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BME EMERFAEREEEEFERNNICENS OFFTHERENEEEEREICH L TE
DEIBEBEAL TOAENAWT S0, Tv FEEKIZBTFSMn-SOD. eNOS, INOS
MRNADFEBRBEE MHTT 5 & & HIIMN-SODENO D T v b i53E AL RIS a0
progesterone (PAORELEFEKRUNT R M= ANDEEIZODOWTHRITL /. hCGH500 5
4 8IF[HI B HEIR e OEGR2 A0 520 B OIEfReg A 2 EERICHE L 7=, Mn-SOD mRNA%
#. Mn-SOD EH K TUP47% % 4 northern blotik. ELISAIEKRURIAIETHIE L=, £z,
eNOS. iINOS mRNA %31 iZcompetitive RT-PCRAIZ TR L7=. Mn-SOD mRNA %
BUIhCC R G TRHE R OERIAHBICE— 27 Z /R LTz, T 512, Mn-SODEHIZhCG
BRE12R IR L D BinL ., 24RRIRICE— 27 2R, PAREER U #B ZR LTz, iR
TiEIMn-SODEHIEIRIGHBICE— 27 ZR L7z, BEEIPICHB T 5eNOS, iINOS
MRNAIZW TN HhCGH 5 16RHIRIC E— 7 2R THEBER Z /R L 2. EREECSN
TeNOS mRNAIZ kBRI KB IR T 5A TH > 225 INOS mRNAIIAEHR12
HEXDHESMRBICHE®RL, BRI TE— %2 RU, —#., PMSG#548K:Ri#%
DOEP M ZGITETHERE L, NOREFTHSHSNAPE SIN-1KUMn-SOD i/
U7z# . SNAP, SIN-lLidWwdhdHREFENICPAEAZHIL /24, Mn-SOD&ED
FIRRINC K > TW T NOPAEAERE S ARICEE L7z (0<0.01), F/z. SNAP, SIN-1D
FINIC & > TDNAKTH{LAGRS 531, Mn-SOD® FRHEMIZ & > TDNAB (LAY ]
Nz, 51T, SNAP KU SIN-10D HANC &> TMn-SOD mRNAFEBUIHERIEE &
DENTNLOFERCLIMGERL 7=, LEXKD . v MEEEREFRTEEICH N T Mn-
SODI3 H ik BEREMEIER) 1T, NOVZEE Ik BEREHIBIB) ITHER L, &4 B, RrHIZLZERL,

MPOMEIZZORA =7 LIENRS, TOMEHIZESG L TWS I EAFRKREI NI,

Abstract In order to investigate the role of oxygen superoxide and nitric

oxide (NO) in regulation of luteal function, we studied in vivo mRNA



expression of Mn-SOD, eNOS and iNOS in rat corpus luteum and interaction
between Mn-SOD and NO in regulation of luteal function in cultured rat
luteinized granulosa cells.

The expression of mRNA and protein level expression of Mn-SOD and
progesterone (P4) in the corpus luteum were detected with Northern blot
hybridization, ELISA and RIA, respetively, during superovulation and
pregnancy. Expressions of eNOS and iINOS mRNA were detected with
competitive RT-PCR.

In the in vitro study, granulosa cells collected 48 hours after PMSG
stimulation, were cultured in GIT medium. After addition of NO donors, SNAP
and SIN-1, and Mn-SOD, P4 concentration in the supernatant was measured
with RIA. DNA fragmentation was detected as well. Further more, effect of
SNAP and DIN-1 on the mRNA expression of Mn-SOD was also evaluated with
Northern blot hybridization.

In superovulation, Mn-SOD mRNA was detectable during the whole process,
reaching peak value at 7 hours after the hCG injection. Mn-SOD protein
started to increase at 12 hours after hCG injection, reaching peak at 24
hours. P4 showed the same profile as Mn-SOD protein. The levels of eNOS and
iINOS mRNA gradually increase after hCG injection for up to 15 hours and
decreased afterwards. In pregnancy, mRNA of Mn-SOD was detectable during
the whole process, reaching peak at the 14th day of pregnancy, while Mn-

SOD proteins reached peak at the 16th day. P4 showed a similar pattern with



Mn-SOD protein up to the12th day of pregnancy when it reached peak, but
gradually decreased afterwards. While mRNA of eNOS had the tendency to
increase gradually during pregnancy, mRNA of iINOS rapidly increased from
the12th day and reached peak at the late phase of pregnancy.

In cultured rat granulosa cells, production of P4 was suppressed by SNAP
and SIN-1 in a dosage-dependent manner. However, addition of Mn-SOD
partially reversed the suppression respectively (p<0.01). Similarly,
fragmentation of DNA was induced by addition of SIN-1 and SNAP, but was
inhibited by addition of Mn-SOD. Further more, mRNA expression of Mn-SOD
in cultured granulosa cells treated with SNAP and SIN-1 were increased 1.6
fold and 1.3 fold compared with the untreated control.

We conclude that Mn-SOD is involved in stimulation, whereas NO plays a
role in suppression of luteal function. In addition, Mn-SOD and NO interact

with each other in regulating of luteal function.
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AR REI I BRI 5 5 E N progesterone(PDZE L E LA T O KKV
TR BT E NI S 0 7= NBEA DS KSR ORRIL, iR OHER 2 B K
ET 5, ZOREEEOMETIIHEK T — FEEA—INERNED > THW S, i, £
OMEIERE L THEERFERCELREFERFOT ) — 5 P &2 OREEERNE
KRR LTWA ZEMHSENITIRDDDH S, Manganese superoxide dismutase
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synthase (NOS)IZ L - TEK X1, NOSIZiZendothelial nitric oxide synthase (eNOS),
inducible nitric oxide synthase (iNOS), brain nitric oxide synthase (btNOS) Q=2 ®
A4 THEET %, FHEICHBIT H5Mn-SODEINOS. eNOSD & R i & L F R ik
Lo THMINTHO (1. 2). T5ICMn-SODITHEIRMEIER 24 L(3), PAGZMITHE
LIEERIZB W TS Z &E(4), K/ZNOHEIMEEE F (6) R UP4 D7 s Hl1E F(6) 28
LTWa I EpEEEINTVS, L VHIREREIC B TG %R SIS R R 1
KITENS OFREIBER OBNES 5 IIME P HPEERTICB N TEDX S BBMEREZALT
WENRREAHATH S. FhlbhibnidZ v bEAIZBIT S5Mn-SOD, eNOS,
INOSmMRNADFEHBNEZIn vivoll BWTRITT 2L EHIT, 5 v MEBEERERHR S
R TR WEEBRERE TN T 2Mn-SODENODHAIEHIZE L TRE L 7z,

R RE T
1.
EREY)

A LRGN 5 19k X T, 23T, MEEL0~60% D2 FHITT, [ERYE
(Z LY. BA)EKEKZ B HBRE B/ 4E%26~28 H i OWistar Imamichi kPR A
v MAEA=ZH IR —-ER)Z AW/, Pregnant mare serum gonadotropin (PMSG:
i [ s KK) 501U, ZD50KF#EIIZhuman chorionic gonadotropin (
hCG:Sigma)25IU 2 & 4 RENICH 5. LU, BHRLE 21TV, HEZEML L, E5ICH
R 168 pFAME S v bZEA W, RS FCERO# 7 v b RS E TH SN ik
hEIEBRITEL, PR ORRH Z RO &L,

2. EBRIGIL
1) iBHEIE R O 5 v B #AIZH T HMn-SODmRNA, Mn-SODZEH. eNOS, iNOS
MRNA K& RPARE OB HE
WHEERZ » MZB U TIIhCGI S ERTOR D L Ot 51, 7, 12, 15, 20, 24, 39,
ABKFEIRICR > 75 — )V RRRE IS T, MEUIRRZ i Uz, Bz iR, 22 5I0)



HREBRIZCTREMNEL., —80Cdeep freezeriZ THAERTE L /2. %, AGPC (Acid
Guanidinium Phenol Chloroform)ikZMWT, total RNAZMH L/, Mn-SOD
MRNADFEHIZ DWW TIE, total RNA 15ug/lineZ1%7 A0— A7 )VIZESIKEIL .
UV light FT28S & 18SD U R — ARNANY RZ2#ER L7z, Mn-SOD probe (KA
FLFHE X DREE)EHW T, northern  blotikZEfrofk. BB +O—)LEL TR
glyceraldehyde-3-phosphate dehydrogenase (GAPDH)ZMW/=., g &0
BAS 20002 > Ea—#—(BL7 )V L) Tiro7. Mn-SODERKUPPADREIZDWNT
IR U7 Z A RICAN, FEPR— b, V- hE BLOOBELZ. b
P Mn-SOD K T P4 %2 ELISAk (rabbit IgG anti rat Mn—-SODFI, KK FHLFER=E
£ D #R4t) R URIAE (DPC P4 kit, HADPCO—HR L —a NI THELZ. 5T
#HE (BCA protein assay kit, PIERCE)&X O#BE L. Mn-SOD#RE EPAREE L.
eNOS, INOSmRNADFHRITFEETHH L/ztotal RNAZRAWT, competitive RT-
PCRIZTH# L7z, 72Bcompetitor DIERRIZ DWW T, competitive DNA construction
kit (#558) 12 T# £ eNOSidsenseprimer 5° GGAGCCTGGGCCACCC-
TGCGGTACGGTCATCATCTGACAC 3’ . antisenseprimer 5° CAGCTTCCCCCA-
CTGGATCCGCGTGAGTATTACGAAGGTG 3 . INOSidsense primer 5° TGGA-
AAGAG TACGGTCATCATCTGACAC 3” &antisence primer 5° ACAACCTTTCCA-
TGCAG CGCCATCCTGGGAAGACTCC3” D##1-74440 bp &334 bp®@DNA
competitor 2fEpk L 7z, RTIZDWT, oligo (dT)%Zprimer& UL TMLV reverse trans
criptase (molony strain murine leukemic virus reverse transcriptase, BRL, Inc.)IiZ
Ttotal RNAY > 7)1 ngZEHAWT, 42C 1h, 95C 5 min. {ZT10 £ IOCcDNAZER L
7z, PCRIZeNOSTI3kt k®sence primer 5° GGAGCCTGGGCCACCCTGCG 37 &
antisense-primers” CAGCTTCCCCCACTGGATCC 3’ (7). INOSIIRat®
senseprimer 5 ©~ GCCTCCCTCTGGAAAGA 3 * &antisence primer 5° TCCATGC

AGACAACCTT 3 7 T(8). 107 copies®eNOSKWNNOSHDNA compititor & —#&IZ



eNOSTI394C 1 min. 65T 1 min. 727C 30 sec 30 cycleiZ TeNOSD549bp cDNA &
competitor ®440bp DNA%Z, INOSTId94C 1 min. 56°C 1 min. 72°C 30 sec 30 cycle
12 TINOSD500bp cDNA & competitor ®334bp DNAZ IR L 7z, target &competitor
ENETNE—/zband TH D Z L EMER L. negative controlé L TMLV  reverse
transcr-iptase D#IRMY > TN E2H Wz, EREHIENIH image/ 7 b Tiro 7z,

RSy ML T, E5R2, 4. 6. 8, 10, 12, 14, 16, 18, 20 HHO#HKEZH
L, @HEIRS v b & FERRICMN-SOD mRNADFHBEHEEIZ DWW Tidnorthern blot
T, Mn-SODZEH K UPA#EE OBIEEIC D W TIZELISAE R URIAIE T, /=, eNOS,
iINOS mRNAIZ DWW Tcompetitive RT-PCRIE TR U7z, 72 B PEIN K & dEfR ek &
OMn-SODMRNAD FEH % LT 5 72 DhCGH 5 TRIIR OBHFINE K, fEIR2H & Ek
14H Otz AV, FEkkiCnorthern bloti#E TMn-SODmMRNAFEH # Rt L 7z,

2) FERPERIEFIIRADOSNAP, SIN-1KUMn-SODDOEMC & HP4EARE, TR h—
A5 B UMn-SOD mRNAFEB KT 2 2%

DERR Ty MIPMSGZEKZ G U, 48KFRHIZRICINEML, 26GSH TR ZZRIL ., FHKL
BRI 2R L 2. 0.1%E7) 04—+ (Sigma) T30/ ML L. PBS(-) T2RIM M,
2.5x105/mUEMIRRIZ72 5 & 5 ICGITR G AME) THRE Lz, ehTh24d wellfifEss
FMIZ500 w1l 60 mmALEENEENMIZ4 mlZE5% CO2. 95% O2D%M FTHEL., FUN
TN —RAEITT8E% LA L OMILDAEFEMR L /. AiEEE24RFHER, LAT OERINZZER
Zfro Tz,

24 wellt3# R IZ & 4 s—nitroso-l-acetyl penicillamine ( SNAP, NOZAF], fntH
#)10-5 M. 10-4 M, 10-3 MESNAPL10-3 M + Mn—-SOD (RJ6#t#)103 IU/mlZ, 3-
morpholino-sydnonimine (SIN-1, NO @ R4, FE#3K)10-6 M, 10-5M, 10-4
M&ESIN-1 10-4 M+Mn-SOD103 [U/mlZ#FIL ., 24k ##E LFICB T 2PAREZ
WEL 7.

60 mm®DEEERICTB WV TSNAPL0-3 MESNAP10-3 M + Mn-SOD1031U/ml, SIN-1



10-4 M&ESIN-1 10-4 M 4+ Mn-SOD103 mM#Z# M L. Apopladder kit (TaKaRa)iZ T
DNAZHH U7z, laneZ&1220ug% 1.5 %7 A 00— A7 JVICESIKE L. DNAKTHR LD
AEIZDOVWTHRH Lz, & 51260 mmiEERICSNAPI0O-3 M, SIN-1 10-4 M ZiFhIL.
24ARFRIBE RS, MK Dtotal RNAZHHH L. 1) &EFkkIZnorthern blotik THET L 7z,
3) MRt ik

SNAP, SIN-1EUMn-SODIRINZ & 2PAEAENDZEIZ DV T OFEHRE L
Student,s t-testZFAWT, b %KRMDERRE b > THAEEHD E LT,

(S S
1) BHESI R OHEIR 5 v b ERIC BT AMn-SOD mRNA, Mn-SOD#H, eNOS,
INOS mRNA K P4 OB

BHEBE S v M BRI BT AMN-SOD mRNADEIEEIZBI L Tid, £ildfEd THRBENRD
5. hCGHEGTRM#ZIZE— Y %2/ RL7=. Mn-SODEHRIIhCGH 5 121 # K 0 18
ML, 24F§R#%1226.8 ng/mg protein& kM &2 0. M OPARRE & FEMICHS
L7=(Figl). eNOS  mRNAIZhCGH 515k REZE TREICHEARL, TOEMBBEL .
INOS mMRNABEEORBIIhCCREER WL NIV EMERE L, 15RRZICORH DT E E
— 27 &2 LT (Fig2),

FEBREE AR IR U T3 2R TMR-SOD mRNADFEBIARBDH 5., HiRI4AHBICE—Y
#xrU7. Mn-SODEHEIZFKEI6H BIZ182.0 ng/mg protein& E—2 2R L7248,
PAIZ12A BICIZE—-2I2E L, TOHKBRLICHE F LAFIg3). eNOS mRNATEBEIC
BOTKEBIZHRT M Z/RL, —F. INOS mRNAZIERI2H B L D B2
R L, RERITE — 7 2R U 72(Figd), BEEIROhCCEETRIHR EHERI4ANE O
Mn-SODmMRNADFHBR O s TIE. fEiR14H HIZhCGH G TRFEIEZ OB AT L4 @m0
mRNAFE 7R L 7z (Figh).

2) BEBERIEMEADSNAP, SIN-1KUMn-SODOEHMIC & BP4FEARE, 7R b—2

A A8 Kk U'Mn-SOD mRNAFBIN D Z#



24 welllg 2% Z OPAFEAITR LT, SNAP, SIN-1idfBEKEFENICHIHZ/RL, SNAP
10-3 M&ESIN-1 10-4 MOFEIIZE D, 2> hO—)L EHBELTL %, 5 %X THHIL /.
—7. Mn-SOD103 TU/mIORFHRINCE D, 422 %, 29 %ETHRKZEHELL
(p<0.01) (Fig6).

F7. 60 mmiEERIZHB T SNAPL10-3 MATISIN-1 10-4 MOFINIZ & > TDNAK
FrEdia8s 54, Mn-SOD103 [U/mI®RERFERINZ L > T, WIS DNAK LAY Hif]
Eh7=(Fig?. £/, FRITBVWTSNAPIO-3 M LU SIN-1 10-4 M RN K-> TH 3
BRI B OMn-SOD mRNAFEBUIERMBICH L, &4 16654 1.3MEOHEMZRL
7= (Fig8).

B

EEREHEOBEELRY 7y MIMEAICLHSEI bR T THD, TIITRIELT
W BMN-SODIZHIIETE I L THERRENTE L THVTWSO). L0, E
AREDS v RIFETOCU,Zn-SODEUMn-SOD® FEMICB T 25 L 0. HEIizBWNn
TIIMn-SODDRWBEZERD, = 5IZMn-SODITFEMER L, MFFicEE RS ZAL
TWwbZ EEHELAA, 10, 11, 12, 13), /=, Heslaetal, (4), Miyazaki etal, (14)
RERIZBNWT Mn-SODD L N)LidP4E —B L., HEFRFERIZBW TIEIMn-SODIRINZ X
ODPAREAENERICTUET S EWMELTH O, X 51T Sugino etal, (15)IFT v MzBWT
IHHRISODIIPADBEE 2T B Z L2WE L TV 5. AR TILBIEIN EEICBNT
Mn-SOD mRNADREBRARD 5., TORENY — > X0 +EERENTEAD—HKL
FHENRD LN, £, Mn-SODEHBBIIPARBEDOLELEMDT—H LI/NF—>
BEBIEMEREINZ. LA EX DMn-SODIIEEII AN BT 5 e EEI X L Tfe
ERERZAE L TWA EEA SN, —F, HERKICBVTIEMN-SOD mRNA L&EH
BOZELIT B L THD ., HIRMOM TIIMn-SODId#EAE#E(AEERZAE L TS EE
Zohn, ERPIHCARRIREEIF S IR 2HEEZRL TH O, HEKERERIZIBNT
REREE S RFEE TR AN A LNGFETH I EZRRT 5D EHHEN



s

—%. NOIZDW THREMB AR L DINOS, eNOSIZA < BFHMMBICRMEL ., Hik
BV THRS BELTVWAIEMHENEINTNSR2), LML, NOSH L IEINO
MNERIIBVWTEDIIRERNERZAL TVANIE L DORIZL|ENBDH LN, K
Fiz—E L RBIIE SN TWARW, Voorhis etal, (i3t MERIEMRICHWTNOIZ
HBRSHERZA L TVWAZ EZRLTHBD, £/, Olson etal, 16)iZF v MizBWT
NODOHEWBEIEHN ZHMEL TV, —RICNOFHEKERIERNZ2EDAT OA1 REEN
SHEHZBELTWS EZEZS5NSA, 4. Anteby etal, (1TNINOD ME LRI &
DIANSTA—NEAZTIET S EHELTWS., SRIEAITBHEIIFEITBNT
eNOS. INOS mRNADFEH %58, hCG#516RFHIERICINOS mRNAZ 3 > hO—)Ld
MEOERBZRL, TOEPAEAENEFLHED S Z &, EREREMEIZBNLTINOS
mRNAIZ12 H B & D 23ICHEmL, 1ISHEICE —ZITET 5@ M LERT I E2H
SMZ LTz, HEERAEAZIRETNOSEEREERZA TS L7226 Ak
NOB Rk EEF% TH 2INOSOE B BINIEIRE A I B O THHEERRFER 27T 0L
EZZo5N5., E5ICNOldcyclooxygenase ZiEME(E L. PGF2 o BEA 2 MEHIZ(E#ET S
A8)Z &M S, HERAMICH W TNORN I RDFER & U THIEERS U < 138 H#RRE
FAELTVS ZEMHER SN, RS v MEREMRICBL TNO#RHITH S
SNAPK U'SIN-1I3 i BAKTFRICPADFEL ZMHI L, SIN-LHISNAPD 107 D1 DIREET
SNAPDPAPEAMEIE M EEFEDIEMZ R LTz, £z, SIN-1IINOZEAT D LEKFIZ
O2-HFEET B T &5 5SIN-1 D387 728 e RENIFIVER IZONOO- DEAZ T T 5 AlHE
HAEERE N, /2. Mn-SOD O FFFHRINIZ K DSNAPKRUSIN-1IZ K % PAEEAED ]
HIMNAE BICEE T2 I &N 5Mn-SODRERBRIMEHIERZA LTS Z LAURE SN
2o

B3 5w NEREMINIC B 285 TIISNAPK USIN-1DFMIZ & - TDNAK /{kA?
FBIN, Mn-SODIZZNSDTH b— AHEHITH U THHIEICHERT S ZEAURE



/-, Kaneto etal, (1IISNAPIZHBIKFMITNL ALY — B #OY B h—2
AZFEET S EMAE L, Brannstrom etal, (20). Narko etal, CDIdEEE b ETKS v
N ERIE AR BV TIL-1 B13PGF2 arecepter D FH K 'PGF2 o DL Z e S
—%, EiFS 221IPGF2 a i3 AR Y R h— X 2#FE L. Mn-SODIZPGF

20IC& > THBINLHFMROY R b — A 2MHT S LRESN TS, IL-183
INOSHEEHZATAHIELD, NOLPGF2a DWEMNT R b— AFFITBEL TW
3L%EZ5N5, SEORMTIIPGF2 ¢ kUFas, Bax, Bcl-2 familyZza E7 R b—3 2
BEEE T & DBEIIRH L TE 5T, BEPGERHAN ZXLIZBT BT R F—AENO
& O BRIIREZRBTH S A, NOMEMBRERFO T R b — 2 A58 e ERIEH
2H L. »DOMn-SODRINZMHIT 2 LHERETND.

& 5IZMn-SODENO DR E A E D & 5 72 AMEMIT & - THIFHAEZRETT 220351
EDEZ AR A TH BN, flx OHELDINOSHFHATHBHLPS, IFN v, TNF @,
IL-1B313IMn-SOD DFEHTH H5 I LA NnEINTHN(23). NOSEMn-SODD
B EER OFET 5 T EAVRB E NS, Sugaya etal, (24)idmicroglial BV-2
Iz BWTSNAPRLPS# 512 &K O Mn-SODEBEM ML, INOSHEH TH HNILD
HmINZ &> T, Mn-SODM93 %l Tz L@®etiL TWwab, F/Brady etal, (25
L2MHR(Z v b type [ ififl }0) & W 7=RT-PCRIEIZ K B8R a4 5IFN v XUTNF a i3
INOS mRNAZFEERZH L TH D, INOS mRNADFHHEHZSOD mRNADREBRDHER S
BHONB L, I5IKINOSEKE OEHE KT TH S NF-KBEEOHARNNHATSHS
PDTC (pyrrolidinedithiocarbamate) iz & - T, IFNy &IFTNF o iZ & 5iINOS mRNAGS
HAHHE NS EERKFICSOD mMRNAOEHRBMHSIND T E2REIN TS, AHF
(BN T RA IIHERFERIEHIE N ONOSHEHIT & 5 SNAPKUSIN-1DFRMIZ L D Mn-
SOD mMRNADSEEINZ ZEZ2BASNI L. £k, HEENICHB N TINOS mRNAFE
BRIZZELHERLTWAZ LEEETEE., INOSOFRERMRICEK U EETNDHZNON
Mn-SOD%#E L, HRAINICH T 2 IEIREA DI, MM SNADRZEBESA D5 T
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