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SR-REAH RSN R R RN R B R R E TR, SCEIER RSN E = R X R m st
e R A S AE R AR T EER . AR T AZ AR E 5 0 40 M 7R 2 &
AR B RERPLE]. 453k

LI T REVREE AR (0.1, 1.0 5K 10pM) T4 5P R I A S i S AR LA TR B
TN, RSN AR AR SRR RN IS B IR B B AR P B B 2 G 0 9P B 40 Y B R o i D M B o
Wo 1.0 pM A EEEE R ERIFI0 Y BAMRATER, RFR VAR ZREERLE., FULERT
FNERARE. AFEAEEFEREOIFMM ROS KT, A GSH /K. F, AFREKENR
Sirt] E4 TR, TP A, SERERER P RIL, HAEMERERE Sirtl fRE. FR
EIA T A E AR E S AR WA PUE AT A 4 I R A RSN RS IRIG R, X
T2t FH AT BB AR T- Sirtl 112

2R T ARIRAE#HEZ (107, 107, 107, 107, 107 M) XT4HEIA R B B0 B AR FIHLE
WIFER I, RTAIRESRBE N 107M 38 2 2, JEIHE RPN 107 M H R 268 B 2 (e 4 IR
KE. qRT-PCR. Hu)&5¢ JeFl western blot MKMW, FFAEEFN B L¥WHEA MT1 R MT2 %
e H—BUIRRI, WEENFIHRERRERHRE MTI 2405, FE, MEREEZEY
mAERREEIREPEMN. ATERREHXEERERFSLC24], DNMTIA F DSCHMRIE. AUR
ER IR T R BRI R IRBE N FRENR R T MF AL

PR TR BRI R BT ER . RELRUTHR T B R EHAIN R E B S
BT R, WUR R ETHAENKANEE., TIREH, HEE (107 M) AEERHEREL
BRI ARUERE TR 24 /BTG E R B ¥ m TR, MREEAEIEA GRS 48 £ 72h, %
HEPET R B R T AT AR . vesbh, R R WA IR #F 5 G DNMT34, OCC, CDHI RIKE# L,
AQP3 WIRIARF FNif. i LAk, MEZAUMRERIEHEIRTHEERERERREER, T
HRE i 12 B LA VR e ) R R R B AR KB IR A R AL T 48 = JEHE U &t .

ATTR T HEES /DRI E TR T RN, TIRER, 10'M ME AT FHR
BN R B IR BAEE B UTIRE (95.0% vs. 67.8%), B4 (4.1 AUE vs. 2.7 BIE) Al
ARG E (96.84%vs.81.24% ) B FUIRER, WMEXEF LR THEAYELE (SOD)
FFURATSE R bel-2 IFIL, NBTRFETEER p53 Fl caspase-3 M4 . 157 38 2 23853 2> ROS
FEAE R R TR R T RIS, SREMNEERME SR TES HEREMNF

GERTR, AEAEES SR EEE S WRREMIA ROS K. BE GSH KN, JFT
BB Sirt] BARIRm 4 I FHA BB R ARG IS R B 3 BB Z RS R R B HEA
IR T=ER (GPX4, SODI FI BCL-2) RIREHAKRELRIN (SLC241, DNMTIA FIl DSC2) 1%
&, TERATER (P53, Bax Ml Caspase-3) ik, HIET MT1 ZAERFBBEINEE HIHRE
BT Wi Ll DNMT34. OCC. CDHI %Kik, NR AQP3 Rik, WRAMEIRA URIRTERITUA IR
g8 I FEENYEILEY (SOD) FIFTIRT-ERA bel-2 X1A, TIR{RFATIIER ps3 F caspase-3
RiL, WD ROS FAERAMGIMMRAT, BEEE/DREMHS 0 MR =T R E.

RepE. AEEFEE, WEZR, AR, BHRRKE, BIGHHE
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Abstract

In vitro oocyte maturation and embryo development are the basis researches of development biology,
improve the in vitro embryo production efficiency has great significance in improve animal production
and to promote the application of assisted reproductive technology. In this study, we found the
mechanisms of resveratrol and melatonin in in vitro oocyte maturation and embryo development. The

results were as follows:

1. Experiment [ analyzed the potential beneficial effects and mechanisms of action of resveratrol on the
maturation of bovine oocytes that were incubated in different concentrations of resveratro! (0.1, 1.0 or
10uM) as germinal vesicle (GV) oocytes. Resveratrol significantly increased progesterone secretion
and decreased estradiol-17f secretion by cumulus cells. The elevated levels of progesterone activated
the Mos/MEK/p42 MAPK cascade in the oocytes. At a concentration of 1.0 pM, resveratrol
significantly improved cumulus expansion, polar body formation, the (hatched)blastocyst rate and the
mean number of cells/blastocyst. Meanwhile, resveratrol significantly reduced the level of ROS,
increased the level of GSH. For the first time, the expression of the sirtuin 1 gene was identified in
granulosa cells, cumulus cells, oocytes and blastocysts. Further studies revealed that resveratrol
promoted sirtuin 1 gene expression. In conclusion, resveratrol promoted bovine oocyte maturation and
subsequent post-IVF embryonic development by inducing progesterone secretion and antioxidant effect,
probably in a manner dependent on Sirtuin 1.

2. Experiment ] addressed the mechanisms related to the beneficial effects of melatonin on mammalian
embryonic development. To examine the potential beneficial effects of melatonin on bovine embryonic
development, different concentrations of melatonin (10'”, 107, 107,107, 10° M) were incubated with
fertilized embryos. Melatonin in the range of 107" to 10° M significantly promoted embryonic
development both in early culture medium (CRlaa+3mg/ml BSA) and in later culture medium
(CR1aa+6%FBS). The most effective concentrations applied in the current studies were 10® and 107
M. Using quantitative real-time PCR with immunofluorescence and western blot assays, the expression
of melatonin receptor MT1 and MT2 genes were identified in bovine embryos. Further studies indicate
that the beneficial effects of melatonin on bovine embryo development were mediated by the MT]
receptor. This is based on the facts that luzindole, a non-selective MT1 and MT2 antagonist, blocked
the effect on melatonin-induced embryo development while 4-P-PDOT, a selective MT2 antagonist,
had little effect. Mechanistic explorations uncovered that melatonin application during bovine
embryonic development significantly up-regulated the expression of antioxidative (Gpx4, SODI and
bel-2) and developmentally important genes (SLC24/, DNMTI14 and DSC2) while down-regulating
expression of pro-apoptotic genes (P33, BAX and Caspase-3). The results obtained from the current
studies provide new information regarding the mechanisms by which melatonin promotes bovine
embryonic development under both in vitro and in vivo conditions.

3. Experiment III evaluated the potential effects of melatonin on the kinetics of embryo development and
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quality of blastocyst during the process of in vitro bovine embryo culture. Bovine cumulus—oocyte
complexes (COCs) were fertilized after in vitro maturation. The presumed zygotes were cultured in in
vitro culture medium supplemented with or without 107 M melatonin. The cleavage rate, 8-cell rate
and blastocyst rate were examined to identify the kinetics of embryo development. The hatched
blastocyst rate, mortality rate after thawing and the relevant transcript abundance were measured to
evaluate the quality of blastocyst. The results showed that melatonin significantly promoted the
cleavage rate and 8-cell embryo yield of in vitro produced bovine embryo. In addition, significantly
more blastocysts were observed by Day 7 of embryo culture at the presence of melatonin. These results
indicated that melatonin accelerated the development of in vitro produced bovine embryos. Following
vitrification at Day 7 of embryo culture, melatonin (107 M) significantly increased the hatched
blastocyst rate from 24h to 72h and decreased the mortality rate from 48h to 72h after thawing. The
presence of melatonin during the embryo culture resulted in a significant increase in the gene
expressions of DNMT34, OCC, CDHI and decrease in that of 4QP3 after thawing. In conclusion,
melatonin not only promoted blastocyst yield and accelerated in vitro bovine embryo development, but
also improved the quality of blastocysts which was indexed by an elevated cryotolerance and the
up-regulated expressions of developmentally important genes.

Experiment [V verified that melatonin at its physiological concentration (10”7 M) significantly promoted
the in vitro development of murine pronuclear embryos. This was indicated by the increased blastocyst
rate, hatching blastocyst rate and blastocyst cell number with melatonin treatment. In addition, when
these blastocysts were implanted into female recipient mice, the pregnancy rates (95.0% vs. control
67.8%), litter sizes (4.1 pups/litter vs. control 2.7pups/litter), and postnatal survival rates of offspring
(96.84% vs. control 81.24%) were significantly improved compared to their non-melatonin treated
counterparts. Mechanistic studies revealed that melatonin treatment upregulates gene expression of the
antioxidant enzyme, superoxide dismutase (SOD), and the anti-apoptotic factor bcl-2 while
downregulating the expression of pro-apoptotic genes p53 and caspase-3. Due to these changes,
melatonin treatment reduces ROS production and cellular apoptosis during in vitro embryo
development and improves the quality of blastocysts. The implantation of blastocysts with higher

quality leads to more healthy offspring and increased pup survival.

Key words: Resveratrol; Melatonin; Oocyte maturation; Early embryo development; Embryo implantation.
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1. 5]

#BEE (Melatonin, MT) {L2#&5H 0 N-ZBAEE-S- & LK, 0 Fah 232.27, RHEEE
A RAET R — TR B, R RS HAT RS AR 7 R MM IR R RS,
ERNAMERBERER T ERDER. IHEE N-SBEHBE (NAT) {EH TR N-ZB
MIER. REHEFEMEBTEHTEREREE, HIRFEREEGL-O-FEHZE (HIOMT) &
o fARAES NAT /KR MT K FEARFE—BUTZ R HRI R . R LARTIA N NAT 248 4
FA A MEEE, HRIEMUTRET HIOMT Z 2 211 8 24 2 8 Mt 2 W 94 . PR st
LR EZ ARSI FIIR S NAT RIASG, HERENERRT B2, MiE HIOMT GG R4
W E AL EF TR (Ceinos et al., 2004).

RS EITALS, WEEW AR RE, WM. Eik. HESREa). B~&A
WM 2R T R TR FIE P HE (Cassone et al., 1997). 5 Z 4 B (R RGN BB A7 38 T #6131,
NFEBIAT IR P R R 3 B P R T4 AL (Nakamura et al., 2003). JEHEN A 4 GRVER + mRE
B AMB P LA, [HINEAR S TREEE G AR R, ROVETNEAR P FERERE
TREIVE A PR IEES NAT & HIOMT(Itoh et al., 1999). X305, FRHLA A48 E T RERIET 11 & &k
FM0 I 5 R4

R Z AT HEAENE, B RS FERREENNEL, B—F &30 B EE0Rm.
R ERNMUA S AT HEEM B R Thge, mHELAM A~ AT — Pk a0 aiEmee s,
T FEFRA TN AT H (Kilic, 2004). dEAh, B ZWTLLE S — RAIBEN P-4, IX e BT LUK B %
PR = I A0 N W T B K 4 W 5 3 A A YR HE TS AL B A = A (Pablos et al., 1995).
Ozturk(2000)%53R 18, /M 10mg/kg BEE E L 7 Km HHBE MY B (LB (SOD) MiE T,
Baydas(2002)55 & L, #24 RABTIER K Bl BT AN ge ™ A iR BB R T 2 BUA B H B S AL P B 14 FF
Ko KLU, WHELEEERS SOD, GPx FI% M H KL [ A /K T (Rodriguez et al., 2004). Mayo
TEE IR E S R R R I EES AL Cu, Zn-SOD Fll Mn-SOD mRNA /K #IF+ B (Mayo et al., 2002).
ATRIL, WMEEZTUSSHEAMEGR, REEVHEMBEMREA (W0 CuZn-SOD, Mn-SOD
FIGPx) o LA ZALTRAMPIEALE, FTU B EGERIFT S AW #IIEE, WPE. 0
FE DR 995 B BT IR SV B R 45

2. REEFNRREESER

][]z

WERISDENKHELEEYS ¢ HAMIKEZA MTNRIA Il MTNRIB (%% MT1 M
MT2, EfICLEEIRBEMAEEE) &4, MH cAMP 14 i LI M) (Reiter et al., 2009). [ABT, ##
HEWRE S 21K RZR/RORo 454, #5142 RZR VI TTIE5 4 p21 F1 5-AREl & EFSS R MR
., MR FJung et al,, 2006). HAWTABEEK 2 MT SEREE HIXB RN G &
FHH] cAMP 96 1. B SE4E Ttk p) SR A R A R I MT 66T i cAMP & & (White et al., 1987),
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FERILE AR, WA X B Rish kTt L% (Morgan et al., 1994). Reppert iz &
Y NIBEESA, IFH T HREES4E MT1 I MT2 #9155 H1%](Reppert et al., 1995). HIE MBI
%0, MT AU ELMZAEENMAMRKN, MT1H MT2 FXKESESVHDT:

2.1 MT1 BIRERZ IR ES @

MT1 iR 2 E AR S E HZERBUR 6 EAGHEE, tHaSIESRMN G EH(Gq/11)
{BI B¢ (Roka et al., 1999). ¥4i%# MT1 B! 52 (A RE/D MR R RIZH cAMP & i(Dubocovich et al.,
2010). [F1&F, 25 S A FIFRBERRTT & B 0145 & 8 1 (CREB) # BERR {4 th 32 23 #ll (Witt-Enderby
et al,, 1998). H HBHRBUK G FA By WikAEL PGF2 HIRBERRILEE 1V, FIERBRILE
ATP )7+ (Godson et al., 1997; Roka et al., 1999). #t4t, ZEAEFZHHIA MT1 B ZAARERIE

MEK1/2-ERK1/2 i# # (Radio et al., 2006).
MELATONIN RECEPTOR SIGNALING

K :
T § MT » ][

O A'“’ .cm
DAG P Ca* /

'm— Raf1grRafB

o )
l l MEK1/2 ERK 12

‘ Cat CREB/?I:—CREB

A

cascades

B 1 MT1 #1 MT2 iR R RZEKESEHE.
A: BREFEH MT1 A4 AEHERAEK, &L Gq BB o- WRAME cAMP 86 BAGE By T4
EBRNIEE . B: MEEN MT2 4545 15 Sk . MT2 il PKC @R FEBTTE (WARIEY) , DAG,
Hw—fg; PKA BEMES A; R, Gq-BEZE (QUATFIIRE F2a 24 FP M 4524k P2Y) (Dubocovich, 2012)
Fig.1 MT1 and MT2 melatonin receptor sigmaling. A, melatonin (MLT) signals through activation of the MT1
receptor via two parallel pathways mediated by the a-subunit (i.e., inhibition of cAMP formation) and the By-subunits

(i.e., potentiation of phosphoinositide turnover stimulated by a Gq-coupled receptor (R)) of Gi. B, signaling pathways

2
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coupled to MT2 melatonin receptor activation. Melatonin-mediated phase shifts of circadian rhythms through MT2
receptors are mediated by PKC activation (the mechanism leading to PKC activation remains putative, however). DAG,
diacylglycerol; PKA, protein kinase A; R, Gg-coupled receptor (i.e., prostaglandin F2a receptor FP and purinergic
receptor P2Y) (Dubocovich, 2012)

MT1 BIZ AW AR E ARSI E Tl A REES MANE. Bod MT1 B2 ARET
WEEHEERGURGEAENYIRINAT Ca® (Brydon et al., 1999). LStiER, #ZHE DB HFEE
MPHN MT 281 1 H i Z BUH G 2 [ 0H) Ca® N Jf(Slanar et al., 2000). LN 5 Gi/Go
- R MT1 U524k, REBLE MR cAMP TR S Ca’ "HUE A4 B 30 T8 A BERR 1L 110 0 5 Wi 4
(Masana et al., 2002). EEIMEFRMAKRFTUEMMBA, MT el 35 BKCa @iEfEHE,
RN T LA i H 2 R B PKA T ER(Steffens et al., 2003). MT 1 BES0E W ) B4R
WE(Kir), Kir BEOBIETEE MT 5121 KL SHA B ERMiang et al, 1995), {12 MT
FHIILAZ X EAZ A TT B R L R SRR o 38 A A A 240 D PO AR At W] B I R MITT B2 4K
KH. ZREMAXKMEE, LU MT1 B ERIRGE 51 — R VA LURBUE RIE 5 R

22 MT2 BUR B E R IR ESIBEE

Reppert 1 Petit 43 HIERH, 4 MT2 T4k L cAMP & /> 13 X (Reppert et al., 1995).
7 MT2 TUsz4k, hEEM4] cGMP & (Dubocovich et al., 2010). EMAT X _E4#%, #HEBZALHTH
i MT2 B2 4RER & PKC IVERE, MT2 B4R RSP 4P-PDOT Refisiltid 2. X—RIK
MH, MT2 B2 4RaeR7 T GEY C(PLC) / H I = A8iMAS(DAGK)YE 5 B (McArthur et al., 1998).
TIZERL S E, MT2 B SRR AN 1 Ca®™, I I 4238 i AR I8 (Dubocovich 1995). #LF K
ANFEUREEAT MT1 FI MT2 #9724 (Schlabritz-Loutsevitch et al., 2003). 444G 7R AR IR &
M ENUZEAEF, 4P-PDOT HEMRRE MT XF cAMP {5 23 B A 4md . TE WA SE ik 8l MT Xt
ANEFEVNEFEVARMEH, b MT2 RIZ4ATX, E—FHEAERMN, PKCSL T MT2 Y
SZAAR )R 45500 4 (Sharkey et al., 2009).

3. MERAEMIANMEFAPHIARAR
3.1 RERSIMAKE

PR T B — AR E AR, BN, Fo WA S WLE. SRR K G T ORRE
FFERBRIIIER K. RGN VIR ORI . IR IR AT ISR A K R, e R e
SRR ZHE R S IR R4 . DRV R R RER B BIIX Gk IS UMUK T8 W FSH/K F. TR
Mg, EATE RN R INEsE R KA IFR LA, TAE T SRR L8 I8
IRME T BRI IR, X AT RERIRBIHE — P REMERN. IR ZEE K, HARF
L7 5 15 R ROURL 4 Y BT s ) i R [ B 285 3 % (Hirshifield, 1990).

N R SRR P & 1T b AR R AR E B 35 11 4 24 35 (Brzezinski et al., 1987), HKORVEEEE
WEBZERT /NI, WERRIENE, 0 ZAIN-Z B Z I PE A7E AN op S5 H A AP
AR R T R E SR PREE, NATRIHIOMT(Itoh et al., 1999). IXZ K IF 4 1 fE



RE-E AR PR R I 4 U B TR .

A IR e R BE S RIA K R = & s, (R EZERRTEF. LR —F
RS, £ I FSHE|LH/M A AR, XA R E T WRLEBRa v LAGR e A=K . HE N BRI A
T AL R0 SR 40 B LHSZ 44 ) 2834 7K FAH 56 (Webb et al., 2002). T4 EEAE (10 pM-100 nM)RE
B3R E N BRI LA A4 %18 7K F(Woo et al., 2001).

P R SIS ] I R AR P S B A AR KA A R R A A . DR 4 RN 0L 40 P PO AR
B 4F R MEBER A BT 4 7 A9 (Drummond, 2006). K [E BE 4 EFP450sce, P450c1 7Rl P450 F57
B BT 2 R W R R A . X e EURL 4N RN B R0 P A R cAMIPPIT K
&, M cAMPHI/KF3FSH. LHR HSZARME T (Millier et al., 1994). SEBEM{EHERBEE
{12 33t S0 40 i 2E K A1 434K (Drummond, 2006). ZEIXTIREAEKMEETIERAR, ERERBR
5 STORLAH B 4 T B A HE B B BV A A B4 F2 (Graham et al., 1997). $EFRE, Z2H5% AR 9/ B
AZ, FRHAGEHEGN (Lydon et al., 1995). HEBER GE(2HE B H 5N K H (Murray et al., 1998), {22
h BEIE L 55 T PRI T3 DR R B (Billig et al., 1993).

SRR BRI B, 8RR EE R MK FE BRI E K7~ 4 (WU et al,, 2001). Soares?¢ AWFH
AR RAEVIBR G SRS L, MEBE KT F & AR K P RE{E(Soares et al., 2003). $E5F, A
FHE 59 AT R A P Ze A4 2 R YR B IEAH 9% (Nakamura et al., 2003). Adriaens(2006)5 A\ F 4 22 &

(100 mM)&b 2 /) B BE AT IR 12K /5 6 B 25 58 = 2 W S A% — I 19 3 ¥4 « FH 100 ng/mLg8 2B b 22
¥ s BT SR Y300 5 BERI B 2 M S HE i — R K= A, (BN HE — BEK P JE 2.2 BY WA (Tanavde et al.,
2003).

' NP
ONRGOA
o %&%

g M)
D78 i

B2 RBEREWRPHIERTEE.
B f 4R PR 3K T RE B BRI 40 L 5 A R AN IR R A . BB RR EE AT LAY S P Y B 40 M R BRI 40 i [ R S A R
FIRIETIRE WA EREEEN W, BERFANTLLUAZLH mRNAKIRIE, Bcl2 MCasp3fIE Rk, IGFRITGF-BH
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EVERLAA T PR (MIHD (995, 4R ZAEM TR AISOD, GPxMCATIRIE . i £ HROSE SR TS
KGRI P B, 0GR Py A0 A0 BB T L E R R R R R ROS M) Gy P8,  AMnifE Wi gk 4R B A R IR
M=EBE#: MT=HZB#2ZH: LHR=LHZ{; FSHR = FSHZ/: C=U[RE: NAT=N-ZEH#BE; HIOMT=$2
HUIW-O- M AR 8 MIH=1A T F 3 MPF=IOMRILR T GVBD=ARIUME: ROS=EMH: SOD=##
YRS GPx=% IR, CAT=HSA AN, IGF=S R E KK T TGF-p=fLE KK T6.
Fig.2 Schematic representation of the presumed roles of melatonin in ovarian antral follicle. Melatonin in the
follicular fluid (FF) may be produced by granulosa cells (GC) but in addition, it is taken up from the blood through the
basement membrane. Melatonin regulates sex steroid production by regulating steroidogenic enzyme activities or their
gene expression in thecal cells and GCs. Melatonin also regulates LH mRNA expression, Be/2 and Casp3 production,
IGF and TGF-B activity, and gene expression and maturation-inducing hormone (MIH) activity, Macrophage and GCs
produce ROS and melatonin modulates SOD, GPx, and CAT gene expression in GCs. Excessive ROS induces apoptosis
and results in follicular atresia; however, increased levels of melatonin in FF scavenges ROS through its direct and
indirect antioxidant actions and prevents atresia. The follicle may be rescued by melatonin and continues its growth to
become a dominant follicle. M = melatonin; MT = melatonin receptors; LH R = LH receptor; FSH R = FSH receptor; C =
cholesterol; NAT = N-acetyltransferase; HIOMT = hydroxyindole-O-methyltransferase; MIH = maturation-inducing
hormone; MPF = maturation-promoting factor; GVBD = germinal vesicle breakdown; ROS = reactive oxygen species;
SOD = superoxide dismutase; GPx = glutathione peroxidase; CAT = catalase; IGF = insulin-like growth factor; TGF-p =
transforming growth factor B.

JRER MR, R R JEAE AR T (IGFs) « B4 AL IR FB (TGF-B)AKIR (FIHIZE .
WENZM B RER (BMPs) 5) F{EHREMFRIRHINEET. INEREERT, IREERA
RRANFTUR 40 M & 57 Wb IGFs(Poretsky et al., 1999). IGFsZ{ei#H L0 HFPF T L IL, EhEfeEdt
S R FEE R 2 R 456 5 R IR S R AR o IGF-IRIGF-118E 5 5 A\ JURL 40 B A k- S (A 4 A
DNA & 8% M — BEF1 220 43 W (Poretsky et al., 1999). IGF-1Z: Mg FA2IE TR, MIGF4 & &
I RE TS 00 AR IR 1= (Chun et al., 1994), ABUKIZ0HH0.01-10mg/mL % 2 4 3 5515 S IGF-11
=4 (Schaeffer et al., 1997). Fxiff, Picinato (2008)5FER, 0.1 mMiR ¥ R AE1% S IGF-152 1 K B
PAAIBNAE Sl 1D PI3K/AKT, TRESLMMEIFNS: 2) MEK/ERKs, TESLAM
WM, A RA,

SRS AR TR, KRR SUR TN -FilY . &, HTRRPmMEERE
WL _E i Bel-2 &% R ifCaspase-3iF MBI FAR R T M o SR IKE /D B ST 10 mg/kg HREE
BEXB T AN HI Caspase-3 7 P 5 2 /b I 40 L Y5 T=(Guha et al., 2007). & &8 K U AE IR T Je 24 4 41
M ERTBUKT EF BaxkiBel-2( LB £, Caspase-3iEtEFH . MIAH20 mg/L L F4E)E,
HIREEAR T 2k (Molpeceres et al., 2007).

32 HRERSINEMAEMAE

TR LB %) U1 B o 7 4 Rl 2 R AN Pl RS2 4 R A 2 A . R e O SR 3R 4 Dy e R T T AR T
S H(Reiter et al., 2013). X LESZAATE A T A28 ORI =P A9 550K 40 R SRV R4 it |, B TEAE T
WA L, XRFEEZEEEL AL AR EET)FE(Yonei et al., 2010).
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Eilk SERE R AL 0P BLKF ] LUEIE cAMPIR 4% 00 (A BB R MRS, 487 20 SR MO AR 40 g R
TRAAREEESRIANEA (SAR) KIRIA. HERAT, SARSE A H TTRIE [ EEARESN 2
BN, TR NFEETT KA 8 & 3B (Tamura et al., 2009).

AERHUR B AR B, #R 20T LIty S A & B B R 9 RIS (CYPTTARICYP17),
IXLE o WA 2R . HE W S M Z (Adriaens et al., 2006). {EAZETF, Woo(2001)% 3R 4
B 22T LU I R R UL 40 B LH 2 AR A A AR SRR LHA R . 4t SRR TRl i
RE S ERE KIS UGF-1) M IR E, IGF-1REE 3 R 40 7 224> 24 (Picinato
et al., 2008).

P2 W DR R R R A R SR ST BRI P B+ B, RRER R B {RAPHE SR R £
M HZ EBENREE, TEHIIMTINEER S R E (Tamura et al.,, 2009). VR PR B RZIRE
FIGR ALK /NA %, AOPHTHRK, %8 IR (Nakamura et al., 2003), B4 -, SRIEECK,
HH 22 F Uk PR (Shi et al., 2009).

ENEIREIEE I F, lohfE AR T RS F A MM (N-ZEEEERDER) KA
A TRHIF A X8RS NATHIHIOMT (ltoh et al., 1999). FUKL 40 M K 57 7 40 M P 77 45 I 3% 2% % 1R
BHE E T RE AL AEIX LR B, R B REAT N BUE AL A L B (O F B R i 3 FURL 40 Pk [ A
B E M S B (Amireault et al., 2005), DiEZLHRE Z 0T RE 4 4 (El-Raey et al., 2011) FIA(Kim et al.,
2013)fI 6P Fr OR FF 40 i 52 5 A P 2 i

[ F 255 J2 ROS A= 40 M 57 195 A8 8t 0 2 0(Fujimoto et al., 2011), 17 W4NES T, AT RED
fEAE AT, BEIR0E 40 ML ARAE 5 W , 151 40 22 RS VE L 4 F 0B B 55 3% R (Pandey et al., 2010).
SR, ROSEEBGEMAIMN AT (A, MBEFIDNA) KERNIF S ENIMI)IEE(Goud et al.,
2008). MiXW BB —RVG R, WBEFHIAIE, DNAK R AMRAER L IET(Banerjee et al., 2012)
(Khalil et al., 2013).

I IR R AR AT R AW WA MO G5 A, XL SRR B BB R+ Uk . A URER
FERLFEp, ORERAE MR AT 22 ) 4 B ZU AR Ao A %ot L BT B A R RS Wi (Tamura et al., 2009). GRERA
FVA U 5 £ 7 42 ROS(Somfai et al., 2007). ROS2: FEIRXT A Uk 7 57 RF 41 B A7 IS 1 73 LB KT
B R AMRAENRL . XA Pl HE KPR S 4 B2 R4 M 7E 7 (de Leon et
al., 2012),

FEAFRSREIKMT, BB RN DARHER TR BRI N H S B, LU w40 iy IX
LEEE I mRNA K F-(Rodriguez et al., 2004). #MEEWTEMNHALELAFT L EIEER ) ZJ
Reiter et al., 2013), IXFIH AR 2507 1 63 2R AT R K RIA R (Leon et al., 2005).

WA LR 2 M ISR B MR, ande. HE . JK 4RI (Rodriguez-Osorio et al., 2007;
Manjunatha et al., 2009; Tsiligianni et al., 2009; El-Raey et al., 2011), /320 P #8 i 2 22 0] LUk /b
ROS(Nakano et al., 2012) % {i¢ 13 55 £} 48 ff /i #(Kang et al., 2009, Shi et al., 2009).

4 BN AR SR AT ES N 105450 ng/mIBRE R GE (e IR RE A R AAMIZIMIBH I R B, 123
WA, (RS RER K392 0 R 90 e g e (El-Raey et al., 2011).  GRRFARHLARS1 il i 2
MESIRIE AR MTIRE, ARSI MM R R F R4 IR R, XEREREER
VEH IR IR T 537 54

2 2 b T8 Y 5 A 40 I (K ang et al., 2009; Shi et al., 2009). Rodriguez-Osorio(2007)%%
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R, MAEPSMEEZEREFIERIFAREIE, XWTLH THEE RIS RIET
[ B Br T H (Galano et al., 2013). SRR RS INHR 2 2 RE4E R A% 2 BB B FR1EEROS
/KF(Kang et al., 2009). /K4, A s AR 2 & fed i PRI E LV i HE U ik R DNA
1405 T 2. 32 A A% A2 (Manjunatha et al., 2009).

33 MEBEESHRRAE

SRS ML 27 AP R IR A S AN S A I WA R, XK TR AR AT 4R A 6 T I (Tamura
etal,, 2008). BT HEEMR (AR, WMERTAHEAVHELEREFIEBORIL, XX TR
UEGRAR 2 LA (Korkmaz et al., 2012).

BB R A MR BE RN R B R 5 X84 H (Dair et al., 2008), IX 484 AR IT 2
- AP E NG R G B B RIS B E Z 5 (Shang et al., 2007), B8 2 ZHMITMTIRIMT2H5E 52 740
#I R RRFF AL B¥(Dubocovich 2007). TERAMEFRRIAEMRIAT, B RIMIEE EMTISHAMIBE
BRI RKFIA(Sampaio et al., 2012).

YR B EN AR KB RIS AT AR T H A TR R T ER (BAXFcaspase-3)F! L iAHL
AT ERF(Bel-2)RE, FR3 40N A B H K F K& FRIEROS K F(Reiter et al., 2009; Gao
etal, 2012). XLAERMTREMATIKFERE, MG FTE &R Bt 2 185 (Wang et al.,
2013).

FE M PR KB, XXT-FEZH & PR R E SRR aRAS 0 T, 2,
Z AT R ARG B 5 52 2 E AL D8R40 3 (Sturmey et al., 2009). FENARLL, A4 ASNE SR
IR o B FEAEAR XA R AL RO AN, H A RE H E B TE £ (Choi et al., 2008), AENAETFRIE
R ZEHESEHETH, B2 RMROSEFMNHRERN, RELENBELEH, W
REMARI TR, FHEEAS R IER U RARE K 458 (Tamura et al., 2012).

SRR AH M BT AL B2 77 A PRAR SR ROS I FH 2 5 | B2 WA N 7R 6 BEL# 1 40 A o7 Ty 2 2 R R (KChaalil
et al., 2013). AT RIESRAESINER LR FEL AR AR Wi FE(Choi et al., 2008; Nanassy et al.,
2008). VAT-HMEITH 5 HE IR 7E A S ML 7= IR A R AT A6 T MR VR R IR A2 77 4 F (Hao et
al., 2003).

WE GBS R P 75 N 2 Fo6f /)N R (Ishizuka et al., 2000). % (Rodriguez-Osorio et al., 2007). 4
(Sampaio et al., 2012)F15(Abecia et al., 2002) et L. T — T, HRE EXTRTLERF
W F5 N H8 22 Z 9k ¥ (Manjunatha et al., 2009) A 55 IR H B 19 1B KX A (Kim et al., 2013, Papis et al.,
2007)

BH A/ A SMIE R &% B (Kang et al., 2009). #8#EIshizuka(2000)Z5 HIWF5T, 107 Ml 2
FREPHR AR, (R SR RSN R SRR R T - 5550 RN InRR B R e B (i
BRI E RS R, W LR LB, Nk, XL R 5 A 2 TR 2%
A (Wang et al., 2013).

W T DU AU AR G A AN B T RO BEAE 2 . SR R PR R IR T X TR b 2
ZRAREMNH, GEWR/PROSHffi(Nakano et al., 2012) X2 B EIR K & §51(Choi et al.,
2008), 4HHEZWRA /N T 10 MET T EENS BB LIS HIROS, T 243 ¥ 2R KT 107°M, &5/
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M R REAE R . (R, RGNS 3R M BT R IR N 107°-107° M,

AR (20%) &N, HEFFMCP U INER 2 R 5T /D BA I R B A R A RS IR K
B (Papis et al., 2007). ¥ L, B RERFBEEBOAEER, REFEEIR4/DFRIR
AL 2 B PR A R B BE R IA Y 1 2 TR (Abecia et al., 2002), SMJEMEHE L E T A EFRA RIOFFEH R
FARAL AR B A N A P R RS TR 4R (Vazquez et al., 2010). ARG, SRR b8 2 20T LIR
EARBCREIN S R ETE S WA B RIEE (Luther et al., 2005). E4k4h, #HEEB AT LIR & LGN
R LRI B (Berlinguer et al., 2009).

4. HRBEX S ETE AT IIEH 12
4.1 HRBEN T EM-EE- AR

ZATHEEE Y R H A RS | T A N SR RO AR, SRR T F R N-TEAA-
4 Bidh(Frungieri et al., 2005). A JCFRIG K[ GnRH 4HAEH, N P58 2 2l AR T MT1 & MT2
Z k%> GnRH mRNA FIRIA, HHRRE ZSZ 517 luzindole W LIS LA H o 2EF A2 N U
Hphd, EERRG E OZE RN G HEZAFME GnRH %2/ LH FIB I, cAMP. cGMP
Y R4 T 0 N A5 B O RE . RS A R (R M AR B AL BRI T MT1 24K,
2 MT2 RNEEHERR 15k -

WEETEARH TN - -t i B MT1 F MT2 AR OR SR BRI 6, WMEE
TR E AT T-OR SRR, UMM 2] TR R . 2RI EA S RN T MTI
2 MT2 %46 mRNA & MT1 248 ARIRIE . N IEMERR 2 A58 18748 22 R 2 AR M D) fig(Soares et al.,
2003), THEHE ZEEW D MR ETE AR BR AR WER. A ANEARZEES, WEE
BEE N LH 24k & /b GnRH AR IA(Woo et al., 2001). 40 M ASE AL RAM, HEE
W MTL SZ AR B AL & R AR e M R 5 2/ cAMP ROMERUE (17 /1= (Frungieri et al., 2005).

B8] 43 s A R B TP RRENMG B Gt FABIC 24 i 1 BE R R0, ek L 1 oy g A 28 ) 7
)0 TR R Y AR R . RS RAE D WA ZAE T MT1 3244, g 404
CAMP RIS 530 B AN I A 45 1 BB AL A h BTN Perl %45 (von Gall et al., 2002), %5 /R
VB AR B IR T R UG PR ET, e 4500 Bt I TR A2b AR MBI AR BREL S, Perl E:H
Frif3R S (von Gall et al., 2002), M4, ATIE], PEREFEFBEEEH T MT1 244506 #4455
BRI, X AR E R A MM B RO 2t R A R g% B a5 m—A4
LA

KTERSWHRBRENY ERERXRRAEHILSY DB BER, A MR R TR g
MAERR, FAEESKFEREENAE, KR —EATIRKREKF. BRERERGILE L
fi BE Ik 2-(125)BIMREE B 45 A A0 A & MT1 324k, {ERARLKIA MT2 mRNA(Torres-Farfan et al,,
2004). 48 2 F REBSIMHI S bR 40 M PR b BB IR B O I PR AR W L AR R R TR
-cAMP FES R R4 . XF MT1 A4S R H BE M) luzindole BE BT .

ELHEAYP, MERELBIAETHAVNEEE, SRNEEZHRERNFHRE
SRR, B2, SRAREEIEMEHMN MT2 $-E ZZ4k(Weaver et al., 1996). W H AN EH
Rl MT1 R ZZENFN, X MREREEZ HRHEE . RIE Yasuo(2009)F3RIE T 7 5l #EkR

8
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C3H /MR MT 1 MT2 2[R 88 [7) B R MT 1 MT2 2 51 #2 52 5% B 1 A $2 # Diodinase 2 ¥, Diodinase
3 MIRIERAED . XLEPFFIER T MT1 0% MT2 A1 N RIS 5 3832 6 B WifE 5 F e s
AEMEA, FIRHER THEBEET MT1 288 6E 5708 N -8 -t Bdh, A miRisZE
1 Hi(Yasuo et al., 2009).

4.2 RERERIIEMNTERNFE

STIGIE T, B ELL S MT1 R MT2 G RETS MAP 384, 512 p38 AR B(Jung et al,, 2006).
p38 FILFIBAL /K FMARGIR pS3 RIAFBER AL, BEMFUE pS3 KRG FIRA &M
(Wagner et al., 2009). REEEFEY pS3 Al p21 MRIA, A p38 N FM ps3 ERRIL/KTFHIF A
(Kim et al., 2010), T p38 MAPK 4% 5 4417 PD98059 fi KH Ik 4 2 & ¢t ps3 AN M. Bk
WIETR A, X 40 Y L ok 84 25 52 PRI 7 0 2 PR BRI A AL 7407 luzindole Z0EE 3 B BE I 4K 24 2%
St pS3 AIIRTEAER], E P RE S FA MM /KT REIRIE MT1 I MT2 if#% p38 MIRIAE TSI psS3 /Y -
N BRI /K T #)F & (Santoro et al., 2013).

ps3 EMBETMPUEER, HANAEBRZIRNBIFET R RBERNZ —. p53 &HA
MITH DNA 44X (DBD)S FHERERIL &, MTTEE FIFEF LA 2006 & Hu KB ps3™”
i BURIRB IR, WTREFF T HMEF R, MAEMERRRHAETRRTEW, #—PPRE
IR, p53 HEWES LIF MRIAG TSI MR ETE. e HITIRSG RER, ps3 &R
RELH & B LIF N & 773 L, 87 LIF M9 3%(Hu et al,, 2007). p53 Xt LIF MR REFERE
KR, R psS3 3 E/KSERINE R KT T3 0 A 1 484 (Hu et al.,, 2007). LIF
AR (B BURENR, E,FSFIRMAMIRE 4 K¥FEREIL LIF. Bk, ps3 wlfs E;
PR R A& R RE P LIF MRk, X — Il IEAMK I ps3 RIA/KFRIZRAL, T2 ps3 Al
ER [8) A B 1 K347 (Levine et al., 2011). BHSEURIESE, pS3 454 %] DNA 73l LJ5, B854K
1R A ER 3 [E) 8 75 48 2 (K Y 224 (Menendez et al., 2010).

NHESRRT KOS MT F 8/ T/, MT FEX&E (P) Z2IEMXJung et al., 2006).
ANFEL, TFERBTIEEM MT1 I MT2, IERNEEERRE TREEHAAR, HEmrEne
WA TR . AR L, VIBRS R G RIRME A B & WD, MR (B B PR
HFRANFRERFERELES, BrRERERRIMEE R R ET/EH(Dair et al., 2008). Lt
AZEAMP AL RS BRI, PR AM- S AAE LB RE S A, MER
R E BBOE AR R P, R, #HEE0 pM-100 nM)BEEF IR EEAAM LH ZEHRIA
(Woo et al., 2001), {B4877—Le500 K IA 4 M F AP0 ok BEH0 A= & P A BR3P S 5E
BRI, FWIRIARE R (48h W) BEAMEI P SR, T -GBS (8] WA {2 47 H (Tamura et al., 2009).
HED AT A B8 M4 cAMP TP P AR, T —BRATIE)S, RREREWMRE LH ARk, [
RGP EARAMAEE, Wi P o, RETIRKM, (i P R, E; A m, PRAER
RERE, B RBAREN, FENREBITE, ITREEE. HEs TR, MR sNERE R F K
HIEH . AN MMSTRUEY, — R EXS B M MEIfEH, HEER0E E, 24 ERa,
FARTIRA KR F O N R Z AR AR E (PR) Rk, REMMESZE (ER) RiEE(Dair
et al., 2008; Chuffa et al., 2011).



ot E AR K AR SCERGRR

Y aRABREIYEEPIERREF
1. 5l
1.1 RiRFALEH

i

%58 (Resveratrol, RES), {L¥4H A 3,54 " =RE-RA-ZKLME, 4 TFEHR 228.25,
RAEY R T XU IR« S AN 3 A0 B TR L T & B — R T8 & (Dercks et al., 1989), 3
G REAMRNE 1 Fra. XHRROZHEYFREFETED 70 Y+, ELEEBENK
oy AR I A . WA, BN R P EREY 50-100pg/g AR, EAHE
W, AFAESESN 1.5-20mg/I(Siemann et al., 1992). [, LA A BB EE TSR

ROMLHEOAESEE, MHEETTEEYA 4mg/l K AR L.
1 AFFEEHRERER

WERE, (B)-5-[2-(4-B%

74 B)-ZRHE]-1,3- K8,
354-=EE, BE=F
CAS 501-36-0
%%ﬁ C14H1203
BER R 228.25 g-mol™
AR HERRERK
R (KO 0.03 g/L
¥#tE (DMSO) 16 g/L
B (ZED 50 g/L
%%:—F—t C14H1203

FAEE A, A BRI B — & AE(25 °C, 100 kPa)

WEHEBRT, AEAEAEERR- (2) FIRK- (B) HRFESREE, TRX-AESREK
XY IR ISARG . ERIMERE T, X-ARA R RN R-AFE, bk
SRR A St R M4k (Bernard et al., 2007), RaNAFSEEAER PH EEGHA THRREA L
(Prokop et al., 2006).

1.2 £¥FheE

AR B RE AW, TRARY, ARG RBNITIAIEE S (Raederstorff et al.,
2013), BEfRIP40 A S2TE RS B M E . AR I AR SRk B VA 1 17 £R 37 40 . DNA(Liu
et al., 2013)AK %%, BNMERIGEH . ALK TS BEWAE, e LT+ BEE A 5
B, BEN DNA #ZWZRMGMMEANERKNEREL. AFEFBEUERIFARNEET
— SRR (Liu et al., 2013), [ AR B A HBEL PR IEVE A (Olesen et al., 2013) X RERZ W4T E
(K FE R 2L (Das et al., 2011; Liu et al., 2013), XX FHIEZ/FERMRERERERZM,

HTAEABARRLEWFIE, FMUAESERERTREH4ARE. i, SR

10
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——————————————————————————————————————————

AT AR 30mg/ R RSB, MHEOE. KAE RIS ERIERTEH (Barger et al,
2008). HIHLRY, AFAHEGBREMSETER, KBz e FRBEIERHBa et al,
2013). AFFEBEIEHE —FHEFEMMEZERENR, EEEPNRXRERG, AFEFEW
BEREROEESHERMBTIEEY, BN, SESAETLRAREETENOLERTFEE
FIB 4% FH (Zhao et al., 2013).

BAREFERIEEAEA RS G, B, AEAEERY EHM/KPMEIERERNE
1k, WIRERETURFET DNA. EXRFENXE/ER, AEMNTEREY B EIR B LER IR
BB, WPI/RRGRER . BRERE. OO ERREEBENERE.

2. BREEBEMRSLHN a8 HESRIER
2.1 AEAEIEMEROS)FE RN

WRERH, FEHE (ROS) BIIBENMMEEENR, &K ROS RELEFEMRI,
B BBEAS FOR (52, BARMZER) WRIRERSE. BXL L, HROS H3H DNA #
Hi&slaRE, MERENFE L. DNA SRR EMEST, ZEHY, DNA SRR
BRK(Ahmad et al., 2005). HTEAT]. FUEALFHIFIF A o 2 40 N E AL BRSO R 28 7T LR R
RS, B4 ROSWELLF4EEARRY, #HMEREMBERRE,

BFEAEARNENER. A EE—FEaEFRANRRNTELT. EhTksRe
W EMREERE . ZBRUESPIENTELTIRI G B T KBS E A ST R AR
" kB G P AL I B FES (A ggarwal et al., 2005). Zini B SGIFSE T AR A EIET = £ 2R RETA
ALAER(Zini et al,, 1999): (1) 5EFERHE Q EF: M5 ROS FEMNRES, UMRKELEEY
BIFeAE, (2) HREKANERN OFEHE: 3) MEINESBFSMRTENRN. B
L ST RCLIEH AR BAEER 07 B diFEMERH: & d1 3 (Leonard et al., 2003; Losa 2003).

AT RPALHE ROS ERMNE, FIEMARSE3PEERE s 8a st
B (SOD). AEMERE (CAT). R HKEREHNERHKEE/ADEE. AFSHESERFE
WERDPRARERIERRE. B, Losa TIRARE, —EZREEER S 2-HE-D- BB
SEMRGRREANET S BEHINE D LR ARG B H KT ERTHRS, QSN
BRI T E A FREFHEME(Olas et al,, 2004). FFE, HEABENTELEIFLHNMK
EARPEKRERAKT. £5—THRS, AN IMTEARNER, BFESMHEK
HEADEE, BREH B S-HEHEAA M HIE EE(Yen et al., 2003).
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Resveratrol ' o Initiation 1 Fe/Cut
i 1 [oR
i R e
1 o Fet*/Cut*
i e B
b e PO, FoiCu
OONO” )
= i Resveratrol l
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Fig. 3 Resveratrol antioxidant potential. (Alarco’ n de la Lastral, 2007)
22 BRAEIEMEERRNS) LM

EEIREER NO BERYOLE WL, WK AR BRI RSt O KRR B HE
18 N B 40 A NO 7% 4= (Hattori et al., 2002). #X7f0, T H A NO KIH %4 K RNS 25| i 5 1)
PR E R KR . Z AT OB T R BB A DA N AR A R A A B B P R /N T
A R, 25 R 0H (A 2 B RENY I I 4R INOS ik J iNOS Btk 2> NO 74 (Lorenz et al.,
2003).

AN AR Z FE(LPS)RElS B35 5 iINOS /%42, RE5IHE NO M= AL B A W% R. Fl,
RAW264.7 ERELN M (A 25 BEATAL R f5 A8 22 PR R LPS 5 S (10 R )R & R i iNOS HI3RiA
(Wadsworth et al., 1999). LA_b45 15005 522 7 B A2 K B B 40 PR Jo o8 s v 6 i il 7, 3
BWE B PR R LA TR 9T B A 5 52 Wi S AH 5K A P9 (Leiro et al., 2002).

3. BRAERIERE MM ERFER

A 7 1 A L D3 M B OB A . Gehm(1997)55 48, ZER5 L H) MCF-7 4
Marh, AR AR B IL L R P MR IS R, 1R A BB RS BT LR R
FREE R R AN LA RAMERE (ZMMEm) 0L, 4 %A BRI — Kb R4 F
P22 R R DL AR DA 1, 3K M o S H I 5| R R A TR AR 2 . (B4 T ST
B T 4RI LR, BIt, Yang(007)IRIETE L, fE LAFREIBR T, FARATRERLL H
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WEREEME, By ERemMSIME = i35 S0 R EZ AR &L 34, A RERE T TGFal F1 IGF-1
RIZERI/K S, R TGFB2 i mRNA /KF. 53—77H, Basly(2000)5FIF 50 LR T Wi 44 B4 4 (A 22
FEEAE MCF-7 A0 MBS E AT H, &5 RRIR R A T B BE P B PR (10 F 25 pMD
B T L M A L A A Y, TRIRAE O i 1 pMD IRFEER FUME ZREAR . Gehm(1997)
LAY PRI 10pM BEESREREFIAR 70 BN EZHE &, MK 25 EMRELE
MNFTM. B2, ZIREERG U A RIS, ST T 8RB ZESLRE. F
wn, {E PRI MR, SESEARNMIE Z AL -5 (Stahl et al,, 1998), (B, &N
R AEKAE R TR RN W, S AENE, AFEAEESHEALENESMEH AR aE
DU R DTN . 3 —P4E MC3T3-El A AP IR, AE A NERL 0 I o R
C R E AR BT, XIS E A BT R ERAE N X PIRMT H SA REUER RE 2
YIETHEDL, BWREAEFES L TN EERK. £ Yoon HH I —TWIRF, AEAEAFEN/)
T EMMEZEES S £ 5 THRESZRFEEM R TREAMRT, A~ ESRTHMELR
o TI4E HepG2 FFER M, 1227 B LU 2 OB 5 sCRME - 8 R AR 354141 F (Yoon et al., 2000).

F R P RS FE AT RN AT ST I B PR Z A . BT 2D = AN TR A IF
BT ARRFIE AR AR UFE IR K H TR Ashby(1999)55 5t UF 4Bk K R FH0.35 70 mg/ kg/
RAFEFELAERE, 23RN EE&SME G RRIAZEFRERTEMESEN, H—TR2
EREMTYIE LR ERPIN-1000ug/ KM A ZEFEE, KRN H 5 EE KIGF-1 Y mRNAKF
AW (Turner et al., 1999). FHR I, X AZAREIRAZIAZ1000pg/ KET, SFUE /N FHIE
B NIRRT M—EREA R AR EEENRESFE A RS IILE XK
(Mizutani et al., 2000). 58 SR KR EARS NS mg/kg/ R A BE AR W48 R 0 T imr . g
B AR BEIG 00 P B F2 AR I AT o S OR3P SR SR DI BR T LS MR B D B, X R — R4 7
HE M DRWIREBEFH DM T H R 52NN E AL R B E )
(AGEs) MIZE{k. AGEsA I & Hm mah kR T IED A . FAEE A RERENS LU A i 40
HIAGEsHI M MINETE, DNAMIE R AR B LEE R 35 M (Mizutani et al., 2000). T,
X LB A H BB G5 4 4l A BT R 25 4)1CT1 82780 BELT

UL, Bowers(2000)%5H45 4 122 P WX B st 44 40 i o [ i AT Ssh IR msI R e . B3
FEERERIT LLZEAR 2 FI56 F1 ) SER-oMIER-BA &, {05, XFPoRMIT Ll —BET/NT0004% . B
R I B W5 AR R TR RO T 2R R N T T SR R SRR (e
REFIER-BE & R MBL IR T5R TER-a Hh4h, AP BEXTER-ofT PUMEBEREEH], W FIER-B
JFELEAE R o 10pMERTE AR A 7 22 7 B2 (0 2 L R S A IR B

ARYE LR WF T BT LAHED 13 22 < 1 LA i E AR M T RE . IR BIE 7 B AL R b sk =
RIS PSR, TETRANEARTPAMERZEE, BV MEFEErME 2R
PEHRREHAHA NMENAETEN . 8, REAESBEMEZ SN R MRES
PG X v AT AR 75 B — BT 9

4. BREFAEEEMA I EEFBIER

BT, EERES R HEFER BT TR, WHASRMMBR A NI ESmR. B



A B R MK 2 A2 AT 12 3 R GRIA

bh, AEMWBAERFETRS, RICRRAMTARTRRENH, T TREKAEFTER.

RS S MBI R R AE CRIGARI I F RN DL R REA ARG Bl . B i 4By
HTERAR, QBRI R A SRS T LI AN T SZAE OR FE 4 M B, (RX X IR F R RE SRR
FLNR . T 0 T 2 R A S AR LSRG R KA B AR

Al v VAR S e T BT MSI R A IRECE . AU T AR, LR
(I OR R B e L AE SR b, ERVHE N (RN RABRENSESFS FAFthRE
HEOR kP, BV E R E IR, ARRAR IR IR D T8 0 AN E . Rk, om
FIEEIRMAF DNA (5782 520 61 5140 MR 18 2 B A RO AG BREAEL,  TRA e A1 12 BELRS O R 40 R A
KHRE. WirHid, AFEART LS BETIR LR, R GRRT) BRI mrib B if 1 2k
R340 M e 2 BRI (Liu et al., 2013). RSP TMUIR S T AZE M FEXT 57 40 00 5 &
RIS 7 TR AT RS

AFFEE /D BT, 1P T SRR RS LR IR 52 D B E . £ T4
ROHER, WFT A RABREMIE I RIMHER, AR TREFINFTARY R, NHEKET
ERE(Liv et al,, 2013). WIFLLERAUETH T RE AR LLAE ICHERL I/ L B B8 . AR XT IR A EL,
FZE A AR A/ BRI R TR NN OR RIS . Eoh, (B AR AL EE /)N LA U SR
B R TR A RIAE 4 /N U ABL, R I 38 IS AR5 U 4 O S 38 2 0T (R FF OR FE 41 B A B (Liu
etal, 2013). S —WIFRALB R TR R, [~ REA RN 204 900 Be 2 K5 T8 22 25 i i 0P FHAH
Hi(Kong et al., 2011). [Fitt, A REANS B ¥ LIS 0P FEAN IR BRI R T E K/
E#¥(Kong et al.,, 2011, Liu et al., 2013)s

LRITRLOUE (PCOS) W ETHIH WIKR « BRI R ERIWIFVRAE T B EE A REXT LR
LEIPE LS U RICHET S RTZME W FALNFKCERF & ZDMER PCOS Mk REZ M
WRZE. X ohNEIRERIEES (LDL) WEFE, SABNREHERER MR
MR, EIIEF, JEEEMN LDL LMEFEINMAKRE, WOHE. Fs b, ExLaasd, Sk
EFEERER/KEARE T —F, VIR KILEACE AR E B 545052 R 0 M 2 5148 ¢ (Baek
etal., 2013). ZWTRARELIFE T AZEH BT 2 5 W LURIFEAL LDL XTBUR A mfi s . ST &
WHREFEIREAMKZA T ARKTEAE. AT, SBH R A RELEE, SRMMER
Y B EHRAR, I HiXLeqn M gets B Al K (Baek et al, 2013). B2, EWIRIUEE T AZE 1
RO IR EAN IR M, AR S BONRG R L EE LT 6
(Baek et al., 2013).

AZE AR LB S A AL ST H . BIRE, AR —F o7 ERZ T
F, RERIPEILEES I MRS DNA Hii R BLR T-(Revel et al.,, 2001), LLEXT A DNA 7]
13 (Garcez et al., 2010). th4h, FEEFRERERIANN OB 8 2 E 1) o0 W R0 B AR AL AH G R R
K (Morita et al., 2012). FZE A 0 BEIE 3t 00 FEAR AR SN BAFIIR B R AR R B - TR A, R
FRMAEAEREFRAGAE NS RBERE, ATMESEINHRAERER
(Abdel-Wahab et al., 2012), FE4MEZIEFFH TN 2.0uM B REREIY 40 ML N & B H BK (GSHD
EREETEE SR, ARSI REIN R R B EE, R, SRR op
T 40 J0 A AR DG FE TR A A (K wak et al., 2012). Ak, #800 FZE 25 REAS (Y RENE 48 B 0t O R 4 o
AL A R HIAETE RS (Comizzoli et al., 2009), T H I A LA B AR IR 77 SRR & /D BUE NG R 4E Sk
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&8 (Liu et al., 2013),

5. BRFERBEERNE

AEAEMERNENATLEE, —SHARPAEAFFEBFEIRERARATETF 1

(Sirtuin 1, SIRT1) Fl PGC-la K ELE R4 AT BE(Lagouge et al., 2006; Kaeberlein et al., 2005).

AR E HEBUE SIRT1 & 52 8 Ji5E (Pacholec et al., 2010), 4RT, HrBFFRFUIESEL T B #I%
F(Denu 2012),

R EE AL (40 AR E AL B ALEE (SOD2) MITEHEARE 1415, KA EBEIL LR
HEAE, EEAER EFTEEE BT H LIS (Robb et al.,, 2008). HBEAY 0P EIFMR H
FHBENRFEY. EARAEEYE, BRETUNEYESI MRS PFWEF, NI
HHEEY RN, FHbgaRRFE—eENEENAETFEUNT N (Meydani et al., 1993). MnSOD [
REELY, ATTRTEEMER R RRAATIRERER, BUEE M SR 4 M T bR )
(Macmillan-Crow et al., 2001). %1 415 i 9 3E K K5 e B S AE i 5 (Cullen et al., 2003), PLR
LT HEE 540 4R IR B4 8 71 (Sun et al., 2002). Robb %5 A7 i FA#EA BEx%T MnSOD #)_EifRiEiT
TiRd#4%: RESV-SIRTI/NAD'*—FOX032a—MnSOD. CiF# A~ @i SIRT1 3{# FOXO
R T A MR (Stefani et al., 2007), X KRB FOXO03a M RiGH RIRE BITBRA T &
1k #) FOXO03a K3 ZBiL 5 M (Brunet et al., 2004). ©.471 MnSOD £ FOX03a f1—AMEA7 5,
i+ FOX03a Mt REL T MnSOD H5RZIEIA (Kops et al., 2002). B HRIEFE H R
B ELEE (SOD). HEAEE (CAT) MEKHIENEE (GPX) FLFIf L
WHRIARN (MnSOD HRIX, {H CAT 8 GPX REMZN), 4518 L0, ELNAEHE, WM
SR 4 AR T-(Khan et al., 2013).

I AR SR 40 AN E 40 M A A SR SRR S T AR RV 2R AL X L AR
%X F NF«B Hi% (Leiro et al., 2005), {41 2 & P450 F] LA CYP1A1(Chun et al., 1999),
SR B R I VE I (Benitez et al., 2007), REFFELHANE (COX) %. EFS, AESRERE
HEABERE MM, £ SER0MEERY, SIERAESERESARAT, XRK
EHE R LRI M M(Aziz et al., 2006), AP EELRE TS F Fas/Fas BC4E, 0 pS3. 4HMARIE A
A/B1 MRS QKB EBES CDK12 M SH4RET. Wi, aEAEEAFHELER
(Cao et al., 2005).

ERE, AFEFTEREE NI L4 R I) g4 e, XAEER b, AT IH AHbH
L0 T 995 R0 BT AR 9 2R R 557 (Parrkeer et al., 2005). A REE B8 ELEEIH) O LR AT 4
MRS, T EEINEI LA 4L A K (Olson et al., 2006). IR BER —FHEFRHEBESZA
IR IS F (LA 4I 7 (Bhat et al., 2001), & 531802/ 94 B (Wang et al., 2006). 4, B
FAROET Nif2 KB v- AR B ERRE R DR E AR A SR H KT, TR
fihf 1562 FRE SR EE T FE AL N B (Kode et al., 2008),

BHFHRERH, AR TS EH S PR _RMEE, XS% cAMP #EF,
cAMP 1E4 % — {5154k Epacl/CaMKKB/AMPK/SIRT1/PGC-1a . cAMP WREMFEHEINT
eI IEA, RPBAEEWE R, RPETR AR MASERE/EH (Park et al., 2012; Tennen et al.,
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e® <«—— calorie restriction
glucagon &
catecholamine

2012).

B4 BEFAERERER.
AR HGIBR _EEES (PDE) ¥54, 51 cAMP FH/E8UIE Epacl, S/E¥IE PLCe, 5I#2 Ryr2 Ca™* EiE
Ca™ BB B A BIE CamKKB-AMPK @ R%. FRHIAER (CR) EidfBkm MfE R A LEBER R T cAMP KF,
RIEBIE AC RiES cAMP #—5 715 . AMPK JEid PGC-la. NAD* ZCF#A Sirtl MEHERE T SRk
VAR BERSHRE SR 5 — & BEEI1F i B (Sung-Jun Park, 2012).
Fig.4 Proposed Model of How Resveratrol Mimics CR.Resveratrol inhibits PDE activity and induces cAMP signaling

via Epacl, which activates PLCe, resulting in Ca®* release via the Ryr2 Ca®* channel and, ultimately, the activation of the
CamKKpB-AMPK pathway. CR increases cCAMP levels by increasing glucagon and catecholamine levels, which activate
AC activity and cAMP production. AMPK increases mitochondrial biogenesis and function by increasing PGC-la
expression, NAD* levels, and Sirt1 activity. An additional pathway that may contribute to resveratrol action is indicated

with dotted lines (Sung-Jun Park, 2012).
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H=H HREBSHRNE

RSMERR AR ( IVP) TEBBOLAEFRMA KB EEREAR P RERTERBRAER. ERE,
SREFHFBRT =492 —RAEINITIRER, MERMEEXAE R+ AELRUN
BT A EATE (De Mouzon et al., 2012), 2R, IXEE5R B ASMEF= MR R B EZ & TE NI,
I EFE MRS E R R TS A .

FANBIUHE ROS BRIEMFIMEFRBE TR EERRF, ROS BESIRERIATIRERE,
EHREE (ATP) KR, #2AMAT, FEHAE RS % (Takahashi et al., 2003; Yoneda et al.,
2004; Favetta et al., 2007). &£/ ROS SRELMEH K, &AM DNA(Henkel et al,, 2003), &
BRI EATHRE BRI (Lysiak et al,, 2007). FEIRE, SRREMIREIRBEAERG 4D
¥ iE5E ROS IR RSHWENMEREE D, FRBAMRMAI-(Ahn et al, 2002; Somfai et al.,
2007). EIMERREFESREFETZHELEE, BAZREINE AR B4 K £ A (Ishizuka
etal., 2000). UL, ROS MF=ERNBMEMNRLEZ BMINEREN FEIMEFRIBNEE RE BH
EXEE.

REFE-TRBE-VR, AFAENERERYERARNTELT, SRS ERI AN
WE R4, PRREACRR. w48 MR T DR o8 v L 3h W) BE G 4 46 41 4 7= (Takahashi, 2011).
. E, AMREAHFERT AFEAEX SR RSN R B EEN SRR REOERRKE
Pl 2k, AR TRBENFHEIREIREREZWOER L, #—PSHRTREZT &I
R E RN, PN ITREEN AR E BT R A R R mRNA HRIEKFE
BJE, MADBEMTIRTRERNEIRTREBHEEERE. =FENERRGERAZW.

R4 A HHF HRENFRE G R EF= R R T ATH R ENE. AREEROLE
7= B NS5 B AR TR B R F R A B R 4K 3B
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FE R R 2R MRS
EF-E MRIEX
SRS — BEAEXT4 IR AR I R HI R

WE: AR TAREREAZESE (0.1, 1.0 8L 10uM) X4 GV HA5F 40 R R A R R4
HHUE. S8 T B AR SR ARG 7 . SRR AR B SRR AL BEH BRRT
EHEKTE. IGIRE. BB, SREERN N ARABARERRAR Sirtl ZEREREK
FESHKZMH. TRAER, BMEEREOESRESZRMIPCAREE> W, RN
ZEERS . R EBOE T IR R4 M P ) Mos/MEK/p42 MAPK REXERHE . MABETRER
N 1.0 M AEFBEREZERENEY R, REER. BER, BUOERERMELM L
Ry, EREF B EE PRSI RS A ROS /K, BER® GSH KF. AN, HRK
W Sirtl ZE4FNAM. SEAK. FBARMNERTRE. SRR, AFESEERE
Sirtl ZERIRIE. RUTFIER T AR RET 5 S 2 E 0 WA A R 4 50 BH B L &
EARKERRIGRE, XM {e#/EHTRAKT Sintl 812,

K. 4, B, PEARMRH, JIEKL, SIRTI

51F

AESE 3,54 -ZRE-RR-ZHEZLH B ZHFETHYANERHFH—FHRANEET
HKLEWIR, T84 (Wang et al,, 2005), FEA(Stewart et al., 2003), HNHEE (Hurst et al., 2008)4, &
BB ER(Chen et al., 2013), 4552 %% (Jang et al., 1997)F141 %% /B (Baur et al., 2006) R & &L H
EE. AFEABNEMFERCL2ERETIR. WAFEFBAESEFEKER (RERD) NEd
A ¥i(Howitz et al., 2003). @i/ AR UK S 9T EAE A B #E A BE BEHUE (Jang et al., 1997),
HUEE R 7% (Palsamy et al., 2008) & R30I & 47 Bl (Szmitko et al., 2005). R, AEAERIFIXL
EYE TR R AN ERE. BETARY, BFESHETHIEE ZBLEE 1 (SIRTD
(Alcain et al., 2009)FiL E AL I BE AN E Y BUE 45 v FBNEWET 1 (PGC-10) KRB LRAT)
ft. Robb(2008)%3RiE, B ELEIL RESV (HEAE) —SIRTI/NAD" (JEBLRZIRIENS —H
) —»FOXO03a—BE Y {LEs 2 (SOD2) # ¥ SOD2 &3 n 14 fF. SOD2 REFR(KBE L
YEER, NTTREBESHER PRI ATIREN, BEEESRE, ARATMFETHIES
(Macmillan-Crow et al., 2001), tLEEFRKH, AFEFEEEEWEM ERARABKHEK (GSH)
KFE, NTRPENRZEFERRY TS HEMN B (Kode et al., 2008). BT I F (Park et al,
2012; Tennen et al., 2012)% 8, BE S ALY EFHEMMNE) & FHRER _REsE T, XBIBHMR
NIRRT (cAMP) REEIEM, cAMP {E4 5 {5 F8E Epacl/CaMKKP (45/45 A% = K#t
H#EE) /AMPK (AMP #UERE B #ES) / SIRT1/PGC-la i&12. cAMP KFHIF Fi¥in T gl
BRMEN, LREEYE R, RIAIERERRHE R4 (Park et al., 2012; Tennen et al., 2012). HAh
IR REIER T B A A EYEEN R EERS, SEMHAREE P450 FITEHE 1Al

(CYP1A1) (Chun et al., 1999)), @*#ZHEF kappa-B (NF-xB) HIiEt#(Leiro et al., 2005)F0iA45
M E 75 1t (Benitez et al., 2007).
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SN KB RIEIAAEEL, BN T IRRIK B Gt ) TR e & T8 4 IE A (Wang et al.,
1999). AXBT SN, EARINEFRE R D, UIFEA IRFINEIG 75 5) 52 B 8 AL VI B B e AR R & 5 .«
F gk, A TR RBEM PR BT . SR ENT), W p-3RELRE (B-ME),
2 & R (De Matos et al., 2000), 2*BthZ(Kobayashi et al., 2006), {75 Z(You et al., 2010) X il E &
%%(Gao et al., 2012; Wang et al., 2013)# S H#s 0 £ GR 51 4 BRSNS AR RSN R R P . filts
B REXTTE AL BT ML AL S R 2 G . BHGE, AEAIEN—MITEE
FAREED, BRI ES AR T DNA IR RGBT (Revel et al., 2001), LR XT A IEHE
7% DNA #4513 (Garcez et al., 2010). FZEFRERE R ZIEMBEA G, C—MiHEMRER
1R 7(Bhat et al., 2001; Juan et al., 2005; Shin et al., 2008)F 1 75 F B #1141 7)(Wang et al., 2006). #£
MEERFLAN T, AR RE R HEB OP SLORE R, MHIRIR AR K B R T, #mEd R
SRR ORGSR 4R R KRR RS RV R A AR W(Kong et al, 2011), $EBHE, DRAKHIRIEE
HPHERE B SEE R IR M A B FURHE (Liu et al, 2013). Bb4h, FAZEAEEREN DK BN S
Z i F 4 i R AR AL HE S5 JE (R A A (Morita et al., 2012). FT3ERY R b fE {233 UF £ 40 B 44 41 iR 2
FEEfGASN R E - WIFRKRY, BWFRBF AR e B X IR M RSN EF G R, AT
BTN IRA R TE6E 11 (Abdel-Wahab et al., 2012). 4N FEM P AI0 2.0uM HZE SR AEIY
RN S H R (GSH) RBRMGFEEE (ROS) BI&H, MIMERE IS NES 2R R
RFIREWEE, [, EZESRERLIR YO0 RE40 ML 2448 DG IR IR A (Kwak et al., 2012). IbAh, %
I A EE A B AN BESHE 0 0 O ) 40 ML S B 40 74 5 7 11245 BE 77 (Comizzoli et al., 2009), T HLitAg
R B AR 77 23R R/ BUR IR f 4440 K B (Liu et al, 2013).

REW LRSI T A% RS I3 58 (Huang et al., 2011; Kwak et al., 2012)i&3h+
I FDRe. AT, FZEA R 4 G0 FRAR M A RS Z TR . IR 2, R
kGRS 2 o AT, AT T B2 BT 4 51 53 40 B 4 S Tt
MZHEFRAR AR BN, RSB T AREERS W, PR, Ry R,
MMA B PEH PRREE ST, IR, BRI, 4OPRH4iM e (4 REAHER 2 FH
Y8, CDC2; HXERERIX, MMAEWMEA-B2, CyCB2; C-MOS: MAIMES A #ES, ERK2
Fee MEVENKEFHEE, MAPK2) FIUIE4IME (FEFE 3, PTX3; HHEMEEE, CAT; &t
HILSENEE 4, GPX4 FHBEALYEALES 1, SODD) #XERMRL. ATHTEAZEHTER
FAEHPRESFOS, RATCYIR TR, S0 map, SRR fI M+ SIRTI 3R,
AWFFUIEA T AR AR KT SIRT1 9772, Wit gt 220 - b R AR -, AT fle B4
SR BRI RSN A SRR IR -

1. R 5757E
1.1 SRaa#F 44

111 SEEeaha Atk

A G B3k [T AL R TR B v BB, R iE SR AN B IS E E R ER .
1.1.2 KAL)

SZU6 BT FH 1A 4F 3% (FBS). M199 T4 [ Gibco A7; L-BRBLE. L-FURRF45, DMSO. HE
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#. ®EB &, FSH. LH. 178-E,. EWAELES. TTHENTE BSA. Hoechest33342, Propidium lodicle.
AERRM . FEH. mHE. DEEER. EVFTEER. 7YOmAEMATH 29 E Sigma
/3 F(St. Louis, MO, USA).

1.1.2.1 TG45% PBS # (DPBS)

HY 0.20g KCl, 0.20g KH,PO,4, 8.00g NaCl, 2.16g Na,HPO,7H,0, ¥F 900mL Milli-Q #B4ii
K, % pH ERAZE 7.2~74, BEEN 280mOsmkg, EXZE 1L. 0.22um BT IERE, 2%
JEfET 4C&H.
1.1.2.2. RBIEFRE

M199 #2388 (GIBCO) FnA 10%FBS, 10ug/mL FSH, lug/mL LH, 1pg/mL Ey, 100pg/mL
HEE, 100ugmL HEER.
1.1.2.3 DPBS-PVA (753

SEH 100mLMilli-Q /K IN#BAR 1g PVA, A #HISHEMA 9.55g DPBS #3K, #n Milli-Q 7K,
EARE 1L, 4CHRHE.
1.1.2.4 EWHRARE

HUZ B BRES 0.1g, ¥ T 10mL DPBS ¥, 0.22um JEMEIT 28K, -20CHR7Z.
1.1.2.5 Hoechst33342

10mLDPBS % # ¥ #% 100mg Hoechst33342 7, AR 10mg/mL; EULIRE ] SuL,
FEE) 10mL, 4C&H.

1.1.2.6 CRlaa
CRlaa BT R
B AWRE (mM) AR g/100mL

NaCl 114.7 0.67
KCl 3.1 0.023

NaHCO; 26.2 0.22

FLEh 20.4 0.002
B4 1pL/mL 100uL

¥ LR AR I 90mLMIlli-Q EB4/K S, FRAEMSS, M 0.055g FFLERRES (Hemicalcium
L-lactate) (5SmM), ¥ pH J 7.4, EAZE 100mL. JEBEEN K 265-285mOsm/L. FIRAZHILF
J&, F0.22um JEREEIERE, A 1.5mL EEBELOESE, §% S00uL, 4CHREF. FHBXR,
7E4% ImL 9 CR1aa FH0A 3mg THEMT LRI BSA, 20uL UWEEERE (SOxEW), 10pL FELFE
R (100xE8) 1 10uL A L-Glutamine (100x4&3), F 0.22um JEEE IR E, 3/ 1.5 mL
EEHELENEE, §F S00uL, 4CHRF. HEFRABAE 6%FBS #] CR1aa.
1.1.2.7 BO i (10x)

D% mM  g/100ml
NaCl 112 6.5453
KCl 4.02  0.2997

NaH,PO,H,0 0.83  0.1145
MgCL6H,0* 0.52  0.1057
CaCl,.2H,0*  2.25  0.3308

T pE 13.9 25181
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0.2% B4 10% 4.0 ml
PER 10x  10.0mi
Milli-Q 7K To 100ml
SEREERA 0.22um BEITIEKE, HEFT 4CRE.
1.1.2.8 BO ¥l
BO K (10x) %% 10 %, A0 10mM HNEEEFI 20pug/mL FFE.

1.1.3 X288

HeTEEe: EREEREFREAT:

CO, ¥55%46: Model 3111/3131, Forma Scientific, Inc., [H;

R B3 PEMEE.ON: LDZ4-0.8 B, JbRERE LN,

HAVERKB4R: HH-SY11-Ni2C, JbHEMKRIBSUE;

BIEBMENRAEBHE: Nikon, HZA

BOCHEREREMBE Nikon EZ-C1, HE;

R 8E: SZ61, HZ Olympus A7

#ati/k{X: %E MILLIPORE A l;

¥704#HL: Nikon COOLPIX 4500, HZ;

B.0#l: Eppendorf Centrifuge 5810R, H[H;

- 80°CHBIEIRIKEE: SANYO AR, HZ;

BIEE: P5520 VIESCOR2, Nikon, HZ;

pH #: INOLAB PHI;

BFXF: BP211D SartoriusAG.

1.1.4 ¥4t

HRIESEIL: 35mm, 60mm(NUNC, USA);

MAIEFEIR: 4 L (NUNC, USA);

B.O0%: 15mL, 50mL (NUNC, USA);

FEHTES: 10mL, HF 18G 4 k.

1.2 SBWAH*

1.2.1 £ R &=
1.2.1.1 SREHIRE

HEFALRYG TR Bk ERXESZGEENRFF AT BT, FHAEMEEKPEETE, F
F 26~35C. A HHFBER00IU/ML)FEEEZ(1001U/mL)AEE EHKRENRT, & 2~4h BiB[E
THRE.
1.2.1.2 SR SR B R S A R RER MR

FAERH 18 SHl4T KM 10ml {E 5328 M 2~8mm BRI HI% 5F E SRR E 44k (COCs), F
SR¥B A DPBS+0.1%PVA, ¥ B B 72E M0 7L 57 LA HUR, 700ul AORCENR, 7ESE5R4h T 2h LA
L. BhERER 3-5 BERENEAMAN COCs, 7ERINMBFYE 3 /5 HAMBRMENE, REK
ANOFLIR BB R, 7L 80 NAA COCs, # 5%CO,. 38.5°C. WANEEK CO, IR TS
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22~24h. FEMA MI199(Earle’s)+10FBS+10pug/mLLH+10pg/mLFSH+1ug/mL178-E,+100pug/mL
HFEZ+0ug/mL B XK.
1.2.1.3 {55245

GREMAE: EEE.OE. EHATE | 3, £ZRTRER 10s FBRA 37CKBFEE 1min
KA. BRERESATE, BHEHEEST 3ml BEE (BOM) & Sml B.LOE S, 1800r/min
B0 Smin, F_EEW, B 3ml EEBETE ZRKELORE, FLE A ml BEBEERT,
THEE R 2-4x10°4~/mL.

PSRBT SR R A0 M SE EBEXRG VR R E 2 0, ARG RIZNEVRIE 1 3, TN SopL ZXERH+, &
# 20~25 . BAZHREPIMA SOuL K1, RBET 38.5C. 5%CO, HIHANERE T34 10h,
1.2.1.4 RIRMEIERERE

WEZBBFS5HTIRE 10n KT MMAR I ZRIMEAR, REBEEZRHMING
MM T R B 5558 CR1aa+3mg/ml BSA H¥e#k 3 K, BN B H#F47 2h LL_E#Y 60uL CR1aa+3mg/
m! BSA #5585, 5 20-25 4, 4 38.5°C. 5% CO, M HIEE T 135, 48 I FHAF] CR1aat
6%FBS GG, 48 DEEEHMB. MHERERS 8 REHERR, WLEMENER
o
1.2.2 A %2

H T VYRGS E TR R R, B2 DPBS-PVA 3t 3 i, RGE S 4% L B FER DPBS
FEE 10min. HEBIFHBEEEL S PI L, 8%, ZEPE 10min, REHE 0.1%PVA
) DPBS ¥t 2-3 i, BEME T THHEFH L, Z LEFHARERLESE BHE T Nikon Corp.,
Tokyo, Japan)¥LE2 40 B4 .
1.2.3 RNA #2EUK £ & PCR
1.2.3.1 RNA $2E

PR BRI REMRESH 0.1%EH RIREET PVA-DPBS F i 250 R4HM, 4351
KR GR BN PRANGN R AP, RS BREFAPETE S 0.1%PVA 1 DPBS F i Z R4, 4 FHIdgE
SRRRARM AN AR 48 iR O 4 K IR A M DPBS ¥R IR, FHEET-80°C YKFH,
FIF RNA 2

TRIzol %R ELE RNA

[ WS 4 40 R R 40 e/ 90 e BB R NN 800uLTrizol, #®3% 2~3min 8 4 IR 7> B4%

l
IABRBITTH Acryl Carrier,
|
4°C, 12000g, . Smin, HU_E#H,
!
¥ LERAFTHELOLES, A 200uL 845, RERS 5~10min, ZEIRKE S~10min,
|
4°C, 12000g,B5.0» 10min, ER& {5 L%,
!

A S00uL BAREEEIRS, ERME 2~3min,
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!
4°C, 12000g, B4 10min, FF _LiE, RNAWRTER,
!
N 1ml 75% ZBERVZ T, BRFBHITE,
l
4°C, 8000g, B.l»Smin, KREIFF L,
i)
1% & BT 5~10min,
!
A S0uLDEPC /K¥#5#% RNA ¥,
l
¥4 RNA H DEPC /K#B 100 fEHil, [FIA B ek iy
1.2.3.2 RNA REEFx

Mg T RNAER:
M BE (u)
DNase I(VK) 2
Buffer DNase I +MgCl2 2
Ribolock RNase inhibitor (1K) 1
RNA B & 15

20ul 4£&, PCR X 37°C, 30min; SRJ5M0A 2ul EDTA, 22ul %, PCR{Y 65°C, 10min;
R ER:

QD)
4 R, HE (ub
DEPC 4b 2K 8
Oligo(dT)18 Primer 2
RNA(H1 L) 22
32ul &, PCR{X 70°C, 5min;
&)
A, R (ub
5x%Reaction Buffer 10
25mM dNTP Mix 2
DEPC A#bHEK 3
Ribolock RNase inhibitor 1
IR d. 2
RNA (1L 32

50ul 4%, PCR 1 42°C, 60min; 72°C, 10min; 4°C, ¥ REF/GHK cDNA —&#F5 T MW,
H{BRFE-20C,
1233 %t & PCR RN

5 TianGen SE & RT-PCR #flliXF£&, 20xSYBR solution EiR F FHAIRIES: ¥ 125l
20xSYBR solution NZE 1.0ml 2.5xRealMasterMix FHIE I T R Mk .
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i il
SYBR solution/RealMasterMix 9ul
Primer Up 0.5pl
Primer Low 0.5ul
cDNA #itg 0.5ul
ddH20 #h3E 2001

A LU WF L E K BT #5207 51

Table 1 Primers used in this study
Gene Primer sequence(5-3") To(C) Size
Forward: TTATCCTGGAGACCTTCCGACACT

P450aro ¢ erse: GATCTGCCACTGGTTCACAAACAG 000 131
pasosee  Forward: CCTCCGCTCAGCCCTGGTCA 00 189
Reverse: CCCTTCTCCCTCCAGAAATGGT :
prys  Forward: CCAGCTGTACCTCAGCTATCGGT (o0 410
Reverse: TCCCAGGTGCTGCACAGATG .
car  Forward: ACCAGATACTCCAAGGCGAAGGT (00 30
Reverse: CAAAGCCACGAGGGTCACGA '
Forward: GTGCTCGCTCCATGCACGA
GPx4  peverse; CCTGGCTCCTGCCTCCCA 600 224
Forward: GCTGTACCAGTGCAGGTCCTCA
SODI' peverse: CATTTCCACCTCTGCCCAAGTC 60.0 228
Forward: CCTTGCACCAGGTCATCTACG 00 1ot
C-MOS  Reverse: GCTGACCACGTCTAGGGAGTACT :
crk;  Forward: GTATCATTACGGTGTCTGGTCCTGT (oo 100
Reverse: GTCTATGGTACACTGATTCGTGGC :
Forward;: ACGCAACACCTCAGCAACG
MAPKI g everse: GGCCAAGCCAAAGTCACAGA 600 162
cpcy  Forward: GTTAATCTATGATCCTGCCAAACGA o0 115
Reverse: CAGGGAAACTGTCAGAAAGCTACA '
Forward: CCACTCTTGTTTGTCCGTTCCT
CYCBZ  peverse: GCTACTTGTATGGCTCGGGTTG 600 247
Forward: CGGTATTTATGCTCGCCTTGC
SIRTI g everse: TCCTGCAACCTGCTCCAGTGT 600 236
Forward: CCACGAGTAGTATAACAACACC
GAPDH g everse: AGTCTCTCCACGATGCCAAAG 600 114
RNGEMT:
95°C 95°C | %5C
LA s 65°C
. \ S
Smin 30s 61°C 30s
5s
30s 4°C
o0
(X1) (X43)
(X1

1.2.45.5% %% X 4 & (immunofluorescence)

AN R

A. BE: HBCOCs. FEIEAEI%LREFE (PFA) FRFEE4SHH, 0.1%PBS-PVARE3IX, &
105344,

B: 2i%: FH0.1%TritoniB&S o4k,

C. HH: 1% BSABEHB4CHATH;

D. —#i: H1%BSAEBMEBE—H (1:200), 37CH B2/, REH0.1%PBS-PVA¥IK, &
2045344
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E. ZHi: 7E1% BSABBMREZH (1:1000), ZHiREEFE 1/, R)5F0.1% PBS-PVAEE3 X,
151K204 545

F.DAPIR&E A R REH TR KA.

3. i RMEERAARREURAHE

PLEFF 5/ F] R IR
Goat Anti-Rabbit IgG (H+L) 111-035-003/Jackson ImmunoResearch Laboratories 1000x
SIRT1 (H-300) SC-15404/SANTA CRUZ 200x
1.2.5 MAKIZENE (western blotting)

1. HHRAE

B57 10p 0.1% PBS-PVA RS AR 100 BARMBBHEOEF, -80 °C REFHS.

2. SDS-PAGE Hijk
(1) #Ifs: R BIO-RAD A & # Mini-PROTEAN 3 CELL Electrophoresis Module % 4.

547 12%5y B (10ml)  S%IRZERE (6ml)
H,O 3.5ml 3.66 ml
4X Tris 2.5ml 1.Sml
0% Bk 4ml] 0.78 mi
10%APS 33.3ul 30ul
TEMED 6.7ul 6ul

R E R RA S BRI, BINBEEIFORIRAR P, KE B L, ERMIDE T,
R BECEEE 5, B BT RIK, BIARGER, REEART, SRIRGEREE.
(2) HIKErPB (10x) KRN 1x
(3) Hayk: A BIO-RAD ‘A 7] #) Mini-PROTEAN Tetra 3 B B3k, 100V 1EE 5k 3ho
3. HR
(1) BEBZEMPE (10%)
LA 700 7K: 200 EFEE: 100 HREER (10x) LLl, #BEN 1x
(2) f#: M Amersham 2 ] fJ Hybond-P PVDF J¥. &2 RTTIsE A FERIE 15min, KRG
B R P LS B
(3) BE36E . ¥ A BIO-RAD /A 7 ) Mini Trans-Blot ¥ ENil, L& MRS 3asEENJe, MR R4
BHIKE . FHEWBMEEK.
(4) ¥BEL&M: 0.25mA HIRHEH 1.5h,
T LAMEE Marker BREHH B FRAWIHIERINSE . BIRIBF =L RXRBHHK, BIEHE
SR AE YK - MR RRRIR .
4. #EF
(1) BL 50 ml 10xTBS ¥, ##% 500 ml, F TBS-T ¥ PVDF K=k, K 20 min.
(2) TRHEIHAW (S %MBRETH): FREX Sg ey %, A TBS-T %%, T&AZ 100 ml.
(3) #HH: EERZEEMAHEE, ERK B8RS, FHE 1~2h.
5. PilsEE
(1) B FAG R R S%ABIERHRR A —PPNE, =R 2h.
(2) TBS-T Y&, 3K, IR 20min.
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(3) BB SHEBARYIM BB i E, =il 2h.

(4) ¥R (2).
6.BNER

(1) B LR TBS-T RERE LM, R ENSMABERYEN. REEEEBE X H&E
AT, BEARBEER, REB—ESE X Ry,

(2) ZEREEFEH X FEKHE (JEH Kodak A7), EEIE L, XHRESEBECERIES 4 R
Y& SE BRI L B IR LI 18] )

(3) BEPEHEER, BABEHEF Imin, /KB 30s, EZETD 30s.

(4) Pk yeBUR LIT AR H, FHIEHATHIERE.
1.2.6 40A A ROS ! GSH & &KW

EURINR IR S BB (0.1, 1.0, 10pM) ZHERXT BB RSB 24 510 MII #ASREH 40 A,

RIS FIR MM A ROS #1 GSH /KF. SR MIASCRIETE 24 /NI, A RRBRBH EUH 3
7£ PBS ¥k 3 &, RIFHMAEH 10uM H2DCFDA (3l ROS) 8 10uM CellTracker Blue CMF2HC

(Bl GSHY R E T 37°CHEHFEP YA 20min. JELHREKIIRAMAE PBS Fik 3
W, SRIGTRN 10pL #) PBS T, ER BB T (TE300 ;B /&, HZA) REER, A NIH Image
J (v LAOYRMFHATRABE . HIAREL 3 K.
1.2.7 BB SR P TR —RE-178 (B KPRIBIRE

ATHAROESEXN N EARATEN E, 3w, RSN RMARRE QS
B (0.1, 1.0 B 10pM). SRERAHMIARERL 24 /DETEBERRAE TR BT IHU R S U B R
PSSR P B ER A B, RIIRIE .. B2 B ZEH(ICN Biomedicals, Inc., Costa Mesa, CA) R M — ¥
(ICN Biomedicals, Inc. Costa Mesa, CA)iR & 100 4534k
1.2.8 St 4t
BHAKRBDEEIR, HIELHRHSPSS 18.04: 84, FiaHiEs RAFHBLSEME

Re BABEEMHERHBERES Z5T, MM LB R HDuncans® EHR T, P<
0OSHMAMNMEEREE .

2. £R

2.1 BE AP LA RIE "B R AR R

Lt 4R (22.48+1.77Tng/mD ABEE, 0.1uM Fil 1.0uM A EEFS BEVR N4 (39.78+4.90 F1 40.96+4.82
ng/ml) ZERKREBEAR (P <0.05). BN 10pM AR BEERE B EH W (27.71+4.54ng/ml)
(H1A). 5K, SXTHE4E (FI1B) HH, HMAERE QAR PR R _FAIRE.
RIMAFEA AN EAMF P450aro FIREBEMR T XA (P<0.05). &0 1.0 M BEEABEAR
50 4R AR P450scc MIRIEEZ B/ T XA, H0.1 5 10uM AR BAEA BER T EA (P
<0.05) (B 1C),
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Control 0.1 uM

B 1 EBAPRNARAEN P EAREREANRS D EIBRREREENRME. A: NFAREOESERMN4
ZiFIREE. B: AEIREE QSRR 1784 —FOREE. C. A%SEN 28 L & RERIAMEM. D:
SRR RS R R AR AR, B SR B FHEE PTX3 Rik. F: IRE, SHRENEREE. G BAER
., H: VHRBEMRE. I FOARREAESEREREEGRE . I SNARRESESEER PLEA.
IR (a-d) REZEFEE (P<0.05).

Fig. 1 Effect of resveratrol on the secretion of steroid hormones and the development of fertilized bovine oocytes in

maturation medium. Panel A: concentrations of progesterone (P) (ng'mL’') in the groups treated with different
concentrations of resveratrol. Panel B: concentrations of 17B-estradiol (E,) (pg'mL™) in the groups treated with different
concentrations of resveratrol. Panel C: the levels of expression of P and E, synthetic enzyme genes in the groups treated
with different concentrations of resveratrol. Panel D: survival rate and polar body rate (PB1); Panel E: cumulus cell

extension specific gene (PTX3) expression; Panel F: cleavage rate, 8-cell rate and blastocyst rate; Panel G: hatched
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blastocyst rate; Panel H: mean number of cells/blastocyst. Panel I: epifluorescence photomicrographs of in vitro produced
bovine blastocysts that developed in maturation medium supplemented with resveratrol at 0 (control), 0.1, 1.0 or 10.0 uM.
Panel J: blastocysts were stained with P to determine the mean number of cells/blastocyst of blastocysts that developed
in maturation medium supplemented with resveratrol at 0 (control), 0.1, 1.0 or 10.0 pM. Different superscripted letters in

the same column (a-d) indicate a significant difference (P < 0.05).

22 BRAEEXMEY R, 5P ELRARTEERMREENR M

AL LA R REAIRE 1120 B, EEANKR. SXTRAMN (92.8+1.28%), WiMAESEA
SRR 40 A AP BB O AE TS 2 (95.5%0.29, 94.9+1.99, 92.8+0.71% ) (B ID) LR EXER(P > 0.05),
B£, 01 f 1.0pM EEREBEFEME (924+1.40 F 93.42095%) MRKAXREEZHTHEA
(87.921.66%) (B 1D) (P <0.05). Ti&si0 10pM ARABEARAERRE R (83.6£4.31%)
(B 1D). E4t, SRR RS, 1.0uM F 10uM BREABERINE NSRS RBER (PTX3)
MREEERTHERA (P<0.05) (B 1E).

2.3 BRSEE X 4 50 SRR (RS U BR B R

1080 M4SN RI4EME (6 KER) BFESHARKRELOESRE (0, 0.1, 1.0 10pM) KK
BB, BHAZRENERBRKERMN. MTHA (PRER SHRESFh 70.7£2.92 M
51.9+4.23%) L, WIMARKREAESBEHIPREN S ARERZFEEER (P>0.05) GEM
0.1, 1.0 F0 10pM RS BLA IR FIH 67.923.34, 69.2+3.07 F 65.623.17%, S-HHHLE S5
A 46.123.16, 54.5+4.12 F1 45.98+2.13%) (B 1P, S5HAAR, &0 1.0uM AFESHANEER
FEALBEEE (5050 30.0£2.54 F1 30.746.05% ) BER/TXEA (P<0.05) (45K 21.9£2.65
F114.6+4.69% ) (B 1F, 1D. BFEF RN INA R EM ML (118.5+7.67, 118.7+6.18 F1 111.8+9.13)
BWEERTHEA (89.5:5.96) (P<0.05) (B 1H, 11).

2.4 BRABE N4 5 AN B R ELER

¥ 0.1, 1.0 #1 10uM SEESEEL ROS K474 0.58 +0.02, 0.5620.02 1 0.72+0.02 pixels/
SR, BEET XA (1.00+0.03 pixels/SifF4HHE) (P <0.05) (K 2A, B 20). [HE, #
MEESBATFRAMARBHEK (GSH) AF (0.1, 1.0 10uM HEFBA GSH K45 K
1.52+0.02, 2.27+0.06 1 1.52+0.07 pixels/SF I BE® T AREEA (1.00£0.03 pixels/5N FF4H
M) (B 2A, 2D). dthh, AESEATIEABER, G SOD1, CAT il GPX4 Rik/KFH R
ZHETXEA (P<0.05) (B 2B).
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B2 BRAEM MG PS4 GSH & ROS @B RIAEILE (CAT, GPx4#1S0D]) EARZMEM. A: &
R SRR AL A GSH 1 ROS ZK-FHIEma. B HEE A RN IR £H 40 M EALBEEE K] (CAT, GPx4 F1SODI)
RIEMEM. C: AFEIREEFESE (0, 0.1, 1.0 3% 10.0 uM) 4H 5 MII H14- 58841 ROS WK K F A . D:
ANEWREAFESAEE (0, 0.1, 1.08% 10.0 pM) 4H 5 MIT 4SRRI . GSH KU R A .

“FFIRFFER (a-d) RREFEE (P<0.05).

Fig. 2 Effects of resveratrol on intracellular GSH and ROS levels and the expression of the antioxidant enzymes

Relative level (pixel/oocyte)
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o o o wn
1 A L n

genes CAT, GPx4 and SOD1 during bovine oocyte maturation. Panel A: effects of resveratrol on intracellular GSH
and ROS levels; Panel B: effects of resveratrol on the expression of antioxidant enzyme genes (CAT, GPx4 and SODI);
Panel C: epifluorescence photomicrographs of in vitro matured bovine oocytes that were stained with 2°7’-dichlorohy
-drofluorescein diacetate (DCHFDA) to detect reactive oxygen species (ROS). Metaphase II oocytes that developed in
maturation medium supplemented with resveratrol at 0 (control), 0.1, 1.0 or 10.0 pM. Panel D: epifluorescence
photomicrographs of in vitro matured bovine oocytes that were stained with CellTracker Blue to determine the level of
intracellular glutathione (GSH). Metaphase II oocytes that developed in maturation medium supplemented with
resveratrol at 0 (control), 0.1, 1.0 or 10.0 uM. Different superscripted letters in the same column indicate a significant

difference (P < 0.05).
2.5 BEAEEYT P 40 Mos/MEK/p42 MAPK 4% BX iE B% ik BRI

i 1.0uM AEAER IR c-MOS ERMRBRAKFEZER T BARHEMA (P <
0.05). WINAFEFA AN+ ERK-2 ZEKRAEKFEZERTEBA (P < 0.05). 4,
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WL

SN 1.0uM EEESRE R 5E R0 M MAPK1 2 B f3R0A 7K 8.2 8 T35 A s AR 4 (P < 0.05) (&
3A). AN A BE4 BRRE4I i CDC2/CyCB2 # R RIAK T BEE T X L4 (P < 0.05)(FE 3B).

[ c-mos
B ERK2
N MAPK1

ab aba

Relative mRNA levels

OO - L

3 CbC2
mm CyCB2

A 3 ARAENPSARABEXERRANEMN. A: S HRERBHXCERRENEM (c-mos, ERK2 Fl
MAPK1). B: #iHiARAMECEE (CDC2/CyCB2) RiEMEM. *FAFIARATE (a-c) RREFEFE (P<0.05).

Fig. 3 Effect of resveratrol on the expressions of genes related to oocyte maturation.

Panel A: oocyte maturation-related genes (c-mos, ERK2 and MAPKI). Panel B: cell cycle-related genes CDC2/CyCB2.

Different superscripted letters (a-c) in each column indicate statistically significant differences (P <0.05).

2.6 BRFAEXN S PR, SPEMAE. IS4 REE SIRT1 &M

AHFRR AR tEbUE, B RSO SRR ENE s ATl T SIRT1 FA7e4- Bk i i, 5P
ML, SREIGNMUAIEELR S (& 4A, 4B). KHAISERTE & PCR 1 Western blotting 437, KRILAE
FEREALEE ) 4B SIRT1 EERIEKFEZERTXHA (P<0.05) (K 40). £ i,
1.0 pM AR A A S SIRT1 ZER RIEKTF B2/ T AR HKmREH (P < 0.05
(& 4D). Ak, AREF BEAL TR BN R4 SIRT1 & AAF B E TXEA (P <0.05) (B 4E),

R, EINRAMEG SIRT1 EAEK PR BRAMEEREEEZR (P>0.05) (E4F).

DAPI SIRT1 Merge
A SIRT1/CCs D

Cc
0 2.54

7. OO(MII-R) 8. Blastocyst

SIRT1/00

>
oF Y

2 1.5
_% 2.04 £
é 1.54 £ 101 2 a
cocs E 40 £
2 £ 051
- 0.5 £
3
® 0.0 & 0.0
> 9
o°°\‘°
- 212
£ g
5 !
. § 0.9
s S 0.6
a a
13 £
1 234 56 7 8 2 2 0.34
B = NG St = T % § J
SIRT] [Seei——— - l+120KD & 2 0o
Tl O S (L2 Dyl (,Q (o\
. &
actin { |n-43lq) “\\69
<8
1.GCs 2.0C(GV) 3.CCS(MII-C) 4. CCS(MII-R) 5.00(GV) 6.00(MII-C) &

SIRT1/00

B 4 8 PCR, RIEWAR western blotting sEHE T 4 BUhi4ARa . 5p 4R, 5P E4HRE 5 FAE £ SIRT1 MIFRIL. A:
GoFEHE A T 4 BY SR RRAE MU B A4k (COCs) L SIRT1 f93Kik. B: western blotting YERY P SIRT1 fFik: 1.
BRI (GCs); 2.GV AR EE4IE(CCs(GV)); 3% FRZH MIT HA BN 40 fia(CCs(MII-C); 4. AFESBEANERS MIT A
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GHIEAIM (CCs(MII-R); 5.GV HRENEFAIMLOO(GV)): 6. 3FRAL MII HHENEBEAIB(OOMII-C); 7. (B RF AL H 41
MII BN BEAIB(OO(MII-R): 8.3/ C: AR (I AL B X OF I A1 i SIRTT mRNA 7KV93Em7, D: AJH]
VRAE [0 BE 7S R Ab BT B BRI SIRT T mRNA I E: GV 45 MIT B0 RAIM (LB Y AL /R Ab )
SIRT1 B EAKTIOLE.. F: GV IS MIL T REANE QAR RAAL R SIRTI 3G T-HILER. *FFIA
i F 8 (a-d) AREFR YA (P<0.05)

Fig. 4 Levels of expression of SIRT/ in bovine granulosa cells, cumulus cells, oocytes and blastocysts determined
using qRT-PCR, immunofluorescence and western blotting. Panel A: immunofluorescence images of S/RT’/ in bovine
COCs and blastocysts. The cellular localization of S/IRT/ was identified using confocal analysis. Bovine COCs were
incubated with the S/IRT/ antibody followed by an Alexa-488-conjugated donkey anti-goat 1gG (red). Panel B: level of
expression of the SIRT] gene evaluated using with western blotting in the following cells:.1. granulosa cells (GCs); 2.
cumulus cells in the GV stage (CCs(GV)); 3. cumulus cells in the MII stage in the control group (CCs(MII-C); 4.
cumulus cells in the MII stage in the resveratrol-treated group (CCs(MII-R); 5. oocytes in the GV stage (OO(GV)); 6.
oocytes in the MII stage in the control group (OO(MII-C); 7. oocytes in the MII stage in the resveratrol-treated group
(OO(MII-R); 8. blastocysts. Panel C: relative levels of SIRT1I mRNA in cumulus cells (CCs) treated with or without
different concentrations of resveratrol. Panel D: relative levels of SJRT/ mRNA in oocytes (OO) treated with or without
different concentrations of resveratrol. Panel E: relative protein levels of SIRT! in cumulus cells (CCs) in the GV or MII
stage treated with or without 1.0 uM resveratrol. Panel F: relative protein levels of SIRT/ in oocytes (OO) in GV or Mll
stage treated with or without 1.0 uM resveratrol. Different superscripted letters (a-d) in each column indicate statistically

significant differences (P < 0.05)
3. 1118

LAV, 400 FEG MR A P INIE BRI AR A IR R IE N M 1) 190n
B Fr 40 Mo Z B 1 430 B oD M RE A 2D ZHERIEE T Mos/MEK/pd2 MAPK 2R IKAT 7718 4%
3) (REEEE 4 IR R M OE e R LA AR 4D SR ORI AR A SN T O BEHE 2R,
IR AR AL 5O LRI R R E AL IER PR A KRS IR 4 N GSH JKF,
PR ROS /P 6) HIXRILARE AR I948 & 0P 4008 SIRT1 KF.

A B e SR K [ RS M2 W . Shin(2008)4F T Fuds s, whn R = 2 A W] LASR &5/
BB AL K. AT IRE NN, AR — g MR E Z 4R R(Bhat et al.,
2001; Juan et al., 2005) 5 77 7 B 4055 5] (Wang et al., 2006), B8 B FIWIME R ER L. AMMEX
B, A I AR I N U0 S AR KB TR A Rk e ZR i (X 43 Wh(Morita et al., 2012). fEAHTFR
F, BXRIAZEFBERY LAZRE RN R, BAAEGMoE rmBR2Er 5. Likid
R, WERCE A R R ) R IA AR OF 40 E, A4 B ¥ P BR. Lobo(1995)5F B2 IERH, AZER
L EEMEHS N T AR E (AR ) 2Kl Gehm(1997)44RiE, FZEA % 2 — Mt i i
£, EARKER PRI A FREE MRS R B0 HEW, AR n 2 i
REEFW P, B RERIVNMEMEREISE ST SR ESBLEE. — DN raRImRES
PR, S R BT S R 0 M R R W R, XA AETT R P R B IS
FE—EL
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P SL, ZERE M BT RR B (L Bl A5 Mos/MEK 1/p42 MAPK #0055 il ik, S
& M W] Cdc2/cyclin B HI#iE (Ferrell, 1999), AT H, TWATRI, AREMFEEZHEMNT 2
f4rih, JF EBT C-mos/ERK2/MAPK2 £iA K Nl T CDC2/CyCB2 H)RIK. XKLL RRH, H
F P T R0 T B 4 M 35 2 IR £ 4 b AN T (i 8 4 O RRAR AR 2 . 2RI I R 2 AR TR R AL
S5 Mos poly-A B EHHK, THXBE N £ RMITERLIEINT Mos BIFAEZR, X& Mos A
BT 6 T #I(Gebauer et al., 1994). Mos 8 12 LU S IRFE4I IR GVBD(Yew et al., 1992), X4k
LR ARV, AZEARERE B 2R = IV R0 M R R AR A HE . A IEEE 2,
AR ARERE (LRI AL M 8, TER AR o R SR RE A M R B D R ks, BEER
Bt OO REAE BAR SN SRR R SN R IR IR R B e gt W RE R B TR TR R iR 2, Xk
LR P BB R, Flan, AEREREFEERARSERE X RS NARMNEE
FFUE(Liu et al,, 2013), ERBEFW PR MAE SR BER S EIME~NEFRRRE, AW
1R HA R ARTE R A HLTA BE 11 (Abdel-Wahab et al., 2012); RSN FEF 70 2.0uM AREFEERE
B Mt BR R AN RS IE A (K wak et al., 2012)fIR B /1. Bb4h, AZEAB LB KR
177 R (Liu et al., 2013) 5 AN RIEIBREE . WATRIL, FEEABEMSAT B IS G 4 50 8
MRKIAER RO RES S T ot BdRMATS W, BEINEARRR, A%
BE B ZR M ON A MR S BRI R IS R 2, LI A A M. R, M %M
MR BEIEINZE 10uM, (S EEAS BT 4 BR-RE A0 M SR PB4 v 2. 2R 45 R B IR IE(Kim et
al., 2004; Pocar et al., 2004), 7£4-5FBEAH BARS B BB 8 0 20 1 40 pM ) A B2 A B2 B 2 FRAK OP
T A E) ML Hi(Pocar et al,, 2004)f) & 43t . #BIRIE, #4500 10uM AZEA#E(Kim et al., 2004)5E
{3t R AT, XL gl RRIRE PR [ (4 1 2P B VT Re st 4 UR FR A0 M A S s e . xR
£ THL B2 106 VT BE AR BT 28 A R & T i R R B R I R SE PRI S 12, AT IR 2R ™y
cAMP HIIRIE, BRIEHT cAMP #5517 7 RE40 I3 /i H(Park et al., 2012),

Br T S SRR EN W, AREAERLS—MELA. IR SRR YN 2.0
uM FIAZE A RE T LU INAE AN GSH /K, BRI ROS 7K, AT 525 4 AIOME SR R A S 52 K HE
A(Park et al., 2012)f K B #fE. Juan(2005) 58RI, FIEABEM N —FRELA), WTLARSEK
BURE T 72 42 o AR A IEVE BR O 2R A0 e B A NRSF (R SMIT 22 SR 13 23IE BB (Collodel et al., 2011).,
HEARPIRF, WATKIL, FFEAREGE S H > IR MM G N ROS /KF . iXANE R 46T
RT3 L A B 3N R ROS HIAT 4 B #(Mahal et al., 2006)RI45 1840 —B. Lo, AIRAS
PEH B T B AT —, THESFENERETE, HERTERINEY MM E(Hayes et
al., 2005)FE R B BUTRRE, AN GSH &8, X5 3CEIRE(Yen et al., 2003,
Lietal, 200008 —3. 4 FWIRAEKRW, AFEAFLEEZ LR FARTENER (CAT, GPx4
and SOD1) WIFKIA. Sk, IAIMLERERE, AF AR R ST R T g R X 0 R
A0 PR AR R AR R B AR BEATE .

AP SIRT1 #0F 7 (Lagouge et al., 2006; Milne et al., 2007; Price et al., 2012). SIRT1 £
T FLEH I EERY Sir2 AR (LB BEAIRF 2), NADMK#IISE =R 4 A % ZBHLEE.
AILEMANRP, SIRT1 WU 24 B bl AR S ZBH Y, B35 P53, FOX01, FOX03,
PGC-1a, X 34k, NBS1 MHKEHE FIKF 2A(Michan et al., 2007). SIRT1 RIEBIA R A
B R AR AT B9 DG B S (Milne et al., 2007). Price(2012)%5 481!, AESMAMENKIET,
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SIRT1 RiEALXT T B EFEZBUE AMPK R ERBA TR B XREEM. SIRTI RERTVHE, &
HE, FHEAR, BERAREENEREENEERYF. EFWRS, RITERAAERL
R ENINEIERR T SIRT1 7 T4MKIA M. WM. SIEEMABE. HBinAESTEREY
JngR E40M SIRT1 ) mRNA REEKFE, E{USNIFEFAMEE SIRT1 ) mRNA KF. UKL
RLFHRE, ERBRERENSEIERRN/DRERS, SIRT1 8T RAREIER N~ EREMH
KBk, FEHSHIERY, ARG R F Y SIRT1 FIREHERK (Singh et al., 2009), XLbL
RRW, BRI B RIS R B R BA R E B (R FH AT B8 2 B SIRT1 AUTELRA
5. RITBESBERARPERGES BRI F4RRANRERE.

4. ING

FICEHKIRE T BSR4 ARSI, AEAEEERETHEY R, O
BAMEAER. AR, (L) BREENERARE. 2 FIRHARA: 5L AFESHEE
% LAZES W R EEE RS W, FEKPRIAEIE—BWMIET Mos/MEK/p42 MAP i@#%: H
R, B R B PR AR RS OF B4 ROS JKF, B# ™ GSH KPR HLECES(CAT, GPx4 and
SODNREKF: &G, BREFTHRAMR, WEHME. TPSHREER LRI SIRTI RIS,
M — B TR I B 2 BEXT 4 TR BE A A S R R AR T AT B AR T SIRT1.

Ft, FXMFREE T QRN 40 R KR RIE R ERIFILE, B AR
B BT SIRT1 53 57 B 40 o 22 B 43 ik B R AE DL EUAL AV I T 4R 8 4 R R 4 B A4 A1 R 34
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L HBEEREMT RENHEREEHIERRIEIFAR

BE: AR THEERNFEREEFOEANS. ATHRBERENSRBRETHELW, Bt
RSN R IERA B RERMARIREREE (10", 107, 107, 105, 107 M) ByEEFEW . TI5
xR, TWRENHEFER (CRlaat3 mg/ml BSA) TR G WIS (CRlaat6% FBS) HiRMm
10 E 1M B EEHEE B E RBERE T L RERE SN 107 7 10°M. Bt S E 8 PCR.
HBERILF western blot Blll, RIAARFRE M4 LN FAEREE MT1 1 MT2 24k,
H— SRR, B R4 ERARE NREERZET MT1 244036 BAIEEENE MTI
N MT2 ZAERHIRAENERRR B RN REREER, WiLiFE MT2 Z 45517 4-P-PDOT
WELBR. S FRURABERSE DRAGTERKEERPHEARATER (GPX4, SODI
BCL-2) MREHMKXEERME (SLC241, DNMTIA F DSC2) &KX, R TREETER (P53,
Bax F Caspase-3) WA . XK RSG RIBEE T B BEMINFA T RE T SRR E HIF
il

38

PRIMNEIG AP A B B0 A P TR B A TR AR tp RIS O/ F . $B4R0E, 2R
MERRE P =502 — B R BN B, MERMEERAH L+ ANBE RN TEETA
Z2/NE (De Mouzon et al., 2012). SR, X L3k {4k E PR IR R B ERIK T AN MR, £4 L,
EAMEFE IR IR EE R R EE 7 RAKAREA 30-40% FIBEHEZE (Dalvit et al., 2005). R4 EFHE
JERIBMERETRE T AT IRE, AN TN, A RERERSRE THENERENESK
ETF. MESBEEE (ROS) KT & (Luvoni etal,, 1996). ROS M54 B#HA N RBINENE
PERERTH—PEEERRE. ROS £3[RLRAEIIRIINE, KRR EHEA, ATP HEMAR
A T=(Guerin et al., 2001).

BER (N-ZBE-S-FERGR) RERBNOITEY, TESE TN RE, Hi
MABIEIE, h, B, VWHENRRES LA & 58 % EReiter et al,, 2000, Siu et al,
2006). FHERERE—FEMN H HEBRFAPNEMF(Reiter, 2000). BB E RN B = EE
BRIGHE, NEREAEEE, BRESRHEK (GSH) KF, MtIARMSENREIEEYE
(Galano et al., 2011; Galano et al., 2013; Hardeland 2013). 3L L, M2 XEFRAREILBGREN
WY R —(Balao da Silva et al., 2011; Ortiz et al., 2011; Gao et al., 2012; Lowes et al., 2013;
Wang etal., 2013). B T B H B2, REZTTELISREBZERIETIG. MBEHZH
AEHRBEEZA 1 (MT) FEBEBRZA 2(MT2), BEBVR G BEABBZEFIEN A Rivara
et al,, 2005), 7ESEAAMIH, MT1 & MT2 FIiEL SR E BRI LEFTE 4 (von Gall et al,, 2002),
MMFIE—RIIESHEFHRL. XEZENBIESREEGREBIH cAMP BRI EBE
B ABEE A (Vanecek, 1998). ZEARREYIFN. ALMBEP, BERELSR—EHZ 4 (Tamura et
al., 20094 & Ja RERUE N R I 3 (5 (% .
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EER, BRENHASYRIE R T OREEERACTEBRBEHRE. EEFRTRmE
B R LME#E /R B R R B (Ishizuka et al., 2000). #BEZEWMTRFHIEER, FAEERMN
TE AL 40 MO SR a3t /D BT 8 R v VR 2-48 BRAE A K44 4F R B (Gao et al., 2012). JHh4h, JRBERTLUE
B/ BURZEIG RIS R B FF IR M X IR B AE 5 B BB S 38 (Wang et al., 2013). BRSNS
RE R EN ST REHR T EOREN BTN EXEYH, WEL, 10°MEH
P8 2 20T LUR B BE iR U 3 2 A BB AL 40 B B (Rodriguez-Osorio et al., 2007). 4% L, HBEEER
BRI SMIE A B R BRI 2R (Abecia et al., 2002; Vazquez et al., 2010). BIFHREEH, 10°M
1R E R AR mEN T RIEM KK T AL ZEME R (Mehaisen et al,, 2013). BB EXLREREIFET
R4 FE R IR B RAR B AN 4 91 R 40 451 32 45 /5 A FERE 2. (Papis et al., 2007).

EWILY (BEN) MAEESRE LOHEFEBRER S (Tamura et al., 2009). ATFEM
RN MU 77 AERR B R 4B O R (Yie et al,, 1995), 76 A SSUHLER /3 4R 48 FR(Woo et al., 2001) K 3457
5 BRI 7 EFERE R MT1 1 MT2 Z{5(Kang et al., 2009). 7E4ERR41 AT L&
W MT1 ZERIERE, T MT2 244 R 76 8R40+ R ik (Sampaio et al., 2012). HATst FHREE
ZENSEINYERRENTIRBER. EEENE, BERREFEREE N TSR
HE.

GEATR, RAMENEEENERRETRETEZEEERR. A TRIEXFHEE, BT
HAERHKNEEER PCR, SERATGZLELERN T AR RGN M4 ER MT1 f MT2 Z2EKE
K. BeAh, EEARERYE MTIMT2 #H7 (luzindole) FIdF M MT2 Z24EHH ] (4P- PDOT)
WRT MTI MT2 ZGRESSTAHBKEE. b, BITEHNTHREN. URTRERE
BHXERNRE, B GPX4, SODI, bcl-2, P53, BAX, Caspase-3, HENEHIZEA 1/3 .

(SLC241 #1 SLC243), DNA FEHBEE 1A (DNMTIA), TE v (IFNT2) MBFHKES 2
(DSC2)

1. AR 5575%
1.1 SREE# 8

EsEie—
1.2 REAHE

1.2.1 AR AT
FsEs—

1.2.2 R A €

I T VEASMEF BRI R E, ¥ IEAEFA DPBS-PVA ¥ 3 8, REAS 4%% 5 FEH DPBS
FEE 10min. 3B EIFHIIERE B Hoechst 33342 343 H, B, EEMFE 10min, REFHE
0.1% PVA ) DPBS ¥ 2-3 i, KBRETTHMEKF L, SELERAFERLCEEBHET
(Nikon Corp., Tokyo, Japan) ¥ 22 40 f # .
1.2.3 RNA 2B X €& PCR
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FESE: 2 BERR X TN B (2-4 4. 8-16 4. BRI fIHERL. A DPBS
BRPEBRFK, HAEET-80°C 1K58, T RNA #£EL.
TRIzol ERHEUE RNA, RNA K%, €& PCR RNSRFELEE—.

AR REFFANT TS
Table 1. Primers used in this study
Genes Primer sequence(53") Frzlsgment Sequence re.ferences and
ize accession no.
MTI Forward: GGAGGGTGAAACCTGACGAC 99 XM_002698656.1
Reverse: CCCAGCAAATGGCAAAGAGG
MT2 Forward: GGCTCCGTCTTCAACATCACC 145 NM_001206907.1
Reverse: GCAGAAGGACCAGCAGGGTG
GPxd Forward: TGTGCTCGCTCCATGCACGA 224 NM_174770.3
Reverse: CCTGGCTCCTGCCTCCCAA
SoD1 Forward: GCTGTACCAGTGCAGGTCCTCA 228 NM_174615.2
Reverse: CATTTCCACCTCTGCCCAAGTC
P53 Forward: CCTCCCAGAAGACCTACCCT 221 X81704.1
Reverse: CTCCGTCATGTGCTCCAACT
bel-2 Forward: GACTGACACTGAGTTTGGCTACG 152 NM_001037100.3
Reverse: GAGTCCTTTCCACTTCGTCCTG
caspase-3 Forward: CAGACAGTGGTGCTGAGGATGA 211 NM_001077840.1
Reverse: GCTACCTTTCGGTTAACCCGA
Bax Forward: GGCTGGACATTGGACTTCCTTC 12 NM_173894.1
Reverse: TGGTCACTGTCTGCCATGTGG
SLC2A] Forward: CAGGAGATGAAGGAGGAGAGC 258 M60448
Reverse: CACAAATAGCGACACGACAGT
SLC243 Forward: CCTGCTTTATTGTGGCTGAAC 165 NM_174603
Reverse: CGAGGAACACAGTGAAGACGA
DNMTIA Forward: ACGAATGGTGGATTGCTGGT 197 AY 173048
Reverse: CACGTCTTCGTAGGTGGAGTC
IENT?2 Forward: CTCCAGCAGTGCCTCAACCT 158 NM_001015511
Reverse: CCTCCCATGTCAGAGTCTTTCTC
DSC2 Forward: AGCAGGAAGTAGCAGTGGCA 241 M81190
Reverse: CACAGTCCGCTGAGGTATG
Bractin Forward: TGACGTTGACATCCGTAAAGACC 17 NM_173979.3
Reverse: GTGCTAGGAGCCAGGGCAG
1.2.4%5 5% % e G B (immunofluorescence)
Pk kR HEW FRETR, HERLE—.
FLE AR HBIAT WREWRE
Rabbit Anti-Goat IgG (H+L) 305-035-003/Jackson ImmunoResearch Lab. 1000x
MEL-1A-R (R-18) sc-13186/SANTA CRUZ 200x
MEL-1B-R (T-18) sc-13177/SANTA CRUZ 200x
1.2.5 EAEARZENE (western blotting)
HiERZER—
1.2.8 it 447

FHABEEDPEFIR, BT FHSPSS 18.045 354k, i BUE S R HLSEME
e BAWBAIMLLERBEREZEFEZSTH, 2R B RHADuncans L EHE SR, P<
0.0SMAWANEIREEREE.

2. &R
2.1 ETEAESFRPIRIMTEIRE MT X R HAERRIRINE G IR

1200 HAERGRENL S 1 6 40, FIPI R 7> SR FRE T A AR BB R ATHIHEFRET (CR1aat
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T EARML K 8 241183 i

BSA), H& 6 REFEASHBERNEHEFES. 417K, WERLEAPRENN A
HEEREEZER (P>0.05) (B 1A). R, %0 10"MEEERA (39.7+3.7%F 22.1+2.5%) Ik
JARBES 8 RN EMRENFUIMR B2E 5 T X4 (29.9+3.3% 1 13.023.1%) (P < 0.05) (&
1A), BERANXNBAERARBBEEEER (P>0.05) (B 1B). HRKE, #N10°M
WMEZARKR, FCERRANERAREEZET 107 MBERAFMA (B 1A, 1B).

A [J Cleavage rate C 50+ [ Blastocyst rate
100 Elaus:tﬁgsbt l;az - | Hatchaed blastocyst rate
a stocyst rate
80- % ~ 404 1 [ cleavage rate
Iy § Bl blastocyst rate
¥ & 304 ~ 80
& 60 g 2 b
: : £
g 40 o §
] | S e
& 204 || i 104 £
0 & | 04
8 5 A ® °
I )
D ..
3
g o0 r
%
g 60
g ry
2.
2
© ol

(2
0.
.
%
.
o

> b 3 » »
O S

B 1 EFEPRMRERNFEREIE BT, ATIRE, BRELRUOEEE (RERTHEFFBE T
B#FE), B: BEAMRYE (REEMMHEFHRTHEMERE). C: WRE, BERELBUARTE (REFHEFRE
RRINERE ). D: BEAKRY (RERFPZEFRPHRMERR). BEWNNE, BERLFUERE (5HE
PR S AEEFR R P N IR AR AR R 3. PRI MY (S AIFERTHIRG MRl P R IR AR AR R ). [
FIRRFR (ac) RAARIUTEER (P<0.05.

Fig.1 Effects of melatonin on bovine embryos produced in vifro. A: cleavage rate, blastocyst rate and hatched
blastocyst rate (melatonin present only in early cultured medium); B: cell number/blastocyst (melatonin present only in
early cultured medium); C: blastocyst rate and hatched blastocyst rate (melatonin present only in later cultured medium);
D: cell number/ blastocyst melatonin present only in later cultured medium); E: cleavage rate, blastocyst rate (melatonin
present both in early and later cultured medium); F: cell number/blastocyst (melatonin present both in early and later

cultured medium). Different superscript letters (a-c) in each column identify statistical significant differences (P < 0.05).

22 REIEFRPFMARERE MT 3 2RI BRI

I£F 378 G TR FR PRI R EN R R TN ER. RAEASRERN
A RB PR ARG, BOEFRERNIARRERR RN EHERET . SRRW, Hin
10°M WMEERAE 8 RNBEREMNFLERER (356263%F1 15.9+22%) BERH T EA
(20.122.3%F1 6.7£0.8% ) (P < 0.05) (& 1C). A1, 4 Fn MAM LR A REER (P>
0.05) (E 1D,

23 2BRZBHEFBRPFMRERE MT X RSN BRI

ET R RS BERTHRFRPEREM 107 M BEE, AEHERBTRN 10°M BEE,
HH MR THRESERNBREENERRBENREN. S RERHRRESERNEER
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o [ R b K 251 22T 18 S WR® X
JEORE, BRREERARICIEZETTHERA (P<0.05) (K 1E, 1F),
24 SRR A BAGMPABRERTRERE

Bt SE R 2B RT-PCR 4447, HiE AR R B M B4 LG _ LA AR B ] MT1 Fl MT2 246 (&

2A) it — P SR RN R F R ENE 2 AT AUE SEA-RERG_EAFAE MT1 Al MT2 Z44( & 2B, 2C).
A B

blastocyst
o MM ’

- VT2

@

Relative mRNA levels
n R

16-cell

Blastocyst

B2 STRAABEMBREREERTHLEE. A: LAEER PCR BEEAFARENBRFMESE MT1 1 MT2 24
mRNA ik, B: western blotting {EHMIEM MT1 f MT2 REHEARIE. C: BERNEERIARREEHBE
4-fEfR MT1 1 MT2 Z4KKIRIX.

Fig.2 Melatonin receptors detected in bovine embryos at different embryonic stages. A: mRNA of MT1 and MT2 in
different embryo stages by qRT-PCR method. B: Proteins of MT1 and MT2 in blastocyst by western blotting method. C:
Immunofluorescence images of MT1 and MT2 in different bovine embryo stages. The cellular localization of MT1/MT2
was identified by confocal analysis. Bovine embryos were incubated with the MT1/MT2 antibody followed by

Alexa-488-conjugated donkey anti-goat IgG (red).

2.5 HRERERZRIMEGIFIX S+ R RARREINZ TR

;A 1575 B (7 RER) HTHFREREX FHRRA T REFHEEKB T4, 4
REW, WREMN SARELEMANLBLATHTEEER (B 3A). AT, HMBERA
(31.4%1.7%, 13.4+2.4%F! 133.2#5.6) 8 10'M 4-P-PDOT+MT 4 (31.2¢#1.9%, 12.5+1.3%F
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131.227.8) WEEME (& 3B). FLBEER (B 30) KER4ML (B 3D) BERTHEA
(23.1+2.4%, 8.0+1.3% F1 109.7+4.7) R HAhE N4 [luzindole( 24.6+2.3% , 8.4+1.5% il 100.5%5.0),
4-P-PDOT (21.3+2.6%, 6.6+0.9% 1 107.8+6.2) J MT+10"M luzindole (21.8+2.5%, 7.8+1.4%
A1 113.0+4.9) ] (P<0.05) (B3, B 4), MT+10"M luzindole 5XMATEEZER (P> 0.05)
Dl EZREH, RA MTLZ2ES54KKKE, MI2ZERESS.

B

[ cleavage rate

100 Il 8-cellrate 3 40
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x 80 © 30
? & g
.3 % 20
g “ g
o 10
a 20 E
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S & o & e &
o& o -ebo Q°° -ebo Q°°
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"5 &

C D
;\: 204
@
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:
-
g #
3 k:
® ']
= 2
s 3
® E
< 8
[Z] s
® =
: 8

B3 RERSERMEFEEREEORME. A FRELS-MK%E. B BEX. C BLERR. D: BIEA
Hud. SARFEREEY 228~283 8, RFIARRTFE (a-b) RAFHITEER (P<0.05.

Fig.3 Effects of melatonin receptor antagonist on in vitro development of bovine embryos. A: cleavage rate and
8-cell rate; B: blastocyst rate; C: Hatched blastocyst rate; D: cell numbers/blastocyst. The number of cultured embryos for
each group varied from 228 to 283, respectively. Different superscript letters (a-b) in each column identify statistical

significant differences (P < 0.05).
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_*Teae

e
D%
- ‘e s
PO XN ;
. ‘.?,9 ; Q. A% e
& x, . i 3 “i“.“
Je 4-P-PDOT . MT+Luzindole &@ ¢®D yriappoOT
=) Dead or development retarded embryo s Blastocyst or hatched blastosyst

4 HREBFEZEIMBIFI 4 EIB AN R BERMOAREBIZRE . L OFHLFORETRE REEMNTR, KA
TR BRI . B A FRERM 107 M #E %, 107 M luzindole, 107 M 4-P-PDOT, 107 M
luzindole + 107 M 8 %, 107 M 4P-PDOT + 107 M BB ERARIEMGWHIRTMT . BRRE D 8 KA
EHRTRERF. % 107M $8E & 107 M 4-P-PDOT +10" M BB RATME LML BT X E B2 5T Lt
H. ZIEEERBENFEIHRE OEREEMTRT MT1 24, FAIEEEME MT1 R MT2 Z430%I7] luzindole
RERHMTRR R X AR R B R, Ok MT2 %13 4-P-PDOT JUITE M BE TR R .

Fig.4 Representative photos of the effects of melatonin receptor antagonist in culture medium on the development
of bovine embryos. The red arrows represent dead or development retarded embryo and blue arrows represent blastocyst
or hatched blastocyst. The embryos were produced in IVC medium supplemented with 107 M melatonin, 107 M
luzindole, 107 M 4-P-PDOT, 107 M luzindole plus 10”7 M melatonin, 107 M 4P-PDOT plus 10" M melatonin or without
drug, respectively. The embryos were photoed on day 8 under an inverted microscope. The blastocyst rate and the
hatched blastocyst rate were significantly higher in the group supplemented with melatonin or 107 M 4-P-PDOT plus
melatonin compared with rest of the groups including control, luzindole, 4-P-PDOT and melatonin plus 107 M luzindole,
respectively. This indicates that the beneficial effects of melatonin on bovine embryo development are mediated via MT1
since luzindole, a non-selective MT1 and MT2 antagonist, blocks while 4-P-PDOT, a selective MT2 antagonist, has little

effects on melatonin induced embryo development.

26 BERMEHEREXTATERRENZW

RItER PCR 4R KR, BERAEA GPX4 M SOD] EFFiX (mRNA) BZE & TximEA
(P<0.05). RN, W#ERLHEDETFERETFETF p53, BAX, caspase-3 1Fi% (P <0.05).
R, SXTRAML, BRJMES, WERCEATETERE Bel-2 HRZBHEZ FRP <0.05)

(FE 5.

27 BEENFHELZBEXERREHRM
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HREE KA ER AN 2 15 Al M AU A R T B I8 8 1 1 (SLC24 D) MIARXTRIA B B & T XA (P
<0.05), MH%HERIZERA 3 (SLC243) AAHREEAIA KT A TR FHZER (P>0.05).
MEL G S EHFEAECH DNA FIELBE 1A (DNMTI14) 8% £l (P<0.05), {BiEIERHE
ERBIA TN © UFNT2) B R IEA RS AN TLEEZEER (P>0.05). &5, EEL
HEeR# L (P <0.05) WHRKER 2 (DSC2) HRIA, ©=AFRANMERENE SN KK
MNERER (B 6).
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B 5 #REBEMFIEIGIMEAINEG(GPx4 ¥ SODI). {RATEBE (P53, BAX A caspase-3) AT EE (Bcl-2)FRik Y
. FFIAREE (a-b) RAEFHFRH¥ZER (P<0.05),

Fig.5 Effects of melatonin on the gene expression of anti-oxidative enzymes (GPx4 and SODI), pro-apoptotic
factors (P53, BAX and caspase-3) and anti-apoptotic factor (Bcl-2) during the development of bovine embryo. The

letters of a and b identify statistically significant differences (P < 0.05).
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B 6 MERMGEMABHEXEEREMNEND (DNMTIA, SLC241, SLC2A43, IFNT2 #1 DSC2). [RB|ASR) -5
(a-b) RIFAGIH#ER (P<0.05).
Fig.6 Effects of melatonin on the gene expression of developmentally important genes (DNMTIA, SLC2AI,

SLC2A43, IFNT2 and DSC2) in bovine blastocyst. The letters of a and b identify statistically significant differences (P <
0.05)

3. g

FrA R ER AR, ERTZERERA S BENEEARES. I THRER
b AR, AT RS K2 T E A 265,000 MUk Ah A P R A (Thibier, 2006). 3R T, HEAG
PROME P BERARIRIE, T H S WIRARHEEL, RS B iR 5 518 {&(Lonergan et al., 2006).
Abeydeera(2002)#l1 Peterson(2003)45F A 10 I EHE B, AN FIERSME 2= 1 4= BRI 7 0 W 4R 4>
BN T6%H 30% .. WEFFRERTELN, HHEIRIA 60%TASMENR R 5% . UI5IANIEG
PARGIAE 7 B T B2 P A B R Sl ROS 2 S BUIR R 3 #1419 2 2 J5 Rl (Gueerin et al., 2001).ROS
RTIRLRAEAN], IR E AR, ATP FE3H 40 T-(Guerin et al., 2001). Kk, WFFARZ
WAER TR P IR IR LA SGE R AN R BRI i, 4R E C(Hu et al., 2012), &R
(Wang et al., 2013) 52 W H )72 ff) 4 22 % (Lonergan et al., 2006; Gao et al., 2012; Wang et al., 2013). 4
BE A —FEMAIPIE T (Galano et al., 2011; Galano et al., 2013), E4%) 12 H T HRIMEE LR,
PEARIE, & B R R B 2R AR AR T /N B, 47°F(Vazquez et al., 2010), % (Rodriguez-Osorio et al.,
2007), 7K4+(Manjunatha et al., 2009)14(Mehaisen et al., 201 ) A IR B -

KWFFREW, WEFELHR ROS WA MBI F AR E. RER, B
SRR R R B2 M A M. %45 RS T AT HE O RE 2 E S AE IMEAE A (Shi et al.,
2009)IWFR—E. AWFFLRFIUEY THE R AR M AP RBIRIGH R, (B, S EEK
FERE R (10°M) SANHIEIA R, XA HE R H T30 7k 5 4 2 25 240460 40 i 43 24 (Biiyiikaver et al.,
2006).

AT T E HR R R A SMIE NG R B RV LS, BATEMIR THRERS4ERE TR
FRHEN R TR ERRIA R R 45RKRY, MEREES LRRALEE GPX4 R SODI 1
KiK. XL Fischer 2013)5F NI —3, HiREWREERE LA CAT, GPX I SOD %)L EHE
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TUEAL BRI, BT PG 8- -2l S8 5 TF FUTE IS 12> DNA #5it)j. Vandaele (2011)5%
WIRARIL, 107 M 3 EERER ¥ FHEASMESR /D RITB IR . AU ME 524 R,
R Z MU RT3 R P53, BAX R caspase-3 ML, 1RSHET-RER bel-2 L.

geah, AR ERRIBEAREZWTEHRKEHCERENNRIE, B SLC241, DSC2
Fl DNMTIA. SLC2A41 T4 BTSN Z 4 B (Wrenzycki et al., 2003), EEES LKA
i X E B FEFGIE (Rieger et al., 1992). BWIFIRW, WAL HEIA SLC241 11 mRNA /KFEEZE T
TR SMEF R R (Wrenzycki et al., 2001). T SLC241 Rik/KFEERIESNE R B IG B 7 LA E LT
A FI BB (Lopes et al., 2007). DNMT1A4 &5 L3014 DNA Mumsng BB IEEL R ERRE SR
ML 10 0 2 PR 4L ) 58 2 1 S AT BR Bt 9 (Jackson-Grusby et al., 2001). DNMTI1A i £ SB &M
&, 0% S 40 B U5 (Jackson-Grusby et al,, 2001), MEfAAE LRI IR 5 (Hastie 1997,
Stancheva et al., 2000), JB L SBHLIEIET(Li et al,, 1993), KWK ER, $EELZELIELH DNMTIA
RILNCEFRF R T A . IFNT2 dERIGRIBHAE SRS P R ETEH . BUFREN, &
AhAEFERIHENG TFNT2 23K /K B, TR IA R IFNT2 35 M AR5 & 1 BB (Wrenzycki et al., 2001).
B 55 feAH R B, Yao(2009)% A< BEHE I B8 o AU A VR R 715 F RS FIE INIERR 2 18] IFNT2 Rik
MER. Hit, EMFIUTRMBENER IFNT2 RABSHRENXBE SR RHE T EK
(Hernandez-Ledezma et al., 1993). EAWIFH, Tl AR KINAR B ELIERS IFNT2T RIS M0
DSC2 4R MG R s IR IS T I — RPN TERR S A . TR, EHMEFRIIIENG DSC2 /K
SEIAE TR N ARG (Knijn et al., 2002). EARWIFTP, #HEZLEL DSC2 NN KIEEEH
M TR . ARYE BRI IR R AHERT, MR R A AME PR B . AL EISRE R R
FEREAMPUATARH, BEME I IRIA QI RIS M T R

WMERER T HERHERENERA, K2 EET G EREEZ A MTI #1 MT2 £+ 319
(Tamura et al., 2009). HAZFIETERPIRER RNT H BWERBUERN G EAMERZEMH
cAMP K& i, MTIFH R cGMP(Rodriguez-Osorio et al., 2007). HAI AU LM (BFA) 4HE
2B R AR B AR 2 R ARMIAFAE(Woo et al., 2001). HREEHLL A0 AR NIEAE T A HE BT R
(Yie et al., 1995; Niles et al., 1999 TR 4H A, T HIEFFAET-%4 00 - 48 J L5 Sk 40 B _E (Kang et
al., 2009). Sampaio(2012)Z54RiEE, MTI Fl MT2 ¥47 4 T- 4 ORREAIHD b, (D2 AME ™ 194 FENT
2 MTI f7tE . AR E7R, HAMEF T4 IRIGEERIA MT1 R MT2. 1 THEfG EAFERRE
B2, MAMBRENMIGRE WRHETEH 2T LATXLEZENFN? H#—PHUTRAMET
MT! 25 TRBEZEN4EMGRFRIREFRH, RARERYE MT1 & MT2 4085 luzindole BElH
- WTRE R X PR AT Y TE PR MT2 #5050 4-P-PDOT WITG Bt SR o 12245 SR L i AR —3%,
HA AL AT E SRR MT1 EE MT2 R E L A9 3 gE(Weaver et al., 1996).

AU E RIRGE T B REXT G R G R T 8T MTL 246 BRTHIUIFRIRE T
FERPIESS, BDRTLARS AR MR R AR A B B L A B AR 0 2R . AT A AT LARR TR A T 4
HESG AN P2 B AR T R R, T HAR RE A SR R A KBl A 2K 1k 7 b 14 AR AL HoR I 288
R . SR, AR ZEWMIE MT1 SRR 4IRS KT 1 R EHLEIE T TR IR
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s E R A SR X
4. INGE

TR X

KRR T —NERAE, WRERNEISIYEEESREHIERNG. TIRRE, &
SEBHREM10° E 107 MBERRBEE R4S BEIBEINET BTS2 8 PCR. AR & western
blot iR, RILEMEIE LFLE MT1 F MT2 24k, R, FRICHKIEREBERET MT1 Z44E
BERREIREE. W, HRIIRTREZNEHRREEXEEERRENZWH.



o ARl KA ] 2212 S W

K= MEEMNFRIINZEREIEIBURFENNAR

W N TIFE AN T TR I P R R G R B RIRAG R B AW R A . 4 91 0140
MG (COCs) 1RSMNKI 24h [RREATIAINZRS . SRIG KRNI FRAER I 107 M FE B R M55
WA, WP RE, 3-MABEFBR R R EEZIHIART A BT A GRS
JREERAETIZR . PR KR B X E R RATI R E EXT IR R m. MRS RER,
BEREFHRAIFIMEFF AR PR A 8- 4UMZ . UhSh, WEIRETSRMEE 7 K, HERARRK
CREBEFERTIMA. U4 REBE R IR ET .. EERRB S 7 K% 7 0%
WEREAT SRR VR, ARVREE SR 24 /NI T, RREZE (107 M) ASEMERTILE B TR, ik
FEV URARVR T 48-72h, MR EMARML TR EFR T XA . Seoh, BB RAREAGRER
DNMT34, OCC, CDHI ®EE# L, AQP3 MRABZ N, g bpmd, WMEEA UL
WERRRSNR B RO SRR, T HIRdd 317 S 50A R e ) RS BB A F M KA T iE Mm%

% J\:ILFEE-O

RKERW: 4, WRER, RIGMESMERS, BIAR R
5IE

BB L KRR R, VAR RPHERRE IR, AR T/ REEfR
(Wrenzycki et al,, 2001). R, KEWIFREWH, SIMEFHEBRENERERANZES. Xk
EROAKBEHEE., EASHFE(Van Soom et al., 1997; Boni et al., 1999). #H 4L (Khurana et al.,
2000) B4t AR AT (Viuff et al., 2001). E W 5C %M (Duby et al, 1997). % HE 40 f 5%
(Leibfried-Rutledge et al., 1987). ¥ kR 71 52 M (Leibo et al., 1993) K& 3 [R4; 5% /K F(Niemann et al.,
2000)%, XL K R A&RILLE WL IR R A A [ (Hasler, 2000), TARIIEFA A WA B E T HE
LEER B NIEMAIELE (RIS REA IR R E /e S1), ORRSRE AR FR IR I E T AL R
& (Knijn et al., 2002; Rizos et al., 2002; Rizos et al., 2002). WIRFWH, HHELISHEEREER
BT, S — ik GP% (Lonergan et al., 1999), 8-16 40 i {15 [RI£A A7 i3T LA B 5 Ji7 B8 BE /O 7 [l Crosier
etal., 2001). Blan, I EFMEZRIIBEAREMMINENRT, &N IX LRt
R REE S, BEEERERAN & MR8 £ (Enright et al., 2000). Rizos %5 AR, =ZF¥5fEH:
TR 1 L B B MR IR R B R PTG BEHE M) B (Rizos et al., 2003). Rk, HEARIESMEFRER
BEYE T AR R A .

AR (N-ZBEE-S-FEE AR £ —Mmi O daEERT, SELFTIFIPUIATHI(Reiter
etal., 2009). WEERRAVTZENPHTIRHH TR O BERY . MR R EH)  ENHTEE,
Fa R AL, BRI B O, KB 998 F 1% 21 4 (Pappolla et al., 2000; Bonilla et al., 2004; Hussain et
al., 2006; Tamura et al., 2009), ITiEk, WEREDH) ZH T /M (shizuka et al., 2000), /K4
(Manjunatha et al., 2009), “=(Papis et al., 2007)F %% (Rodriguez-Osorio et al., 2007; Kang et al., 2009)
SBARSMNEIR R BT B/ BT, PR AR eI BT R IR A R 2- MR IR R T, IXdE
REFHBERSERE, MMLETRANBRMIE(Gao et al, 2012). FRERTREH A LM
FLEREAR MRS R B RIS B4 U R 0 R A BEHE 22 (Papis et al., 2007). FEH TR P, 10° M §#
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B R ALK 2410 W

BRI MM AN A /M2 08 B ik ) 5B 4 2 F0 BE AL 40 B 44 (Rodriguez-Osorio et al., 2007), 2%
T hE B2 B 4R XA N SME R IO T B UL R TE TS 3 (Abecia et al.,, 2002) EHIERIER T 10°M 3 E
i EERBEMETREB N R T M LIEEZ (Mehaisen et al., 2013), I EITALE R T EHEH T
PEE RS RTE, PR E, WIRE, FLTENE RN IE I A S TY A% 7 E R W(Shi et
al., 2009; Gao et al., 2012). ik, 7 LT —BHENFAEREEXESME=IGRE M.
FRBHZAHRRY, WEREYETREEIRE D RIER AR RESX LB HEEH
BHAE B (Wang et al., 2013).

T mRNA RikKPRGIA RSN &5 B A ER G RENR B 6 ) W EEBIR(Rizos et
al., 2001; Rizos et al., 2003; Kuzmany et al., 2011). B2, #ERAIFM, HERDOHF X TFHEEESN
4 ENFREREEREKTERE, NAGRREINBEBREHCERRENIR. Bk, XXHFTEE
FTREZMNFRBREORN, BEERE, WIRESHASIMEPEIREERERRRZME,

1. 5 FH%
1.1 ZRIuHH

1.1.1 st Ykl

S NEXR BFILE WY KT Bk QM EEES, FIERBXNMNEZGBZNARNLE,
1.1.2 Bl
1.1.2.1 BRI TR KRR WAL H

WALE (EG20): UL DPBS-PVA AEREM, MABRSE 20%H Z —B(EG, Sigma)¥#
S T A

BB (EFS35): (AR 4OHA 30%FIEEERE (Ficoll 70, sigma) F1 0.5mol/L EEFET
DPBS-PVA iRAJEN . FS WK, RJEH EG 0 FS BURAIREL N 3.5: 6.5 FLLBIR SIS, B4
PRI S W EFS35.,

fRURM: & 1%PVA # DPBS %,
1.1.2.2 HAEECH)

FsLR—
1.1.3 {88

Rl L —
1.1.4 ¥4

[ SE 4 —

1.2 SCIEA*

1.2.1 4 FRAEF
[ sEi—
1.2.2 BRI A R TR

FEHE: EEHMAEPRKBAL 7.5cm B PBS-PVA Wi, £ 0.5cmEFS35 &, 4
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0.5cmEFS35 (RAREAR), &HBBAZEILESHE (0.5cm) FBiF. KBS EFS35 WG,
FRA—B PBS-PVA ¥, 4EH O (B 1B, BB SRERINHEIZH 1-1.5/8.59.5),

B TR: Z 25 C (20.5) £H4TF, BRBBATLER (EG20) F 3min, HBAT
SEFCELFH BFS35 WA (B 1B) 547 30s, MEH OEHBERABETAE. S0
APIMER (%K 1A, 1B).

fiFR: =i 25 C (20.5) £MA4T, BATMNBEFIRH, BA 25 C (£ 0.5) KBFPIT
R3 10s. FFAENKERRMLE, HAE, RTREKSR, TEZEER 1C ik 7 sEs Wik
BRRBARHRR .. ARREXRERTERY 30s 5, BREBESTHOERLY, 54
B NG PBS-PVA $E =K, SRJGFE 38.5C. 5% CO, MIMIFINE B I3 550 h 4k a3 55
72 /BT

A Vitrification
IVC medium EG20, 3 min EFS35, 30 sec Liquid nitrogen

B~ @~

B Configuration of the straw
EFlS35 air PBSIPVA
Il N

embryo

C Thawing

| ZHRAABERELTHBULFEERESE. A: BHEF. B: AERETE. EEBAEPRERBA
£ 7.5cm ) PBS-PVA ¥ ¥, %1 0.5cmEFS35 ¥¥K, #1 1cmEFS35 (AAERA), & Bk 25k (0.5cm)
K7t A5 HEfiR T A\ EFS35 W BUS , IR\ —B PBS-PVA YW, 1B 3 1. C: R VR E 1S FB & ¥H EFS35 /1 PBS-PVA
Fig.1 Vitrification and thawing protocols in the present study. A. vitrification protocol; B: configuration of the straw.
Approximately 7.5 cm of a dilution solution (PBS-PVA), a small volume of EFS35, and approximately 1 cm of EFS35
(take embryos) were aspirated into the straw one by one and each chamber was separated by small air bubbles. Then the
embryos were pipetted into the section of EFS35 in the straw. Another volume of the dilution solution was aspirated and
then the open end of the straw was sealed with PVA powder; C: solutions in the straw move from one end to another and
the EFS35 was mixed with PBS-PVA solutions little by little.
1.2.3 fRURJR R FUE G : FET- R LR

RAEER R T RS 7 REX A AR R R A TR AT BIA R, RV G Skl 3E 72
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Y

B, RIS A R LW AMUYRSS 12h. 24h, 36h. 48h. 60h J% 72h WAL R RFET-%E.
1.2.4 RNA B ke & PCR
FER AR WAEMRYREESE 72h JFOZENEF] DPBS BMBVERFI IR, HAEET-80°C k4, H

F RNA #RE.
TRIzol HEREUE RNA, RNA R¥#F, E& PCR RNFEER—.
A ERHREEFT A5
Table 1 Primers used in this study
Genes Primer sequence(5’-3") Fr:isgment Sequence references
1ze and accession no.
Forward:CCGTAGTGTCCAAGACCAATC BC114063
DNMT3A g verse:GCTGAGTCAAATCCTCGTAAC 186
SLC2A3 Forward:CCTGCTTTATTGTGGCTGAAC 165 NM_174603
Reverse:CGAGGAACACAGTGAAGACGA
IFNT2 Forward: CTCCAGCAGTGCCTCAACCT 158 NM_001015511
Reverse: CCTCCCATGTCAGAGTCTTTCTC
occ Forward: GTGTTGCCTCCACTCTTGCCT 177 BC133617.1
Reverse: GGAATCCCTTTGCCGCTCT
TIPI Forward: GTCCTCTTCCTGCTTGACCTC 100 AJ313183
Reverse: CACCCACATCGGATTCTACG
HSPAIA Forward: CGATGGTGCTGACCAAGATG 103 NM_174550
Reverse: CGCTGCGAGTCGTTGAAGT
AQP3 Forward: TGGCTTCAACTCTGGCTACG 236 NM_001079794
Reverse: GCGACAACTTCACATTCTCCTC
CDHI Forward: CGTATCGGATTTGGAGGGAC 192 AY508164
Reverse: CGAGGAACAAGAGCAGGGTG
Bractin Forward:TGACGTTGACATCCGTAAAGACC 17 NM_173979.3
) Reverse: GTGCTAGGAGCCAGGGCAG
1.2.5 G5t 4r 1

FAFREZEDLERIR, BIBL I RASPSS 18.04iH 54, FiaSiEs AT +SEME
o BRI EBERALEARFTESN, SAEEHERHADuncans® E B RR, P<
0.0 AN EBEREE.

2. iR
2.1 BERENFEMKENLZERHZN

A 235 MBERTATHRER (10'M) NEBRERENEBLEEW. BEELEA
(87.78+1.02%) TRREBERTHHEA (8250£1.12%, P<0.05) (B 2A). RfEH, MEBEEL
TR (84.45£0.93%) SRt BEER T A (80.00£1.29%, P <0.05) (& 2B). s, B
JAREE TR, BERLHY (3833:221%) BEXEERTHRA (26.67:1.05%, P <0.05)
(B 2C ).
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B2 BERMNEENEBPBAMRTBERRELENRIN. A: FRE, BSAME. C: ZHEFTRNERLE.
FAFIARFBERERITEER P <0.05).

Fig. 2 Effects of melatonin on the developments of in vitro maturation/fertilization bovine embryos. A: cleavage rate;
B: 8-cell rate; C: blastocyst rate at Day 7 (in vitro fertilization=Day 0). Different superscripts in each column present

statistical significant differences (P < 0.05).

22 BEREN4 N EEERBIE LS FRE NI

FERHPURRR R e 2 RBUE G E ) — N EEER. ERRKESE 7 KRNHAEE
AR B R B R A A IR BEAT AR, MRIRRAREEREST 72 /N, 3GV RTRS 12h,
24h, 36h. 48h. 60h & 72h X HeZH K SL 5041 FE AR AL R RAU T,

ARSLIGILHAT 4 ik, AR AN 65 8L, S ATEN 54 M, XTIRATEMARIRSG 12h, 24h,
36h. 48h. 60h F% 72h FERRFEALZE S8 0.0020.00% 1.09£1.09%. 8.50+3.29%. 27.05%+4.31%-
32.24+4.59% K 32.24+4.59%( &l 3A, B 4), FLT-Z 537k 14.20£4.91%- 17.46+1.96%-24.90+5.32%
29.25+3.58%- 29.25+3.58% K% 29.25+3.58% (K& 3B, Kl 4); LIRSS 12h, 24h, 36h.
48h, 60h % 72h BERRFFALEEANHIA 3.3323.33%. 12.05+4.14%. 24.32+5.00%+ 42.98+4.28%
51.36+5.79%% 60.58+6.09%( & 3A, & 4), FET-F 43 51 4 10.3823.85%-+ 10.38+3.85%112.05+4.57%-
13.4423.41%. 13.4423.41%% 13.44+3.41% (& 3B, & 4). BE 3A AT40, SZU6 A BEEARRYR
B3 12h [ERMEFIE G BATEZEZRF (P> 0.05), BREFFE 24 /N5 K 4 2 R0 R #r
SEERTHRA (P <0.05), MHERFAEGEEEENRMEKTEN, B RARKE
AU R UREE IR 48h R BERRST AL T0 0 B ARk, T EL o FE 4 30 JOR FF 4 57 A 1 B 1) B S e T SR B0 4
ME 3B W40, SEKAHBEIRA ARREESE 12h 2 36h IR T-RYE T L, BREAEE
HES, ELFEEEFE 48h i, ERABMEATERFHBERT AP <0.05), H—EHRFFL
2| 72h, MSh, SERARMA GGG EFR IR R TR EERML, ERENEAEKA K
R G AU TG BT ET
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B3 REENEEALSERAGREFLERETEORME. A BREAFRNEBRERFLEEL. B: BIE
JEAR R ] BRSO TR . FFIARFRRSIERUEERP <0.05).

Fig.3 Effects of melatonin on blastocyst re-expansion and survival following vitrification and thawing. A: hatched
blastocyst rate at different times after thawing. B: mortality rate at different times after thawing. Different superscripts

indicate significant differences (P < 0.05) between treatments at a given time point.
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—p Dead blastocyst ——p Hatched blastocyst
B4 REENERERBUAFT BREGREBREENRNE. LATHLIRFETHER CRKES UK E A
B, WEFLARTIER. AMAERRAMEFEREPERAI07 MR EREAYLE, YARHETER
TREHATAEERBNA T, MIFEECO, HIRMMALIEIRT2 h, LRRAI107 M HRBRAEIT KB VA
G 24hE 2N R BER R, WIRFERIG 48hE T2hFREFE TR B3 FE1K.
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Fig.4 Effects of melatonin on the development of bovine embryos after vitrification and thawing. The red arrows
represent dead blastocyst (defined as without re-expansion or development retarded blastocyst) and blue arrows represent
hatched blastocyst. Blastocysts were produced in IVC medium supplemented with or without 107 M melatonin,
following vitrification and thawing at Day 7 of embryo culture, then cultured in IVC medium in a CO, incubator for 72 h.

melatonin (107 M) significantly increased the hatched blastocyst rate from 24h to 72h and decreased the mortality rate

from 48h to 72h after thawing.
2.3 HEEBRXNFAHINEEEMRIEBLLEE mRNA FRKKFRISA

AWTFILWCERRE MR TENE 44 AL, XTI ENE 46 B, WIR T W EXHIRIA R BAHCIERE
AR, KHRER 3 K. IRIEE R PCR 2047, HRE R DNA FIEFBE 3A (DNMT34) ;
REERER (0CC) MESHER (CDHD HEX R T4 (P <0.01-0.05), Sitifk, b
RALHEA/KIBIEER 3 (40P3) MREEBFHILT XA (P<0.05) (K 3). HEHHIZEA 3

(SLC243), TFE v UFNT2), $HKFEEE 1A (HSPAIA) FIEFHEHEA 1 (TUPD) MFE
TR B A LB B #A5 (P>0.05).

1.5+
** 3 Control
X M Melatonin
1 *
v
2 i
2 104 L i i T (l S =
o
£
’g *
% 0.5+
o
0-3 X T T T T T T
\'ed D5 & < Q\ \ed ) Q\\
<& s & & <5 0S & o
o‘\‘x‘ s ¥ & . .

ES5 BEBRM A EHEXEERENEM. MG T 8MNR B MK EEILANFRIL (DNMT34, SLC243,
IFNT2, OCC, TJPl, HSPAIA, AQP3 F1 CDHI). [RFIA[E T FRRA G F 2R (P <0.05).
Fig.5 Effects of melatonin on the gene expression of developmentally important genes. Eight developmentally

important genes (DNMT34, SLC2A43, IFNT2, OCC, TJP1, HSPAIA, AQP3 and CDH1) were detected in bovine blastosyst

after thawing. The letters of a and b represent statistically significant differences (P < 0.05)

it
9 T BRUABR R RIS RS IR fif A 7= ) S i » ZKYLHNT@E%?TJ%FHI%&E (GRZdZ, 8-4if
MM, FUARRES BE TR RZIL MG, JERE, R ERNE ) EEZ 45

K6 5 S5 SR46 2 BT (Galli et al., 2001; Rizos et al., 2002). %ﬁ%ﬁ?ﬂ’ﬁw—ﬂ’ RAL 3 R R
FIFNGUEMNA, B2 H TARSMERG A= BN, (ER5FRBR I8 gl 2 £ At B2 10 E /N U7 WHE
Jif & B %42 (Ishizuka et al., 2000). #f % O HGIE At B2 18w 2 MRS = IR IG I BE R 2

FAL BEIE AR S B4R L £ (Gao et al., 2012). 10, ¥REEZRAESE M40 L ARSNRIA I £ 041 HEJIR f6 5
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B 1E1% % (Abecia et al, 2002; Vizquez et al., 2010), 3% ¥ HENA K 57 34 3R R 28 E 40 M
(Rodriguez-Osorio et al., 2007). AEFESLMT, B EGEIEH 4 RIA RSN P~ I3 E (Papis et al.,
2007). 34k, EAEVISTIREHEE R AL F IR /D BULHA R M A 203 (Wang et al., 2013). ARHFFH,
BAIEARZZTT LIRSS R MR B . ARBRBMNE-LR, BRNBEEAERE
EEETXEA, XL BAFT AV 2RLU(Yoshioka et al., 1997; Gutierrez-Adan et al., 2001), 1
fiAN, HAMNEFRERSFHWERIGN R EHE . SN HOURR Rl F IR KB RIS 7
KA, FAERXANEE, RELEFNRRZ2LCL3 R MERNER, KZHRFEFTHIRGE
BT, WHCKRE BT KB B (Galli et al., 2003). IRIENRE T BIE 8 REZEF o KA
PIFENE, IR IGE R RER %, Tt —2 K E (Hasler et al,, 1995).

HAMER R4 ER R WHERR AR, S T )T T Y774 % 7 (Pomar et al., 2005). an4&4t
HPE IR A H R EIREE, TEA R H (Van Soom et al., 1997; Boni et al., 1999), 4Xi#HiR 2%(Khurana et al.,
2000), XTiREHUIE(Leibo et al., 1993), 40 IEE KD (Hasler, 2000), I I T UTgRZR A
{(Hasler, 2000), ik 2 5 S BOASME ME G X A R OR1£ S AN BUK(Enright et al., 2000). AL fifiAk
VS VAR U RS 7 R VEMY LR ) — A IR 4R HR(Kaidi et al., 1998; Enright et al., 2000; Rizos et al.,
2002). ASFIEFRAE RS NG TUA U e J1 7T IR ASE (Rizos et al., 2003). BN, K4 sME~F 4R
SR EIEMONE R T SRR PR R I IRBIA R MR AR 1. SRR, 0 RS IX SE AR A 57 AN
ML AER TR, Bl S AR IR E W, TR I L B I HTP IR BE F) (Thompson,
1996). ARUFFRE KR IRV SN FR PSR R B MBI BUA TRAE ) . RRE R LA WIE
AURIRYR T 24h, 36h, 48h, 60h fil 72h TR LR B ¥R T XA, MAWIREY, B
FRESEEFHRAMBEHSMITRE, #meeLt ™~ E 2 ra R f(Assou et al., 2010; Sandra
etal., 2011).

TTWFER K WBAE S RE 75 4 41 vT LA Wi HE JiR 22 PR ) 28 28 (Doherty et al., 2000; Minami et al., 2001;
Rizos et al., 2002). mRNA ik /K- i) % 7o VT o] LUAR BRI AN E P IR LA TR B T E =
(Enright et al., 2000; Rizos et al., 2002). DNMT34 K# R EAFH BB LT RMMER, AILFNER
BRI P R R ETAE HH (Okano et al., 1999), RIS T- A JE 40 M A K £ B0 A7 A ) FR 2R AL 2
WA b (Kaneda et al., 2004). OCC & — /ML T SR 3 % B Ak 1Y 52 3 I B2 5 (Furuse et al,, 1993).
CHES LS TR R RN AT, AT b AS F RN & (Sheth et al., 2000; Kim et al., 2004).
CDHI TES S5 maifs. MEFELBEREES LI LRLERET BB A ETERM
Fik. Mk, WERNERRENSEE, 20500 TREEXLRERM LFRIA. A0P3
REFEEEA, TG ERAE ERE ARG KD FHE K FUERBIER B 7 [ i
7 4 MU (Shiels et al., 1993). FTWIFTHY, A0P3 BN RILEAZIEF LB ARZ HEALA
HFET 7% (Kuzmany et al,, 201 1) B EAIR G, (B R B2 N 40P3 MFRL #EIRIE, 40P3
1234 TF I BE B N 40 BRI LA T A BE 7 (Jablonski et al., 2007). (R, ##88ZGHASME R LRI
AR T AT R AT N 40P3 LI, SLC243 HEARFEARRE IR 441 R S E KRR AR S LAY
— M AEH BURAIIEFR (Lopes et al., 2007). HTFURY, LRAMRIRAELL, StEERAEIMERRIIER

B B # _EI(Knijn et al,, 2006). SR, EAWIAS, WEERERALIE SLC243 ERRIERL . HAbE
K, G35 SLC243, IFNT2, HSPAIA R TJPI1 WIFEXT K AT A MR B R A A 2 B AFFE

ER. HGRRPRLEERBFRT S L B FEBSMEIR R TR (e
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B2, ZUREGRERY, WEETUBERFEIEFHEROEAETEERERRE, XEH
HEEMTAGHREAWNERR, ZERMAVSIRERM,. RFEEENIGIZ —REEEEZRTHER
REMENIANABEELRRNFIEL, B L DNMT34, OCC, CDHI FTifl AQP3 Mk, '

4. N

BXEHRIERTHREZNMNTLUERESMNEBRIRERR (XRT) REBEE, T
RETURBLA HEE KW mRNA KFPREHBIRERBHIRER. REREXERFHIRE
G BREEBMUARHREEARCER BERRICTR., Wi FAREFIERMBREREEEL
i DNMT34, OCC, CDHI! & Fif AQP3 mRNA /K.

53



FEAR I K AR X W

LI HERRMN/NRAINAE REBER IMENER R E KRS R

91\‘

WE: FRRERIREREEFESHGNE, EMSPWelIMEBHEINAN MR, X
R FE R R RS, RS SR, £5URF, RITMESR, 10°MEE
EBEREPREZEMEIRET MEELEEERS TERER, BERRANERARE.
HEAb, ZiX etk ANR B RN S 4/ RUBT, H8 R AL IR IR HIITYRE (95.0% vs. 67.8%),
B (40 RiE vs. 27 RE) MHERRBFERE (96.84% vs. 81.24%) BERTHWE4A.
H—F R TSI RERARERLEREE LR TBEyELE (SOD) MFMMATEHEF bel-2
FIRE, TRETRATRERE pS3 Fl caspase-3 HIRE. HTXEEH, RERLHEBERKER
HHRESEPEHENFENERAT, #MERTERRE. MERENERBHGTE
BEEHRERENR AMRETERNFER,

%ﬁﬁ: ﬁg%?» /J\Eﬁn E\*ZHE’ %Hﬁ%*ﬁi ﬁﬁ’{’kﬂ ﬁvﬁt
E1=

s RSNE S B E MBI EERARER, AKRBAERKT, HERRRESYHERS
WREXHAREBEEAR. BRME, BEMERHABMERBREETRIIKXBRE, Xt
HATREMBARE S, HREHRDY, WIS KARE 10-15%HEIZHRRBEEREE £
JEJG(De Mouzon et al., 1997). HRETHE AN, KAF =42 —HERMERRERR T2
KL IAFAEE B P FA(Simon et al., 1998). KA, HEAGAINRE IR~ ENFELESE (ROS) £
SR ESBIFBEE. HFAK, ROS MHFLEMENWZETERW, WiHEH A
IThEEREES, =BERARE (ATP) MFER, #ES4MAT, MMM K E% (Takahashi et al., 2003;
Yoneda et al., 2004; Favetta et al., 2007). iT% /) ROS SMEFHHFNARLEN, BFEEARK, BR
F1 DNA(Henkel et al., 2003), #R)5 83141 RT3 B4 S B4 WIE T (Lysiak et al., 2007). FERIE,
FERRESMEFR A RELANRBSBRENNREE 1, 334 RAT(An et al,, 2002; Somfai
et al, 2007). FSEMRETIREFELSHAFELEE, B2ZHINE MK B S R EH
(Ishizuka et al., 2000). Bk, ROS KIF=HERPLEIRL LA FIBATFEX TSR IR IEHR
RERBEXREE.

U ERRETE TG SRR EE R P, HEMF S REENE. oA
T DA 238 W FLEN A BEHA (044 41 R B (Takahashi, 2011). EE (N-ZBE-5-REEAK) B—
FRARMNEY, FETHE, B LH, HOHPEILFHE ALY Mercolini et al,, 2012;
Tan et al,, 2012; Zhao et al., 2013). WREFN BRERKEMEREE, CREDHHENFTHRILHM
2%, BEARE, SRR ARENEAE. BRTS5EREEFRS, BERBRE—MERHN
B HEERAAGEMF. RBERFUEZNTELT), WEER CHELERESFREFERN
ERIEHE M RE I (Mahal et al., 1999). FAMFIEER C RELR EFRKE, MERHRE=Y
WS S5EERENERER, RIS PR A KB BCK R N (Tan et al., 2007).
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BT EEREREES, REFLEWBELYEAEE (SOD). SHKEEALYEE (GPX)
FIENEE (CAT) FHMEAILEFHEHE(Okatani et al., 2000; Rodriguez et al., 2004; Fischer et al.,
2013). BT B RAT LT EREEES, FULEET b IR E LIS | AL R (E F1 4 2 4% DNA
WA HAM %40 R T=(Liu et al., 2000; Guerin et al., 2001; Fu et al., 2011; Banerjee et al., 2012; Song
etal., 2012; Liu et al., 2013).

BRE, MERETZIVEREDR, KK, ¥ BENEARSRNERRE PRERE
Fi(Abecia et al., 2002; Papis et al., 2007; Rodriguez-Osorio et al., 2007; Kang et al., 2009; Shi et al.,
2009). Ishizuka(2000)%HIF KDL, 10—10°M W E & B ZRE /DR IVF METHE, T 10°—10"M
RE R R DB RE . Tian EABUED], LRFE 2-AREREFRESE
10°M 3B R MBI, HBHR, FCERRAELA RS BB (Tian et al,, 2010). 2
FHEITRRY, REBEENEIMERR B REEATSAE T e eE . HEEaRmN
BB H O A BmAE RS R, BERTE SRR PR TH RSB (Gao et al,
2012). XAEXCYFEOVIRPHLER T RLER. Blin, 7650540 M &SRB SR P AR e
© BE, TURBEIRGARGINRBAEE, BEHMIMERERABETMBRLE. A, HEE
AbIE 5 R BAE MK 7 B PR (Kang et al., 2009; Shi et al., 2009). #EIRiE, 10°M 38 EZREIRH
£ IR B AR BB Sh 2SS O B # (Casao et al., 2010). & T HF 5748 B E X0 REA B AT FL A,
10°M B R LB E A RAERERRENENRE. H5, 10° ME 10 MBERGEEER
HRERERORE, AN TRARATHRIER (Bax fil P53) FHRENFE MM T (Pang et al.,
2013). AT, BWROEWARXTRBENDREZEEIRE REES S A% RN,

AEBRPATRBENDREZEFIRE R EEBHEEHERRRERBERNEWE. X
TH—PHERENS TS, RIEVFR TREZFLEM DR EZERXELEPHREANAR
BTHRERRAZEHXER.

1. Rl 5 7%
1.1 k)

SO MEREREE (PMSG) MAREBERMRHE (hCG) WAPELETHBERR
/A @ (Ningbo Hormone Products CO., LTD, China). ##2 % & Hh LR 79 A Sigma/ 7 (St.
Louis, MO, USA).

M2 B R M16 E2 39 B BT &1
M2 SRAEHLE M16 S IRIATT

s M2(g/S00ml) M16(g/500ml)
NaCl 2.767 2.767
Kcl 0.178 0.178
KH2PO4 0.081 0.081
MgS04.7H20 0.147 0.147
HLEW 1.660 1.660
WEE 0.500 0.500
NaHCO3 0.168 1.051
[ Z6 0.011 0.011

BE B 0.073 0.073
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Hapes # 2.502 -
HEEG 0.030 0.030
CaCl12.2H20 0.125 0.125

¥ LR A4 B 500mL K& Milli-Q #BLiK, RAOBMIE, HpH A 74203, ERE
500mL. JEBBEBERENK 285+25mOsm/L. WREHIETE, A 0.22um JEETIEKE, HH 1omL
THEBELESE, 4CHRE.

1.2 LEHFE

1.2.1 RN RIEHAFRE

5-6ARMBHARKER (PEEREEHERTRIMFTL), BEFBEMKK, B O
F14h/d), EHEBEN20~22C. d—FARENMRFRE, MR HBEEESPMSGHIhCGE 101U
BEATHBSCHESY, BEMEARRRABACRE, XBE LOERER, TR RAEFHNNCGE24n3
HERR EI4bFE. FAMERMEMIrPUEENONE, WEESLERWERZTLHB TM2BPREEEH. BIEE
=HR25°C, 37°ClERE Li#IT.
1.2.2 [EfRRSMESE

HVPERRBESN /DR EEIMERRE R, RETSREEMMICKTEA (0mol/L) L
E410°, 107, 107, 10°F110" mol/LAE BEMSAN LI . 35 R A FFRAECOmm iS5 M
(NUNCLONA &) HI R SOuLAIE =M, MBS AR, EFATA37C. 5%C0,. MMBREM
Thermo3 11 B4 Fpf PP @2h A b 7E3L R BIAE THOE R Z B B BIF0IER, BE%
JEBEN S EBIAF FISEIH , TH1S208, AR, HERGFAERIMR A FI IS SRIEE3~SIB. RIGHE
37°C. 5%CO,. WMABEHEFEM PR, HBhEHITIRME, hEL T BEREER. BILEET
#, Hoechst 33342445 55 11 FEHR A 2k .
1.2.3 TUNEL ¥R 00 3E AR 40 fuJE =

TUNELRY WU BR: 4 BEHAPBS-0.1%PVAFE3~5H, REEIEEFESPEE L BEE
££0.1%Trition X-100%¥583% 1h; fETUNELR M H37°C R 1h; 10pug/mL PIF 4e£810min, EH W
8., HHATERAN S BRI R RS R TR A M.
1.2.4 ERHIH .

S DREFH/DEIEIEB T ERose et al., 2012), SRR 4K Btk AR BH NN R,
5MBEEILENARKE, B RERIREHEEFEZE. B24NRARBLZMAREE, A
JFERNFEALBE 12 NBHE. BHEERE, BB PRAFRTEAFRENEERBNETF
B, 2HRAREBENOEE, BVTRDRSEZINE AHNESSRRS® EERE|RESTH. K
FRBHGH 17 RIFBLB A, iR, Br-FEmrREEE.
1.2.5 RNA $#2EU Kk € & PCR

FEA BB S HIKEERE B R AR KX AR 2- R ARAE A AV EENE, FH DPBS ¥ BER MK,
FHAE 77 T-80°C ¥k46, FIT RNA $2HL.

RNA RHL, RNA R¥FKER PCR RN ERFE LR —.
ALRHREFRFTHNS TS
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Table 1 Primers used in this study
Gene Primer sequence(s -3") T.(C) Size
Forward: TGAGGTTCGTGTTTGTGCCTGC

p33 Reverse:CCATCAAGTGGTTTTTTCTTTTGC 60 165

bel-2 Forward:ACCTGTGGTCCATCTGACCCTC 60 163
Reverse:CCAGTTCACCCCATCCCTGA

bax Forward:TGCTGACGTGGACACGGACT 60 12
Reverse: AGCAAAGTAGAAGAGGGCAACCA

BAD Forward:CAGCCACCAACAGTCATCATGGA 60 134
Reverse: CGAACGCGAGCGTCCTCGA

casepase-3 Forward:CTGGAGAAATTCAAAGGACGGG 60 194
Reverse: TGAGCATGGACACAATACACGG

GPxl Forward:CCAGGAGAATGGCAAGAATGAA 60 138
ReverseAGGAAGGTAAAGAGCGGGTGAG

SoD Forward:CACTCTCAGGAGAGCATTCCA 60 1o
Reverse:CCCAGCATTTCCAGTCTTTG
Forward:GGCATCTTGGGCTACACTGAG

GAPDH g everse: GGTGGTCCAGGGTTTCTTACT 60 211

1.2.6 HiELHE

K FASPSS 18.04 v 347 HIFT LR BB AT B E H EZ T (ANOVA), P< 0.05INhERE
B, BULERRULRERARERTEZUERMN. %42 HmeantSEMER.

2. &8
2.1 MBRLEI/ R EZEEINE B B3

FERAE 1387 MEEEA THRBEERN DREKESIRENER. &ERE%, B 107M
FREFA R IR IR EN 92.0+5.68%, BER TR (89.3+4.17%) (P <0.05). HALWKE
WEEGBAPRENNMAMLLEZZR (B 1D, 1078 10°M BEZLEFHBEREE S5
% 80.3+4.57% F1 74.8+2.63%, BEBTXHEA (64.6£6.04%) (P<0.05). K, 10° M BEXR
BEMRETEEE (P<0.05), 10°, 10771 10° M B Z LB H FALBERERS FH 56.1+5.66%
60.6+3.75% 1 53.3+£3.74%, BEE T XA (44.0£5.24%) (P<0.05). R, 10° M EEEN
STAMEIZERERIA (B 1. 10°F 107 M BEELEANEEARES BN 98.2+5.14
97.4+4.09, BERETXHE 93.0+4.14 (P <0.05). T 10° 51 10" M 3B R AFA FxF AL
TREEER. A, 10°MBEREEREERAIE (P<0.05) (B 1.
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Blastocyst Rate (%)

g s 3 » ® 2 » A 5 » °
N ) N )
Melatonin concentration (M) D Melatonin concentration (M)

Rate of hatched blastocycte (%) (7)
Ceflt numbers/blastocyst

Q bd 5 f\ 2 N Q

S 8 8 8 8 S 8 8 8 8
Melatonin concentration (M) Melatonin concentration (M)
B 1 RERINREZIEREINEEHEE. A: PR, BREEE. CHAUZERE. D: RMAmE. A5k

FIEE R R 209~244 B, [FRIFIAFRFEE (a-d) FRoRE G 2= 7 (P < 0.05).
Fig.1 Effect of melatonin on the in vitro development of murine pronuclear embryo. A: cleavage rate; B: blastocyst rate;
C: rate of hatched blastocysts; D: cell numbers/blastocyst. The number of pronuclear embryos varied from 209 to 244 for

different groups. Superscript letters (a-d) represent statistically significant differences (£ < 0.05).

22 EZEMWPRAIINEZEERARBTRIZMN

ZASZUG ) TUNEL vERI T 194 HUbh RUBEIE A B T 1500, 45 REW, 107M JiE Z 4
f/ﬂﬁ‘&iﬁiiﬁ' HAREHERTAIA (744% vs. 943% ) RHAKEHEE ZLEA (10° M N
94.7%, 10°M % 95.0%, 10""M N 94.7%) (P<0.05). 107 M FHEZ LA (1.6+0.48) FHE
S T 0 ML At B T X R B Atk S A (WA 2.720.44, 10° M
2.2+0.63, 10°M Jy2.5£0.5, 10" M i 2.9£0.49) (P <0.05) (/& 2).

:'\:100 3
Z™ 8
0
> P43
- 14
& 80 8
8
7] o
>} °]
E 604 Q
L
= e
(=}
& 404 :
] @]
i 4
8 204 g
I} 3
- ™
g' 0- a>;
2 » A b N < 1) A 5 N
< S ' < N 9 g 4 : R Q
N N N K N N N S
Melatonin concentration (M) Melatonin concentration (M)

B 2 BREZNEEMRATHIM. ARNTERR. B: BRTFHRHTARLE. > TRAETERE, 28R
AN BN RIFIAF B (amc) FORFLE % F(P < 0.05).
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Fig.2 Effect of melatonin on apoptosis of blastocysts. A: apoptotic rate of blastocysts; B: average apoptotic
cells/blastocyst. The numerators represent the numbers of the apoptotic blastocysts, and the denominators represent total

blastocysts in each group. The letters of a-c at the tops of the bars represent statistically significant differences (P < 0.05).

23 REBEMNAFIMEETREBERERE. FRHTM

FEBIBE107 MEREZRAEMI72H, BHEZEHILN; BEXBARKI24H, BHEZHE
27R, PHEZABHEERI2N. SR2RY, WERLCEAERBEGIEREHN5.0:3.42%, B
ER XA (67.8+5.03%) (P<0.01). b, MERABAERMEBHEE ST (4.1£0377/
=) BERETHEA (2.7+0.42R/8) (P<0.05) (E3A, 3B). WMEELHEET~FEHEE NS
R, TixtBARKE = FHEI6R (E4).

100 2 5 4 100+ 359 [ Control mm Melatonin
< 80 @4 80 > i ]
[ 1 ~ — ] —
= b . S 2 25
g | 4 b T £
T 60 S 34 * 60- S 20-

) = z g
£ 40 & 24 2 40 =
c s 2 °
2 $ > 8 "
£ R b il
0- 04 0 0- T T T
€ N N
& & & & & & & ﬁ‘. ,,,0“’* &
& CA A € S s
& ‘@\ 9 ‘}é < ) & Ny

B 3 #EEWNENREREBERITEE. =FX. FREERFEENVM. AFRE; B: 14 #E
RREABEER 372 4, 2431 R NRABEER 3248, K27 R, EREF 6 K; C: FREEE.
D: fFRAER. RBRLEAFR 83 R, WA 45 K, PREERIN—RARZEWEAE . AFIARFE (a-b)
RRARHHFEREP <0.05).

Fig.3 Effect of melatonin on pregnancy rates, litter sizes, postnatal survival of offspring and body weight of the offspring
obtained from blastocyst implantation. A: pregnancy rate; B: litter size. The number of recipients in melatonin-treated
samples is 31 and 372 blastocysts were implanted. The number of recipients in controls is 27 and 324 blastocysts were
implanted. These studies were conducted at six individual schedules. C: Effect of melatonin on postnatal survival of
offspring obtained from blastocyst implantation. D: Effect of melatonin on body weight of the offspring obtained from
blastocyst implantation. The numbers of offspring in melatonin-treated samples are 83, and for the controls are 45. Pups
were weighed from the first week of age till to their four weeks of age. The letters a, b at the tops of the bars represent

statistically significant differences (P < 0.05).

24 BERMFRAERFERNRW

BAVEM THRHERFEENAFNPAEAZNL, ROBRRLBATFRHERFER
BEFTFXEA (96.82.15% vs. 81.2+4.36%) (P <0.05) (& 3C). {H2, ¥BEZELHFXTHA /D
MEOGELEZEER (P>0.05) (B 3D).
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B4 FENRBE. RERLHARKE-FHEN 8 R, MBARKE=FEHA 6 R

Fig.4 Photos of the representative litters. A maximum litter size of melatonin-treated samples is 8 pups and a maximum

litter size of controls is 6 pups.

2.5 H#ERLEMNRFEZEL B IEERRERIN

sEE PCR 45%M, £/ K 2-0H, 107 M 3 B EAEA BENY BB RIE (mRNA)
BERTHNEA (P<005), B GPXI FREMMBAMLETLEZEZER (P>0.05 (B 5A). #
TREME, 107 M BEZRLBEARAT-ETFEIE p53. casepase-3 HRIEBERTXEA (P <
0.0, MR, BMERLAEAHET-ER Bcl-2 IREBEZER THHEA (P < 0.01). Bax# BAD
EREREBRABANNBAZ EEE®ER (P>0.05) (B 5B).

A B
Control latoni
5] 3 Control =M Melatonin e (W —"
» 1.27 aa a
s 8 32 2
2 b © 1.04
< 10 a
x 0.8+
e ]
[ & o.s{
S 0.5
% - g 0.4
=
K 8 021
0.0- 004
+ o
2 s

5 BERLEN NBREZEAEIREERENEM. A: MBERITALBRIEZKE® (SOD M GPx). B:
B ESETMXERE (BAD, bax, casepase-3 Fl bcl-2) RiIEZFALKE M. RFIARFHE (a-b) BB
ER(P <0.05).

Fig.5 Effects of melatonin on the gene expressions during the development of murine pronuclear embryo.

A: Effects of melatonin on the gene expression of anti-oxidative enzymes (SOD and GPx) during the development of
murine pronuclear embryo. B: Effects of melatonin on the gene expression of pro-apoptotic factors (BAD, bax and

casepase-3) and anti-apoptotic factor (bcl-2) during development of murine pronuclear embryo.
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3. it

WE RSP LG R REE RE LT ERTREGVIR, Hir X5 T A
E(Reiter et al., 2009). BIT V2 1R W18 B4 20 50 1 S0 45 5% 00 2L TR 40 AT OR3P 45 HI T e dR g HE A
MRS RE . BIRE, WERAN AR SRS/ W 2-90 MEIR 1)K & (Papis et al., 2007), 1M H.
REfE B F LA 15 2- 40 BRI IR A R B (Gao et al., 2012). B ZAEW B F IR SIEIR AN R BRI
R FNEE AL 40 B £ (Ishizuka et al., 2000; Rodriguez-Osorio et al., 2007; Tian et al., 2010). ZA<JF3TilE 5K,
107M $RE & B R/ BB AR B OBERA SRR R . B, AP EAKI 107 M
WMERLEGHEMEBHGILERE., MFERFREERHRERS . REITERERT LSRR
PGS E ki, RARZRAERCTFERMMEENET. Bl SRS s RS
MATIREE . Flin, EITAEREAREE IR MRS W h M IS 22 5% A L% (Gardner et al., 1999), i3
FH A /SRR G PR SR O A MR R VT LA SR A UL R 28 (Roudebush et al., 2004). Rose(2012)55 X 4231,
RE RN RIEBM LG REITRRED] S7T1% E 83.3%. MARTIFRF, 107 M 2 E4b
BRI G IREL S 95.0% . WIREMRF I AE 2 H T B R AR 4185 T EML4 M
#, FERELAETS, MaEMEEEAR THERTR. RS, SRENEREEED
RERGAC. IEUMANIFRE RETR, MERLE SR~ EARBIEREEFHER.

T BRI HR A R Ab B SN AR R RIIR NG B AR AR AU, AR SORT R B R A BRI
RE S EME R RBEET T 0. AWFRERR, IR T EEETEN L2
RN R B W LR RN vt o S N 1 E R AR 1038 18 4, 40 B 28 R R (Ahn et al., 2002; .'

BHH IR KENI(Cseh et al., 1997). ERHFFRTPRMIEN] GBEADEAE, = HFERRS)
BEE IR AMIE SR R B (Iwata et al., 2003), Gupta(2010)47535 38 , 3% U9 FHAL IR B T 1L A 1 JE 42 51 2 ROS
AKEF R, AR P mPTELH B-3iE 28 (B-ME) RERFMHIXF LI, MR Y
Hosseini(2009)554R 8 —F, H &I B-ME XTEEIEA K5 FEMRA R . Fischer(2013)57F
K, WERERFEN—MmErsEie, gLl —RVEENTEIE, 83 CAT, GPX FiI#
SNPEAEERRIL, BE 8B R -2 B & T AR TTT > DNA $ifli. 10°M W8 ZAbTE B %
%2> ROS /K-, R 4B A GSH /KPR #E /) BRI ¥4 1 2- A IR I A B (Gao et al., 2012).
AR, BABMER, 107 M ML R L EKSMER R BT ILREF SOD Lk,

MR T RAEEFIMER R E RS — N EER F(Vandacle et al., 2011). FJ/LAEF, B
P53,BAX, BCL-2, TNF #i caspase-3 &5 T A A T- L FE(Alnemri et al., 1996; Marsden et al., 2002;
Lalier et al., 2007; Cardaci et al., 2008). AW AN, 107 M #BE ZAHE B2 FRE T HIMEFE/D R
FENE A BRIR T, BRI R ERTIAT P53, Bax F caspase-3 FARR =R EHFIE, R
FIRFURTER Bel-2 MRIK. UL EVTREY, MEFETHEMATURTERRER T 457
NERRIRIFE, MR TXERIRE S RITRE, BB LA ERREEE,

4. NG

ASCE OARIE T 8 2 B D SRR SN R T B A A S AR R BT AR A S o
WAL, ARREFREFHDNRZEEIRTNEER., SRR ERE . tHE,
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ERRRBEEERFUIRETBEBHENERE., FREEFRUER. 2 FNERAR
AR RRTREMEFA TR TR AR ERENELERE, RRENELEBERRE
BEELHREER.
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n FENEELESS N FARERLET 2R RS WAREEAN ROS KF. BERR
GSH K PFEREAAFR RS- R AR R ARSI ERERKRE: &I Sirtl 7 4-FH 4.
SREAML. SRRRAARRAZERE T RIE, AEFABEXFREHERTREBT Sirtl 2.

n HERBEERWARKBAELEY LRFRBAEFIREPHEMRATER (GPXY,
SODI 1 BCL-2) MR EHAEERR (SLC241, DNMTIA F1 DSC2) W%k, RN TFRAEAT
F K (P53, Bax M Caspase-3) WL, BREBEET MT1 ZEEHFEREE .

n BEEAMMOTURHFRBEIRENSE, MALHET EE DNMT3A. OCC. CDHI
FiL, T AQP3 HRX, HMBLBILBHIBFMRL LGS, REEKRE.

n HBEZEE LA TBEAYBILE (SOD) MIFET-ER bel-2 MIFA, FTRTRATE
5 p53 F caspase-3 IRk, Wi ROS FAERMBIARAT, ANTRSMRERRE, SREN
ERBHEGRTEEL HERENEA.
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