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Effects of Isoproterenol and Melatonin Supplementation on In Vitro
Development of Parthenogenetic Activated Oocytes in Pig
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Jinju 52725, Korea

ABSTRACT

In this study, to improve the in vitro development of various cells including cloned embryos, the effects that
isoproterenol and melatonin have on in vitro development of porcine parthenogenetic oocytes were investigated.
Parthenogenetic activation was induced with electrical stimulation, BSA and 6-DMAP treatment. 107 M of melatonin
and isoproterenol (107°, 1072 and 10" M) were supplemented for in vitro maturation (IVM) and in vitro culture (IVC)
medium, with different concentrations. When isoproterenol and melatonin were supplemented in IVM medium with
different concentrations, there was no significant (P<0.05) difference of maturation rate in the treatment groups as well
as in that of only melatonin. As isoproterenol and melatonin were supplemented in IVM medium with different con-
centrations, blastocyst rates of isoproterenol 1072 M treatment group (37.1%) were significantly (P<0.05) higher than
control group (26.0%). Isoproterenol and melatonin were supplemented in IVC medium with different concentrations,
then the cleavage rate of 1072 M isoproterenol treatment group (82.2%) was significantly (P<0.05) higher than the
group that melatonin was only supplemented (70.9%). There was no difference of blastocyst rate between the treatment
groups. When isoproterenol and melatonin were supplemented for IVM+IVC medium with different concentrations,
the cleavage rate of 10> M isoproterenol treatment group (92.5%) was significantly (P<0.05) higher than the control
group (82.8%) and the group that melatonin was only treated (81.6%). The blastocyst rate of 10> M as 45.6% was
significantly (P<0.05) higher than control group (25.2%) and melatonin treatment group (31.2%). The cell number of
blastocyst in 102 M isoproterenol treatment group 35.5+3.4 was significantly (P<0.05) highest. The results of this
study showed that the development rate of IVC when both isoproterenol and melatonin were supplemented was higher
than when melatonin was only supplemented. Therefore, it is concluded that isoproterenol is rather effective in the
activation of melatonin. 107 M melatonin and 10> M isoproterenol were considered suitable concentration.

(Key words : melatonin, isoproterenol, parthenogenesis, in vitro culture, porcine)
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Melatonm(N—acetyl-S-methoxytryptamine)
2ol HlEb C B WER] ERY 2o
7S 27 =35k 7(1;]{32—1?_] AL
scavenger)= 3Fo] &
ANA Add &5 F7HI
o FEAE AR oY kst &
A A Q1 GSH(glutathione) AJ 4+
Lo 23 9L Frh(Reiter 5, 2009; Tamura %, 2012).
ERBENN EYEBRS] FEAZ 29 A4TFo) g
W Ak el AR AAIG TS Bt Azt 233 (Suprachi-
asmatic nucleus) S ZHE ==& o} N-obA| DA o] & A (N-
Acetyltransferase) 2 o8] EAE9) 2Hgd 93] 2R
B A" tHGarcla %5, 2014).
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zhg-ste] We] A=) 9le W AIZF E NATS 25 &7
3} AlA melatonin<] ?} 1S FX3tHGupta %, 2005). E3
uk A1 7H50 1S A A melatonin®] T BHE Fo

]ME u ol=ggd 2849 isoproterenol® A=3FH H
Zof o3t melatonin £¥] A AEZES ‘ﬂ]'OH g 'EHKen-
naway %, 2000). B2-of=d g3 F&A)
SRH 27| GA 7R AALEH, B
A4S PR HCikod &, 2005).
2 AFlA e B4 TS vE
&2 MAE7) A% 712 AT ZA melatonin®] B4 3}
+ isoproterenols melatonin3} A HA] T A9
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1. HEE A2 Y Mo M5

2 Aol AMEE BE AFES 5EE 27171 gle ol
4} Sigma-Aldrich Co.(St. Louis, MO, USA)olA 3t Ab
&3tk

G AL EFFANA EFHE HA FAE AF
o] 100 IU/ml penicillin G<} 100 pg/mle] streptomycin®] 3 7}
® 37CE 7F2d 0.9% A Aol A ste] 2417 o] &

dddz uteiginh F7Ae] 3~6 mm 719 FERRE
e FYste] AT o, YA ES TL-HEPESE 4~5
3 A = G ESe] A 0}1 Alxdo] Fzeh dxg
En Alste] A3l AREETh G T A S g wik
A2 TCM-199(Gibco, U.S.A)S 7|Eujgd oz do] 10%

FBS(Gibco, U.S.A), 0.2 mM pyruvate, 10 pg/ml FSH, 10 ng/
ml LH, 1 pg/ml Ey, 0.1 mM EGF ¥ 0.2 mM cystine< %7}
sto] ARESFATh A ee] A9 Y2 5% CO,, 38.5TC W
7] WollA] 44217 ot v kS AAlate] A9 AeE
Ak

2. A—lA ROl THR| HhAY

= o
A9 Aol 5 ¥ HAELS 0.5% hyaluronidaseZ A
ZE AAS b2 MEA dErE S3eta, SAE FEEHA
Hols dAeks Adste] o] wAo ARg-stch &3t
A2+ 0.3 M mannitol §/(0.3 M mannitol, 0.05 mM CaCl,,
0.1 mM MgSO; % 0.5 mM Hepes)S AH&3tRow, A7) A
3 FE71(BTX 2001, US.A)E A3t A FAF(DC) 1.74
kv/em, 30 psec, 13] Z7] A= T U3 BSAS oA &,
2 mM 6-DMAP &9 A 2417k F<t Aejste] SAsHE

2t
Zshith
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3. EHRlZY el N2 i H S o A}
245t Ae7F 4RE GRS A v FE v gl PZM-

56 3 mg FAF-BSAE 37138te] Ag-31912H, 38.5C, 5% CO;,
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melatonin A F Ao wel s=EZ ikl zHz H7ts)
o] ARESISTh vl 7GR vl HEE 7] 2HS Hoechst 33342€ Af
S35to] GAE A A8 Slide glassell 0.1% trypan blue £
HE 15 ul ol 5 w27 E &4 ALdA 3~42 H)
k&l U2 1 mg Hoechst 33342 15 wlE 0.75 ml2] 2.3% so-
dium citrate dihydrate®} 0.25 ml ethanolel] 3]4J3gF &0 7
37CoA 3~587F vlFst & permount® Y J3ste] FF =
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Isoproterenol<= 95% ethanol 2, melatonin< DMSO(dimethyl
sulfoxide)Z ztzt &3l sle] A& o] ALt Melatonin®] 3
7FEEE oA A7 5, 2014)004 HA ] TR H1H
107 M 52 34 ste] ALE-3892 1, isoproterenol 107,
1072 2 107 M X2 melatonina} &7 F7 st A3 F
=& Flskith

Isoproterenol ¥} melatonin®] #7FH 2 A L] A5 A], A<
HiFAl B A Q] s A i E FAC 71 24 s R
2 F7tete] @9t A9 Wil mX = JEFS FA}

o

5.
B A3 9] tlo]El= SAS package(SAS Institute Inc., Cary,
NC, USA)®| Chi-square =47 2 ANOVA test®l 4] Duncan 7

2% ANsel 7 299 o4 AHS ARG
2 I

1. B X HER2RO] M2 M50l UO{A| Isoproterenol 2t Melatonin
o M7t s=o| E Mo d=s

A FE o] 2] A& A isoproterenol 3} melatonins 3
71et3S w A A%5ES Table 1914 BE ub9} 7t} Me-
latonin 1077 M3} isoproterenol& 107'%, 1072 & 107" M<&
A7belA S wl AQ) FE5E-E 69.4%, 71.3% 2 68.6%=H A
g7kl -9 A(P<0.05)1 ZHe] 7t $11 2™, melatonin(70.7%)
@5 FA7EotE Zpolzh SAATh

2. S X| 22| | 2| M =50l A0 Isoproterenol 2t Melatonin

o 7t 30 E HelEHEo Mo WEE

Table 1. Effects of isoproterenol (I) and melatonin (M) supplemen-
tation to IVM medium on the maturation of porcine oocytes

A FEzEe] A 9] A& A] isoproterenol # melatonins 3
71etd S ul A9 B8 Table 20014 R nie} ) A<
A< Al isoproterenol#t melatoning FTEHE Z}7} 7SS
< o EFE2 Zo)7t gtk vtz 2] @& iso-
proterenol 107> M X277} 37.1%ZA thZTF2] 26.0%E T
2] &(P<0.05)2.2 %=3kT}. Isoproterenol * &7+l = 1012
Mo] 10" M(22.5%) Btk F2 A o2 =it vtz 9] &
ol doiMs M7 zel7F glodth

3. SR CHR{LHE Ol &2 HY 0| A0 Isoproterenol 2t Mela-
tonin2| H7t SE0| ME A WHS

S A] ek aba ek A 9] vl kA isoproterenol ZF melatonin<S
A7F8IA S W 29 W& Table 3004 B upe} ok o
1 EAgke] A ] v FA] isoproterenol ¥ melatonine &=
2 747 ZArbet s W £8E2 10 P M) 82.2%Z A mela-
tonin W5 FH7F2] 70.9%E. T F2]4(P<0.05) & =T
13} isoproterenol 107" M(77.0%), 10~ M(79.5%) &+
2 HE2(76.1%) %= ZFol7F gl witEr] ddES A
g g gz F7bel 2ol 7t gl H, vintzre] 3 £ 2}
o] 7} gl

4. DX HEZO| M 2| =1t HY FA] Isoproterenol 2t Melatonin
o MIt SO ME T[N Ao WEHE
A FEee] A9 e 2wl vl FH el isoproterenol
3} melatoning H7FS o A9 YLE2 Table 4014 Hi
ukel vk SR e A9 s 9 A9 wiek AA 717+ F
¢t isoproterenol ¥} melatonine FEHZ H71ERS W £

&2 isoproterenol 1072 M ZH7F7F 92.5% 24 thZ27(82.8

Table 2. Effects of isoproterenol and melatonin supplementation
to IVM medium on the development of porcine partheno-
genetic oocytes

No. of No. of No. of polar No. of
Treatment .
M) oocytes  polar body body non- lysis
matured extruded (%) extruded (%) (%)
Control 225 149(66.2) 50(22.2) 26(10.2)
M 188 133(70.7) 31(16.5) 24(12.8)
[1079+M 222 154(69.4) 46(20.7) 22( 9.9)
110 2+M 188 134(71.3) 39(20.7) 15( 8.0)
110 %+M 191 131(68.6) 31(16.2) 29(15.2)

* M : Melatonin, 107 M.
** Values in the same column are not significantly different (P>
0.05).

No. of  No. of No. of Cell
Treatment number of
cultured cleaved  development to
(M) oocytes oocytes (%) blastocyst (%) blastocysts
yt ok > ¥ o (mean£S.D.)
Control 150 122(81.3)  39(26.0)* 27.742.5
M 170 142(83.5)  55(32.4)* 27.3+3.2
1107 +M 111 89(80.2)  25(22.5) 24.343.1
11072+ M 159 128(80.5)  59(37.1)" 32.0+7.5
I10°"+M 159 140(88.1)  54(34.0y° 31.0+6.6

* Values with different superscripts in the same column are sig-
nificantly different(P<0.05).
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Table 3. Effect of isoproterenol and melatonin supplementation
to IVC medium on the development of porcine partheno-
genetic oocytes

Table 4. Effect of isoproterenol and melatonin supplementation
to IVM+IVC medium on the development of porcine par-
thenogenetic oocytes

No. of No. of Cell No. of No. of Cell
No. of No. of
Treatment cleaved  development number of Treatment cleaved  development number of
cultured cultured
™) oocvtes oocytes  to blastocyst blastocysts ™) oocvies oocytes  to blastocyst Dblastocysts
v (%) (%) (mean+S.D.) vt (%) (%) (mean+S.D.)
Control 113 86(76.1)™  26(23.0) 26.0+£2.9 Control 145 120(82.8)° 38(26.2)°  26.8+2.8°
M 117 83(70.9°  29(24.8) 25.6+3.3 M 141 115(81.6)°  44(31.2)* 258+1.7°
110°+M 113 87(77.0)°  27(23.9) 27.6+4.2 110 +M 109 89(81.7)°  27(24.8°  24.0+1.4°
11072 +M 129 106(82.2)* 43(33.3) 29.04£3.5 I102+M 147 136(92.5)" 67(45.6)  35.5+3.4°
110 +M 122 97(79.5)  30(24.6) 26.2+0.8 L1107 +M 150  131(87.3)®  61(40.7)" 37.8+6.7°

* Values with different superscripts in the same column are sig-
nificantly different(P<0.05).

%) 2 melatonin T5 ] 2] 7(81.6%) T A2 F(P<0.05) 22
ETE WiREE 7| 2o Wd-go] M IE 107" Mo] 45.6% %
A Z7(26.2%) 2 melatonin T 2 2] F(31.2%) .t} F-2
Z)(P<0.05)2.2 %tt} Isoproterenol 277kl 2ol 107
M(40.7%) 2= ZFel 7t iAo, 10710 M(24.8%)°) 7Hg Wk
THP<0.05). ¥4t ok}, &) 4ol 2lo]Ali= isoproterenol 10 "
M 77} 37.8£6. 770 24 T Z74(26.8+2.870), melatonin T
5 X 7(25.8:1. 77N E T £ (P<0.05)22 =%t

—

NS,
2 AFdAME BA FHATE vEe 2 Axe Ao
AT Z A melatonin A A ol A
= isoproterenolS melatonin3} 7 S A &
A e B A Q] vl wiHel Hrlste] isopro-
terenol# melatonin®] ¥ 2] THeIAY o] A 9] W] wx] =
FEFE ZAFSIATH
A 5(2015b)2 =R FE L] A 9] A5 A] isoproterenol T
9=oZ 10 P H 10 Y MES AU W 65.8% 2 68.2%
2 A2 Akel7F e H, 2T 66.2%2 = 2ko] 7}
SR A o= A AFel QoA isoproterenol TS
2E a3 adrt Qe 222 Aw®h Takada 5(2010)
L melatoning & FE o] AL AaA 107 MY =22 H
7hetH 3 AdEE0] 90.5%EA] ARSI EE(FSH 2 LH)W
A7k A2l 88.9%% AN FEoE AAAFEES
o Al A3t e ASE detEtiy AN FSH %
LH® melatoning ¥-&3ted H7FIAES o 89.0%ZA mela-

toning W& H7istole & o&ole d o] A &t

* Values with different superscripts in the same column are sig-
nificantly different(P<0.05).

7F $ll Tkl 3T Nakano 5(2012)2] A Il M= = A
I T A9 A4 A melatoning A 2] A4S iAo Zhzt
9o FL107'~107" M)Z H7IeIE W A9 A5E(56~

& 7hA B T Stk Manju- natha 5

T2 H7HE wl 88.8% 2 A tIRT(75.0%)H.c =2 A9 A
%8S HYT stk Farahavar 5(2010)2 & FE o] A
9] A&EAl I FE9| AF4(20%) $H74 14 melatonin(0.01 ~100
pM)S 7S W A E SgE AT T(83.11~82.72
%)t THE(82.94%) 7ol ZFol7h il em, Al9] Asgol 9l
AME H7F(73.11~6524%)9F TZ27(72.24 %)7tell =po]
7 9T skt 100 yMS H7HeAS w238 W A
S8 65.24%F YEPATHY St ol FEE H AY 84
5ol wgt &g MA Z37F gE2A Ydehdes AoE A
ZHE T A 5(20152) A GEFE 1 B 35FS

&lo] A 2] AJ<A] isoproterenol(10 2 M)+ melatonin (107 M)
< H7tet S W 35 dE T oF 8% HEL &g A
TI7F AR, 155 A oF 1% A=) A E37F A
= A2 E2 Yt stk olgs dge o] 45
xR s F2o] Hoix

toning & H7istH dx e FHAMNA At =5 AL
]_

2 g7 we 33 Wt s, unde ¥Y 59 F
O AR ATE AASE AE TS 2 dEde v
% AZo] o2l FRe) A%, date] &4 Aol 2 7)

AT F Js ASZ AZHET
Nakano 5(2012)2 SHx] Wxghe] A A&HAl 2 AFe}
418 35522 melatonin 1077 MolA 4-AE7|29) 235

(44%) 2 i E 7] BFE(17%)°] HZT(35% 2 17%)9+ =2+
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3 3k, Shi $(2009)< melatonin 10~° M2
FEE HA dxe] A 5§ mddd] Hrside o
279 BEE(57%) D WrEs] LEE(18%)e] HlE] 70%
9 28%E A9 wago] AA MNAHJT ST ol A
Y g Apol 2wl F 27 9] whet melatonin®l o] g W
Zo] A A9l v g &0 o Hx tE2A YEE & dbh
I AZEY A 5(2015b)2 HA FEE A9 ALA
isoproterenol < 107" M& A7et]& wl £Z&0] 924%=
A diETe] 84.2% KT 2 4(P<0.05) 2% ETh Ty
102 M A2 790.1%) k= =Fol7h Akl sk vk
7] dEgE g2 2 ATl Zolzt itk stAth
o83 A= isoproterenol TEC 2 E Gaksl § 37} mela-
tonin 5 M WS wfe} o] A AR Hlrh wEpA 2
Aol M 2} 7+0] melatonin®l isoproterenol= H71ahA A9 @
o] i NAFEE ASE HO}A] isoproterenol©] melatonin
o] @43t a3t AE AR F5 E 4 Atk I8y o
of thgh A= Go & FI7H A7} o o]FojAor & AR
G AR l=g

A 5(2015b)2 A o] A 2] wl oll Ao A isoprote-
renol?h HEO0 2 107 ME H7IeHAE ul 42.6%7F wiviE
712 dgate] 2T 31.0%ET FoHoR EUty &
Row, 2t FEE iRt 8] 3 o ake]7h gl
T &k old g AIe GeAME A A upel 7ol iso-
proterenol T 3719} melatonin2] M-S H7FA] A 9] @
&9 2o A7]oM = FFE F YIAITH SO 2 isoproterenol
@5 A7 e AATE 9 kst A 53 22 U A
TE Naste] 8T Atk Cikos 5(2005) i A
glo o3l AitE e A9 v gFH el isoproterenolS 0.1
pM, 1 uM 2 10 pM o] FEE H7bete] ARSI S o, vk
2 AR s AEFE 2Tl Bt s A
HRom, Ax S5 AT st ols & Aol
A AFE-H isoproterenol®] FEH T £ F %9 isoproterenol

< AHEslP e, 5% isoproterenol©] 7Y gHe] B 3]

il

oxl M

¥ 9% MRS AR A7bEn Shi 5(2009)€] el
2w A ThepAghe] wjokg wj o] melatonin 107

M(29%)N A 7HE =2 Wit r] dEES YeERf lon, o
dEAl 10% ANA GEAS H7OEZA HA] GE Ao
frEo] 9= melatonino] AdsAlel Fg Aot FA &
H R0 E AztE o] A@RddlA a7t dle AoE A

"t Pang 5(2013)2 S A HA g ghe] w1 <t
melatonin 10 ° M& H718tS ) 282 ol7} gle
iRk 7] A8 18.6%EA IR T(11.6%)ETh 24
08 2w gS BUTY &%tk Nakano 5(2012)2 =
A el

N ol mt ff

i

Agk @ SCNT $4 2 vl k& i) kol o] melatonins

37

oft

9 o] melatonin3} isoproterenol s #7Hsl-&
&= MY EIH7E JAAAT, vigtEr] ddSol= &
FFE XA BE AeE YE

4 5(2015b)°] ool FPg AFoNME AL A5 F A
2] uj Al isoproterenol ¥t THHOE HIFSH S o wvE 7]
BE2 10 MO 45.6%E A thET9] 29.6%K Tk 214
(P<0.05)2.2 =2 AEE&S 2ATL stk o3 A=
isoproterenol 5 3 7Fol melatonin¥ W& A7l We] 2
7] Wiel AP AR v = AN, HE "ot o
F% 2ol 9t melatonin®] 2H&-ol 71918k Ao ® AztETh wp
2}A] isoproterenol’= 48t E37F o HE Qe Ao F
SR ko2 AAE F7+ AF7F L FH T Shi 5(2009)
o] B A= melatonin 10 ° M-S #l %k HA) 7]1ZHIVM + IVC)
o HUbshd A9 e = A vl kAol v melatoning
A7He WEY o 22 Ad Z3E Jehlided, os
melatonin®] A 9] &7 F<t dxTS] AE TA HAA
A FJA, wF 717 T A e was JAANA F
S 2 X melatonin®] F<3F &
U] o=

H AFdAME A FAGE AR Rs A A JHY
o &g o F FAZ =Y B AR TR By F& e 9
3 o AxE JEd FE Jdvi Az, v Fdet
APxACE HAASIA D HAY TS ARSI e, A9
) & o melatonin¥+ @& H7FsA S W E Tt mela-
A7) isoproterenolS 7 A7t S wl o
YERN S 22 melatonin3} isoproterenolS
o] A TejAITe] Ao UG BE YAl
2 Agdrc
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