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AQFA F A9 a8A| 7 ol FFHEL AA §- Foll Bl CRiaa Ml YNl hemoglobing 0, 1, 5 pg/mlE %
7}t 9] 7] o] AARSA AL M EE AAT Foll A 23.8%, 33.3% L 26.8%RoH, ATHEE AA
3HA] 2 FolX = 42 39.5%, 54.8% L 48.8%=A GTAHIEE AASA &S 7o HbE 1 p/ulE A7FeE 77}
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9 391%PoH, YFAEE AASA X FoAXE 247 33.9%, 67.2% 2 46.0%ZA4, FTEAEE AA} A &
Tl HbE 1 pg/mt A7H77F AelFo 3] FAA o2 {fodA A el thP<0.05). CRiaa WG ¥ o] L-NAME
£ 0,10, 50 2 100 mM2 715t Foll A 2] o] 4 B85 A9 uk8-A) -2 Zh2} 55.6%, 64.9%, 58.8% B 66.7%=H
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BE AT vivtxztx] 4SE AdrATY AEFiA= At zojrt AAHA Fdrh
(FA|°] : Bovine IVM/IVF embryos, Hemoglobin, L-NAME, CRyaa, Nitric oxide)
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Z 2| Nitric oxide(NO)= AFAAE T3 thdgt A
gAA ] T2 ZHAEA QAAFH I gltKChatterjee 7,
1996 ; Moncada %, 1991 ; Shukovski®} Tsafriri 1994 ;
Yallampalli 5 1993, 1994, 1998). Fostermann 5(1991)&
NOSE Ca”/calmodulin - dependent isotype®} Ca*"/cal-
modulin - independent isotype 2 E TE3}3T}

I 337 AE Jol] g4 EA)8S constitutive NOS
(cNOS)Z A Ao & nNOS(Bredt &, 1990)<} endo-
thelial M| 20l ¢l eNOS(Beckman &, 1990)°]t}. o] & &
A28AL HEUY calcium/calmodulin dependent®] & =9
oz} 2d=HH AEH 752 T2 AAH AL EZ (neuro-
transmitter) 2 83t FEY 7|9¥HE BAANA F=
7155 AV 489 o|gAE-E Tt EUE AT
£ 71%E 23 AUt & 349 calcium/calmodulin inde-
pendent isotype> F2 WA E, 7bH E(hepatocyte) H
smooth muscle cell FollA HHEAAQ cytokineol
lipopolysccharide(LPS)ell ¢]8] #FEtEE 524 a9l
inducible NOS (iNOS ; Hibbs &, 1987)°|t}. iNOSel| <] 3}
A AdE NOE #og 242 A8y, So|xoz oA
X E AFEAT7IAY 2 AldEE Fole 715 sk 9
S W9 ojvEkHibbs T, 1989), 2 kA FH
neuronal degenerative disease, =2 % 7|# &4, 59
3 55 FEAVIE Vise 7 228 EaFHa Q)

Shod N

(Beckman 5, 1990 ; Bredt 5, 1990 ; Ischiropolous &,
1992).

IHEE FAT AdolA NO tirre S7te 3T
282 A58 (Lim 5, 1998) , NO= &4 A7) 4
o] of 2] thabRtgel| AEFE F= A2 B 8l
SH(Lim T, 1999), AFANAN = 2715 AHSo|
8¢ 98 & Folgti B st th(Fukuda &, 1996).
AeFgTe] Al WFd ol NO scavenger?]
Hemoglobing 7}, Aujdgozn Al 2
FSAAEYE FEAA ALSES PR LB (Lim
5, 1999), S ol drAEe Fujdd HE A}
g vj¥H o] nitric oxide scavenger(hemoglobin)2t
inhibitor(L-NAME)E 7}, 27|53 W] vl3=
FHE AEY 23, NO HFES A9 d5&3 4933
BA} dE AR B g tHLim 5, 1999).
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TEE2FA Ee A9 GAE 247 oo Agas
W, H730] 2~7 mme] HERRY v GRS
AT A GEFE AAHD A SollA] FA}p F
Aol FTFAEI FL3A ERE dE AT 88
o], Dubelcco's Phosphate Buffered Saline(D-PBS ; Gibco,
US.A)9l polyvinyl alcohol(PVA)o] H7He i kel
(PBS-PVA)H 32} &8 vl YA (TC-199, Gibeo)o.E Zt
7} 23] MH F Aol o] &3tk

Gl Agulds A5t TC-199(Sigma) %ol
10% Fetal bovine serum(FBS, Gibco)3} . E(FSH 0.5 ug
/me, LH 5 ug/mt 2 Estradiol 1 ug/md, Sigma)©] T2 4
SHFA S HE F 20~2A1Z wjFEte s dETE
At & Ao FE3I3ch

Hxao o 4+d

FAGN05 mo)g 37CY F2FzoNA Fag £, 10
mM caffeine(Sigma)©] F-¥ Brackett®} Oliphant B &)
(BO ¥, 1975)7 £, AAEE)(1,500 rpm, 10E)E 2
3 A4 F AR F2rt 25x10° AApmrt HE=E FA
BHa-g |3

AL)FgAe BO wjFHol| 20 pg/mé heparin(Sigma)=}
20 mg/mé bovine serum albumin(BSA ; Sigma)E 3 7}3H
HjF Al Wl 50 ue] £~3g e F, A9 A &A1)
GEES Mt 107148 A A Qujgde] &1 &
237 vhg o2 ZH|g AN 50 WS SRS Yol F7t
& AdFAHL AAEAY 48 F 6~8A17 CRjaa
(Rosenkrans®} First, 1991) #jgd o2 2~33] A &
44~48A|17t ok AlQujFe AAlEte ArE 2~841 2]
A FATEE FTFHAEE AA T AodS Aol F§
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A Q420 Nitric Oxide? SHEHE A Y

AT F 44~48A ] FFHEE AAT 2~8 M
2719 ALJeA g AASA 2 2~8 A7) A5
A Theukdlel CRiaa Wi%Nol nitric oxide sca-
venger?] hemoglobin(Sigma)= A 2| %S 48417k% 96
AIZE 0,1, 5 2 10 pg/mt H7Faked AW YE AAIEHA
nitric oxide scavenger®] HBFEE FAFSIL, A2
Azt E hemoglobein®] 717} AlelA &) Aot
& vAe a3E HESISITE EF nitric oxide inhi-
bitor$! L-NAME(Sigma) 0, 10, 50 2 100 mM< | <] ulj
4877kl Hrete] 5~643t A Lude A3t 2R
AESGen, A4 F Aatw awtEr) FARBY o
H2 PF@ o 9Jslo] AEFE ZAIEIAT

HO|4HEY HES TA

A o) Fg o] HE ZAME Papaioannou$t Ebert (1988)
o] o|FHEFANYHE THEYSI ZALSITE Aol
Agrel EHUIE 05% hyaluronidase(Sigma)ol # 2] 5tod
B8 A121 ¥, TNBS acid-PBS (1 : 9)<} 3 mg/mé PVPHof @
o} 4CollA 1087 A2’ ¥, Anti-DNP-BSA (1 : 10)4
oAl 2083t v get ¥, Guniea pig complement -PBS(1 :
3)oll Al 303t MEatsich ¢ Wil fJa) H 2IA
o) X7t B A DL 2.3% citrate -89} ethanol 2 3
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19 &R THE N0 AT th, 10 #g/md Hoehest
33342(Sigma) <t 10 pg/mé propidium iodide (Sigma)°llA]
4~583F FAE AN slide glass 9o 3 4 moun-
ting ¥ oy 4A¥g vHEL FME FATSE &
71 &, cover glassE Yl "WlUFolZ B-Yste] 4000) 3
F@v] 4 5H(Ziess, Germany)ollAl WAHEZ 9} sl
AEFE ZALEIATH
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SA

£ AgoA Poizl A= SAS B4 package program
& o]&3te] B33 1, Duncan® ds9 HAWHEE
AXE A2zt FoldS ARSI

2 o

A GEFE Fgete AYFAN F 2~8HE7] F
g AQuiFE CRaaol 2+ thE 5= nitric

oxide scavenger?! hemoglobing A 2] % 4847k 7}

sto] AeQuiyet & I AMAUSs A ey Ax

4E Table 13} Fig. 10 Q.2F8}3iT.

Table 1¢] Yebd uvle} Zo] CRiaa M| hemo-
globing |9 48A17k0 0, 1, 5 pg/mlE A7Iste] &
AEE AAG 7 AATA F& FolA Fdu7] ol
Aoy AAL 47 23.8%, 33.3% L 26.8% 39.5 %,
54.8% % 48.8%2A FTHEE AASIA &2 T2 Hb 1
pg/mt B7YeE 77 AeRFo) vlE] SAH R Fo5H &
Al FEFRTHP <0.05). $HH FTAIEY F- Fof g &3
T A7) ol BaE ALY AQus A
28.0% (35/125)9} 47.6%(60/126)2A] FTAEE A ASIA]
e 7o Ay ol wEAd A0l & ANE AL
(P<0.05), =3 CRiaa ¥l FNdol] GTFAZY 59 AR
ol HbE 0, 1 ® 5 pg/mb HIFSIAE 73-¢, 7] o4
o] A& A F o] 31.8%, 44.1% L 37.8%EA] HbE 1 ug
/ml H7VE7E el vls] BAH R 2 dEAAHE
AATHP <0.05).

no. of blastocysts

Average cell
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Fig. 1. Number of inner cell mass and trophectoderm cell of
bovine IVM/IVF embryos in CRjaa plus nitric oxide scavenger
with or without cumulus cells at 48hr for in vitro culture.
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Table 1. Effect of nitric oxide scavenger on the development of bovine IVM/IVF embryos cultured in CR;aa supplemented with
hemoglobin at 48hr for in vitro culture

Presence(+) or

No. of No. of embryos developed to (%) : No. of morulae
(ﬂlg_l/l;] 0 absence(-) of embryos plus blastocysts
Cumulus-cell cultured Pre-morula Morula Blastocysts (%)
o - 42 32(76.2)° 3( 7.1)° 7(16.7)° 10(23.8)°
+ 43 26(60.5)" 6(14.0° 11(25.6)° 17(39.5)™
. - 42 28(66.7)° 6(14.3)° 8(19.1)° 14(33.3)°
+ 42 19(45.2)° 6(14.3)" 17(40.5)° 23(54.8)°
5 - 41 20(48.8) 3( 7.3 8(19.5)“ 11(26.8)™
+ 41 21(51.2)° 6(14.6)° 14(34.6)™ 20(48.8)°
Over all means
- 125 90(72.0)* 12( 9.6)° 25(18.4)° 35(28.0)°
+ 126 66(52.4)° 18(14.3)° 42(33.3)° 60(47.6)"
0 85 58(68.2)° 9(10.6)° 18(21.2)° 27(31.8)
1 84 47(55.6)° 12(14.3)° 25(29.8)° 37(44.1
5 82 41(50.0)° 9(11.0y° 22(26.8)™ 31(37.8)°

ab,c

Fig. 1914 Wehd vhe} 2o] CRiaa Wgololl BFAE
& AATA &2 T AAT Tl HbE ALl 484]
%01

5 g/l S A7FS o MRLE ATl YA
d] Z5 (Mean+SE)': 747} 51+9.8, 60+12.6, 62+6.79}

64+ 95, 6446 E 70£16.7, FLPY MEFE 747t

9615.3, 84+12.8, 96+6 19} 100+3.8, 100+8.1 2 992. 5& 1}
Eltom, XA ¥5E 2hzb 147486, 144+24 158+9.99}
164+6.5, 164+9.7 2 169i14.7i*1 HTAEE A 78R S

Means with different superscripts within treatment groups are significantly differ, P<0.05.

Tl o] Hb H7F7F Fd7170 vlal tha &2 743
< L}EP“X]UL_ BAA F94L JepA °‘°ID}( >0.05).
A o)A & Alojufok 96A 7ol A 2]ufokedel CR 12 aaol
Z ]'74 THE 559 hemoglobing F7}ste] AQlujd F &
< Ao ““’ A3} 7] NEFE Table 2 & Flg. 2
of Qo3 Pﬂu}.
Table 20 VERd vle} o] G TFAEE A AR &2
Tob A AT Fhol HQuF 96X 7F ol HbE 0,1 2 5 ug

Table 2. Effects of nitric oxide scavenger on the development of bovine IVM/IVF embryos cultured in CRjaa supplemented with
hemoglobin at 96hr for in vitro culture

Presence(+) or

. g}ﬁ{& ) absence(-) of elr\rlgr;cfs No. of embryos developed to (%) : 11;(1)1.3 otfl;:;‘t(c))rclyﬂ:tz
Cumulus-cell cultured Pre-morulae Morulae Blastocysts (%)
) - 63 45(71.4)° 6( 9.5)° 12(19.1)° 18(28.6)°
+ 65 43(66.2)° 8(12.3)° 14(21.5)° 22(33.9)™
. - 65 35(53.9)° 4 62)° 26(40.0)° 30(46.2)
+ 64 21(32.8)° 6( 9.4) 37(57.8)° 43(67.2)°
5 - 64 39(60.9)™ 7(10.9)% 18(28.1) 25(39.1)*
+ 63 34(54.0)° 6( 9.5)° 23(36.5)™ 29(46.0)°
Over all means
- 192 119(62.0° 17( 8.9)° 56(29.2)° 73(38.0)°
+ 192 98(51.0)° 20(10.4)* 74(38.5)* 94(49.0)°
0 128 88(68.8)° 14(10.9)° 26(20.3)° 40(31.3)°
1 129 56(43.4)° 10( 7.8y 63(48.8)° 73(56.6)
5 127 73(57.5)° 13(10.2) 41(32.0)° 54(42.2)°

**¢ Means with different superscripts within treatment groups are significantly differ, P<0.05.
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Fig. 2. Number of inner cell mass and trophectoderm cell of
bovine IVM/IVF embryos in CRiaa plus nitric oxide scavenger
with or without cumulus cells at 96hr for in vitro culture.

MLE A7 Fo] AAulr] o] AeEs JA2 WA
ZE AAZ Tl A 28.6%, 462% 2 39.1%% o, T4
T E AABIA & FoA = 247} 33.9%, 67.2% 2 46.0%
2 FTAEE AASA & T HbE 1 pg/mlS A7}
gk 77 AETFRT BAHCE 22 ANE AU (P<
0.05). B3t AL f- Fo tigk a3 7] o
A ks Fods AFH L 38.0%Y 49.0%FEA FTAIE
g AASA] @2 FollA 7] o] ide w&Ad Aol =
Al JEFE S (P<0.05), CRiaa PIgA] HbE 0,1 2 5
pg/ml F7HAE o AAanz] o) T8d Ao A4H
31.3%, 56.6% L 422%2X] HbE H7}ak 77} 3719
bl AR o I8AAHS Hoj(P<0.05), ArH
48417t ¥ HbE H7FE w9 vl H S el g
ALl 4841 F HbE H7HS Wit} 96AI1F F Hb
E AN 9 th & 3888 e

Fig. 20141 vEbd vl9} o] A Xe] f- Fof 1o
A, CRiaa Bl FHo A2 %k 964 7ol HbE 0, 1, 5 pg/mé
A7kek Fo] winkx s AT} A E e HESE 51
+7.7, 5745.4, 55+7.73} 56+3.8, 56+5.7 X 58+9.70| L
kol e] MESTE 242 9643.5, 9742.8, 99+7.07} 99+5.8,
98435 2 100+6.182 YEtoen, EAETE 1474105
15445.1, 1544149} 15545.3, 154+4.8 & 158+12 484 Tt
MEE AASA] &2 ol Hb A1k 371 F3 710
vl thA w& AFHE e

W AEY] f- Foll oA wiEry] AT HES
= 152+410.17} 156+8.1241 Aok zpol= QAR o9t
O™, CRjaa WiokHol] HbE 0, 1 ¥ 5 ug/md HA713L o
el 7] A2k M E5E 15148.0, 1554100 2 156+9.2
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Average cell no. of blastocy

L-NAME (mM)

[ wicM = TE aTotal cell |

Fig. 3. Number of inner cell mass and trophectoderm cell of
bovine IVM/IVF embryos in CRjaa with defferent concentrations
of L-NAME.
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A eJulekallel CRjaa®l nitric oxide inhibitor$! L-
NAMES 43% A7t AoeAete Aejujdst &
do ) oy& AT uiwrE F£A2e] AETE Table 3
9} Fig. 30 a.oF3loich

Table 3] eIt Bl9} o] CRiaa Bl L-NAME
£ 0, 10, 50 ¥ 100 mME& 7}k oA Agan) o] 25
B Jojas AL 247t 55.6%, 64.9%, 58.8% L 66.7%F
el "lrkgel A7 el A 2ol 1A EHA
AgkoLl(P>0.05), HiWFE7|71X] LEE AHAHS BA L-
NAME 10 mM 717} 62.2%(23/37) 24 th37-2] 47.2
%(17/36), 50 mM 772l 52.9%(18/34) 2 100 mM &7}
T9] 55.6%(20/36)E.T} Tk &2 AL YeRARIch

Fig. 30149} Zo] CRiaa Mol L-NAMEE 0, 10, 50
2 100 mME H7F el st d-& mpkar) =3 eke] WA
X3 MEF= 27 44436, 47443, 47440 D 4515590
o, gl MEse Zhz 97124, 9634.3, 9539
9643991, FAH|EFE 141451, 143109, 142123 =
1412492 A 7179} A7Frge] AX4E Aol 7} 1A
A gk}

2t

al

EAFE 49 vids GEIS Ao Hs, FHA
71 F AL gAe nitric oxided] scavenger?} inhibitor

L
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=

=

Table 3. Effect of nitric oxide inhibitor(L-nitro-L-arginine methyl-ester) on the development of bovine IVM/IVF embryos

No. of oocytes developed to(%)

L-NAME No. of No. of morulae
(mM) oocytes cultured Pre-morulae Morulae Blastocysts plus blastocysts
0 36 16(44.4)° 3( 8.3 17(47.2)° 20(55.6)°
10 37 13(35.1)° 1( 2.7)° 23(62.2) 24(64.9)"
50 34 14(41.2)® 2( 5.9% 18(52.9) 20(58.8)*
100 36 12(33.3) 411.1y° 20(55.6)* 24(66.7)*

ab,c

Means with different superscripts within treatment groups are significantly differ, P<0.05.
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Y4717 B NO= ARe] Hat, gadl A3 U &
H2 7] g4 B HHNorman®} Cameron, 1996). Sla-
dex 5(1997)2 @4lEtoll= NO §Alo) Zrlatm, 94
27)ell = NOZF Zradichal 51usi9la, 39 Agddxs
HA717HERF NO #49 Huo) 2Aasttn Bas)
$iTHNovaro 5, 1997). B=3 Ao Qojr] z7)5AH o]
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T Ba7F & B ol 2 Gouge F, 1998), Abgoll A
tumor necrosis factor-a= NO synthase2] &4l 2|3+ 4
o2 vepdria B aFth(Haddad 5, 1997).
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o} Lim 5(1998, 1999)0] 9] # |54 o] glojA] wjk
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ARE F Hbe] vigAUe] HIP & A9)SHehe] Aot
So] Edthe 2ot fAkeE A9E Ao
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gk AgolA 7] ol ST Ao ESEe 7t
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7RG tha w2 RS bR, $AF oA
& AFHA ek Lim §(1999)2 & Aol gl o
A L-NAME #7Mjofo] AelsAd vy oz d4e] F
Ea0e vehR] Fodtha Bas] B A9 §AsE A
&g "

2 AgY A2 B o Aoujdo] Hbel H7} wi
< g o] AAE NOE AAsE] A2lA e 29
HEEE PAAF oY, GTALd FEuAE Al o]
Hbo] A7} Wit AFHEE AAS TR GTAEE
AABA i 35 wjdst oA A o) Aeopws
o] Frleldith olde] duate AR FFud AA
NA GFAETF NOY A LS F71ste] =gkl Aot
FEE AMAIE RAE WAE F° AT EF nitric oxi-
de inhibitor$] L-NAMEE $3 & Ex WA Zox] A
AEHE NO9| 48E AAAN A E3lmz Holsg et
Ao dEgoll= A FFE AR £ Aoz AlsHrh
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Effects of Nitric Oxide Scavenger and Inhibitor on
the Development of Bovine IVM/IVF Embryos
Jang H. Y, J. T. Kim, C. K Park, H T. Cheong, C. L. Kim
and B. K Yang

College of Animal Resources Science, Kangwon National University

ABSTRACT

This study was designed to evaluate the effects of nitric
oxide scavenger (hemoglobin) and inhibitor (L-nitro-
L-arginine methyl ester; L-NAME) with or without cu-
mulus cell on the development of bovine IVM/IVF em-
bryos. When CRjaa medium were supplemented with
different dosage (lug/m, 5ug/m and 10ug/ml) of he-
moglobin at 48hrs for in vitro culture, the proportion of
embryos developing beyond morulae stage in 0, lug/ml
and Sug/ml with or without cumulus cell were 23.8%, 33.3
% and 26.8%, and 39.5%, 54.8% and 48.8%, respectively.
There was a significantly difference the developmental
rate of lug/ml hemoglobin intact cumulus cells to any
other groups (P<0.05). On the other hand, when added to
hemoglobin at 96 hrs, 1 ug/ml hemoglobin with cumulus
cell group was significantly increased the percentage of
developing into morulae and blastocysts to any other
groups (P<0.05), and similar trend that of added at 48hrs.
The overall means of the percentage of developing into
morulae and blstocysts in lug/ml hemoglobin group was
significantly increased than those of any other groups (P<
0.05) and cumulus co-culture with hemoglobin was
increased the in vitro developing rate of IVM/IVF embryos.
In (Rjaa medium treated with L-NAME 0, 10, 50 and
100mM, the developmental rate of morula plus blastocysts
were 55.6%, 64.9%, 58.8% and 66.7%, respectively. The
L-NAME did not affect the developmental rate and the
cell numbers of blastocysts in all treated groups. These
results indicate that hemoglobin and cumulus co-culture
can increase the proportion of embryos that developed
into morulae and blastocysts, but cell numbers of
blastocysts were not affect in all groups.

(Key words : Bovine IVM/IVF embryos, Hemoglobin,
L-NAME, CRiaa, Nitric oxide)
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