HE kB 2019,45(6) :55-58
China Caitle Science S iR

MBENLFIXNRERREINREZIMHARARE

A BV RFECS, kY ED, gAY
FAE, T, BB, e
(L. R AR R 2 B T AR KM 450002 52. 01 g 48 A B Bt 78 MO BE ST, 65 450002 5
MM EH B ET GE TSR M 4500024, PEILRAMBHE KSR B, BT % 712100)

H ENLEARLBRAAEREADELFRIEBARIILATRBHEITERR, ALE R
223 T R Bl FRAL ) 52 IR JE RS R F 6 %5 vk, 50T AR B ALl o
KEEIR: EHE AL, BEIBIKIR T HEAA

FE 5K S S811.4 XEAFRIZED ;A

1514 % (reactive oxygen species, ROS) -2 2 k7 {4
AL A — R P, HAR S PR R IR, B o K
AR N . — AR AT AR TG PR A i e 3
oA T A0, ) FEHME( - OH) |
%Ak A H1 5E (ROO - ) — % AL & A 4k (NO)
20 ROS AT BRSO 7= A, 4B A S A il
AL NADPH AL S5 S L BHE R O, &= 5,
FRE IR 0, 2 4 R Rihg #2257 4 ROS, 1
LRI 5 28 S AL B ARt i TR M4 AP R
W rh & R R WS S EUR A KR 1) ROS, TR
SErpAE e AR ORE AL, AR I R SR
S AESEE %, G LR R iE s
PEEAE G5 5 A 20— AT LUk 4 7 248 Jf 0% 7K figk LA
FiM R A AN A5 7 R 2 B VE o IRA1IREE
TR JVR G A L TR R 3 S Y A7 (s 4]
P A A B ) |, S ECEE R T
W ETEEA R TR R ST AR B A,
SRR D S 0 A2 BHL R PR 9748 (2R AR DNA 45147
JEELEABI IR N5 I B A 45 , 36 1, AT A 98 111 400 it fi
AN EE KT AR B & ROS TR AR S5 518 % 1
SR, B2 AR BB A, DT S BV iR K B RE
W DRI FERR AR AN JR I AR A A A SR
A ABCEAL R BRI M A, DD H™ AR 1 e
DRI R & 2

1 AT LRI
LA TE A= A % SR AN T A 1 R 2 E

55 HER:2018-08-10 f&[E] HHEA:2019-08-22

NEHE:1001-9111(2019)06-0055-04

HOL T HILAAR PR AR BT 4 A I O S8 A 4 B AL
W EA ST , iT LI BR— o A 2, i Ak ik
JEAE T Eh AP APIRES o (EAEA Bl R BT, s
S R, R R B Bl 2 1 B BR, LA
IEHAERETZEEW, FEOCMG & 7. FHA,
TR ER A B AHT R TR 5 23 ok AR N 1
RYT AR A RSN BER BT AL RIS . i
B E A E ALY B AL B (SOD) | i & AL =
(CAT) At H IR S AL i ( GSH - Px) Flid 44k
PG (POD) 45 5 FEAAER C HER EH
BEH K (GSH) | 2 i 23 ) AR AR R | it oo

2 EERmENF

2.1 BEAYHELEASRERTENYE
HEALY) 15 AL T ( superoxidedismutase , SOD ) J&
FELETHUALN ML N 1 — Rt 01k 42 8 Tl , 8 08 o 4
AR A B B e B R A S R A AL, i
AL ST A e H Ik Ak M (GSH -~ Px) 1 fiE £k
TR KRR S, ZE TENUAR R S AL P A AT
R B EEAEH], S Z2RWAE R DR
R0, SOD kL E A 1A SR HE T R R
&R BT, SOD 553K Cu/Zn - SOD  Fe —
SOD \Mn - SOD #1 Ni — SOD 4 #'7', Cu/Zn - SOD
Fl Mn - SOD 7£ . J5 4% 4= W) h 6 f£1E , Fe — SOD
FEAEAE T IGAZ A W) FIAR ) i S A, EH i HAE
2 TR A E 2 TR v & B Ni - SOD {74, Nagasaka

EEWA : FRWAREA I BARE I (CARS-37) 5 [8 5 MG AT A 3181 rp 5 ) o DXL BT P 24 v 30 A TR FEOR
PSS 7R9E” U (2018 YFDO501700) 5 BRAF A Ji& L 00 5¢ 5 100 H “ b il A MiRNA XK SRS % & 82w o 587

(2019CY08)

TEB BT &8 (1993—) 55 I BRI, i, T2 NS Wit (L 5 F RS . E-mail :1083567715@ qq. com
« BWAER I (1972—) 4, P E TN L BIOFFE 01, EEME R & BHAA5E. E-mail :sqisw@ 126. com



56 Al R

F45 5

S RNT, Cu/Zn - SOD $ & 23 i DA A1k
BN RAFG . DEESED B R R
J S0 TR 48 B IR, SOD & it A ; 7 IR i
Hh G TR AR 3 i, SOD 3 1t T e AT i B
TR BT P4, B 1 ROS X 8 A5 4 5 00 3 E AR
REEIRIGRE IEH L o

A WEH R S A Pyl nl AR 3l 05 e 7 i
o A H R S AL (Se - GSH - Px) HI4T B
HKFCwimE (GST) , — 2 By n] RIVEBR R 4 7 AR 19 i
AR, AL E SRR H,0, R
YR N K, GSH - Px al {08 i A Ak A i v
SRS H,0," 0 A5 42 U 44 /N BRUME s T 5
A IV AT P41 o) 590 i T A 2 A/ UM R 9 4
R
2.2 FEASE

T SR U T R ST A Tl SR
BT HmEO, ) AR EAR (H,0,) , fRiFIF
$evs 1 SOD [ 4 5 i nl ¥ i DA HC A 35 67 4™ 15 69
H, 0, , fiEH i Ry 7K (H, 0) AR (0, ), AT A
it T3z H,0, % Julia % 10 BF IR,
/NSRRI 5 W B R B o SR A S T P ) R AR T
I, ISR 2o S U AT LB 2 B S . SR
AT, Bl A 0 00 3 AR Py i 4 A Sk 2
B, YRR B HREAR , (IR G P i 5 i A=
BB JEOC L Yasushi 251 BFGOIESE, £/ BRI
PROMERG S 77 b, g5 e xRS 7 BEA 7 i S Ak U g ok
TR, Qb PR A R e BE AL A B35 T e

3 FEEBEMEANT

3.1 HERCHMHELERE

Yl 2 C(vitamin C,V.) Ny L - $risam g, H
B ER P A AL, T TR AL T Fe' T IR 5N
Fe?* | Ja 4 ] L2k 43 e Jir Al 940 355 M T ks 38 0 3 1t
FIVEFH 5 38 P LAfel 48040 780 2 e H OGS I o 38 i 8 4%
R, S5 IE BRI AR A R R IR R F
8 Hu 250 5400, 76 85 IR IR R A1 55 35 15, 245 A
V(20 mg/mL) J5 BEIG  ROS /K- i 25 %, Hie
VR S BE AN S 2 3 . BERA Ve ikl T ROS
SHEIGBIFEVENE ] o SRTT Hossein %61 5T 45 51 18
AN, AR BRI VC I AS 2 X0 IR IR i AR A1 &
B, 2S5 PG T U s AR ) 2 T
XA AT RESE K o IR i e B AN [F] B B A= ROS (1) 5
PR KT ROS W fEUSMEAN TR . BFGEUESE, —E 1Y V.
AT DL A 2 B R 40 M Y 1R Ah AR 2 S R
AR

44 F E(vitamin E, V) 2 —F g SR AL

R, EE A ez A G R E R AT
RE 1. ORGSR V, ol LR m R R
PV E PR R E IR PRE V. BB 5T
Vi B BAIE T Vg VR MBS AR AT LB A W B
S, I A SR N BT AR Ve B E A, 2R
T4 Dalvit 282 458 76 248 1 A i 352 W b )
BFES AN Vo ATV, HARIRRA 28T S s 4,
X 1 Hossein %“6] TEXE LB oE 45 A0 [E], SR 24
BV RV 202 IO 196 h) |, HAE IR 50
JiR T R
3.2 BEAME

2L P B —Fh A W R SR B 2 B 2L &,
BAYM NP E L TIRE . Ak, A7 5C 32 2 BEXT
GRS 2 T 00 42 F 1 P 5 1) B ok s 22 A9 I 52
Wang % BF5E & 30, 16 24 5B 200 A 0 i s B 55
WA L R S T IR R A i B R R A S 37
KRR, IF B H A0 N ROS /K i FREAK, P8
Kwak 25 (435 , 7658 00 BE 20 AR SR 5 3 vh o 2
pmol /L {71 72 T i ALk 390 VT i 125 U s 48 R 36 L I iR
JERE W1, I HIE T Caspase — 3 [FRIK, FEAIK
T ORI TR AR 2 A 10 wmol/ L [ BE
TSt , I D) 25 S5 R S 3 I I A, 100 P 11 2 P
T A=) 2R LA SR R 1, Wk B e e & 7= A
AFIEI . Mukherjee 257 BF 55 26 W, 16 111 3 Bf #F
A AR AP R FE AN (B A B T $ R GSH K 1
e ICHE AR R AT B ARG 09 & B 77, 1 B 11 22 P 1
A 3 A B v A P 4 e H IR, MGE R G R BT
fiE. Daichi 27 WF5T % B, 76 5% U1 -RF 40 0 s 200
TSI B2 5 e, nl 4 5 R A5 SR Y L7 (SIRT)
FF LR R T RE S 5, DN A 2F B9 B 41 i 19 &
Ho TR IR SN IR A BIAR R 458
3.3 ARtEAk

A H AR (GSH) J& —F i 4 2R > e 2 iR M
HRARA AT =K, & 40 M N —Fh 2P E e
Jii. GSH BB4EFF U BF 41 i 78 D 50 o 24 2 72 v & i
RITES I 07 1k =gk A AL, MR IR 22k Bl &
A ], Timme-Laragy 25 LB T 7 2 52 56 46
RIBFSE R B, FEMR G & B 2 b, GSH 5 i 4
FERICAT G, 3B 2V R ROS SR AR3Ff: Jht 2 R 532 41
it , 3 H GSH i 5 G R 48 #1 DNA ) H
FAb A K., Zuelke 250 74 B BIBFSE 2 B0, M T
30 G- 40 L v A B B 0 B 24 2 3. 24 pmol/LL (1
GSH, T 7EZEE I BE A A 0. 29 pmol/L, Z) 5 M 1T
W GSH & & 19 9% . Ut IR IG & & B9 A [F) By B
GSH &t 2 B B 25 5, B 7> 24/ L B A 7 T
BN, R IRIRSNE FR TR U N GSH, REfE A



%6 &

55 HURA N K MR ARSI & 5 R B ok J 57

RARE ICST IR 1 B9 AL e R4 iR O HZE R T
B S A B T IR R AR BT, TRl A
o FRAR T RS P E ROS, Xif R IR S 2 AR 1 b A 47
Mo TEAIRIRSN & E S50 A5 20 A8 R 45 58, 5
Ve T ) 23 7 A N R R R R R A
FEHRAE 3 mmol/L Ny AN GSH 78 4 IR JIf & 71 15 37
RS AN IR B, e 2 P i R R RN L 4
R ANES, FERESS A U 2 — 4 20 300 I A P T
GSH By i 22 KUY AR5 % B, 4K GSH. i
iy - ARG AL 2R IR BR P9 GSH B A 1A IR
GRS &, 3F B GGT B Al GCL i 75 H rp 4y it
TEEME,

3.4 WMEBEZE

HE R Z (melatonin, MT) J2&—Fh A Bt S L iig

(R R B ZE 0] LIS MT1 F1 MT2 X Hifl G
H IR SZ AR, 330 WG i 37 (4 0] B B 41 il 9 A 4 LA
PR . RS e 4 B IR R MR S 85 % b
B, VS IR B 2R ] I R R R O R 4 AR R i
KB WEEE, T H MT1 32 () 31k i IR G 19 & &
THiG o Zhao 257 W 5E A AH R 458, MT 4E Ry —
TR 2B AL AT 5 2 AR A L Y ROS 7KF-, 2k
2 OB 20 M %) A Sh B 5 R TG A S I R
Gitto 25 TSR, 5 V, Ve AN - ZBEEE R
FRAH L, MT 5545 ) T B 20 i 9 ). A A 9T IE
Sz MT /NS ) IRpG IR Sh & B B B A
HEER . VBB AL, MT AT DL 35 6 2 fR A1 K
FRANMLA PR T e IR i . A3 DFSEIESE , MT W]
O 1) 8 2 A 40 A A T T 5 A ) B i
AP TR, Su Z BESE W], MT Al ) i
PEPH TR pS3 Al Bax fOR3K , AR HEHT A AL L A
SOD1 Nl Gpx4 , HLIf T3 BCL2L1 12 BehAH X3
SOX2 FER G Rk

4 N &

BRBE 20 ARG A 7 R R A P 0 SR A RE
ROV H R B 2 T, TEARAIRE 35 v 3 b S £y
RS Gy T, T LA B A H T 42 A 4 I3 AU
/b ROS X i iR AL i . T R i i T S 1k
ML A BY 15 32 W Ak, DT £ 7= B0 B 41 i i
AP R IR G & B R, W IR IA AR Ah A 7 B8
St
B30k
(1] EARE, 8. WA A LB R I]. ML T,

2013,41(16) :10-12.

(2] EAT PR O L T RS R BFSE [ D). Jbst. 1A

S A2 ,2007.

[3] Allen R G,Balin A K. Oxidative influence on development and dif-

[4]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

ferentiation; an overview of a free radical theory of development
[J]. Free Radical Biology & Medicine,1989,6(6) :631-661.
Scheibye-Knudsen M, Fang E F, Croteau D L, et al. Protecting the
mitochondrial powerhouse [ J ]. Trends in Cell Biology, 2015, 25
(3) :158-170.
McCord J M, Fridovich I. Superoxide dismutase. An enzymic func-
tion for erythrocuprein ( hemocuprein) [ J]. Journal of Biological
Chemistry, 1969 ,244(22) .6049-55.
Wallace D C. Mitochondrial diseases in man and mouse[ J ]. Sci-
ence,1999,283 (5407 ) :1482-1488.
Hioe, K, Bmsy, 4. ALY B LR (SOD) i B IR 52
BEJRLT]. O R 42,2013 ,15(5) :53-58.
Nagasaka H,Inoue I,Inui A, et al. Relationship between oxidative
stress and antioxidant systems in the liver of patients with wilson
disease ; Hepatic manifestation in wilson disease as a consequence
of augmented oxidative stress [ J]. Pediatric Research, 2006, 60
(4).472477.
ThEE. B £ B R AR Bl 208 B B th SOD 2 iR R S 5T
L] ol Bl ,2010,41(10) - 1117-1120.
IR A MCH B AL Y R4 e K SR T sy R (U]
Sy 1E 23k 2 ,2008 ,29(10) :53-56.
VEA. 23 e Ik S Ak P 3 7e/ BURLE R T8 h &=
B S IRE D] IR IREE AR bl K%, 2011
Abramov J P, Wells P G. Embryoprotective role of endogenous
catalase in acatalasemic and human catalase-expressing mouse
embryos exposed in culture to developmental and phenytoin-en-
hanced oxidative stress[ J].2011,33(3) :361-73.
Wdowiak A, Wdowiak A. Comparing antioxidant enzyme levels in
follicular fluid in ICSI-treated patients[ J].
trique & Fertilité,2015,43 :515-521.

Gyné cologie Obsté

Kuribayashi Y, Gagnon C. Effect of catalase and thioredoxin addi-
tion to sperm incubation medium before in vitro fertilization on
sperm capacity to support embryo development [ J]. Fertility &
Sterility, 1996 ,66(6) :1012.

Hu J,Cheng D,Gao X, et al. Vitamin C enhances the in vitro de-
velopment of porcine pre-implantation embryos by reducing oxida-
tive stress| J |. Reproduction in Domestic Animals,2012,47(6) .
873-879.

Hossein M S,Hashem M A, Jeong Y W, et al. Temporal effects of
a-tocopherol and l-ascorbic acid on in vitro fertilized porcine em-
bryo development [ J]. Animal Reproduction Science, 2007, 100
(172) :107-117.

FEI JEER C XA IR K & 50 S 40 v B 24 3
WA RIRATFE[ D] KA W pRR,2015.

Hammami S, Morata R, Romaguera R, et al. Developmental com-
petence and embryo quality of small oocytes from pre-pubertal
goats cultured in IVM medium supplemented with low level of
hormones , insulin-transferrin-selenium and ascorbic acid[ J]. Re-
production in Domestic Animals,2013,48(2) :339-344.

Olson S E,Seidel G E. Vitamin E improves development of bovine
embryos produced in vitro [ J ]. Theriogenology, 1995, 43
(1) :289.

Silva E, Greene A F,Strauss K, et al. Antioxidant supplementation
during in vitro culture improves mitochondrial function and devel-

opment of embryos from aged female mice[ J]. Reprod. Fertil.



58

Al R

F45 5

[21]

[22]

(23]

[24]

[25]

[27]

[28]

[29]

[30]

Dev. ,2015,27(6) :975.

Natarajan R,Shankar M B, Munuswamy D. Effect of a-tocopherol
supplementation onin vitromaturation of sheep oocytes andin vitro-
development of preimplantation sheep embryos to the blastocyst
stage[ J].2010,27(8) :483490.

Jeong Y W,Park S W, Hossein M S, et al. Antiapoptotic and em-
bryotrophic effects of a-tocopherol and 1-ascorbic acid on porcine
embryos derived from in vitro fertilization and somatic cell nuclear
transfer[ J ] . Theriogenology ,2006,66(9) :2104-2112.

Dalvit G,Llanes S P,Descalzo A, et al. Effect of alpha-tocopherol
and ascorbic acid on bovine oocyte in vitro maturation[ J |. Repro-
duction in Domestic Animals,2005,40(2) :93-97.

Wang F,Tian X Z,Zhang L, et al. Beneficial effect of resveratrol
on bovine oocyte maturation and subsequent embryonic develop-
ment after in vitro fertilization[ J]. Fertility & Sterility,2014,101
(2):577-586.

Kwak S S,Cheong S A,Jeon Y, et al. Effects of resveratrol on por-
cine oocytes in vitro maturation and subsequent embryonic devel-
opment after parthenogenetic activation and in vitro fertilization
[J]. Theriogenology ,2012,78 (1) :86-101.

Mukherjee A,Malik H,Saha A P, et al. Resveratrol treatment dur-
ing goat oocytes maturation enhances developmental competence
of parthenogenetic and hand-made cloned blastocysts by modula-
ting intracellular glutathione level and embryonic gene expression
[J].J. Assist. Reprod. Genet. ,2014,31(2) :229-239.

Daichi S,Nobuhiko I, Hidetaka T, et al. Relationship between mi-
tochondrial DNA copy number and SIRTI expression in porcine
oocytes[ J]. PLoS One,2014,9(4) :e94488.

Sugiyama M, Kawahara-Miki R, Kawana H,et al. Resveratrol-in-
duced mitochondrial synthesis and autophagy in oocytes derived
from early antral follicles of aged cows[ J]. Journal of Reproduc-
tion & Development,2015,61(4) :251-259.

Timme-Laragy A R, Goldstone J V,Imhoff B R, et al. Glutathione
redox dynamics and expression of glutathione-related genes in the
developing embryo[ J]. Free Radical Biology & Medicine,2013,
65(6) :89-101.

Zuelke K A, Jeffay S C,Zucker R M, et al. Glutathione ( GSH)
concentrations vary with the cell cycle in maturing hamster oo-

cytes, zygotes ,and pre-implantation stage embryos[ J]. Molecular

[31]

[32]

[36]

[37]

[38]

[39]

[40]

[41]

Reproduction & Development,2003,64 (1) :106-112.

Xia L X, Kyung-Bon L, Hye L J, et al. Glutathione and cysteine
enhance porcine preimplantation embryo development in vitro af-
ter intracytoplasmic sperm injection[ J]. Theriogenology,2014,81
(2):309-314.

Sun W J,Pang Y W, Liu Y, et al. Exogenous glutathione supple-
mentation in culture medium improves the bovine embryo devel-
opment after invitro fertilization [ J ]. Theriogenology, 2015, 84
(5):716-723.

PNRHIR. SNIRAS e H B A SR SR I i 2 B 2 [ D]
Jent: gL R BE 2015,

2RI AMIEAS W RGE S -4 A E R 2 A IR IR Y
GSH (& [ D]. dbat: thE LRl ,2018.
WU, XS0 FE I , 55 48 28 3R X 4 B 290 A Sh A
FARHENRIG Z & Rsgm [ ], Yol 24, 2017,33(2)
361-366.

Zhao X M,Hao H S,Du W H, et al. Melatonin inhibits apoptosis
and improves the developmental potential of vitrified bovine oo-
cytes[ J]. Journal of Pineal Research,2016,60(2) :132-141.
Gitto E, Tan D X, Reiter R J, et al. Individual and synergistic an-
tioxidative actions of melatonin; Studies with vitamin E, vitamin
C, glutathione and desferrioxamine ( desferoxamine) in rat liver
homogenates[ J]. Journal of Pharmacy and Pharmacology,2001 ,
53(10) :1393-1401.

Gao C,Han H B, Tian X Z, et al. Melatonin promotes embryonic
development and reduces reactive oxygen species in vitrified
mouse 2-cell embryos[ J]. Journal of Pineal Research,2012,52
(3):305-311.

Suzuki C, Yoshioka K. Effects of glutamine and hypotaurine on
oxidative stress of porcine embryos cultured in vitro[ J]. Repro-
duction Fertility & Development,2005,17(2) :278-279.

Fu Y,He C,Ji P,et al. Effects of melatonin on the proliferation
and apoptosis of sheep granulosa cells under thermal stress[ J].
International Journal of Molecular Sciences, 2014, 15 (11):
21090-21104.

Su J,Wang Y, Xing X, et al. Melatonin significantly improves the
developmental competence of bovine somatic cell nuclear transfer

embryos[ J]. Journal of Pineal Research,2015,59(4) :455-468.

Advances in the Study of the Effects of Antioxidants on the

Development of in Vitro Embryos
JIN Lei'?, ZHANG Zi-jing®”, ZHU Xiao-ting”", LV Shi-jie’”,
HUANG Yong-zhen', WANG Er-yao’”, XU Zhao-xue>”, SHI Qiao-ting*"*
(1. College of Animal Husbandry and Medical Engineering ,He’ nan Agriculture University , Zhengzhou 450002 ;

2. Institute of Animal Science and Veterinary Medicine ,He’ nan Academy of Agricultural Sciences ,Zhengzhou 450002 ;

3. He’ nan Key Laboratory of Livestock and Poultry Breeding and nutrition Regulation ,Zhengzhou 450002 ;

4. College of Animal Science and Technology , Northwest A&F University , Yangling , Shaanxi 712100 )

Abstract ; At present, it is generally believed that reactive oxygen species ( ROS) are the main cause of in

vitro embryo development block. In this paper, the effects of different antioxidants on the development of bovine in

vitro embryos were reviewed and their mechanisms were analyzed.
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