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ABSTRACT : Melatonin (N-acetyl-5-methoxytryptamine), a major hormone of pineal gland in vertebrates, is known to be
associated with regulation of the dynamic physiological functions in general and has some functions on reproduction in the
ovarian follicles in particular. And its antioxidant properties as a scavenger are also reported. The aim of this study was
to investigate the effect of melatonin on the in vitro maturation of mouse germinal vesicle (GV)-stage oocytes. Oocyte
maturation, apoptosis, and mRNA expression of melatonin receptor were analyzed in the cumulus cell-enclosed oocytes
(CEOs) cultured with melatonin for 18 h. The CEOs were obtained from 3 wk-old ICR female mice cultured in media with
0, 0.1 nM, 10 nM, or 1,000 nM melatonin for 18 h. And then the extrusion of the first polar body was assessed to evaluate
the maturation rate. The apoptosis and mRNA expression of melatonin receptor (Mtnrl-a and Mtnrl-b) in cumulus cells of
each group were measured by TUNEL assay, ELISA, and real time RT-PCR after in vitro maturation(IVM). The addition
of melatonin in the IVM medium significantly improved nuclear maturation of the mouse GV oocytes and the highest
maturation rate were obtained from the group treated with 1,000 nM melatonin. Apoptosis was not detected in IVM oocytes,
but detected in cumulus cells. And cumulus cells treated with 1,000 nM melatonin exhibited significantly lower apoptosis.
In the group treated with 1,000 nM melatonin, the expression of melatonin receptor mRNA was decreased in CEOs. In
conclusion, melatonin has a potentially important role for regulating oocyte maturation and reduces the apoptosis of cumulus
cells in vitro.
Key words : Melatonin, Oocytes, In vitro maturation, Apoptosis, Cumulus cells.
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Ak F5, W 2337 5o 2T EAS) o] TR
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al rhythm) 52 t}eFet A28 7]%5S 22 (Cassone, 1990)
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F71e Hsl FYstA 7t FEES AT F AUG
(Tamura et al., 2008). &g, A% HAds dAldl H,O0.5 3
7kete] 12A13F 2t wjdstds wolle A1SA WEEol
oA AaE Aoy FeEDS FAld H7He A=
AIFA BEEo] AT SHEUG o) A7 A=
oxidative stress7} W] A< 3o fagt JFE vH|
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& BEAE BRAE ARSI S8 A A7)
ke AA F A9 g g8 e £ REAe )
ool H1—°(50 prL)E SAA voketgTh SR A = HA
3+ 12 A7t o] Mol mineral oil(Sigma)Z ©& 5 37T, 5%
CO, v 710l A HE st A4 pH7F A ES & 5 A
otk WA A 2 AFHE M2 wjFd S o] 853
i, vgs dzke] A9 wjeks A% 7] Y o 2= 5%
human serum albumin(HSA, Vitrolife)=} 0.075 IU/mL FSH
(Gonal-F, Serono), 0.5 IU/mL hCG(Pergonal, Serono), 1.0
g/mL-estradiol (Sigma)©] 718 G2.3 % (Vitrolife)S
AHEEHATE WetE Y (Sigma)S G2.3 Bl Y o2 B4 sto]
ZFH3E 3 0.1 nM, 10 nM, 1,000 nM&] FE 2 7|En)] ok
o] H7Fskaleh
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goxigenin nick end-labeling(TUNEL)S A|383}3ict. 345
GFAEE 1% paraformaldehyde® 10%7F 1A &
1% BSA”} %718 Dulbecco's phosphate-buffered solution
(DPBS, Gibco)o.Z Al#d3}ar fluorescein(tetra-methyl-rho-
damine) conjugated dUTP(Roche Diagnostics)Z ©]&3} in
situ apoptosis detection kit AH&-3le] G489t propi-
dium iodide(Pl, Sigma)E ©]-&-3te] &S AM3AoH, 1%
BSA7} 71 DPBS &0 2 A% %o mounting?t H &
FaEn A sl A A7
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5% %] 0.1 M DTT$} superscript® 37}t
E7F A3 & 1Al 42°C 60 min, 70T 15 min OOLP s
o first strand cDNAE $ASIATE AAFTEHS 4 «L
DEPC-treated water, 2 ¢ L forward primer(5 pmole), 2 L
reverse primer(2 pmole), 10 xL premix with SYBR Green
and 2 ¢L of cDNA templateE E§3sl= 20 pLolA 35
cycles SZAZY. ZF Cycle 95T A 30%, Z primer
9] annealing &%oA 30%, 72ClA 30%2 TAH 3
o} 7+ JAA AT FES-2] mixture= DyNAmo SYBR
green gPCR kit(Finnzymes)S A}-8-g+ DNA Engine 2 fluo-
rescence detection system(MJ research)S AF&3te] 413}
Aok B Ao A& primere ribosomal protein S16
(RPS16) (5'-aga tga tcg agc cgc ge-3', 5'-gct acc agg gee
ttt gag atg ga-3": 163 bp, 58C), Mtnrl-a(5'-cca ttt cat cgt
gcc tat g-3', 5'-gta act agc cac gaa cag ¢-3'; 259 bp, 58TC),
Mtnrl-b(5'-acg cat cta ttc ctg cac ctt ¢-3', 5'-ctg cgc aaa tca
ctc ggt ctc-3; 192 bp, 58C)o| itk F2<] 1L 7t cycled]
72°C stepol X ST F24 Bal9] Ao ok 2 4T
methodol] 2J3] #2415 tH(Livak & Schmittgen, 2001).
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A4E BAAHSE Fofsivta st

~
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Sk 4 V1495 UAE AS) NS ¥
2 W8S ool WekEdo] A%l Bl GBS

A5 - 449 - 58 w413} 44

Ao oA AEEUY A7} BEE ouAE
E3) 2743}%thdata not shown). 18417+ E¢F A &Juf ok
3 o] g gL dHEdS HUleA 4 R e
84.9%0] 31 1, uﬂa}@dol 7+7} 0.1 nM, 10 nM H7}+E Wk
oME 247} 85.7%, 85.3%= e
1< 2kol7F Al $3%eH, 1,000
nMe] detEdo] H7tE wjgHel A Wi AFTX =
92.3%% WetEdS ArlelA] AU B wro] datgEd
£ A7t AFAMET O 22 AS5ES UERITH(Table
1).

TUNEL WS o] &3ste] dA Lo A AEZAAAL o
HE Yolugtt PI GAS 5o AA AX 5 A3t
i, olell tigk TUNEL ¥4 d4S Jeille A2 Rl E-$
Aaratel E45% T} Apoptotic Al 29| FE iR =
20.8+4.5931, WtEYUS 7+7 0.1 nM, 10 nM, 1,000 nM
A7 Aol e 247 11.743.6, 7.742.7, 3.7t1.8% Hj
FHol Hrpst AetEde] F&7t 7l we} apoptotic
AEY 7F Aag Ao® YegoH, 53] 1,000 nM9]
dHEUS Hrhet AdFdMe g2 o vs) fosiAl
LroleHFig. 1).

dHEUY 7Pt Y F
e Y AFHoR °‘°H:J_u} Ud%ﬂﬁiv?;‘—ﬂ%—%

ol

iL‘

M= Hit FF= ko] 0.087+0. 004o]°iﬁ 1,000 nM<]
AtEd-S H715 Fol e FHE ko] 0.052+0.011F o
Zaol| Bla] fofshA e Ao R YT 031 1,000
nMe] FetEYS A s vl Hrbato] A9 vl at
Ae W dTAEY Aﬂﬂ}ww} Hr} o] 7hastghe
e UeHAtk(Fig. 2).
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Table 1. Effect of melatonin on the maturation of mouse immature cumulus cell-enclosed oocytes(CEOs) in vitro*

Concentration No. CEOs No. M I No. M II
of melatonin examined* (%+SEM) (%+SEM)
0 365 45 (12.3+0.9)° 310 (84.9+0.2)°
0.1 nM 372 44 (11.8+0.6)° 319 (85.720.7)%
10 nM 367 46 (12.5+0.1)% 314 (85.3+0.0)*"
1,000 nM 379 27 ( 7.120.5)° 350 (92.3+0.1)"

* Three replicates.

2> Values within the same column with different superscripts are significantly different(P<0.05).
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Fig. 1. Comparison of TUNEL assay and DAPI staining in
cumulus cells (CC) from in vitro matured CC-enclosed
oocytes (CECs) depending on the melatonin concentration.
A : TUNEL and DAPI staining. B : Percent of apoptotic
cells in total cumulus cells. Data are shown as mean
SEM for three replications. *® Values within the panel B
with different superscripts are significantly different

Apoptotic cells (%)

ab
I i b
1mad 1oaM 1eoant

Concentration of melatonin

(P<0.05).
Concentration Absorbace(A ;,-Ass2)
of melatonin Mean (£ SEM)
0 0.087 (+0.004)
0.1nM 0.061 (+0.010)>>
10nM 0.055 (+0.011)2®
1000 nM 0.052(+0.011)°
o a
.09
3 k.
3 0.08 \
53 0 ~. ab a,b b
5 1

Concentration of melatonin

Fig. 2. Quantification of apoptosis in cumulus cells (CC) from
in vitro matured CC-enclosed oocytes (CEOs) depending
on the melatonin concentration. The extent of apoptosis
in the cumulus cells was measured by ELISA. ** Values
within the same column with different superscripts are
significantly different ¢ ** ° P<0.05).
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2 i 3 0.1840.13
.%D.& ;0.5 b
: m | ‘
oL . ]
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Fig. 3. Relative fold change of melatonin receptor (Minrl-a
and Mtnrl-b) in cumulus cells after in vitro matu-
ration. A : Mtnrl-a. B : Mtnrl-b. Mtnr mRNA levels
were measured by real time RT-PCR. Treatment group
were cultured with 1,000 nM melatonin. *° Values within
the same panel with different superscripts are signifi-
cantly different (P<0.05).
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olfE =Yk g IPH L itk AR S aE Al
o] mlEZEololl A thal S AXH ATPY A4
A AR 0Z AAUA Eoh v EZEFoLY] SF
ARl A7 Aghe ATP A4 As BAS faey,
nEZE ol i E4NAFY AAEE F7HA REZES
o} DNA2] common deletions LoA T=HOE A|ELE
Al o]24 gk(Jou et al., 2007).

AF e dAE 5%} 21% oxygenoll A Hj kool @
ZtEUS A7lete] 2442 A19] AsAFS W 5%l e tix
T3 zto| 7 gl o, 21%9] vk 27N Wi gE v dE
42k A 0.1 nMe] AHEYS Aty n st AT
o] thxto] Hlg| oot H& A FHE&H A4 3
&S UehtAhn & Bae, 2004). o]AS datEdo]
oxygen stressE @ W= 5%2] 2T FEEHE Y 24

o] A& scavenger® Z-8-317] ¢ko} WAl Ao WrkE 3k
& PAA @, AddM R 4538 & 21%9] ATt
TRET Y 20X FeEUo] AR &of ol A
A9l AAAZA 25l AE W oxygenol| 2]3F stressS
=9 3 Aas o ARE A4EY, 2 AAG 71
of gk A= ATk TS, A2 A7 oJsid detEd
HO.0 =2 E]o] A7 ERNALES FAFE 9“%@
SHCHJou et al., 2004). ©]¥ 3t A= WelEdo] &4
o 93 mEZEeg|o} A X2 depolarization, 7| E
o} pore(MPTP, mitochondrial permeability transition pore)
4 opening, cytochrome c¢] W&S WAsle 985 it
ZS Teth(Jou et al., 2007). whehA] B A= A9l

o)

3l

N \“

A o 2

I‘HJ O_u

P4 Fol A7he WekEvlo] 471 WA A% 3
Z AAsE R0 AAAZ S85] 458E FN
2 5 QA Goliy, ol ol 3ol EAL A¥sD

A AT AR daclA ded Pds
02 YR, A & thxio s deEdS 3t
A @& 7R s mFA oM mjekskin vmA A
2E 77} 0.1 nM, 10 nM, 1,000 nM2] HetEYS H7te}
o AL AABH £ A7elA 1,000 nMe] 2z}
Eld% 4 }f‘z} 9] s dA gz 0.1 nME 7}

g o Wiste] frojHoz E2 A9 AEgs vehlt
(Table 1). o]¥3 Z23E FgEUo] AF WAl 49 44
Al 310 vﬁt& q9g& 2 Zolehs 7he e vl
At sk3aL, 1 A 712HE dobrly] flste] 719

WAE vl T

op
o)

(o

PRER

ATE APtk

YA E 9] 429} 11 compactness7t YAbe] W HE S
AAste 83 aolgke AL oW & &zl ARl
tH(Boni et al., 2002). YAIE AT e GTAEE
oocyte maturation inhibitor(OMI)E W33l Waje] 7+
2EE 21 A% AEF A& S, IRz

LH stimulation wi7jata, ZEds

(Channing et al., 1980). F3t GFAZ= G o] QoAM=
LTI 22 stressE A ATH(Aitken, 1999),
2 W] glutathione 3ol & 7-9- oxidative-stress-
induced apoptosisZH-E WAE REsl= 98-S shol(Tate-
moto et al., 2000). #|JolA wjgFE FA}= suboptimal B
& 210 =257 o] dAE
HE7) Sl Al £ 3ol Fasttt &9 dAkel WA
O A ZAAAE Bl s W FAe M e Al ZALAAL
VFERFA] b ol Al Zol| At BakE| ek, B3 WA 2-
Wb A el A Al ZAAAE #Fste] 1 HXE B
= W FE FFAE-GA EA 9 upgEel] f1A]ska A
TH(Yuan et al., 2005). ©] A& B39 oA G A
27} Res) 7] Wil corona 9HE2] A EAAAL 7
AF Z0E AT B dAFA 7 FellA A fdsA)
70 A7 FAe] NEAAARE TUNEL WS o] 83t &
st o, ojm g A EAAALE #EE 4 glitH(data not
shown). s}A|F WetEd o] H7bE A 71 A] o8 uf ek
Mol A wjFE FFAEE Tt AEAAAE W
A¥, AetEdS AHrbshA] 2 7ol Higke] 1,000 nM<
A7retde W AZEAAAE O] FostA etk wet
A olelgk Aze WetEdo] Aodujd Tl FAHE &4
Al frafdh o s GFAETL AdALeE RS WA
sk, o] & Fall dAEI A A T dAE B

stal WS E=eS & e Aol de 5 3l

. o
Hosla YRS 3+

Atk =Y WEtEYY] ke dAlE o) dEtEd 8
Ae] mRNAS] &S S7HA714] 91, Q38 Harld)e

278 BolZU(Fig. 3). o) A3 AEYS] BPA T
HE el AHHeluT B mohre] AT
AT e A B2 1A Rolhe PAE Fu 2
AR NS D7) A BTt e F7h 477} B
=

oyl vhof WIS Bk Bake] AT A4
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