AT )AL T K (proanthocyanidin) & —F KRR Z W 2R E W, ) IZ A6 TAEY T, AFEK
B IRIRED ) IR RS F SR R AR T K B2 (proanthocyanidin B2, PB2) J& F 2f) — 3
R 2", PB2 BAG ZHF LG, s W i A b PUR PrEE b e N A
TR, A TE 2 B2(PB2) REAE U R /1N BB BF 20 A A A AR, R R R O R A i Ak S R A
KBS o PB2 A i 15 2ok A R A 5 L BRAIR ROS 77 AR H S 2L O R 4R & B RE 1™, PB2 iR AT LU
ST Nif 2/ARE {5538 B AR /N B B2 J2 4 28 050 % S A0 TR S i Sk i 051 . 4 4TI 40)
WFSE R IR E A AN R TP R N 25 wmol/L 4 PB2 13 35 42 25 1 BP B 20 i iR 48 v T IR R B BE
F1o BRI, KARFT SLAIHTEAALT PB2 X B0 8 A U1 200 B A VE FH AL 00 A8 087 o [ 0 A ke ) X ) 7 ]
TAF 30T HELLP 2 B B 20 AR A B T R I 25 umol/L PB2, #4857 X6 AN 840375 S A8 A0 I st i v, Xof B 24
L AR ML , AR SNIRIG T A P iR ARl A 2 2% sl BB AR i
1 MRS
1.1 R

AN HCR A EVE TR IR N AR B 2 b, SR ol e BnE 5 A4 LB SE 106 kAR IR O 6~8 & R FE A, SR
FEF TP B 103 %F . B0 EARAELE 37 ‘CH AT 100 mg/L 75 %5 F F1 50 me/L5ER £ A9 /E K d .4 h %
[l S22 o S B9 60V AT FH 2E B R /K Ve B 5L 3 3k, 48T 40K B 5L 3R 1 2 R 0K AT . HAR A
125551 3k 1) 2 8 25 4tk 8 B9 68 3 17 ELAE 0 3~8 mm B IEL A B MLV . O VLV 4 % B B 90 mm 53R LD, F
PRALEE T PG O Pk e 2 3 )22 DAL B B 40 At EL A SR 3423 1 COCs R AT IR A1
1.2 RIEit

COCs FEHLA % 3 ALAAAM 8534 24 h: (1) % HEZH (Conrtol ) :38.5 °C, 3535 24 h; (2) BUR BLZH (HS )41 CH%
778 h, Z 5 7E 38.5 CHHAKLEEE IR 16 ho (3) JFAE T KA (HS+PB2) : 76 %A AL % (25 wmol/L) iy B 2K
H,41 CHEFE 8 h, #5455 38.5 CH AR SR 37 16 ho FH 3% B R il 714 £h U e 4 i, Ge 3 T 45 41 2R, kil
HRHE A ROS  GSH B AH 56 38 R 3238, IE OIS I S ik s AU & B R )1 o BRI &2 3Kk, 1941
COCs ML 90 ML .
1.3 MEmMBSAE
1.3.1 975 2m feL ik 51k, it

COCs AR SN R P B T4 IR BE L 38.5 °C.5% CO, ¥ -4 b 15 9% 24 he B H 90% TCM-
199(Gibco, LifeTechnologies Corporation) , 109%FBS(Gibco, LifeTechnologies Corporation) \E2 1 weg/mL(SIG-
MA-ALDRICH,Co.) .FSH 10p.g/mL( Animal Health Cananda Inc.) \LH 10 wg/mL (1 [E R} % 5 & $oiF 53 fr )
A BRTFE 24 h 19 COCs 7 A% 5] 0.1% 155 B it R ilF TCM—-199 35 W H H AL 1 min, 1 (8] RS AR B ek
FI AR B0 e 20 M e 7% o 45 MO 25 B Fr 40 6 %) 9 B 40 i DR 5 B8 31 38.5 °C#% 10% FBS 1) TCM-199 Hr2¢ 11
TH AL T VE 3 W, R R BE T PRI A A 55— WA 1) B9 B 40 B, ahb B O 200 b Ak 1 35 2 Yl B3 o3 24 v 1
(metaphase of meiosis 1T, MID) , LA — A (A (R HE S 9 R 20 B R A A s, G 1B R0 B B2V
1.3.2 ROS.GSH #&Mn| &

ROS B 5E 712 BEEK AT S, GSH N 22 7155 IR Lee 551 B2 45 B 10 MCUP 0L E T 100 L 4t
o TAEW P M AR 38.5.5% CO, 35 3548 N IR 30 min, 2P S min 5252 58 80, (40 i b () ROS 5
DCFH-DA #R4F (138 = RAEWH AR A R\ 534 40 i h GSH 5 TrackerBlue CMF2HC 44} (invitro-
gen, FEBR CHHRBIEE 20 5] 04085l ;s & 1% PV A 1 PBS PR 14% 3 il , B 2 2 A AR EF sl yelel s B BR-HE 40 i
TS PO WAL (Carl Zeiss AG) T FA$ o Y IRIME , D¢ G W) H5 w8 5, FH Image—J v1.53 8443
B UG5 % B A
1.3.3 9448 % RNA R Fe R4 %

SV RNA B IB FH ii RNA SO & (FE B CHERBHE A R 42 B B 15 AT 84 K 10447



%6 R A AR T FR BRI 05 T ) 2 1 R 2 i S A 38 - 1547 -

75— WA A B RE 40 M 75 Extraction Buffer 17,42 “CHEE 30 min, 85 A 100 pL. 70% ZBER 4G A
afifk A ,2 200 r/min 2.0 2 min, 1A 100 pL Wash Buffer, 8 000 t/min 50> 1 min & 23 . $f2lifbi:5
FRH Y 0.5 mL A LA H 0 10 pL DEPC /K, i F#HE 1 min, 16 000 r/min 5.0 1min, % 574 fLHE
PR OA WEE B A RNA, B0 R 563000 &5 (QTAGEN ) % 55 e DNA 5 i 121055 £ (QIAGEN)
SE I
1.3.4 975 fm BOIRMER E

MBS 7 13 2% SR T B BN BRI B T 5 wmol/L 25 185 RIE R (S8 XA MR A BR A 7))
HENEIFE S min, 5 A 2 mmol/L 6- &S (IR MR A BR A 7)) IR QRS2 B 4 h, e a
F TVC(in vitro culture) 55383 11, 7 38.5 °C.5% CO, 35 3e4 595 48 Wi BREL% | 168 h BT HEir%
1.3.5 £ 0E2m ARG 3

WL M TR S BT MG AR S 7 TR B R PBS/PVP Uk 31K, 7 #5381 10 wg/mL [ Hoechst
33342 4fi i i B YRR (L3 2 RAEYIF ARG BR A A ik R 15 min, 285 7F PBS/PVP i

VE3 W, WO R FNE IR E T4 i b, 55 L as 3k i, 8 T OO0 BB (Carl Zeiss AG) FHAM, SeiT 4k
A, A RAEAITE AT
AR =MIT 1] OB 44H i 250/ 919 B 240 i A £50< 100% (1)
B 54 3R = B 2485/ MTT 31 B RF 240 i < 100% (2)
PR = B/ IR 2L 100% (3)

14 HIERFIT 55
15 B H] GraphPad Prism9.8 2K AFBEAT 04T , 35 PR GETHAE FHARPE 9 ANOV A BEBRpEAT BN 3 T5
ZEotre I IRE R E A 3K

2 HERESHM

2.1 FEEFEITASHMONEMAIRL E RN

H1 & TRTIED LRI AT, B0 38 4 O 200 1l 2 3 R B 26 3 G 215 HR A1 (P<0.05) | JRAE 75 R 418+
20 B IR TR S E PR 2 8] 22 R 3 (P>0.05) o 5% BRZL A L, B0 T B0 245 I 3 A1
(P<0.01) , #E R 1 E TR (P<0.05) 5 5 H I A LE , JRAE T 2 41 U0 24K i 2 4 1 (P<0.05) , (H AR IR 22
SARBE(P>0.05) . BENRANNAEGIN (2 1, 18 1B, 8 1D) , PN 12 2 JPR 40 2 80 ik 3540 T %) IR 26 (P<
0.01) , JFAE T 25 41 F2 JJR 40 it 85 355 7 T HO0 B ZH (P<0.05) o 45 SR 1T, Ry 8300 o) O 240 0 80, S
IG5 T 77 5 DRAE T AN 0% 300 5 A0 S8k R 200 F A B2 0, 17 LA RE S 4 g S 0TI i % 7 T
71, R G

x1 REUESEXNAMHIPEGHEEEL E RN
Tab.1 Effect of PB2 on developmental ability of oocytes under heat stress

it [ AT HEZH P (HS) PN P+ AR T R A P
[tem Control Heat stress Heat stress+PB2
SR B UAL No. of oocytes 185 196 218
AR % Maturation rate 67.57+3.305" 47.53+4.361" 56.53+1.330" 0.035
G ZEE/% Cleage rate 70.60+1.400" 51.25+1.250° 62.85+2.350" 0.001
BEJRR /% Blastocyst rate 32.14+1.345° 25.57+1.022" 28.10+1.703* 0.020
P JRZ L 48 No. of blastocyst cells 189.311.920° 94.33+3.528" 133.7+6.360" 0.028

[ AT 8 _EARARTE 7 RER R 22 53 A B3 (P>0.05) , ARV/NE FRER IR 22 57 .35 (P<0.05) , AR RS TR IR 28 5
5.3 (P<0.01) .
The same letter of superscript indicates no significant difference (P>0.05) , different lowercase letters indicate significant dif-

ference(P<0.05) ,and different uppercase letters indicate very significant difference (P<0.01).
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Fig.2 Effect of proanthocyanidins on ROS and GSH activity in oocytes under heat stress
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Fig.3 Effect of proanthocyanidins on the expression of genes related to maturation and antioxidation of oocytes under heat stress
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