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ABSTRACT

The purpose of this study was to investigate the effects of gonadotropin and nitric oxide (NO) on the
expression of mouse follicular bad and bax genes that are known to induce apoptosis, Large and medium
size follicles of immature mice were obtained at 0, 24, and 48 hours time intervals after Pregnant Mare’s
Serum Gonadotropins (PMSG, 5 1.U.) injection, Preovulatory follicles collected at 24 hrs after PMSG
injection were cultured with or without various chemicals such as gonadotropin, Gonadotropin Releasing
hormone (GnRH), testosterone, Sodium nitroprusside (SNP) for 24 hrs at 37°C. After 24 hrs culture,
the culture media was used for nitrite assay and total RNA was extracted, subjected to RT-PCR for the
analyses of bad and bax expression, We found that expression of bad and bax genes in follicles was
markedly reduced before and after in vivo priming with hCG. When the preovulatory follicles were cul-
tured for 24 hrs in culture media with PMSG and hCG, the expression of bad and bax genes was
decreased. Moreover, SNP (NO generating agent) can significantly suppress the expression of bad and
bax genes in follicles when apoptosis was induced by GnRH agonist and testosterone, At the same time,
nitrite production of culture media was increased in GnRH agonist + SNP, testosterone + SNP and
SNP treated groups than control group. These data demonstrated for the first time that peptide
hormounes and NO may play important roles in the regulation of mouse follicular differentiation and may
prevent apoptosis via suppressing the expression of bad and bax genes.
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FREEY dae U A7)0 4XEZ FAHY
Ao Aed X AFHES B 7R & olFH
oxodo] H¢A ek (Hirshfield, 1986; Hsueh et
al,, 1994), M#A oE (preovulatory follicle) & A
Al AT 229 o3 FHHT AFH L A2t
% (theca layer) A E2] 543 £3lof o]8) o]Fo
t} (Rugh, 1990; Eppig & O'Brien, 1996). 4% 4%
S AR Ax e A3 @AY L H4 (atresia)

= 7135 B3t £EEHA g 18y XS 3
oA o) AAE X9 2% (.1% n]wtte] A&y
o] ujgts & uha 99.9% o] A& atresiaztil EEle H
394S 3 ozt (Billig er al,, 1994), 9E 9
®3le} 442 IGF-1, 444 23 328 (gonad-
otropin), N A2EZA, TZAAHE S| $2 R4 9
8 zd=n] B3] olajst 3222 Ao FA T wjd
g o3 9] deo glojA Fad 71%E gt} (Chun et
al., 1994; Tilly, 1996). ¥i&8 XA = o 2EZA
o Z2ALHES o] gty A AT 52
2o £4A7F 2gE] Jlon a8x g Fde
o ¥7} atresia®Z ¥ 3tHct (Peters et al, 1975:
Peters, 1979; Roche, 1996).

#2o]) apoptosiszh= NdS atresiad] =R
A 1 49E HlEe RS AFE0] A 28
¥l it} (Ravindranath et al,, 1992), Atresia’} Y
olu}w DNA §49] Zast tEo JXX EH|5He
AAEZAT YA 4 AF SE2EE FEA) 9 go] Fof
£1 (Hirshfield, 1988), M2 9] +#%3 9449 &5
ol dofdrt EF apoptosis7} dojupH A Eufol
Ca* /Mg?tol 2)&3<] endonuclease’} #4350
185~200 bp2] DNA A#He] FAA (Tilly, 199).
E/79 apoptosise bel-2 FHzHEY] A7E B3
2L J1Fe] gaFon, § v 121 ol fHXL
A% A2 9] apoptosis7} £ % 31 bad®} bax #
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HAEE o7]d &3ttt Bad -2} apoptosis] &
HAZ 888 bel X o1 F ol EA
dimer) & A3l apoptosisE 714830 (Yang et
al., 1995). Bax #A&e ps3dll it AHAAbET
(Miyashita & Reed, 1995), bcl-29} o]ge| @42 5
At bax718] FHolFAES o] Fo| apoptosisE 7+
3}3te} (Oltvai et al., 1993; Williams & Smith,
1993). NO& A73AR (Garthwaite et al., 1988), 8
A-g 3, ¥9te] 24 (Furchgott & Zawadzki, 1980),
FUHAEY AW 718 AE g3t 53 HA o
0}7]% (Nathan & Hibbs, 1991) 59 71%}] @l
t}, Ao B4 ¢&H NOE apoptosis (Mannick
et al., 1994), AF5% (Goetz et al., 1994) 221 Hj
@ (Shukovski & Trafriri,1994)ol & Q&S ujx&
RAo2 HuHALL o] e} ATES THs] B of A
Ax AF 52E3 NOv X9 4«3 uig 182
o ¥ 9] atresiadl 3lo] F2F 7158 e AoR AR
gt a8y ofF AHAXE Ad<«olA apoptosisE #
T3k bad$} baxfizt @7 Rl g A7 A4
SR A gkt

oz £ dpoAe A7 daddA s 2
2 3280 93 bad9} bax FAAY LHAZEE A
SAX (F7 400~430 um) 2 230 4% (A7
200~230 pm)o A ZAFEIATH EF x| E3E F
T3le Aoz 4 GnRH$} testosteroned)] <&k
bad$} bax Fd2} @de] NOoJ| ojatd ZHEH A9
o %g Agsach
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B Ag AM-S A% 20 99 ICRAFAE (F)Us
A 8 A 79T Aoz EHPAA WAE
o] i FFAE 12~17 g¢] A& AH&3h A%
20 4¥ XA} Pregnant mare’s serum gonadotro-
pins (PMSG)E 5 IU FAks 3 Al7hE (24 A7, 48
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AZHE daE dojuldth dadlA 400~430 um E
£ 200~230 pme] AAE /M % E FAP) s
(25 gauge) & o] 83t Eojdl ¥ total RNAE 2
817] 913t —70col R@sAt X E wjgEr] 9
stod Ao PMSG (5 IU)E FAHE F 24 A|3to] 7
2 dholA A7 400~430 umg] WA SEE A
k. Wt (1 m)o] F7 wFHA (4-well mul-
tidish, Nunc Co.)ol ¥ HXE& 10 HYS ¥&
3, 37¢9 £54 5% CO,, 95%< =71 fAE e
COMY7IONA 24 ARt B3t w3t on wjgel e
MEM (Sigma)g AHg3tAch A2 AfeEe
PMSG (3 pg /ml), hCG (3 ug /ml), GnRH agonist
(Sigma, L-2761, 3 pg /ml), BlA2E2HE (0.03, 0.3,
3 ug /ml) 3 SNP (100 M) eiith. v o] E1}d o
ZE 70T 2

2. RNA Z&

og¥22EH RNAE #2371 93t phenoldt
guanidine thiocyanate AJ¥#¢] E°3l Tri reagent
(Sigma, T-9424)8 AHg-3kch A&l 500 plo) Tri
reagentE 7}t EHF F 5 £ A2l € ¥
chloroform& 100 ul 232 MUtk o7& 4% AHUE
2]7] (Eppendorf, Centrifuge 5402)2 4TelA 12
000xg, 15 #3t 94 2t 43AE #A% F F
9] isopropanolg 7Fstdd RNAS 3dAZch. RNA
pellet& 20 ul diethyl pyrocarbonate (DEPC)7} A
28 TR 57

3. RT-PCR

RT-PCR kit (Perkin Elmer)E& ©¢]&3}4 total
RNA®! 4 bad, bax 42 #&#& 2AAH. 100 ng
o} total RNAE 90ColA 5 3 Hgd ¥, oligo
d(T)ys primer o] §3ted AHA} uhg-& A3
A} W EFEdoe 5 mM MgCl, 1XPCR
buffer, 2.5 M oligo d(T), 1 mM dNTP, 1 U /4l

RNase-inhibitor®} 2.5 U/ul MulLV reverse
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transcriptase® EFAALD, wreZAL 42CoA
60 &, 99colA 5 27+ wgA Atk $HE cDNAS
o] g3ta] PCRE Algslgich. PCR 3849 2442
2 mM MgCl,, 1xPCR buffer, 2.5 U /100 ul Ampli
Tag DNA polymerase, end-labeling® positive
primer 0.5 pmol # negative primer 4 pmolo]{t}.
Primer ¥x+ DNA 5end-labeling system (Pro-
mega, M410A)& AH&-8tom, 10 pmole] [7-*?P]
ATP, 10 pmol9 primer, 1XT4 polynucleotide
kinase buffer, 5 U T4 polynucleotide kinase& 4L,
37cAA 30 £7F wgAIl ¥, 0ColA 2 3 €8
7hata 94 Balstith Aol AHEE primere A3
bade] 7%, positive primer7} 5-GAAGGATGAG-
CGATGAGT-3", negative primere 5-ACAGG-
AGAGGGAAAACAG-39t}. A3 baxel %4, po-
sitive primere  5-GGATCGAGCGGGAGAT-3,
negative primerE 5-GCGAGGCGGTGAGGAC-
TC-39t}. a3, B-actin primer 3 positives 5'-
CCAAGGCCAACCGCGAGAAGATGAC-3, nega-
tive primere 5-AGGGTACATGGTGGTGCC-
GCCAGAC-3gt}t. PCRE 95Tl 5 #, 57ClA 5
2 7204 5B 13 Y% F, BTl 1E,
57ColA 12, 72¢oA 1878 353 wEad e o
Autoz 720 1087 APA At PCR FAF 5
ule] PCR AHE-& 2% agarose gelol Al 80 VE 708 &
ot A7 S F, gel dryeroll A ARAIF T AZA
gel& Xray film& Qo 2 ¥ ¢ 2% ¥ Xeray film
¢ densitometer® o] &3t FIFEMIANLH B
-actin®] mRNAYS 71&02 7t §4ze] 4d Jx
& 2R3

4. Nitrite assay

o ¥ wjgd Fol FHE nitrite® F4317] 3to
A¥AA4 0,1% naphthylethy lenediamine-dihydro
chloride$} 1% sulphanilamide /5% concentrated
H,PO S %02 4o] Griess reagentg TEUTH
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ol AEE FHFe] AT} H2oA 10 E7F vh-gA
% 540 nmold FREE 250} Nitrite ¥E&
sodium nitrite standard =48 o| &8t AAksld e},
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Jolx 33| o] AAlstlen 7 #3te
SAA f944L Student’s t-testE A1 sk,

2 5

1 MAL XIS S22 2|8 MF M A2t B
ool ahE AL 6ZNAML] bad ¥ bax XA} L
9| ©o|

2] 740] 400~430 pm?) ¥t 2 M) o ¥ A bad &
Hzhe PMSGE 24 A2E<t Al e 24 dxao
vt 30% F = wdo] AR AR 5 o] 48 AT+ 7
HAE & Hgr gdh 23d, bax fAAE
PMSGE FAHH 3 24 A|7te] ZAHAS W RF
of ulate] 68%F 2Al AR SN, 11 o] TR F7tE
o} 48 A7t AA] thzFol vls) 35% W&o i
Aok (P<0.05) (Fig. 1).

oo wg oA F A F7 A7 200~230
umg! AFME PMSGE 24 A7+ M3 bad%
bax fAzte WAL g2l Hl& 27 60%, 70%
Trrdg o (P<0.05) X2 F 48 ARl 2d&
o] ofxrt} Rk Fste] iz Hls| #AZ 20%,

4029 E¥o] A=A (Fig. 2). A4 A5 5.2

2o o3 TS bad 2 bax F7AH] BHL A
7ro] A\l we} aathh Zoheke A8 udlth

2. MA2 XIS 22820
FEX U3 0[x|= &
400~430 pm 2719 wiEAH JEE PMSG (3 p
g /ml), hCG (3 pg/ml) M|t 24 A|7t Bt Wi}
& A& Fig. 39 JeliAth Bad §3 4= g u)
ofof A wh kst )2 Fell v]3ted PMSG A2 Al 15%,
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Fig. 1. Effects of in vivo PMSG treatment on bad and
bax mRNA levels of large size follicle.

A) Representative autoradiogram of bad and bax mRNA
levels. Total RNA samples prepared from large size

follicles (400~430 um in diameter) of mouse ovaries
treated with PMSG (5 IU) were analyzed by RT-PCR
with 32P-labelled primer. B) Quantitative analysis of the
relative amounts of bad and bax mRNA levels. The graph
represents the mean + SEM (n=3) of densitometeric
scanning results after normalization of the data against g8
-actin mRNA levels in each sample. AU, artificial unit.

hCG HgA] 38% A 2=t Bax F82+= ol
Z3of s PMSG A& A& 50%, hCG 28 Al 70%
Ax gA 2@ AT (P<0.05).

3. NO7} O atresia®t bad X bax FXIX} &héiofl 0O
e dg

q¥ s Fetd NO =822 sodium nitro-
prusside (SNP)9} 3229 243 gas dolrn7] 9
3] GnRH agonist (Sigma, L-2761, 3 ug/ml) +
SNP (100 M), testosterone (3 ug/ml) + SNP
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Fig. 2. Effects of PMSG treatment in vivo on medium
size follicular bad and bax mRNA levels.
A) Representative autoradiogram derived from RT-PCR
using 32P-labelled primer analysis of bad and bax mRNA
levels, in medium size follicles (200~230 ym in diameter)
collected from mouse ovaries after PMSG injection. B)
Quantitative estimate of the relative levels of bad and bax
mRNA in medium size follicles, following normalization of
densitometeric data against 8-actin mRNA levels in each
sample (mean + SEM, n=5),

(100 M) = SNP (100 M) E b7} 2] 3bed 24 A7
SoF w3t &, viFAie) NO g3& E4stdth
A, nitrite §FL 27 H]3] GnRH agonist +
SNP &8 A] 1.69), testosterone + SNP A2]A] 2.2
¥ 22l1 SNP @E5X2A] 1.9¥] A= F7HEE ¢ +
190t} (P<0.05) (Fig. 4A). Bad®} bax f#zbe w
L ozl vste R HEPFE 1A (PO,
05). Bad 429 4% GnRH agonist + SNP g
#& 50%, testosterone + SNP A< 63% 1%
2 SNP A2 TL 56% SA Hda= et ¢4 bax £

Cc P H

Fig. 3. Changes in bad and bax mRNA levels in large
follicles incubated with PMSG or hCG.
A) Representative autoradiogram derived from RT-PCR
analysis using 32P-labelled primer of bad and bax mRNA
levels in large size follicles incubated without (C) or with
PMSG (3 pg/ml, P) and hCG (3 ug/ml, H) for 24 hrs,
B) Quantitative changes in the relative level of bad and
bax mRNA, following normalization of densitometric data
against A-actin mRNA levels in each sample (mean #+
SEM, n=3).

A2he GnRH agonist + SNP A 2] 7ol A 45%, tes-
tosterone + SNP 3z Fol| A 38% 28] SNP Ag
M 20% B $& dHGAS 2 ¥} (Fig. 4B).

%

2 Ayl ARz E PMSGE FAH 479 e
ol gl oI E 3 W Ao H70] 400~430 um?)
as7} & dxelA el Azke] ZF] BE bad $AR
o wde 4, 48 Aol ATHAYL W W2 ¥
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Fig. 4. Nitrite concentration in culture media (A) and

expression of bad and bax genes in large-size follicles
cultured with GnRH agonist {(Ga) + Sodium nitroprusside
(8), testosterone+S and S (B).
Large follicles collected from ovaries of 20 day-old mice
were incubated with Ga (3 pg /ml) + S (100 M), T (3
g/m)+S (100 M) and S (100 M). After 24 hrs incu-
bation, nitrite was measured in culture media mixing with
an equal volume of Griess reagent (1 part 0.1% NED to 1
part 1% sulfanilamide in 5% phosphoric acid). The
absorbance at 540 nM was measured and nitrite concen-
tration was determined using a curve calibrated from so-
dium nitrite standards (A). Quantitative estimate of the
relative levels of bad and bax mRNA was derived from
RT-PCR autoradiogram,

o 30% B= JAHULH, bax FHAe] GHL 24
AZto] A AE W RobR il 48 Ajtel AR
€ de A BoE 2E ¢ F AR (Fig. 1). o
E73o| 49 259 FA0] 200~230 um] A EoA

243} 44

PMSG7} bad9} bax f-3#te] wde oy 3
oA e7te ZAVIYT 1 23 bad9t bax §3 2]
ddo] 24 Alzte] WS W) 2ol HIE 60%,
70%9] *& WdAS Boltr} 484)2t0] AH W wd
o] A& EobA Wzl vl 4zt 20%, 40%9) 23
#Hag Uehle 39S 1A (Fig. 2). ol8§ 2
© A FF 400~430 um A E Q] A9} v%
gt Aaolrt, Hirshfield (1986)9 Lim § (1997)&
PMSGE Fo3td uizhd o ¥71 gAg S Zad
o 2 H¥eM9 A= %7} AAsY apoptosis
€ fredhe bax9 bad 3} JAEL BdFn
Atk AX H&% $2EL o¥d 2839 atresia’}
e Ae gol A7) dx o] 43 FAXA
Z0a 2 4 2o (Billig er al,, 1993). weh oz 9|
A3E bad¢t bax +AAE dAshe BFo] EAE
Ao FZ&d0,

AEE in vitrodl X XA FAY BAglo] uj
& 39 atresia7} dojdth 2 AYPoMe o9
437 atresiao] PMSG$ hCGE A&t in virro
FE & F badst bax FHe) BHPYS AR
ket 1 A3} PMSGSF hCGE A 9| atresiaZ A
ate] izl Wls) bad9} bax fH e BHS AA
AlFTh 283 bad, bax ¥ #AAE PMSG HgZ
2t hCG A FA oS e FdYAE B g1
bad AR bax A2k HE o] Yot} (Fig.
3). olgd Az o PMSGE FAlstd oz 9]
atresiaz} &|AE-& B 1% Hirshfield (1986)9) B 1
o A4 AT TEEE FHoA P A x| H
2] 3k DNAS] AHst dAE 2 A4 L» 22 TR
o] apoptosisE A #tie Chun 5 (1994) o] Rue}
F@3rh hCG Mol A bade} bax fAzHe] 2d
€] PMSG A it} o) & @& ddES B AL
hCG 32Ed o3 27}t FA3so] 9713 719
A A8 FR18H7] 98 steroid hormones] BH|E
F7H717) ggole} Azl

AAN NsALEAR 422 nitric oxide (NO) &
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nitric oxide synthase (NOS) & o)l oA L-argi-

ninedl N §=¥ Edo|r}, A9 nmo ¢FH NO

£ apoptosis$} Wil F¥L WX e A2 HIHY

o nitrite A4 o] BS54 apoptosis7} JA ol &

Ak £ oM e X F=of thg nitrite JF S

ol 7} 3kt apoptosisE FFde TEEOZ ¢

212 GnRH agonist, testostorned®} NO $xE2¢l

Sodium nitroprusside (SNP)E 374 Agstq ni-

trite 443 $28] AYAARE dHEgict 482

3} apoptosisE ZZ3l= GnRH agonist$} testoster-

one2 SNP9}e] Zgztg o2 g2 H|s|A nitrite

Aol @A 713t (Fig. 4). 919 4324 z=2

uj2o] A ¥ & #Ho] NO7L #oi 3oz 25

o]z}, HEFA NO= 4], 3 whg 72 o3

ZAYE A3 A2 E £ oxidant stressE 3} AA)7)

I apoptosisE ojtte RI% Ut} (Sandstrom

et al, 1994). NO7} apoptosis& ZAsh= B8 713

2 o} WA YA £ A¥He A#HE B NO

7} A3 Z& o2 apoptosis HH FAAE 2

gtod X EHIE AAGE 7150] USE ¢+ U2

F% NO 7139 dig A7 o] Easir)
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