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ABSTRACT

This study was conducted to investigate effects of L-ascorbic acid and selenium on maturation,
fertilization, and development ablity of porcine follicular oocytes in vitro. When the follicular
oocytes were cultured in the media containing 0, 62.5, 100 and 300.M of L-ascorbic acid for 40~
44h, the percentages of germinal vesicle breakdown were 86.8, 92.9, 91.7 and 92.6% respectively,
and the nuclear maturation rates (M [ ) were 44.7, 57.1, 52.8 and 53.7%. The nuclear maturation
rates of treated groups were significantly higher than those of non-treated group (p<0.05).
When the follicular oocytes were cultured at 0, 0.4, 0.8, and 1.5.M of selenium for 40~44h, the
nuclear maturation rates of treated groups were significantly higher than those of non-treated
group (p<0.05). The addition of L-ascorbic acid or selenium to the maturation medium, the inci-
dence of male pronuclear formation was significantly increased (p<0.05) and polyspermy rate
was significantly decreased (p<0.05). The addition of L-ascorbic acid or selenium to the matu-
ration medium increased the clevage rate, morula and blastocyst rate (p<0.05). These results
suggested that the addition of L-ascorbic acid and selenium to maturation medium increase the
nuclear maturation rates, male pronuclear formation and normal embryonic development in por-
cine oocytes matured and fertilized in vitro.
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IHEE A9 $AT Y 7|27t HUG(Flem-
ing%, 1985 ; Bavister, 1987). SR WA &G ¥ 9]
 A§H%e  Edwards(1965)¢]  &Jste]  AgelA
43~46717H5T A QoM WIFTonN AYERY
A7 (prophase I)2] o}%7](diplotene)ol] B3]
AQ @zte] dol AHH-AL AN A2 &58-4%
7] (metaphase I}l Eg%ithe Aol A& B2
A, AExde] B3RS dan Ge AdYYE, =
< A AYE, FHF B2 dEE, E2uukEy)
Yggso] A2 XA YH(Thibault ¢} Ger-
ard, 1973 ; Funahashi %, 1994). W&} sjx] ¥
T YL EL wolale AT F G229 Y
(Motliks, 1984) B d¥9) =7)(Nagai®, 1993),
)5l AJ<u A ZH(Yoshida, 1989) &3 7He &9l
o} 213 mASFEEY] A5l vlle Fe o)
T A7t Gz o g SYE gton dEx e X9
T B 4458 AN 9% ARAR AATL 5
LAt Lu F, 1989 ; Yoshida &, 1993). &3 uj
FA AWRARIAES A7tE GRS A4S
AAE AP e (Zhang &, 1991; Kitos} Bav-
ister, 1996), A= TaEe] Ak A4S ¢
X339 £ &3 wiwggo] F718 293 (Funahas-
hi ¢ Day, 1993), &g sigd =4 oigt IF
(Yoshida %, 1989, 1992), A)24% Wiy ¥4
¢} #7}(Naito} Toyoda, 1992) 5 chekg A77t
s gt 28y HA 9 B, vAsEES
o] HegAsAzto] OE 7HEef vl AL, ALY
Al AYASARTG FTAEY d¥x o] uA g
AFAHAA U= 7t A3, 4A £l 9] gap junc-
tiong] 74t wElA A olFd FHE Y (Fun-
ahashi§, 1995) st} <A Zko] Aojx| 3 +A A ot
AR Aol HolA, SAUYYL #h R
Aol gl ALLAE FABY(in vitro cell
block) & &g AHzo= APy 2 4
AR 4ko] F3] AT s AFo|rH(Ball, 1983),
A jujFa ol A BAEE free radicalS A)A 317
A e Yo Z Li 5(1993) A E A
1oz A8 Y-S FEY & Y Bas)
Ak, M 2] A uf A A o] AiksMEe A ¥
EREFAZ 2g3ed, oy A ES FUAF)

7] $18iM & L-ascorbic acid(Vitamin C), a-tolcop-

herol (Vitamin E), superoxide dismutase, cat-
alase®3} 72+ #4¥3}E 3 (antioxidants) o] #&3}
g, A E et 7 FastEH o] wigdy el
EASA ot NE AFE A A7t Aot
{Murray 5, 1990). Z/5E9] AX EAsh= &
31989 GSHE otv|xite] o, aulde] A%
DNAS9] deoxyribonucleotid A7E2 A 2 free
radical#} reactive oxygen compoundse] o3t M| X
2 REF B2 HEYF 71dd o) Fad 4Ee
Faslar glon, AJujekde] GSHA M= oxdat-
ive stressel] 913 dojite YA Y 2R
@S HEHT, Free radicale ujda Fzpo] 23
FYE 5 A43Q Y FLox AAE AT, E
e8] RE MM Fi 9 BEAG3], Axe A
o HFYA3} Fo2 MEI5E EFAIE Ao
B 7(Bize ¥, 1991 HZ Qo ol XHFE £3
& A oM Miggg FENS o SHuLE A
oA AAeAB%s AR (In virto cell block) @84S of
71N Ao R BRIl

mbA 2 A 945 vddue) gasiEa
¢l L-ascorbic acid 9} selenium® 37} S v]A4
GE@ AAAEE, AT E 2 Aguag
9 VA& AHE FESFA AAAT

I.xiE ooy

1. 3A] HERe| Fy)

Ao FAT dXFLE T AF HE3 Y48
N3, 75pg /ml penicilline G} 50ug /ml streptom-
ycine sulfater} H7tg 30~36T9 Azl g5l
BE 27 ojo] APAE 24k dae] 39
£ A Hd+E 2~338] AT ok, X FF
3~6mmQl FEA FEHE AH3YcE AT G
XA AA@nFsA GrAEe] B2} F
T3 G X o] FAT FEFS AEslo] A Ay
&l FA At

2. ujjeley

£ A9 AM-8 AYAE vl Whitten's wj
o) 100U /ml HCGS} PMSGE 7, 33l
¢l L-ascorbic acide 0, 62.5, 100, 300.M, sel-
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enium& 0, 0.4, 0.8, 1.5:M-& H71F 0.22:M syr-
inge filter2 o5, COMI%71(39C, 5% CO,) A
10~12A17F F2F BH A7) F AN ¢35y
E uiofefe TCM-199(Sigma, USA)9] 3.05mM
D-glucose, 2.92mM Ca lactate, 0.91mM Sodium
pyruvate, 75ug Potassium penicillin G} 50ug
Stereptomycine sulfate® A7}8 71 wWjgAo| 0.
4% BSA(Sigma, USA)E 37} pH 7.82 2% A}
S A YR e TCM-1999] caffeine so-
dium benzonate(Sigma, USA)E 37} pH 7.42
Z7 AFESE Y Alagu]dd (In vitro culture
medium)-& Whitten'’s v F4-& AR&3}ic). Whit-
ten’s ujS}elo] BSA 0.4%% H7t AHgstglon, ALe
Aol 0.22,M millipore filter2 o3}, W73sle CO,
vl g7]0lA 10~12A]7F Bt HPAIZ & ARg-siich.

3. dxo] HlelM%

Id GXEL 10%9] ¢xY, PMSG 100IUs
HCG 100IUE 715 A9 A% wigdS 500u4
4-well dish (Nunc, USA) el £33} mineral oil&
HBg F CO, ¥ig7iolA welld 507 Axe] vjA
& XL A}l 20~22A 7 Wi S F T2 F 0]
AHANHA G& A9 A& wigde] &4 A 20~22
A1k Fot wiFste] A %S Fesc

4. FX}e| | R Mel+H

WERHAY e AT P4L 75ug /m] potass-
ium penecillin G} 50ug /ml stereptomycine sul-
fateg A7} 16T BF AMEEH Y. HY 5Scedl
o] BSA-saline(0.9% Naclell 10ug /ml BSA 3
7h) EET F 2002004 387 A48 # F A%
9} 5mi$} BSA-Saline 5ml &3, 1200ge)A 387}
2~33] 94 23 ARHAD. AF F v} )
¥ FREYE At 8 ARSI 2X108/ml
7t =5 24 CO - MY71(39C, 5% COy)elX 90
¥ 3¢ 8% 858 FE3UcH(Nagai 5, 1984).
AL AA4H wFdL 50u9) v42H-E Fs
mineral oil2 &3 F CO, ujg7] WA 10~12
A|1ZHEt B AR 4042 A9 A4 ¢A 10~
15708-& £u§ vl2al2 §7)3, $3% 85 )
Fdoz H9 AFEer) 1x106/ml} HEE =

H AAE FUF F CO, WG] HellA 6417 <
wFete] AArg & frEstA.

5. Hxie] Mlef M= 1y

A9l wioF 40~44r7 Fol) 0.1%9 hyaluroni-
dase® <€ dxe dFHEE A3 AATG F
25% acetic ethyl alcohol -§24d)] 48A17} ol4} 234
Nzl & 1% orceins} 45% acetic acid2 g3}
3 @n)7 (Nicon, Japan)stelld 77 H4&5&
& A

6. xio| FUE U Y M Y =AL

AFAF £AYL acetic acid®} ethyl alcohol
£ 3112 ET Lo 48417} o 2AANN ¥ 1%
orcein} 45% acetic acid2 g4ty ¢4 Hn)A
BtollA AALe] dahy e L A A Yy 5
S ZARIY. @A A B $42Ye] B
A Ao Yol o]FAH T BASIZ T o)A
SAAY o] shtel dalelM HAEHW hAA o
2 7+38rd ). (Nagai %, 1984)

7. Mleujuls

Whitten’se] 2ol L-ascorbic acid®} selenium
S Z2te T i mjgd g 50u PlAAE
ZHgste HAg 49 6AZ7kA Aujga s 3
T WAl pRuAAo R S Ao &
A 7Vd7) pipeting®t 5 dajol] B39 Pzl
HAEE AARAUL, 248 v2Fe 42t dAE 10
WY &AF CO, mj g7l A 1204 759} vl Faba
A FRTE FEE] GEE, A 2 vineg
o deg-& AT

8. EAlEAN
£ JAgdA ol ZFil= ANOVA(Analysis of
Variance) Ao o5t SAAEE AA 30

Il. ZHxzt 3
1. L-ascorbic acid®} selenium¥7ueko] H2lA

= 9 MiejsEol njxls A
A 9] A <u k<Y (Whitten’s medium)u]e] L-asc-



orbic$} selenium& H7} 40~4447 A& A7)
Azl Table 13 29} ok AeAduiFy
L-ascorbic acid& 0, 62.5, 100 ¥ 500:ME& H7}d)
FRNE o ¥ E &S 72} 86.8%, 92.9%, 91.
7% R 92.6%% WETFNA AT ulste] o v
ot BAF Fla= Tk 28 A 2458
47 V(M) PYA5E&L dRTolA 44.7% Az
FollA ztz} 57.1%, 52.8% B 53.7%E F9Hos
=94t (P<0.05). L-ascorbic acid$} seleniume 3
7t A5uge 98 AL FEF AYgsHE,
AN S 2 FAAANH A EL Table 33} 40 A
Al8tt}. L-ascorbic acid& 371 A YAd<A17 =
€ A5 F=F A AAANEL 4 70.
0%, 78.3%, 75.0% R 75.6%= thxTo) vlste]
2FellA] g7t B Aol oy AR AYLL o
ZFNA 77.8%% ol =& v A2]FlA 7

34.5%, 30.0% 2 29.0%=% Fol3oz vA ey
tH(P<0.05). =% sh}e] dale] AYP FAAEE
zTelA 23102 whA Aol 1.2970~1.67
AR dgtom SHAAHPAHEE AN /93
o2 v YJePgo(P<0.05). A&ugAy sel-
eniumg 7t AYHASAY d2AE AAYSFE=F
A =seleniumE FA7t AY4FAD IAE A9
AGE¥ A L-ascorbic acidg A7 7 o}
AR 738E Bt} o]$} o] L-ascorbic acid$}
selenium% $43EAE FrHe A FollM iz
o Hlsl Ayt ALFAo] YIH R
L-ascorbic acid$} selenium%- &H4F8} 228 v ool
W A7t wgEe 2 ndsdEdY MgAEA 4
A€ GSH7 A ZAY &3 34 SN L
27712 Free radicalAd-& A slo] oxidative
stressZ $3WL R F387] o E(Shihabi®, 1989;

Table 1. Effect of L-ascorbic acid addition to maturation medium on nuclear maturation of porcine

follicular oocytes
L-ascorbic acid No(%). of oocytes at the stage of Percentage
concentrations No. of o?cytes No. of oocytes of
(M) examined degenerated GV MI Al TI MI GVBD
0 76 6(7.9) 10(13.2) 12(15.8) 8(10.5) 6(7.9) 34(44.7)° 86.8
62.5 84 6(7.1) 10(11.9) 10(11.9) 6( 7.1) 4(4.8) 48(57.1)° 92.9
100 72 6(8.3) 10(13.9) 10(13.9) 4( 5.6) 4(5.6) 38(52.8)° 91.7
300 108 8(7.4) 14(13.9) 10( 9.3) 12(11.1) 6(5.6) 58(53.7)° 92.6

GV ; geminal vesicle stage, MI ; metaphase I, AI ; anapahase I, TI ; telophase I, Ml ; metaphase II,

GVBD : geminal vesicle breakdown

&b . Different superscript within column denote significant difference(P<0.05)

Table 2. Effect of selenium addition to maturation medium on nuclear maturation of porcine fol-

licular oocytes
Selenium No(%). of oocytes at the stage of Percentage
concentrations No. of o?cytes No. of oocytes of
(M) examined degenerated GV MI Al TI MI GVBD
0 60 6(10.0) 8(13.3) 8(13.3) 6(10.0) 4(6.7) 28(46.7)® 90.0
0.4 90 6( 6.7) 10(11.1) 10(11.1) 10(11.1) 6(6.7) 48(53.3)° 93.0
0.8 98 8( 8.2) 10(10.2) 11(11.2) 8( 8.2) 8(8.2) 54(55.1)® 91.0
1.5 100 7( 7.0) 10(10.0) 11(11.0) 10(10.0) 8(8.0) 54(54.0)® 93.0

GV ; geminal vesicle stage, M1 : metaphase I, AI ; anapahase I, TI ; telophase I, M1l : metaphase I,

GVBD ; geminal vesicle breakdown

2b - Different superscript within colunn denote significant difference(P<0,05)
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Table 3. Effect of L-ascorbic acid addition to maturation medium on sperm penetration, polysper-
my and male pronuclear formation rate of porcine oocytes

L-ascorbic acid No. of No. of oocytes No. of Mean number of No. of MPN*
concentrations oocytes penetrated polyspermy spermatoza in formation
(M) examined (%) (%) penetrated oocytes (%)
Control 60 42(70.0) 28(77.8)° 2.31 16(38.1)°
62.5 74 58(78.3) 20(34.5)° 1.29 34(58.6)°
100 80 60(75.0) 18(30.0)® 1.67 34(56.7)°
300 82 62(75.6) 18(29.0)* 1.51 36(58.1)°

a, b ; Different superscript within column denote significant difference(P<0,05)

* MPN : Male pronucleus formation

Table 4. Effect of selenium addition to maturation medium on sperm penetration, polyspermy and
male pronuclear formation rate of porcine oocytes

Selenium No. of No. of oocytes No. of Mean number of  No. of MPN*
concentrations oocytes penetrated polyspermy spermatoza in formation
(M) examined (%) (%) penetrated oocytes (%)
Control 60 42(70.0) 28(77.8)2 2.31 16(38.1)2
0.4 100 68(68.0) 20(29.4)° 1.60 38(55.9)°
0.8 80 52(65.0) 14(26.9)® 1.76 30(57.6)®
L5 98 78(79.6) 28(35.9)° 2.11 40(51.2)°

a, b ; Different superscript within column denote significant difference(P<0,05)

* MPN : Male pronucleus formation
Caamano%, 1996) o]t B},

2. L-ascorbic acid®} selenium#{7juljeto] £8¥
Hie{ujalgoll olxl= g8

L-ascorbic acid®} selenium& 37} AYA<d &
A& AY,Y F=F ALY HF & Table 59 6
F 2, AYeA BAF 388&-E L-ascorbic
acid A7HolA 42 65.9%, 60.3%S} 64.1%% 47.
8%%1 W0l I3l foF o g E9k51(P<0.05),
120A175-qt A ] ofjA] B A& A dggol )
ZTo|A] 20.2%% RPA A2 FolA 21.8%~27.2%,
REE e g dRTolA 9.0% AaTFelA 11,
4%~13.8%2 25 AFN fejHez it
(P<0.05). ¥, selenium H7}A] 48A 7+ % FE&
< gizTA 48.2% AT gz} 53.6%, 56.
9%%} 49.3%% 0.4 M3 0.8.M H7LFA F95
o2 =3 (P<0.05) AAujurad &3 wivtey) wg
& 2F A7 foHez E3oH(P<0.05). °]

2§ A= Umaoka% (1992) o] ko)) &hakaiA]
¢l SODA7Me AFFA T &S FAMZe
B} AX APon Mgy A8 EF HIHA
cell block@4& AAste] mMuegs PFAzIT
(Matsuyama ¢} Fukui, 1994) &= R 7 9% Y3 3=
73g uych

ol AAE FUMEA WFAy FakskA Fot
£ dXdo] YoM J&Ele B AEd e A3l
&g &4¢ BEshesl(Grupent, 1995) ¥ 499
ARG E Aol AT RTALlY B
AR FolE BAL(P<0.05), ALFEF 43
&, TP NE, dEETE d2T H3lo §
Aoz A veh} aatsiAle) Mgl Arke
2@ &g, AAANFE 2 AP LT o] /ML
the B39 YAshe A n4vh Fast4 At
e Mxo 473E 2NN, WYddy EAs=
GSH (glutathione) ¥ 7132 &4 A¥F GSHE

g FAANPeEZMN free radical® RE FITL
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Table 5. Effect of L-ascorbic acid addition to culture medium on in vitro development of porcine

oocytes following insemination in vitro

L-ascorbic acid No. of cocytes

No. (%) of embryos that developed to

Cleavage rate

concentrations 48h 120h
ined t 480(% -
(M) examn 2 0 ioacell 8toloedll | Mor, Blast.
Control 186 89(47.8)2 46(51.7)  43(48.3) 18(20.0)*  8( 9.0)
62.5 132 87(65.9)® 40(46.0)  47(51.0) 19(21.8)* 12(13.8)®
100 145 88(60.3)® 48(54.5)  40(455)  24(27.2)> 10(11.4)®
300 134 86(64.1)° 40(46.5)  46(53.5)  22(25.5)° 10(11.6)°

ab . Different superscript within column denote significant difference(P<0.05)

Table 6. Effect of selenium addition to culture medium on in vitro development of porcine oocytes

following insemination in vitro

No. (%) of émbryos that developed to

Selenium
concentrations No. of o?cytes Cleavageorate 48h 120h
examined at 48h(%)
(M) 2to4cell 8 to 1l6cell Mor. Blast,
Control 112 54(48.2)* 35(64.8)  19(35.2) 11(20.3)*  6(11.1)2
0.4 125 67(53.6)® 36(53.7)  31(46.3) 24(35.8)® 17(25.4)®
0.8 123 70(56.9)® 34(48.6)  36(51.4) 21(30.0)> 18(25.7)°
1.5 152 75(49.3)2 35(46.7)  30(40.0)  25(33.3)® 15(20.0)®

ab . Different superscript within column denote significant difference(P<0.05)

B3 30 (Tesuros, 1981: Li%, 1993), ®jgehy
L-ascorbic acid®} selenium% 8Hab8iA|o] A e
GSH9 s%8 FWAA 3 &g Y&
A& she heat shock® HE] £33 B35 oxi-
dative stressol] 3] dojul= Auigd A HAY
£ FE AU WITIE AL gEA Iy
(Ealys, 1992;: Arechiga®, 1995). & dFdMe
AR AdueA GSHEEE 248k QAW
Aulel wiukxn] Wwggo] L-ascorbic acid, sel-
enium& A7} FolA 27 vdld EA A &
AHP<0.05) & Holv ZAIAR no} gt Hst
© A JN e GSHEEE S7H7]9 Agag
&% F7M0 2 B g Takahashis (1993) 2 &
AHgt A#E B WA 2] o dsdEde] A
Asei g AP Ee LgA] gl Gt
A Arte S ERY] A5E A et
AP & L AT AL s AA AL F8
3t Ao S AT E4AHQA FrEAR
o]l 48 4 oz A,

N.2 <

B AREe A&l L-ascorbic acid ¢
selenium& F7} W%, WA v s dEE] HA
s, A& L ALduiddd riAe IS FAES
2 33tk wikdull L-ascorbic acid& 0. 62.5.
100 223 300MI1 H7t 40~4447H5<T wigst A
He dlE B3&o] 27} 86.8%, 92.9%, 91.7%,
233 92.6%AeH WG5S 4 44.7%, 57.
1%, 52.8%, 233 53.7%% A7HFolA feFe=
34t (p<0.05). Q&M FAN  L-ascorbic
acid ¢} selenium® H7F wig F A9 4 {71 2
34 FPELE FlFeE &3 (p<0.05)
93 A& feH ez WA Jelten (p<o.
05), M5 F G&E, 4o} viute)] U2g
T H7HFONA oA o2 #A e (p<0.05).

olg| ¥ A= A& YA L-ascorbic acid
9} seleniumg 7t MG P29 A vjdsEES
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