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ABSTRACT

To study the regulation of porcine follicular cell apostosis by gonadotropin, steroid, and nitric oxide,
we analyzed DNA fragmentation, the hallmark of apoptosis, and nitrite production of porcine granulosa
cells. Dissected individual follicles from ovary were separated in size (small, 2~3 mm: medium, 5~6
mm; large, 7~8 mm) and isolated granulosa cells were classified morphologically as atretic or
nonatretic. Nitrite concentration was measured by mixing follicular fluids with an equal volume of
Griess reagent, Follicular nitric oxide (NO) concentration of healthy follicles was higher than that of
atretic follicles. Apoptotic DNA fragmentation was suppressed in non-apoptotic granulosa cells. Follicu-
lar apoptosis was induced by androgen but prevented by gonadotropin in vitro. Apoptosis was confined to
the granulosa cells. But it was not clear whether apoptosis of granulosa cell was regulated by NO and
gonadotropin in vitro. And so non-apoptotic granulosa cells were isolated, incubated with or without
gonadotropin, androgen and sodium nitroprusside (SNP), respectively at 37°C for 24 hrs. Cultured
granulosa cells were used to extract genomic DNA and culture media was assayed for nitrite concen-
tration, Nitrite production of culture media was increased, while apoptotic DNA fragmentation was
suppressed in PMSG, hCG, testosterone+SNP and SNP treated groups. Nitrite concentration in cul-
ture media was decreased, but apoptotic DNA fragmentation was induced in testosterone treated group.
These data suggest that NO production and apoptosis may be involved of granulosa cell differentiation
and ovarian follicular atresia by gonadotropin. Moreover, NO can overcome the granulosa cell apoptosis
induced by testosterone,
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Nitric oxide (NO)& A& AlEW 7|45 Eo] g
Wol7| e dogittu Gy FHZFFEH I3
T8 ZE 2FoA AAQETt (Nathan, 1992). X4
F9 Aol AAPHE NOE 384 (Furchgott
& Zawadzki, 1980; Bolotina et al., 199), N 7Z3Ag
(Garthwaite et al, 1989; Gopolakrishna et al.,
1993), & - & 7% (Nathan & Hibbs, 1991) &
9 (Lander et al., 1993; Peunova & Enikolopov,
1993), o8 Ae E= Hede] s 8 =¥
(Moncada ef al.,, 191), A2l 3 9] o) DAE 84
SAA A 2 ZER BH1E 2% (Schmidt
& Walter, 1994). NO+= nitric oxide synthase
(NOS) &4 9siA L-arginined]d F=59
constitutive NOS (cNOS) ¢} inducible NOS (iNOS)
2 FEE) (Lancaster & Hibbs, 1990; Lorsbach e
al., 1993). =3 NO apoptosisE A3} (Mannick
et al., 1994), AFF= (Goetz et al., 1994) 18] 1 Hj
@ (Shukovski & Tsafriri, 1994) 9= F3E mx|=
Aoz Baggith §98 cNOSe &4o] 17 festr-
adiolol] &8 2FH A= o] HIHAME v FAA
A B 15Ut (Schray-Utz et al., 1993).

HZoe diolr dojuks Hx9 F3i 7|30
apoptosis2 AW 93 gl apoptosis®] &L 4}
F9 o] dMde &, % FEXFY 2du NEZHE
apoptosis body?] W& 58 & F Atk HSo] F=
37 B2 Ca?t /Mg?t-dependent endonuclease?]
gAoz A& As DNA7F nucleosomal unit 185
~200 bp Zoje] DNA gHo 2 Hgs+ Aot} NO
7} A48 2FelA Bolg Adld EAE Yeple @
A7} RuHAR T X HPA EoM ] HEe F4
3] g}, metA NO7) 2y M ¥ 9] apoptosisE A
e e He AXY HEFQ A ¥y
W nitrite F=& A3t dotn sy, FPHE A

PPERE

= DNAE 238l apoptosisdit (DNA fragmen-
tation)& Yolu ), T3 apoptosisE JA e A
oz 47 Y4 AT ZEES A ste AYPAE
£ W% ¥ nitrite =9 DNA dH3E Hlw 24
3ok, =3 NO Foda¢l SNP} apoptosisE F=3
E Aoz 43R testosteroneS At dA 7§
ME 9| apoptosis FHANX e NOS HEE ZAISHA
ct.

Mz 9 Uy

1. HRMZet oI Z =&

HA 9 dhe AHA LA A A =4 ¥ 10
B oo UAE 2238l HHH ice-cold phosphate
buffered saline (PBS)7} & #o go] 434z &
ghatgih, dael FURAS AAF F icecold PBS
7b |23 e AN 2718 (374 2~3 mm, 5~6
mm, 7~8 mm °|}) 8 A EE HE3Hch 449 o
¥ VIS AARAC SRFR AXAE AHT F
#ot&nj7 (Olympus BHC) o2 #HFate] Hujdts
A TAR AR Ee HIF APAEE BFEA
t} (Guthrie et al., 1994). ZtZte] X FE&H L 47T,
120002914 10832 94 2 & ARJAEE -70TC
2 &4 Ax DNA F&A ol &3tfdon, dxde
—20col E#3 7} nitrite assayell o] 4315,

2. HRIM|ZE uH 2t

F337] (47 5~6 mm) XX 173 AFA
=zt 28 % modified minimun essential medium
Eagle (Sigma, M4144) 2 2 33] A3 & ujkel g 1
ml¥ ¥ wjFYAl (4-well multidish, Nunc Co. )il
1x10°A08 2] HHJAEES W3 5% CO, 37T, %5%
9 27t FA5H = Y] (Queue: cell culture in-
cubator)oll A 24 Azt F<t wlFEt k. PMSG (3 pug
/ml), hCG (3 pg/ml), testosterone (0.03, 0.3, 3 ug
/ml) 2 sodium nitroprusside (SNP, 100 uM)E<
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FEE AUt Wige] B F AGAE i
o2 4, 1200go1 A4 1083 94 B3t AYPMEE
~70Co] E#3I%ti7t DNAZZ ALgsigich W
of & w2 st —20Tol ZAsAt7) nitrite §
& 35U
RE AYE 33 o) utEdte] FPAT)

3. DNA fragmentation

Tilly 9} Hsueh (1993)9] W& W3 AF
DNAE #2333t AgAX 0.2 ml &5 (0.1 M
sodium chloride, 0.01 M EDTA, pH 8.0, 0.3 M
Tris-HCl, pH 8.0, 0.2 M sucrose) & A7 tstgch #
Aol 10% SDS 12.5 ul& HAE F 65ColA 30E3t
A3 F 8 M potassium acetate 35 & 745ty
o} 4T, 12000g°1A4 1087 94 22l F 43
%&9] phenol: chloroform: iscamylalcoho (25:24
i1, V:ViV)& Hvsidd 100% eeg dAe ¥
PAEE 3l YAY DNAE 50 pl9) Tris-EDTA &%
4 (10 mM Tris-HCl, 1 mM EDTA, pH 8.0)o =%
t}. 1 ul¢] DNase free RNase (500 pg /ml) & #713t
o 37¢ColA 60 ¥zt whSAIFH. F#Fel phenol:
chloroform: isoamylalcohol (25:24:1, V:V:V)& 3
745 & A=) 0.1 ¥l9] 3 M sodium acetates} 2.5
vle] Watd 100% ANe&S 718t ~70Cel A DNA
£ AF2sh 4T, 12000g914 4587 A4 3
¥ DNAE 3538l 70% &S = A3 ¥ RN
7 25 ulol FH5ol HHc) 260 nmol N FFEE &
et AF £ & F -20¢o] 2@3sgh DNA
AR (3 pg)E 2% 3 AdA 60 VE 90 £t 4719
%3 % ethidium bromide® g4 38}t

4. Nitrite Assay

Ding 5 (1988) ol £} &t colorimetric assayoll = 3t
At A33AAY 0.1% naphthylethylenediamine
dihydrochloride$} 1% sulphanilamide /5% concen-
trated HPO.E FH2E 4{o] Griess reagent (Gr-
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een ef al., 1992)& TEUH NEE 5F9 AXYo]
v ool 3t whSATA A LA 1083 A F F, 540
mmol M FB=E A3k Nitrite $EE sodium
nitrite standard F41-& o8-8t A4 ot

5 SAHE

Zt AEF ko] FAA /94L& Student’s t-testE
Axstg .o, Pgtol 0.058 0} 2 A8 felsitin
Ba o

-

H

1. Eefoll wi2t Fa2|8 2425 of X2t E5IE0l 6
Ol A2| AHl= DNA B8} S nitrite S& &

Fejol wiet BeE AR e H3E HA 4%
W, 5 & ZZdA 23§ AP A XA AE DNAE
F&3te] @ AdA W) dF22 AMAFIL ethi-
dium bromide® st UV $olx B&stdc). ¥
3 <9 HYAMEAA apoptosise] EF F shigl
DNA ©3io} 85Ut} (Fig. 1A). %9 A7)d &
Aflol Hzt5d AxeA e HFHEAA apo-
ptotic DNA HHo] &<I=| gl o, A7 A9 33
A ENME 1223 Aw DNA (>20 kb) BT
AUt A AXE AVER HE3 F 44 o
F 47 Griess reagent & WH-3-A1A nitrite F=& A4
3 A, A3 AL X (373 2~3 mm)9 XY
W nitrite ¥=€ 5.21 pMOIAR, HsH5Q e A ¥
AME 3.67 uMolAth, 73T T X xR Y
nitrite ‘= 4.60 uMoIR L H3HE 3 AR A
€ 370 uM o1t AAF 2 X9 nitrite FEE
4,60 uMelgior HaF & oAXolAM= 3,10 uMo]
ek, Z7lo BAGle] AAE X Q¥AY ni-
trite $E ¥}t (P<0.05)(Fig. 1B).

2. WHQLE! 428t IR MIZES| HlS DNA EEE % b
oLy nitrite SE £
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Fig. 1. DNA fragmentation analysis of healthy and

atretic granulosa cells (A), and nitrite concentration of
healthy and atretic follicular fluid (B).
Small, medium and large follicles were removed from the
porcine ovaries and then estimated healthy or atretic fol-
licle by the morphology of granulosa cell. Granulosa cell
DNA was extracted and fractionated through 2% agarose
gels. NO was measured with Griess reagent as indicated
in methods. Experiments were repeated more than 3
times. Data are expressed as mean + SEM. SM, size
marker; H, healthy follicle: A, atresia: lane 1 - 2, small
follicle; lane 3 - 4, medium follicle; lane 5- 6, large fol-
licle.

1) A2t snpe| &3
2 AF (A7 5~6 mm)Ztzol| 4] PejHos B
g E 1733 AFAED molX 2z SNP (100

A3} 4

pM) A Fo 2 o] 6213 A2 wjRd & 3}
HAZo A genomic DNAE &3l 1, BAo] vk
A9 nitrite F=F ZFs1g ). SNP 22 7o) g 22
o ®]atd apoptotic DNA F¥3l7} A 5] =w),
FoHA &L iz (0 AN 3 DNA 3 H3) Ako] &
Abatdch (Fig. 24).

AlZkell w& SNP X 2ol A v okl u) nitrite %
E 6 A7 W 2.48 pMolloH, 18 AN & W
7b Tt 2442 welE 0.95 pMog ZAE U,
SNP Ag] o] thzFo) v|&) nitrite 4Ao] EHH
2 st Z71slstt (Fig. 2B).

2) MAA X2 S22 B0}

HA AX (F4 5~6 mm)oNA A3 FPH LS
FEot] Y& AT 5228 YL 49, PMSG
(3 ug/ml) A2l 2832 hCG (3 pg/ml) )9
YA | A= apoptotic genomic DNA A (<20
kb)o] veh}A) ekgta Wiz vlwalE apoptotic
DNA 2d3}7} A=A (Fig. 3A). wiFd W) ni-
trite 442 PMSG HFolMe 074 yMoldx
hCG A A E 0.79 pMo|F o =2 (0,58 U
M)l w8 vt Z7hsla o (Fig. 3B).

3) Testosterone?| {1}

HA AZ (FF 5~6 mm)ollX ALHEE gzF
7 s=4 testosterone (0.03, 0.3, 3 ug /ml) A2,
testosterone (3 pg/ml)+SNP (100 xM) = z]zo.
2 thpo] Az wjdstnt. 24 A1 vt & 7} He) 2
o] AYA XA As DNAE 323510 DNA IS
ZALBHAAL B2l Bl8] testosterone (3 pg/mi)
Ae| oA apoptotic DNA HHs}7} 74431 Qi)
a2y NO F#Q1 SNP+testosterone (3 ug /ml)
e FAAe apoptotic DNA AHs A5 dch
(Fig. 4A). z2% 2t A7) YA vl o)
nitrite A4S v]ws} B A7 3289 AEL testos-

terone AT hZ3} 2 zpol7} o} testos-
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Fig. 2. Time-dependent effect of SNP on suppressive
apoptotic DNA fragmentation and profile of nitrite pro-
duction in cultured granulosa cells.

(A) Electrophoretic analysis showing fragmentation of
DNA isolated from granulosa cells from medium follicles,
(B) Concentration of nitrite in culture media, Granulosa
cells and culture media were obtained after 24 hrs incu-
bation with or without 100 kM SNP and genomic DNA
was extracted, fractionated through 2% agarose gels, NO
was assayed with Griess reagent in culture media,
Experiments were repeated three times and individual
values are expressed as mean + SEM, SM, size marker;
O, uncultured granulosa cell; C, control; S, SNP.

terone (3 pg /ml)+SNP (100 uM) H ] 2o A= ni-
trite ¥=7t 112 pMo2 A3 S789 (PO,
05) (Fig. 4B).

Regulation of Porcine Granulosa Cell Apoptosis by NO 161

A sMm C P H

aM)
R G TR - R~ ]

ITRITE CONCENTRATION (
o ©
N

Z 00

c P H

Fig. 3. Effects of hCG and PMSG on suppressive

apoptotic DNA fragmentation and increased nitrite syn-
thesis in cultured granulosa cells.
(A) Electrophoretic analysis showing fragmentation of
DNA isolated from granulosa cells, (B) Nitrite assay with
culture media, Granulosa cells and culture media were
obtained 24 hours after treatment with or without
gonadotropins, Granulosa cell DNA was extracted,
fractionated through 2% agarose gels. NO was assayed
with Griess reagent in culture media. Experiments were
repeated three times and individual vlues are expressed as
mean + SEM. SM, size marker; C, control; P, PMSG (3
pg/mi) H, hCG (3 pg /ml).

-
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Fig. 4. Reversal effect of SNP on testosterone

induced apoptotic DNA fragmentation (A) and sup-
pression production of nitrite in cultured granulosa cells
(B).
Granulosa cells were incubated for 24 hrs with or without
testosterone (0.03~3 ug/ml) and SNP (100 uM), After
incubation, granulosa cell DNA was extracted for
electrophoretic analysis and culture media were used for
NO assay. Experiments were repeated three times and in-
dividual values are expressed as mean = SEM, SM, size
marker; C, control; T, testosterone (0.03, 0.3, 3ug /ml);
T+S, testosterone (3 ug /ml)+SNP (100 uM).

g Qohws]l ekl AYAEE Hesid Y
o eeka BRel 2718k A7) me 247 gz
g 429 X9 HHEY T2 BAF F, o] E Ao

PR R

A nitrite 528 24397 FPHEANA As DNA
£ 223}9 apoptotic DNA H#3E vw, EA43lY
ot 32710 #Aglo]l A3E 9% A2 XY ff ni-
trite 44 A=} H3FA 2o A3 dex B} ¥
sttt (Fig. 1B). ob&d] E35< x| APAEAAM
u} apoptotic Al DNA H# (<20 kb)o] &gt e
o, A7 xo] HAPMEA M= R3] DNA 2
A (>20 kb) A=A (Fig. 1A). th& ATolA
T H359 BPA XM Alw DNA dye] Eelge
2 A apoptosisol] o8] AME7F 2HE = Zo] BAHA
t}. (Hughes & Gorospe, 1991; Tilly et al., 1991).
0|8 g A DNA AHHAS apoptosise] thE3F <
722 apoptosis body<t #9] $-%3} g2 HE =
<9 Fef g EAol Ag3te] Yehde dAdolth
2 AgelA ogxel F7)o) BAglo] HaE Axd
A& DNA HHEo] dojyton, FA9 NO FEe
wolt), ole)dt #AS o] &ated Ao Eztody
£ DNA 3% E& NO 722 338 e 242
$-8o] 7FsE Aol Nitrite AAo] E 359 ¥R
o A7 ¥l A go] M4 A DNA H¥s}
g4o] JehdA] gtenz NO7} o ¥ atresia 713l
Aosle Aog AZEd. oA NO9 3= ¢
H2 SNPE ozl Asto nitrite FHFH As
DNA H¥g viusich 489 Az SNP Aol
2 7o) vst Al DNA 288 n @l 439
Azt SNP A2l o] tytel H|3ted Als DNA H4¥
sp7t A= AL, nitrite S AT TS BA
t} (Fig. 2). W4 NO= S X atresia® JAIsl= A
o2 yeiyith 28y NOJ od Z28 3l o %
53k JAA7l=rhe 97 o Zasi

A3 HYAET HElstd ¥ 9 g fx T
= YgAsles Aoz gejd PMSG, hCG, testoster-
one¥} testosterone + SNPE 3l xj2lslo] HAlz2
A ¥ E 319} NO7L Hde] glex Bla) rtrh 49
A7 A¥ A% FE2ER 283 PMSG4 hCG A2
FAME nitrite B40] S28% Sl Als DNA A
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H3l H3e AU (Fig. 3). W2 testoster-
one A TN FEF 7 Wl nitrite AL F3}
Fade 4L ngon, or)d SNPE FAl9 A
AL A% nitrite Ado] @A Frtsin, FAlA
DNA HH3p} JA = & Vel (Fig. 4).
o] 3 HAL testosteroneo] i P X apo-
ptosisE 7148171tk Billig 5 (1993) ) Ao} o
239, 4245 FAoe NO7t #dge F9sle
Aolth, EF A4 AF 32EF} AHEO|E TEE
o] q¥A& AN NO FAHEAY nitric oxide
synthase (NOS)o] 2+4¥ oz 283} nitrite YA
€ Z2yste AR F349h

ol’ge] AifolN ¥ J&olle A A7 32
20| gFHoln, YNLNF 2L AHBOE 5
EF TR o HAH o2 NO AR g4 E
Aoz Fzdty ¥ NOx olrl: oxidant stress
& A2Ae F4e & 3o 2290 (Kanner ef
al,, 1992; Hockenbery et al., 1993; Sandstrom et
al., 1994). ¥ X < 712 A8 NO g &l of
APt 88 o8 AlgH,
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