Reprod Dev Biol 36(1) : 71-77 (2012)

71

EHAI Oled= o] MeI&=0 OIXl= Thymidine X2l =1t

143

oh-th

1

_{ol

o

STA

. 8k
il

o

ol
o

+

2l

o3}

ot

Effect of Thymidine on /n Vitro Maturation of Immature Porcine
Follicular Oocytes

Sung-Hun Min and Humdai Park’
Department of Biotechnology, Daegu University, Gyeongsan 712-714, Korea

ABSTRACT

The objective of this study was to examine the effect of thymidine treatment during in vitro maturation (IVM) of
porcine follicular oocytes on blastocyst development. Porcine oocytes were treated with thymidine (10 mM, 20 mM
and 30 mM) for 2 or 6 hr in the preiods of IVM I and/or IL The survival rates of the blastocysts in the 6 hr treatment
groups of 10 mM and 20 mM during IVM I period were significantly higher than those of control group (p<0.05).
However, the survival rate of the blastocysts in the 2 hr treatment group of 20 mM during IVM II period was
significantly higher than control group (p<0.05). Furthermore, the survival rate of the blastocysts in the 6 hr treatment
group of 30 mM during IVM II period was significantly lower than control group (p<0.05). Consistent with the
previous result, blastocyst development of both IVM I and II treatment group was also showed as similar pattern.
Total and apoptotic cell numbers of blastocysts derived from thymidine treated porcine oocytes were examined by
using Tunel assay. The results showed that there was no significant differences in total cell number of blastocysts
between thymidine treated and untreated groups. However, apoptosis-positive cells in the thymidine treated group
(6 hr IVM 1) were significantly lower than those of other groups (p<0.05). Taken together, these results indicate that
high quality oocytes were selected by DNA synthesis mechanism according to high concentration thymidine treatment
during porcine oocyte maturation. Therefore, we concluded that presumptive selected oocytes by thymidine treatment
during maturation periods improved the further embryo development and embryonic quality of IVF embryos by
decreasing the incidence of apoptosis in preimplantation porcine embryos.

(Key words : IVM, Thymidine, Tunel assay, Embryonic selection, Pig)
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A3l 1= myeloma A3EE Aoz AAL 5 Uk
(Toyama “s, 1987). o]¢} 2 Jd& ©]838l°] Han &
(2000)2 4 e wlYsls 59 HAT wiAE #H7ls)
of MiRbE WAL= a7t fIAAIRE wiREE FEhaS
ZAAN AT Barakith 3, Snow(1973)% A ol
7)ol thymidine #7F= A @lolA A mouse HIHE
o] AR FA- Ut dFFS AN, W oA
o] vk IOl = FEFE WAA Fohrhar Barsksl
t}h o]21dt 7)9] thymidinee] #&H AxEZ2 A3 2
A|3ZF7] < maturation promoting factor®t maturation
activated protein®| €45 9 A|(Opitz 5, 1975; Evans
% 1976; Ebeling 5, 2011)31w, W) 2k 914 59b de
novo 73EA xhckEl DNA 4 A4S salvage 74 =]
thymidine kinaseE 3IAA A7dA| ARt A4
S 2 DNA S 283w oas] BANEE E(Kwong
5, 201002 = Urk ol o] Thxpo] A ejAdhtel 9l
A GEjE] o] oy}, aEAe] dAE Ads] 9l
ato] Astehs W= o] g5al gt

b 2 Al M= Ao s wiAlol thymidines
A7kstol wiA vAdss daxe] Ao g et L
wAe s dxes ddstal, vtz o] uf wd
&, wiHbaEe] AEE G Ao gLt wiRtae] FHS A
FAPEAFRA HESSIT
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WARSE vds dEe 35 2 AHE wiA]E 25
mM N-2-hydroxyenthylpiperazine-N'-2-ethanesulfoic acid
(Hepes)©ll 3 mg/ml BSAE F7}gt Tyrode's lactate(TL)-
Hepes -8 (Prather 5, 1995)= ARS8t =14 H]d<
g A|9)4d< WA= North Carolina State University
(NCSU) 23 & (Petters?} Wells, 1993)° 0.6 mM cys-
teine, 10 ng/ml EGF, 10 IU/ml PMSG, 10 IU/ml hCG%}
10% 2 (Funahashi 5, 1993; Niwa, 1993)& 3 7}ste]
ARSI SA] RN dael A Z Aol 3~6 mm
Aol GEane AHske] 4ToIA 3057t 1,600xg7
AR F 045 pm filters o|7hsto] 20T Wt
5 ARSI A998 WA= 1 mg/ml BSASH 2.5
mM caffeines #7}éF modified Tris-buffered medium
(mTBM) &Y (Abeydeera®} Day, 1997)< AH&-3k31al, 4
2k 42]§ ¥iA= 1 mg/ml BSA, 75 mg/ml penicillin G,
25 mg/ml gentamycin®] %7}l Dulbecco's phosphate
buffered saline(dPBS) &S AF&-3}QITE A <|uf &
2= 0.3% BSAE 37}t porcine zygotes medium(PZM)
3 8- (Yoshioka, 2002) A}-8-3}31tt.

Hel 45, o8 ¥ MY

L5 A dAE 3]98te] 75 ng/ml penicillin G2}
50 pg/ml streptomycin®] 7} A2 ¢lg ool &
7 25~30C9] L& FAte] APd= N8Il o
FEE A% 3~6 mmo| GHERTEH 18 g FAMFE0] F-
2E FAPIZ FUE 5 AA Av)d skl 3kl

i)
ok
=

th 3et W TL-Hepes 402 39 A3 H
NCSU-23¢l14] 33] Al=sloict. daEake: Aod<g
A elA 39T, 5% CO, HiF71ol A 22413 F<F v FIVM
D3, thA] PMSGS hCGZF H7HA A o2 ol 4]
F7H o= 23 WiFIVM I)dte] A2l dsS fr=st
Atk A28 N THISFIAETE A A
AAE Fhesien, Aeje4dE FA= dPBS &t
112 Z3eF 5 300xgoll Al 337 AlitE]E Sate] 33]
Al A3taL, swim-up WO 18e A2E 3|gdte] &
Hjatlch Ae)gdse] ghus WS 0.1% hyaluroni-
dase”} #7Fel TL-Hepes &4l 53t FA|sto] pipet-
tings &3 ITAEE A ASFL, mIBM &0 33
A v A9 8 wiA] 50 ul Aol FAE 1570
A Qe T Aato]l HF F57} 1.5x10° spermatozoa/ml

o] HEE AxE FYste] 39T, 5% CO, 7oA 6
AIZE St v o mHA Ao HS FEskelth AQg
A 6AIE T FAYUL PZM3 &4 0% 33] A H5to] 50
nl1e] PZM-3 &0l 30714 Yol 39T, 5% CO, HlY7]
o 4 wjksldel A WA wjk 25U Aol et
S gl on, wek 6dA vtz FAS BEES
ol 3k, wjukre] 8wk 75U Aol wiuE HES
2A 138} aelal Age] HAo wl AL gike

T Mok AEAVE 25 TUNEL 24 U
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TUNEL Assay

TUNEL kiti= In Situ Cell Death Detection Kit, Fluo-
rescent(Roche Diagnostics GmbH, Mannheim, Germany)
1R 2H5 ARgsilom, &3 199 HE&= 3|45t
Ak Ao 3 oujk 7594 AYakE wiREES 01%
polyvinylpyrrolidone(PVA)©] %7}¥l dPBS &9 S = 33]
Al gt 3 4% paraformaldehyde”} 37}l dPBS &9
AAANA 4TCAA 1AIZE 2GAIZE g E wieEE
PVA-dPBS &4 0% 33] A|5le] 0.1% Triton X-100°]
71 dPBS &l vhAl HAAA 4T 30837 ¥
B3RS T12]al PVA-dPBS €910 33] A5k TU-
NEL kitE =gt 8ol HAIAA 39T, 5% CO, M
7114 1AI1ZF BllYF & PVA-dPBS €4o= 33| Al#3gh
% DAPIZF 374 10 ul mounting medium .= 3174 ¥
HNL S &4 &3dn|4(Olympus, Japan)o = HljREYE
o QA AEFS} AEAE £ AN,

H7ks sre iAo SAM 242 el AlS %
2 freshk
A3 2
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A9/ Al IVM 19} IVM 11 A]7]°] thymidines A
latel A% SrEalglon], g A7 Fr= A
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w AdolM e 7 A2 A= HAa
Al 0]’°d‘jr Nh‘ﬂﬁﬂroﬂ ek BASA e 52 test% o]
&3afo] Akl e, SigmaPlot 2001 program<- ©]-8-3

o felitE AASA,
2 1

HeM% J[ZH SO Thymidine A2 &1}

A ms Az A Qs Al IVM T A7)0 thy-
midine 2] &3+ Table 13 72t} A A17F 24179
7%, 10 mM, 20 mM 18|32 30 mM ATl A
T,E_LELO HHH]’JiA HL/@% 1;_; HHH]—_L *35%4 71—71—0
T vEkdn) sk, A A7 64171 % 10
mMZ} 20 mM Aol A 9] wigkE AEE-S 717} 853
%} 85.0%%2A 2] 46.6%H T} FolSHAl EATHp<
0.05).

=] s e A< Al IVM I Al7]¢] thy-
rmdme ] 3= Table 29} ZAth =g A)7F 2417+
3, 10 mMJJr 30 mM Aol Aol W &g, widar
2ol BAEL g2y} v A bk AESS
ozt Ho) °k =k 28y 20 mM A el A 9]
71—71—/] uugjé. = _'_ET ] HHH]—_J_ xgz:% 90.5%+= EHJZ_Q_/]
60.7%E.TF ol aHA $=8kth(p<0.05). T, 2] AlZF 64]
7re] 7%, 10 mMZ} 20 mM A 2litoll A o] Teks, bRk
ol whg d vt AEEE YR FARES O
w30 mM A gl s wiekEe] AJEE0] 333%%A
tzarHe) folskAl Sk TH(p<0.05).

Z128] 31 Table 13} Table 25 F35te, sHA
E&e] A< Al IVM I3 IVM 1T 2H2H9)
midine A2 E7+= Table 33 2t} i%ﬂ
45, 10 mMJJr 30 mM XM?OHAH t 2&E3 viRk
__LE_A bﬂ—/l{]j EHZ—TL"q_ H],\o} _TL j_g] 71—71—_4 HH
v o] /lg_,_g_‘ 0&7} lr—o ﬁsko]OJz]q_]_—, %O]X]—
t}. 18 20 mM x%aﬁoﬂ*i o
o] A& UlZa T v]SSSSIAIRT,
& 808%2H dhtite] 583%n Tt fofahl Sakvhp<
0.05). ¥4, #2] A)ZF 6A1ZE 4%, 10 mM, 20 mM 1]
330 mM Aol A ] E”%L%-‘Jr HjHEE 2 o] wfj kAl
& U7 v2Eeith aeu 59 iRk AEsS
10 mM} 20 mM % 2] ol A 2] 91.3%2} 82.1%% tlZat
] 583%K.tt -2t = U THp<0.05).
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Thymidine X2|0] 2|5 #|2|Y4E HiEEE

o AN
Table 19|4] thymidine 6A]%}, A2 &%+ 22}

H A
T'_'
0

10 mM

2= Thymidine A& &3} 73

7} 20 mMollA ABskel wiekare] FHS HJrhek Aves
Table 49} 7tk Zhzbe] Agltol A AAkE wjwtze] &
S = Etria | P B Bl ol BT L) e PR S | DS
L= o =2 b e B e R e S R4 A = I A i B
2.4+1.2719} 3.4+1.770 = thxao 5.1:1.3711&@ FrelsHA
A THp<0.05).

712]31 Table 2904 thymidine 2A17h, AH2lE%E 20
mMol| A A4k wjgkare] F48 w71sk A= Table 4
of Zt} Aol winkze] F AEFe} AXEARE 5
= oz v szekqich

&3, Table 3014 thymidine 2413F, A2lE = 20 mM
(A A 2 6217, AE%E 10 mM@B A2yl Azt
ZF A HHHHA EX@ H71ek Axb= Fig. 13
Table 4°l vtepet upe} e} Zhzhe] Aol A Aqke
HiREE ] B MErE diZ2at ) Blsssigleh v ALk
B ouakEo] AEAPE = A Aol A iRy B
SBIAAITE B Aol A9 36414+ tlFTe] 51413
BT} fo)8hAl Sk th(p<0.05).

TUNEL Merge

o . .
IVM I
(6 hr,
10 mM)
IVM I
(6 hr,
20 mM)
IVM I
(2 hr,
20 mM)
VM
1&T
(6 hr,
10 mM)
VM
1&T
(2 hr,
20 mM)

Fig. 1. Apoptosis scanning image of pig blastocyst in vitro. Al~
A6) The chromatin content is stained by DAPI (blue), B1~B6)
Fragmented DNA is labeled by the TUNEL reaction (green), and
C1~C6) Colocalization with DAPI is indicated as blue-green,
scale bar=100 um.
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Table 1. Effects of various time and concentration of thymidine during IVM I period on development to blastocysts of porcine oocytes

Treated-time Concentration No. of embryos No.(%) of No.(%) of lla\l]:sg)(gys(é
(hr) (mM) cultured embryos cleaved blastocysts on Day-6 on Day-75
Control 0 160 115 (71.9) 37 (32.2) 18 (48.6)°
10 158 104 (65.8) 43 (41.3) 29 (67.4)

2 20 162 110 (67.9) 49 (44.5) 28 (57.1)"

30 150 106 (70.7) 33 (31.1) 22 (66.7)"

10 158 109 (69.0) 34 (31.2) 29 (85.3)°

6 20 153 103 (67.3) 40 (38.8) 34 (85.0)°

30 138 96 (69.6) 32 (33.3) 14 (43.8)°

Values with different superscripts letters within a column differ significantly (p<0.05).

Table 2. Effects of various time and concentration of thymidine during IVM II period on development to blastocysts of porcine oocytes

Treated-time Concentration No. of embryos No.(%) of No.(%) of g:;;‘g}];fs
(hr) (mM) cultured embryos cleaved blastocysts on Day-6 on Day-75
Control 0 127 90 (70.9) 28 (31.1) 17 (60.7)"
10 125 66 (52.8) 28 (42.4) 18 (64.3)™

2 20 110 68 (61.8) 21 (30.9) 19 (90.5)°

30 103 52 (50.5) 26 (50.0) 19 (73.1)"

10 121 56 (46.3) 24 (42.9) 13 (54.2)°

6 20 101 55 (54.5) 21 (38.2) 13 (61.9)°

30 97 59 (60.8) 18 (30.5) 6 (333)°

Values with different superscripts letters within a column differ significantly (p<0.05).

Table 3. Effects of various time and concentration of thymidine during IVM 1 & II periods on development to blastocysts of porcine oocytes

Treated-time Concentration No. of embryos No.(%) of No.(%) of lla\l]:sioo(gys(é
(hr) (mM) cultured embryos cleaved blastocysts on Day-6 on Day-75
Control 0 173 131 (75.7) 46 (35.1) 27 (58.7)"
10 167 108 (64.7) 33 (30.6) 20 (60.6)™

2 20 154 99 (64.3) 26 (26.3) 21 (80.8)°

30 144 93 (64.6) 30 (32.3) 23 (76.7)™

10 148 100 (67.6) 23 (23.0) 21 (91.3)°

6 20 151 101 (66.9) 39 (38.6) 32 (82.1)°

30 137 76 (55.5) 24 (31.6) 14 (58.3)"

Values with different superscripts letters within a column differ significantly (p<0.05).

Table 4. Effect of thymidine treatment during IVM I, II and I & II periods on apoptotic patterns of porcine blastocysts

Treated period Concentration No. of Apoptosis(nuclei)
(hr) (mM) blastocysts DAPI TUNEL
Control 0 18 38.9+5.8 5.1+1.3°
10 18 45.7+7.7 24+1.2°

IVM I (6)

20 18 42.3+7.0 3.4+1.7°
IVM II (2) 20 19 39.8+7.1 5.9+3.7°
IVM I & II (2) 20 21 35.9+£2.9 5.2+1.9°
IVM I & II (6) 10 20 37.9+3.7 3.6£1.4°

Values with different superscripts letters within a column differ significantly (p<0.05).
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ARkH o7 Aejol A LHEE FEToZRE ity
o4 7Hs3k vz Ejolz o] uido] Aol A Ake
AR TAEo] YlKhurana 5, 2000). L o] A
7= A WA ugbze] AejAat o] AujEch
1| & (Kitagawa &, 2004)3lthal ¢elA] lom, gk &5
H 5= dARRY IeEo] Aedsel ATEHE W
¥ Aol defd AH(Ebner 5, 2003; Gordon %,
2003)0ll o]<Eskal 9lom, oleh Haxgte] ey Ad
S BE Az F3I Aol Edtal s T B
TARE 7HA AL vk whebs] G821 wiRkare] A9
2he fleke] vt S TSk Bo] Al 7]
o B £UES gk god ek w3 ujg
o AFE= daEeke] Mol Qlojx] 7] FEjA W
HoE= AV Q7] wiitel], Askel WS o]&-ate
wop A ddERe]l dasit) o]gh e S Edj®
Han 5-(2000)2 4 wrghe] 2o glojA] HAT wjAE
o]-§3}7] %= 3Tt

, A A GETS AeAgol HiE B d
WA AEE s, o] T 3 s wiA Holl Tt
= RIS E 239 AH8(Ebeling 5, 2007),
A|32] mitogen activated protein kinase(MAPK) 233}
o o]3] dojd AHoltkShimada &, 2001; Fan -5, 2003;
Liang 5, 2005). L&t} 3 Ad<so] dofif= AJXH(~244]
He 2(~8A Y H(~8AIZHHETE 2 AlZFS Ha s
FTHFan 5, 2004). 3, AEXA A% U AR A
AabEl s8] gap junctions B3] WAIZ ©]F
3lo] Loy (Mori 5, 2000), 3 A<%53 w7 A =2 Al
FA A4o] dojus A7H24~3247hE B2 FH 2
v JEe] AlZES 8= tk(Mori &, 2000). wheEbA] =
2 mAS GEHS o] &3 A4 E7ES nFL v
HEE MRS 91 TP 7132 A oA Sk wyoln,
53] Eebdst winkze] WAlS UehE =X S
o] 7|&9] L thE T Hl§ o a3tk

Aol A mA s GRS VM 13 IVM T
712t &<t thymidine wi=|oll A2]ste] W £3Hg, wjuk
Fzo] g 9 oauky AESS FESITHTable 1~
3). IVM I A17]el| thymidineS Hg]gt Az}, Hg] A7t
72 75-2A7hol= thymidine #2] 5ol v 4 &
= AL ASAh ey Al AlRKeAIRh o] AojA]
o, ek AEEo] FolxithE AS F11skSIth(Table
1). oJAL EF dAENYH I HA s dEg
o WMAGAE oy FH7E Q7] v, mjdzr]el=
Hj o] Ag = dAet Algte] ATslof 3 Aol
AZE T AL ou)git) 3, 9199 thymidine *12]
= AZHY 234 F thymidineS mM @92 F7}F A
A & S48 G237 Yehbr] i A
A3 A1713(Opitz &, 1975; Evans®} Booth, 1976), gt
79 thymidine> MXF7] 5 S7]el4 DNA F4<
AAA 7= A& o]-83Fo] Blumenreich 5(1984)2 3
Wl Jaxgol]l A gkxte] Faro] 399 thymidines
A&A 0w FRUg Ad, P §7) AR A ATt
7 et Z1s Baslelth e, A wads Wargke]
GVBD @742 mjAjel F7hsh= 2220 ¥ (Ebeling

5, 2007) 0.2 dojutar, A XS] MAPK 243 A
o] AAulF ~1347h9h BEe] dojdrie AL 2
AN M= thymidinee] 2] A|to] Ao A= G4
(Table 1)°]2TH= Azt AAFTE o] AL #9e] thymi-
dine A= AMENA dERb= & F44 E3(Opitz
AARAER GEIAE o] 9o

= 1995)9h= o
24 58 QAHoR oANA FA At s )y
S oaTde AN 5 Ut T 48 T 5 Aok
A% ANt

HH, TVM I Al7]ol| thymidineS 2|3t A3}, Az
A7 FEe) whE b i T8 H|E 247 20 mM
Al e A wiRkEe] AEFo] wria X A
WA o2 VM I A7l Agjshe whae] maks ISl
(Table 2). ©]3& 3] A< Al7]ell= F2 gap junctions
3 TR 74 AIAEe] dakE A HARE A
XA ASAE 28] o]l HAf 7hAeHA H
3L, WrAETE ERgEbAl HWA] I AIERE] gap junc-
tions T3 B4 Hde o7t xlgdElo] 93]y s =0
A7kl wiA oA 26A17F o ket A Q) sEo] 7t
23}l B al(Ebeling 5, 2007)¢F UX|3H= ol AT
upehA] s A v ss W] A9 Al DNA @4 A
7= 3 A AlEE s A7) gkl 2pelzh 9lom,
A AS 713 59l IVM T Al7]ell thymidine %] 2]
ol 2g SEde F ayyt gle Je® Algd
o]23+ ZA3}= Table 13} Table 29 A2 F3slo] 7
B3 Table 3914 % 22 &ido] FRIFATE =7 FE
o] Ao Bt 3 A Alxd As 7 4
Zke] Al7]el] thymidineS *2]dt Az}, 2A|7HET} 64
Aol A A om wiukE AEELS =9k} o]
AWE T thymidine> W& Fejdoz wgL
oF = QAN mEAolgta AztEE YT FxEo)
A Qe A A = G A, gap junctions &%
EAHG(Suzuki 5, 200007 1§ 2] JFo
HlF ~10417F Afolel] wid<s whargke] GVBD H wha A
A (Fulka &, 1986)> U5 2/d3telqls slolekal Ab
sk

TE]an AL HA] FEFoRRE o)A Thsdh
aFA] SRS A A2 Aot AAA
= A7) AEel 93 FEHByun 5, 1992; Hulin-
ska 5, 2011; Ishizaki ‘5, 2009)2.2 #TE -2 7
1Z Q1 Apolol] wh} dFA|o]x] Rairk= Wde] Q7]
wiitol, Hrp Ao HrkE = 9= ol ATE
oA gt} 1 T wukxE o] M E4(Kidson 5, 2004; Lee
s, 2007), vi¥EES] A|FEAPE (Kidson -5, 2004; Ock
s, 2007)7F vb= 2Ao)vh 53] A ZANE e AlEARE
774 &<t endogenous DNase €730l 2J3l] AJ4J¥ DNA
fragmentations EAk] o] FH5 2RR1SHITHMat-
wee &, 2000). ¥ AFA A= IVM T Al7]el 6A17F &<t
10 mM=} 20 mM2] thymidine *2]<, TVM II A]7] 2]
ZF 5920 mM A2, IVM 13 IVM T A7)l 241 7F
20 mM % 6A[ZF 10 mM Aol A wjgkze] F Ax
9} AEAPE 425 H|alsloltTable 4, Fig. 1). wiRkE
o] T MEFE FARE JIAANL, AFEAPE = VM
I Al7]9l| thymidines A28k ol A F2)3k a7} Lhe}
S THp<0.05). olefgh A¥= =A] nAd<s dargho] IVM 1
AlZ19F IVM T1 A71& AXE &3 3 s Alxd A

lorot L
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ol wheh A ) mE A
2 BgrA o] x}o)(Beers

% oA ZEE
= oAg B
= gk aea MG dEd
5 A7 A

QoA M= FaInk
PN
o i= A R TRE=1

=, 1978)2kaL AYzpsk 4=

S IVM 1 A7)0 2222 o
=5 ™ (Downs, 1997),
ol 7+ Al HE

25 H A purinele] AgHAo
thymidine 24| 3£2] 224 Q1
o] pyrimidineZ|®] A& FEstleAE Eevh o
2hx] & AJS(IVM 1) Al719] thymidineS #2]8l= Zlo]
Az ASAVM ) A7]ell Aelshs Ary asb#Ql
Ao R Abrer) 12]al thymidine?] &= AM L=
g addolgtal A7Es dxda) dprAlze] gk
S A FAEG A 1 AEHS FIW e
= A7pgi
B AT A dxE o e aEde] Wik E A
7] 918kl A< Al thymidine®] F7p7b et
1 T ou) el WX e avEs AESeIh
, A5 5E0] thymidine e FEej4 M
53] IVM 1 Al71ell 2d 5k Ae] ARkt 5
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