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R

A

BRI BA A I I BIAR & KEINR 25552/ 5 4 /SR & LTRE <BE L, fiin
DIMIEHADKES EHIE L. KEIRA & FEE BTN D, BIIREIEBIERE
BT ARBIIROIEIR & ISR B D MEBEORBICEESES LS
THHEARTH D (Jonesetal., 1969) . ZDOE L HERICAWICIHET 2
NSRS, MICEDRWIERIC IS~ RINETH Do BIRE O
FIFIFLOOBASE. BEMEIROEIE & A A CIVERTERD 5 RAEBRAOBITICEE
BB ERELTE Y, HEBOHIRE QI ED M EERICES 2 &
WHTERDERIC L > THEDTEETH 2,

R DB IC @ < 7O XY 7S5V U Y (PGs) LUGEMEIC @)
CBESEDONS VRIZL b TNS (Clyman, 1987) o ZDPGs%
EERT ABETH DLV I OFF LI F—EDOWEL, 1V FAY S L EDFE
25704 FEREERIC Lo CHESh 2 Z b b, EREMHO/RES v M
JEXTF U4 FERAENERE T2 L, BFOBIREIZUHEL (Sharpe et al.,
1975 ; Momma and Takeuchi, 1983 ; Arishima et al., 1991) . ZDEEII4E
BIZE B3 b MRRIZBWTS, RIS BIIREDUHET 2 L IRt
FEDSEE U, S, RIS MERGHED 2 W IZ RER R REIET 2 2
L HEIS N TS (Momma and Takao, 1987) o

£ 1% D BIIRE UTAE I M58 O TR A DULAIC & D 4 U BESRERIIIR &L 5L
TR 2NEMEBOE. NETEOME, BaolRz L TEEORH
I & B Ak AT AR 6 T2 LB D — YRS 413 5 (Jager and Wolleno-
man, 1942 ; Jones et al., 1969 ) | HENEIIRIIC R SRS O,
WIRERE U CEBT 5, A%, BIREOWEHIERICETE T, e
BEn s L BIREEERE LIEENS . COBEBIRFERDERDE

1



v

&
EBRNED D ZFH/NRBESCIIEETH 5, 2. —EIUEL ZHRE
IZBWT, PGE;&PGEIZ L2 HBIEN L b, UUYFRETRI 52 L
N TW3 (Sharpe and Larsson, 1975 ; Heyman and Rudlph, 1977 ;
Momma et al., 1980) #%, T v MIBWTIFRETZ L TR,

D XD IAEIC BT B BIRE OB OHER: & INHEBASHICER U TR ZH
ENTVRNWA RN ZXLADE N, FIC—ENE LU ZEBIREVPERET 1A
FREICHEREL, COHEREHRZOMBAZEBRERFEDREA H =X LOfE
HIZHDRDBBHDLEZIHND,

A RAY S VdRGEBARI I OFF T F—EHERITHSA > F—)
EEEERDIER T O A4 MERKRERIDIDTH O, BHE, b bRBROHIRERH
FREDEBFICANSNTNE D, LT LHEIERITEL 2V (Hey- manet
al., 1976 ; MaCarthy et al.,, 1978) . X7z, FHIREBHORAT v MIBEFID
AV FAY Y o eEET2 L, HEROBIRE OIUEDIEN (Konishi et al,,
1986) « A ¥ FAS S IIHEHRHAIC X > TXBIIREIEICHEIREZLET 2,

TUXTT UV OEBBERIBERTHEILA VBRI T (MR, =
FSTVI) IE MMORBRER & R, RRREREA 2 Uz EE. B OB,
BlEADOMREZEMSEBEERZ 5T EVWSHEAL S, b MEHRIC L
<EAIN TS (Johnston, 1984 ; Lund-Johansen, 1984) . iF4E, IEREH
Do BN TS 7V IV ERA LUEGED S, FrEROBIRERERE & O
EPHEZTNTNS (Kreft-Jais et al., 1988 ; Pryde et al., 1993) o

PLEDZ & oK mX TIIBREOHEREL. BIREFEE & O BEME D H
BEINTNWBEA U FAI R F 5 7V INVOFREREICRITTHEZHS
MPICT2ZEeZERNEL, ROLIBREAHEPSOT7 7O —F 2Rl A7z,

SBLIC, R O BIRE OBEBEFEIC DOV T, FICPGE1 PGE2IC & o
TEU 2 HIRE QBT DWW THRE L=,

2



W/

I’

W R

#2102, HEBDOPGEIC L2 FREOHBENEEADI I OFF2 T F—
PHERIORSICL VB ZZIT 2D TIERVWP EHERHINDDT, ERRY
DIERT O A REHAERIDNPGEIC & B BIRE DHEFIC S 2 2 B ERG
Lz

|3, EREHORMES v M5 7))V EEGERS Uz & EDPGEIC
L3BIRE OBEREICRIFTREIIDOWTRE Lk,

Bz, BARE LMICB T 2PGE, DR AARIZEE Uy PGEe D EZE 2 {UEH
SEREETH BMDIsS-E ROoF - 7aRy rS oo Fe vasr—+€

(PGDH) &M & BIRE O B BEF & OBI#IC DWW TIRE L 7z,

51T, BIIRE QRO L 7R b= X (70T T LHlfEE)
IZDWTIRET L. =5 7V )ViREDN, BIREOMIEEMEE 7R b —Y XK
ETREBERE Lk,



HLIE

E1E PGE1 &PGE2(Z L B ERE D BREF

FETRAm & 310, EAEHOBIREIIEERICEB TR IS U Yy
(PG) L UHEMEICE < MAEESEDINT V RIZX > THERENTSED
(Clyman, 1987) . ARE OHILGRICIEA T 2PGIXPGE2TH % LIESINT

W% (Clymanetal, 1981) . AEHICIZMABEESES KN D, ¥ r7oF
XU F—LHERTHBA Y FAY Y U EDNERBRICESEIND L, Il
HOPGEsDETIZ L D A FOBREIZIET 5. —FH. FHEFITBNTD,
PGE, ¥ POElc & b BIRESERAET 52 LIXE b, oY FTHESATNS
(Sharpe and Larsson, 1975 ; Heyman and Rudlph, 1977 ; Momma et al.,
1980) »5, T w MIBIF BPGE; & PGEIC & 2 BIRE DHEBFEIZDVWTOR
SR,
ui@:t#%\#Efﬁ?vb%&%@—ﬁﬂ%bt&@@%ﬁtﬁﬁ%
PGE; £ PGE2IC L5 HEIFIZDWT, ZDIERDRERE. ARMRFE 215t Lz,
I 5IZPGEs IZ & 3 BIKE OEBEPERDONWD X THREI N DS Lk,

BIE MRE T

1) #tEXEYB L OEHEERE

BEERBILCrj : WistarZ v b2 HFRBES R THEL10~1SBROHEE Y %
HWWizo BIZEE24+£2°C, HMBESST10%. KBRS E/ K . 24—
W7 LwianR, REREI2E (FRI6RFRLT. FROFHHEAT) ICBRES
Nz R EEYRFRAT RN THE Lz, fR & JUKIZETEER (CE-2 !
HAZ V7, W) BIUKEKEEHHERS ¥k, EREMIIMEES v b
z—RERES Y. BHEIAXATAICEFIFEDSNE E!lEZ&!EOEI EERE UL
BE Uz, ERWEHE21H L35, EEICIE263x425X178mm DY H1—

4



H1IE
RA— MR —=U2HV, REHFIE3LT D, ERERRITILEET L Uk,

2) Rl

PGE18 K U'PGE2®D/¥1 7 )Vimg (Sigma, St. Louis) %4 AIEK10mIiC
IEREICAME L 100 1g/ml DEHE U, WIEICRE Ulzo (A HIRIZ RS,
DERLIAE Uz (IUA L FER, 1986) o

3) KRG

3) -1 PGE;B L UPGEIZ & 3 BIIRE DHEF%E

HEVIBB R R OFET 2 AV, 4ugF 721310 1g /IEDPGEH & PGEy
ZHMRTICHRE L, BEENERERIC B 28IREOBREL RS Lk,

IEYR21HOBRHAS v b 2 WSARILE. FEURICL D HFEF2EBE, Fah
SELD U #rEFIARICAE U Hid LIS 25 48 2V CHRER D,
37°CORIRME EICHE LTz FHEVIBA3RERI®. 4 ug X 721310 ugDPGEB &
UPGE2 27 AWY ) U PRV THEFOEMR TICHS Uiz, R5HEE,
1558 3043 604>, 90BBLUIBORRICHEFZY L TV T Uiz, A
BICIX, WEUIBIRIERICPGEsIR G L ASE (50u]) OAEMAEKE S
EFOEMETICRT U, REEHD51800E F TRERICY L 7Y 7L
Feo $UTV T UREETE K54 74 2 - P b SHC AT A EE L.
BRI T-20°COMBFEIZHRE L =,

3)-2 PGEglZ & % BIRE HBE D BRI 2L

T YB3 IR & 7 6 Rt 3 K UV E AR R 206 & 7= 1324 IR E O 37 42
FiZ4 ugDPGEe 2 %5 U THEIIRE O BHIE 2RI RET U o

HHEAES TR & 7= (X6 R R DFT A Ik, 3) -1 L ERRICIEIR21 HDRHEAS w b

5



B1E

»oHECIFIC LD/ T, 37°COREBM LIC—ERMME Lz, £, H4E
1218 & 7= 324 SR OF £ FIZERSHRIC K b Bz, EREHHORH D
CULREIVIZEIE L. BROMEHERE. HE12RM E 2324 RMEBICES
BHEF2ZRUORBRICHWE, B, FETFIIPGEIXS30ARIE CTRHAS v
FERBTE. ZO®&. 3)-1 LRBKI37TCOMEMS FICHE Uk, HAE3. 6.
128 X U24KRREEIC3) -1 L RO HETHEFOEHE TIC4 ugDPGEy %
5 U, %515, 30BLVCOSRICFETEZY L 7)) U 7 UEEHR Uk,
MRS IIAEEERKZRE U, BEEREZIZ800BICHEFEY LT
YT UHHE Ulzo B, HEVIBH3NMEICPGE 25 U= EBREHI3) -10
T8 2R LR,

4) FEFORKE, BIRE DB L OHERD AR ORE S &

GG U BT 2-20°COMMED SH D B U, b2 EFE (AND, EK-1204)
THREZHE Uz, HERNE2TRo %, FEFORRIGRE D & BEIZ
TTERZARAA X TR Uz, RNT, HiEFE2EREEEE (KOMA-
TU ELECTRONICS, ELECTROFREEZER, MCR 8024) (X-1) IEZEL
2o COBE FEFOHREIFESICH U TEEICRS LS ICHBRELBEL
2 (K-2) o #HAEFOHMERAEME (OLYMPUS, SZ40) (X-1) TH
RURDOHBHAAZTCERLED 7Y =N FCHIo . ETHDICHIHES &
URIEDEROS N (K-3) | & 514D D 3 LIRERDEDI S (K-4) o
TOH, FRIZEE, ZOEANCEIRE & KEBIROSEFHZEDS NS (F-5) o
Z LT, BIREDREMRD 52 L. BREDOAEDPR/NMIR ST
BIREOWEZHE L (K-6) o« X5IZHIDEDHELEDIBIRAEDN.
BEDPEWL C—AROMERE IR > e 2% (K-7) CHBIIRO AEREHIEL =,
BARE B L CHBIIRD MIRIZEFEMBOBRL > XITEE LY 70 A—

6



BLE

HJTHE LU= BIREB XUHIBAROAEFEDL. (DA/PALL) ZKD. ZDLt%E
BIIRE OUGEESEOIIE & Ulzo 3T~ & 5 I BIIREIL HI R ITIR D BY
AL L HITIME L. WRIZDN < 722 hEEHOMBIRO ARIKIEE—ERO
T. DA/PALLIZHAEERO#1.00 5 HEIOHEIZITNOL 722 (Takizawa et

al.,, 1992) .

5) WETFERINLIE A

HHOHEFOERED L UDA/PALLD FEYE L EHEEERD T, BRI T
StudentDt-testZ 1T 572, P<0.05D5EAE. HEEWICEEENH 5 & Y
L7=s

Hof ERER

2-1 PGE;&PGEIZ & % BIfiRE D EBI%E

faRZM-8, IBLUE-1ITR LIz,

PGE X /zIdPGE 245 U= FOREIZER CTH O KRR ddh -
7Zo

VB3R EER O ETIZ4 ug /IEDOPGE 2% 57 5 &, DA/PAMIZRE
KFD0.007» 51543#120.37 LRAMEZTR L, LLE3047£12130.31. 605IC
(0.09. 9043#1C130.03 LHIHK L. 1802IZ1X0.00TH > . —F. PGE;
DRGED10 g/ EOKFE. BEREOD TR TIZBWTDAPALIZA ught X
h HERICHMEZR Uz. DA/PALLOBAEIZIRE304BICFHD 5H0.52T
Holzo

4 g DPGE, Z[ARRIZIR 535 &, DA/PAHIFRSEED0.00H 5155881
0.58, 303#120.60 L RREZ R L. 6043#120.41, 90#120.19 & ¥ L.
1803 &121X0.00CH o720 —F. PGEsDIRXERN10 g DHEFIZ. DA/PALL

7



1w
EBRFEDOTARTUIB N T g 5B L MR EREI kb o =, B85
BROBAIEIZ0.52TH W IHEISHBICHED SN, B, WBEE LTHW
EEEERKRSER (FEUMI804HE) BLU1804%E (FEYR604
#) OHFEFOBIREILTELICUHERASE L TV TDA/PAIZ0.00 TdH - 72,
LLEDFERD» 510 ug DPGE1 & /=13 PGE 2859 3 &, BIIREILIR5155
P50 RICAROEHFEE—7 2R U, 2OWHERS ABRETH 5=, L
U 4 ugBETIRIRE155ED 5905122 F THIRE O EREILPGE.D S
PHRIEKRE P2/ 2OTEDS, 5 v FTIZPGE &L D PGED A D ERE
R DRRDPRE N & HIMF LIRDFERTIZPCGE % FW =,

2-2 PGE2lZ L 2 BIRE BT OFERFZ L

TR 2R-10, 11BLUER-2ITR Uz,

HAE3, 6. 12B LV 24RHBICPGE 2 S L EFORBERFETH D
BEICED I b o/,

2-1DFER &L D PGE D7 D PGE1 & b BIIRE O BHIEMEA RV 92-2T
IZPGE, 2l iz,

W EVIF3RIMRIC4 g DPGE2 21853 % &, DA/PAMHIZIESEED0.00 %
5157#120.58, 3043#120.60, 603#12130.41 2R L1z, PGEIR5HD
DA/PAILOBRRIEIZHS302EICRD iz, HEYIB6R %I PGEy % %
59 % &, DAPALIBHEBBRMEOHETFOHE L HERTVWThOBE
RRICB VT HEMBETH D, r%ﬁ%f?ﬁm:%ﬂﬁ%f&oto

BRI EE OB £ F CIIDA/PAILIZ S & IC(EEZE TR L. Tk, HERSD
WK REOF EF TIE. DA/PALIZBEIEO TR TIZBNT0.00CH .
BIRE OBRFIIRD Shah o7,



B3I F O

KEOEREERS 5 PO £ (PGEykt, AEHISIIBINIT 512 & BIRE
DHEMEFERZE TS I LRI NE. 4ughB0VIX10 ugDPGE =1
PGEy 259 % &\ #5155 h 5305 %ICHIIRE OBBFILERIZZ D, 60
590 HFFRE L. 90435 51803 #ICIEMHE Lize £7=. HEIHIZPGE,y
DFWPGE1L D BN TH o7z PGEIDBFEIIIEHEDREEICIXH S hir
FIRARAENED 3 5 NI B, PGE DA I B BIKEEILIT 5 D eld <. 4
gBLUV10 g G LB ICAREDHMETH > o 4 ugDPCEIZHIRE D HE
FEZBIZEITOICTARETHD, Z0EHIDBRERTERORGHE
CledDeFEZX 5Nz, PGEIBLUPGEs 2 S w MTETFICIRET S &, 15
AP 30 RICHFEFORKENR SN, H5600H 5180518107 DIEAH
HERT DI L, HEOSBEDO Y Y FHFEFEZAVEEREER (Momma et
al., 1980) &—H9 3,

PGE1PPGE DR FIC & » HBE LBIIRE DRI OZA L & 3 ICH I
PREH LTV < Z L IEBBRZE N, Clyman (1987) 2k 3 &, AL BIRS |
M DEREDIE L PGE2DNT Y RIZE DABINTED ., FERCIIHEY
PRBRREO T CICMEROMEL Lz BOFEFEANTNWSILEELD L,
%5 S NIzPGE;. PGEsDfIZBIF 2 TIEHARELHE LTS HOD LR
Shd,

VY F 2RV in vivo DERRTIZ, PGEB X UPGE, DR EIHEEERIX
A% TH 2 LH|ETN TS (Momma et al.,, 1980) o AZEDHEETILHIR
BEOHEBEICDVWTIKPGEDERHPGE1L D HS BICHEDP o e SO
FL T v FOERBEROENL. HEBOBIREDIHAR DRV,  F 2L,
PGEsIZX 9 B EIRE DREZMEDBVWREDES LTWEEEZOND, v

TRHE2DROBIRE ONRITHEBEHD1/4, 2L T, 302 BICIFL A

9 -



. 24

~

H1E

CIHEEEH 9% (Hornblad, 1967) 25, 2 v b TlEHA304%E TILBIRE LB
FLTWB I EDBMEINTNWS (Takizawa et al., 1992) o

AEDOKRERERD 5. PGEIC X 2 BIIRE O BHAFEIXHEIRMEOH ETD
AMORIHEOFEFRD BN &, I SHICHAERKHEBED S v MNiEFT
FOIPICHIREITZEHET 20D, HA24RHE TII2 L BEEE T,
PGE2ICA T B REZMDERDN = L WREI NIz T DOHEI2RR D 524 FFR
RICPGEIZ N § B BIRE O SUBMEDHEK T B Z Lid U FHEFER W
PGE1 3B X U'PGE2IZ & % EE#ER (Momma et al,, 1980) & —ET 3%,

C DEIRE DRRZMDOEDIRRITTEITH 555, Jarkovskd b (1989) %
Jones5 (1969) X2 ETFHMEI 2 AWEBOBRE2BE L EREICL
5 L. REOEBRE &b ICARMIBOZEM, I, RO B e O 2
BELDLINTVWEDT, ThHDHENRELOEES LTVWELEZI SN
o oy HEFOPGEMRBEEOEME DA I ND D, I ICRELE
o |

BLEDZ & 5PGEH & UPGEyE 5 v M T 545 b SRS
HHIZBOTHHREOHMELIRD SNizo ZDIEMIZPGELD 5 HPGE &
Dl olce Fioo BWAREOPGELIIH T 2 RSMIZMERI L & B2 L. 1
E24FARICIEESHEL TV B Z EDRE =,

Badi N IE

Z v METFE AW CEEIEN P O BIREIC 317 3PGE; L PGE Itk B
BT ERE U,

TCIHARE DSIHERASE L C 0 2 BB RIG OFETF 2 HV., K
TZ4 ugE/21E10 ug DPGE 1B L U'PGEx #3845 L =0 #8515, 30, 60. 90
B L U180 RICH LEF 2 2HE L EHifE UDA/PALL R 720 PGEB KU

10
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H1E
PGER5IC & D, REISHDPHI00RICE B ICHBEFORKEDZED 5.,
DA/PALLIX0.47250.6 (REEMIDEIARE DHI40% 7 560%) IZZEL=o Bk
BEOHBETIREIODEF TRt LD 1803 RICIHEE Uiz, Fiz.
PGE1IC & 5HEFAFIZ A EMEENICR DS Nz, PGELTIZE S0 Tlah o /2,
PGEq I & 2 HEAFED S DPGE1 L h HRIZHED - 1=
RIZ, FEVIFRKEB L6 RREOH & F & BRSBR12RFR B L U245
AR OHFEFZANWT. PGE2IC X 2BIRE O HEIEDERNE(LZMRET Uiz,
 EUIG6 R R ICIRE U FODA/PALLIE, FFEVIBI3RAI®HICIRS L
EHEFEEBUTCERICEL LTV, £/, BRSB1I2EFRBOHEFT
(&, PGEIC L 2 HBIFRDTLICRD SN, 24K HBICITLHELT
Wiz
PUEDZ &5 1) PGEB L UPGE I MRS MBS D S v Mg FIz
BOTHHIRE 2HEAES . ZOEMAIXPGEMPGE1L b ¥l . 2) PGEy
R DFIRE OHFFAFEERORME L HICREITHD T3 Z LS DI

o=,

11



B2E

FoE EREOCHBAFEICRIETIEXTOM MERREFIDOZE

R L DI, IBEHOHIRE OIRHERICIXPGs L EER A EDE &
LT B, $. BIETRUELSIC, T v MIEFIBNC—ERHEED
HIREIXPGE1 L PGE2IC L W HEATE L. ZDIERHIXPGE, DA Ms& N7 o 7=

(Takizawa et al., 1995) o 27 0FF> U F—CHERTHZI A LS
VEERGHORES v MIiRE5 T 5 L. MHAOPGsHET L. BBFOEARE
(ZU#ES % (Sharpe et al., 1975 ; Momma and Takeuchi, 1983) %%, %524
RREBECIREET I END, DAY RAY Y UK T 2 BRE ORRZ M
2. 7w b CIHERERAIC L D B> T3 (Arishimaet al., 1991) o F7/z,
L bTHA Y RAI S UIIHT ZERE ORZIESIBEHORHICK D ERS
LHEXNTWS (Clyman et al,, 1980) o

AV RRAF Vs @MARII0FFITF—EHERITCHE A F—)
BEERRDIEX T O A4 REHAERDIDTH b, BHE, b bRAROEIRER
FREDIBFRICANWS N TN B D, &3 LHBEIEETE <R (Heyman et al.,
1976 ; MaCarthy et al., 1978) o F/=. HREBHHDORHKS v MIBERIDA >~

RAZS U EERET S &, HERDEIED IUED EN (Konishietal., 1986) .
A RRAE S VIFERRRIC X > TIEBIRENEICEIRZEL 5,

PEDZ e, 42 FAY Y VIIPGEIC L 2 BIRE O HBIFE 2B T 5
AREMEDH B L EZ 5ND. £/2. TOAREMEN, 1V FAY T VICRERE
ZIRDD, HH5NIT I/ 0AF T F—EHERICHEBT 2HKTH 2 D05
BT DD AV FAFIUIIMAT, BREAE (10mgkg) (HAREZE
iRt ¥ —R. 1993a) CHIREOREDOWHEZEZ 79 ) FIVEBRRADT X
vV, BREERE (Bmg/kg) (HEAEZEERE Y —K. 1993b) TEE

12



HE2E
DODUHEER I T 7 2o —)v7 0L VBROA 7707 = 0 ZERRIO MK
Sy MBS L TCHEFEFEZRWT, PGEIC LA EIIREDHGEZRE L
7o

B1ET MR LT
1) BB L ORI E R
FIEICE LD ERLTH S,

2) AR

AV FAZ v (AEHEE, KR « 7BV Y (AXHE) BLor 77
07 xy (M) 22X (Mettller, H80) TIFFEICFEE LT, 4
BIEKICZNZNVEE L. 1 > RAFS 2 1Img/10m1B L U3mg/10m IIRIEA.
T7AEY 100mg/10mIB L U300mg/10mIBEEE. 1 7707 x=10mg/
10mlB L U30mg/10m IR ER ZERLL )=,

TRRY TS50 Y VEIIEEIE L RBRICERB L /=,

3) ERAE

FER18, 19BKU20BICA Y FAF Y, PAE) VBIYA 7707 x
G UEBEPSBEFEFER VT, PGEICL Z2BIRECHEE 2
Allko A1V RXET Y (1, 3mg/kg/H) « PAEY > (100, 300mg/ kg
[H)} 4 77a7x> (10, 30mg/kg/H) ZEHEISH» S3IHRMFHRIEIC
BHED v MCBEORS Uiz, HEARBIIVWTH10mlkg e Uiz, HIE21H
OFRIRFICEHAS v b 2BEBILIC & b Fla U=, BEORICL bk
FZEDH U, 37°CICRERE L GRER EICHE Uik, FEUIB3ME =id6
RFRRIC4 ug /IEDPGEe Z H T AW ) U U2 AWTHEFOEME FICHE

13



B2E
5L, BRE5E%E, 154, 304, 604, 90B LU0 BRICHETFERAHE

2EHEL. -20°CORHEIZHEELE.

4) HEFOKRE, BIRE &HHEIAROAEORERS &
W U EFIEBIREICE LRIV, FEB X UEIRE &Sk
NEZHEL o

5) MRETFHIIE S E

SBOFETOHIE L DAPALDO TS & IHEEE &R, HRETH
BT (ANOVA) 24770, BERIC ER T8 5 h = BBonferronid 5 i %
FAWTHELBZITR o=, P<0.05DFA. HEHENICEBRENDH 2 L HIM
Lize

SB2fT EEER

2-1 AV RRXRFTVDE

HREXN-12, 13BLTE-3ITRLE,

AV RAZ T 3mgHEOHEFOREIELERICHRTHEREICEL LTW
7zo

TLEDRHED & = F IO FE VI R84 ug DPCGEy 21853 5 &,
BE5150D 5603 ICDA/PALLIZ0.41 2 50.60 B R Lize —H. 42 KAY
¥ 1mgBEEQRHAD 51577 EVIBI3 R R OH 4 F124 ug DPGEs 2 %59
% &\ DA/PALIZEE152 D 59043#120.725°50.60 Z7R L, 51805
(ZIX0.23 L{KF LJzo DA/PALLOERRIHEIIPGE 515238 D0.72 TH o =,
PGE2#%5605 1> 59043212 517 CDA/PAIZ BB R IC R TCHBICEME T
Holo
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A

4V RAY 2 3mgBHORMEAD 515727 VBB REEB O EFICPGE 2%
53 2% &, DA/PALLIZREG154D 5903 BICHIFTHN0IML LDEZR L, &
E1803#TH0.71CTH 2 2o mfEIZPGER G308 D1.01TH 2 /2o
DA/PALLIZPGE % 515430 5180 RIC T THULER B L UA > FAF Y
UimgB LB U THBERICKEDP -,

A2 RAY S U 1mgBEORHAD 53727 EUIBHORF B OHETIT4 ugD
PGEs #1593 % &, DA/PALLIZIRE154D56043%120.31550.42% R L.
9043#120.11, 18043#1C130.00TH -7z DA/PALLDHEEIZPGE#&R 530
SD0.42TH o720 PGEIRE154 1 590438212 ) TDA/PALLIZ BILE R
CHARTHERICEETH 272,

A4V RAY S 3mgBEDOEHED 515727 EVIBH6 R OF £ FICPGE 2 12
59 % &, DA/PAIIZEE1545D 59045125 T0.400 50.60 DfERETR L,
1803 RICIX0.08 LD Lizo AREIZPGERE3038D0.60TH > 7z
PGE#%5-1550 70 5903212 D213 CDA/PALLIT LB R L LR THRICEET
Holzo

22 PREBYVBITATTOT 2 DORE

faRzX-14. 15BXUER-4ITR U=,

PAEY 300mgB LA 7707 = 30mgBHEOHEFOMKREISENER
CHEBLUTERICED LT,

BB ORMED S/ E VIR RO ETFI4 ug DPGE 2R 59 %
&. DA/PALLIZIR 5155 H 560431£120.41 7 50.60 7R LTz,

FAE) L 100mgBEDEHED & 8= Hi £ FODA/PAIE. PGEi%5605%
ZRRWTCELER AR TH o2 —H. 7AEY >300mghfTid, DA/PA
351552 5904#2120.73 52 50.81 %2R L. &E51803%TH0.21TH >
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E2E
2o BEEIZPGE % E53045%1D0.81TdH o7z0 DA/PALLIZPGE %515, 60

BLUOIOSBRTHEMBEF LB UTAERICKED >,

47707z 10mgEEORHAD & 5= EUIBB R OFEFIC4 ugd
PGE2z#& 59 % &, DA/PALIZEUENF LARTH /e —H, 177072
> 30mgiE TIIDA/PALLIZ. #&5154D59043#120.6450.73% R L, %
51803 TH0.17CTH o 2o mafHIZPGE R G303 0D0.73TH o7z, DA
/PAIZPGE2#% 56058 LU0 AR CHLER LK L TERICKEDP o 72

B3 EF &,

HEERERPS, 41V RAY Y U ZIEIRI8, 19B X U20HDOREAS v M
5 LU=%, wEUVB L CHBEFEFIT4ugDPGE 25T % &, PGEslZ &
ZEIRE OEBFEIIERT v MIREG LEA Y AV ORERIKELT
ZUSBHRa NI LPRINEZ. Thbb, BREOHEBEORKEIZ DN
Tk, BLEOEAERZ v b S/ EHEF TIEIPGERELS 4D 530531
DA/PALIZH0. 7O E— D ZRLEDIZHUT, 1V RAY S 3mgZEHES v
MI$&ES UHETF T PGERE 1540 5303 #%ICDA/PALLIZA1.0 &7z
7o BHFORHRREIZZ SICBEEFETH b, NIBETIL18045% DDA/PALLIX
0. DX D, BREZEVCIELTVWADIZF L, 41V KX VRGBT
DA/PALLIZ#I0.7TH D, BRAFEORHRHEMIER L Tz, THh 5 DR
BRADEEVNKUCRINEHEFTHONEZI L E2ERT 5 L. PGE2OE
EERDRE LTV S EDEEZ BN,

HEMEDPGEC A U TER G150 530 BICRAZNENH b, 603EIC
XZDRRIEDTNITRD, 1207 RICIEFRP B RD EWMETINATNS

(Momma et al.,, 1980) o ZOMELHETELS L. HEEDPGE D5
180RICBNT O ETFOHMRE ISRV HEFEAZREE WA i),
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HoE
PGE2DREBBICEENELEILBTRRLTWS, EEFERTIE. MifE

BOWMELIC & > CMHPGE i Z 89 % &, 15-L FaF>-TnAsy 75
YU rFe rasF—€ (PGDH) 2L > THIO% D TEILEIh S (Piperet
al., 1970) OT. ZOPGDHOEBERFEHICEEDLE LTV L IREMEDH %,

AT Y MIBEIDA Y RAY S U253, EENEHFEFIREE
ED 7= DEEBENEDHEDNH D (Tsuruta and Mori, 1985) . REFRER
=BT B, CORBKEICK DS LEPGED L hiWREERAZRLEZD
TERWDIEHEZI LN, LU, COFEXTEIEOREREIPSBTEINS.
BIBEILBVWTRUELDIC. PGE2OHHFIX10 g5 TH4 ugthks L FAkk
THhh. HFEOBEAE RS Uik o7z (Takizawaetal., 1995) o
CDZ b, RERTRINEA Y RAY S U OERIEBMICKETRE. &
FREICLZDHDTIERL, FIOAAZIAZL DD EHRIEIND, Fi=,
BADA 2 FAY S UREIZE D FrEFEIIRE SRR - BERER R AL
Uy ZOREERPGEUCH T 2REZMMNE LA L HHBEI DM, ORI
DNTHEI SICRFADPLETH 5,

EEBERPLTIE) VBLUA 7707 = 2IER18, 198 L U20HD
BHAZ v MZiRET % &\ PGE2IC L 2HTEFHIRE OBBEIHBRI hi.
COFERIZA Y RAI SV DBE LA TH 272D T, PGEIZ L B EIRED
HEFEZEI Y 2@ SIMEDY /o4 ¥ F—BHERICHET 2 alfe
MDH B, LiDoT. Ths0HEAZMDOPGDHIZ & 5 PGE, DILH AR
BEZELSE. ZOHKRPGEOILEEAMNER U ETHEMSTRBI NS,

FERICEHUZEAERETHZA 7707 2 210mgB L7 A >100
mgld, ERGHOEMAS v MRS T 2 LBFITHEDRE O BIIRE O I
23| ERITHETH S (Momma and Takao, 1987) o

FEORBERD S, ZHHOBMMITAER OPGE % 5% O SR E HEE
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HE2HE
WCRIFTHBERZILETZ L, AV RAZ Y Vimglie A 77072y

30mgEECld. DA/PALLOBRARMEMZNZFN0.72L0.73TH D, Feficki &%
H904#% TZh2h0.61£0.64. 18043 Tid0.23 £0.17 LIZIZAKOHER
ERUMZ. —A. 7AEY U100mgilE ZOmEF L D 5HWIEEERZR LU
DHTHDIze INHDfEZE MEABKRBLIEBTSEE, AV RAFI T
F2 525, A1 7707 2 CR3ME. PAEY U TRI2BETH o=, ML
DZEMPLERBREZZR LTINS ZROMBIEADOBRBT LB TS &,
AV RAFI 47707 2 VRUEERFTHD. TR UIEZOME K
DFNWEEZOND,

BAET A 3E

IRREADEMAS w MIA Y FAS Y Y FREY Y, A 7707 =20 2K
5935 LICED, PGEIC & D BIRE OFHBIEMEMS NI PE L 2HRE L
7o

A RAT Y U1 mgEZid3 mg RIS H 2 53 HERHAS w MIREOR
5 U, fER21 BICHF LR U O3 d 2 WIk6 BRI O E FOE LR Tic4
1gDPGEs %5 U, Z OHMERICH 4 FDDA/PA thE R 7=, WNIBEEC
TELEDOEHAS v M p 5B EFEFICEARRMEZME L. DA/PA HLERD
7o |

RTHREE C UL EUIBH3 R R ICPGE, 2859 % & DA/PA Hiid, #5304
#IZ0.6DBAMEER L, RLIETLUTISOARICIKOICRoT2e —H, 1>
FAY 1 mgfFTld, HEUMRM#%ICPGE 257 % &, DA/PALLI
FEHI52 5903 %ICHIT THRBREL b S ERICHM L. BIIREOHEEED
WU TWeo 41 FAY U3 mgBETIik. ZOHBEDHKIZR/SE155D
5180 %L THRD SN, RE18045HIZBNT HDA/PALLIK0.7ER L., BT
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H2E
BIRENEDTO% ZHRF LTV, £y 1V FASY Y UREICIDIHAFED

MERIZ A BRIRENICED Sz, FEUIBH6 R TIXDA/PAIL T EVIFE3
R LR TWTHOBIC BN T HIEETH o7z b5 B LHADRDH S hiz.
AV RAY T V3 mgHOHETFOFREX, HEHLEXTHERIZHED LT
. 1mglECEERTRD SN o7,

ALY L 100mgEEL A 7707 = 10megE T, PGEIZ X 2 BIRE D
HEFEINBELAETH >z, —H, TAEY 2300 mgife 1 7707 x
30 mgBE T, &E5154 D 5904 %IC DT TENRE OB BAF DN ER
BB, AV FAI S 3mgl LB T2L, WINBEETH >,
UEDFERN S, 1) EREHORMES v MCHIH 2 TA Y FAF S U 7
AV BIUA 7707 2028595 L. PGEIC & 2 BIIRE OBEEFIX
EHNOBRERITHKE UTELSHERT %, 2) HEVIB3RRE I EWIB6
REfE 8 & T, PGEQIC KA ERE O HEAFEIIHRBDOSNDZ I L DHIS H
Elrolze CORRITEMEDIERT O A FERABERIICHET2LEZI SN,
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HE3&
F3E BIREOBREICIRFT 7 oFAT > U RER

PREFID=E

THZT)NVIE. BERIOF TS HLERHF UWERICET 27 ¥4 70>
VEMEBEREERDO—DTH B, =F T T )INIRREEPSAV STV A1l
DREFERI LA, ZRREEIER 2R L EE. B O, BR~olFxEz
=g, BEFERAZH 26T LWSHEPSE MBI IFERATRTWS

(Johnston, 1984 ; Lund-Johansen, 1984)

RIT, ERFPEID SRBINC 5 7V IVERRA U IR D & FEKEDE. IR
ROREEIE. FEERE. T2, FEROBIREREEZ U TRRTHEDIR
EXINTNS (Kreft-Jais et al., 1988 ; Pryde et al., 1993) o I 5 L/=&EHK%
ZPrydes (1993) k. “7UFFF L U EEEERE inhibitor fetopathy” &
% Lo

TF5 7))V EBARERTE L OBLEICDWTIE, = F 5 7))V EFEYHE
HICREG 35 &, FEFZ v MEIREDINED BN (Takizawa etal., 1994a) .
ey FETT v M= FS TV BERRSE T 5 & BIIRE O IUHE 2 1 L.
EBIT, —EIE L BIRE CIREMET 52 L b MESIN TS (Taki
-zawa et al., 1994b) . LD L. =33 7V )V L BIIREBEEE & OBMIE A7
B E TR0,

BRI OBARE I, IEREICE < 70Xy 7S5 0oy LU < BED
EDNT YR & > THEF SN TS (Clyman, 1987) o /. HIBHTR
L7k SIS, HEFS v MCBWT, —EIME L = 8IRE D PGEIC & b ER
T2 EMRETN TS (Takizawaetal,, 1995) « THEDIT LS,
REHNC = F 5 7))V & @itk 5 U= 5%, PGELIC & 2 BIRE OILE/EH

BEBI N, ThD =+ 57V IVERA U EBOSREREFEDOFEED—D
20



HEIE

LRI ND, 22T, AETIE. PCEIC X ABARBEOHBEEERAN =S
ST VINVDEHEADREIZ L b RE B D LD PRET LTz,

FIE MR EAER
1) HEEYE L UEERE
BIEICELEZDDOLEBETH %0

2) HEWMOREBITE

<YL A VEBTF S 7))V (Sigma, St. Louis, USA) Z{bLZEKFE (Mettler,
H80) CTIEFEIZFER L. SHAKKICEE L, SEEORSHEERL 2,
PGEgZ 25 1 E & RBRICIEH U=,

3) KB
ERIAED520HE COTHE. =+ 57V EERE LEREI S/HE
FZAWT, PGE2IC L 5 EHRE OHEBFEZRET Uik,

TFZ7IN0.1, 1BELT10mg/kgZIEIR14E D 57HE, FHEIFHIEHA
Z v MCREOKRSE Uk EIR21 H O ER1IRHICHTERUMIC & b B0La Uz,
WEUBNC X ODHETEZROH L, 37CICRELREE FICHEBE U, 7
FUIBRFERIC4 ug /IEDPGEZ S ABIS ) VY 2 AWTHEFOEE K
TIREELG Uk, #E5EE. 15, 30, 60, 0B L1803 BICHEFEY VT
VYT Uleo BILEDORKRS v b2 5B HETFRINMEMER. R5HLA
BRICRERRICY > 7)) U UNBEEE Uk U 7Y U T UEFETFIE RS 4
TARTL b UBETREEFEEE L. BIRET-20°CORBEICRE LI,
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HBIE

4) HFEFOKE, BIRES L OMBIIRDO AREORESE
B 1ELRBRICERL Z.

5) METFHIMIETT A

BEHOTEFOKER L UDAPALLDEHE L IREREE KD, FEMT
SHAH (ANOVA) 24774\, HMICEZENSRD ShizK. Bonferroni®d i
EERAWCEELRETR >, P<0.05OHE. MEAFNIEREDHD &
WUz

HE2fT EEER

BRER-16 R-51ZR Uiz,

TFZ 7V, 10mg/kgRGHOFEFOREII MNP & LEXNTHEIK
TFTLTWE (P<0.001) .

HUEORE» SFEYIF U CHRE3IRFREOHETFIC4 ug DPGE 25
5L, HE5155D5300%ICDA/PALLIZ0.38025043% R L. —A. T
T2 7 VN1, 10mgiREREDORHAD 5 15 7-7 EUIBRB RO EFIT4 ugd
PGE 2159 % &, 5154059053 BICHITTERZH0.647250.60,
0.727250.63 27 LJ=o DA/PALLOEEEIX. =75 7 VU )Vimgik5H Tl
PGEx#%5304%1D0.71, =72 77U )V10mgRSE IR E51521800.72T
HoTzo MEEL HPGERE154D 590321 1T TDA/PALLITEEALEREIC
AR THBICEEZT Uk,

TFZ7INV0.1mgRESHED SH{ I EFODAPALLIZEMLER & ERER
O SNRD > Tz,
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BIE

B3 E O
AEEGERD S, HREI4E~208ETOTEERMES v MZFF 7))V,
10mg/kg Z BREORE UizE, BFEUBRIC K D ELHEFIT4 ugDPGE
ERET DL, PGEUC L ZHREOHMESHEBI NS I LWL PR
7Zo
EMBDORHAS v b D 5B EHEFTIE. PGE:#%53043#%ICDA/PALLIX
043DE—V BRLEDIIHNLT, =FF 7 V)NV, 10mg/kgZRHES v b
25 UHEFCld. PGER5154% D 59038 ICDA/PALLIXHI0.6 ~
0.72R U1 TF 2 7). 1mgHCIXELEOHETFERE LEEETH -
720 PGEIZ L2 HBEMEHMI N FZ 7 ) IV, 10mgHETIEHEBEFEDHE
BIXIZEALCRRBETHEZ DS, ImgllF T3 TICPGEIC X 2 HBFE
ABRRER>TVWEEEZEZ BN,

TURAT Uy UERERIIMOEMMLE O ARMROREICEET DR
(ectoenzyme) THH., PUFATF LI UVIBTPUFAT VY VINIEEET 5,
ZLUCCDT7 v FAT Uy VEBRBREZAET LI LICED T U FFTT VY
HOMAREEDED U, BEMREZTRT. BARIC, F=Uo—hV I L1 PRI
ER LT, MEIREEOMP TS OF V@R ERIEED, 75V F2 ik
FRFICBWTEBREICREEZRIFIRVWEHEZIN TS (Friedman et
al,, 1983) o F/z. T U FAT U UEBRBERILERL. PGsOELZ{EHET
NI EDH D (Todd and Heel, 1986) . Swartz (1987) &7 > ¥4
T R IBERIOMEBIC L > TIPGsOEEICIIEE LR EHE L
TW3, FJz, Takizawab (1995) DWEICL D &, FEFT Y MIBWT
PGE2lZ & 2 BIIRE OB ERII4 g TOERESETRARATH D PGE2D
KREBZHEMT T THHBFEERIE RIS LR, ThbDZehrs, =5
TIONVERGICKDPGsOEEMEEI N LTH, IhDPBRERERZSIE
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EIE
I LEZEFEZII W,
HEFIIRE ONHEIEPGE LR AE L DT Y R L DEABEIhTW S
(Clyman, 1987) o EEHEFICBWC, MHEPGE Dz @EREd 5 &15-&
kaxy.-7n¥y 7500 r7Fe ks —4 (PGDH) 12X > THI90% DS
FEftE s (Piperetal, 1970) . SRIEBERI N, BIREDOPGEIZ LS
HEEOMEZ. =757 NVOEREIZL>T, HEFOMOPGDHEMICE
EHEUEBRTHLIAEM S TRI NI DS SRDIBEADVPLETH 5.

BAE N fE

ERBHORHES v M7 V¥4 5V Y VEBRBRAER - 7))V kE
Fek G Uizl &, PGEIC L2 BIIRE OBEMEMH S B30T 2HE L.
TFZ7UN0.1, 1, 10mgZiERI48»520HO7HB. &S w MIZEE
O%5 U, EiR21 BICTHEWR U Q3R ER O EFICPGE 4 ug 2 R THR S
Ulzo ZDERERIICH & FODAPALLZ KDz MIBEEE LT, ELED
BHEAD v b Do BEFEFICEBRUEEZE L. DAPALERD =,
MIREFCIX, PGE2#%53043%ICDA/PALLIZ0.43 DEBARIEZR L. ZDHBIRAL
WET LT, 18043 &RICIX0ICR o720 —A. =F T 7)) )VimgBETIE, &S
15537 5903 RICHT TEIARE O BMGFEDMEIRD shizh, HE51804
RICIEHEE LTV, = F 5 7Y NV10mgHd EOERZR LE. =557
DV0.1mgBEDODA/PALLIE, WML ZRIIZD SNl olk . VT
NOFGETH HAEORRMIZER Uik o/,

UEDZ &b, EREHORES v Mz F5 7NV EHS T3 L PGEy
LD EIREOBRENEBIND I PO E R o7,
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Ham

F4E RFAEHOZ Y MIBITBMO15-EFOFS-TORSY Y
ZrIrTeE RO F-EEEREREADSA P RX ST
BLUILZFZTVINIKREDFE

RN BT 2 BIIRE OBIEERIZE L LTPGEIC L > THiFlebh T 3
(Coceani and Olley, 1973 ; Strling and Elliott, 1974 ; Clyman, 1987 ) . %%
. BEBRBIUKBTESVPELET SHEREEOPGEDNEREEENELET S D
DEIOERTH D, BIREOHEHRFOE®TH S LEbNTNS (Clyman
et al., 1981) o

BFODMADPGE I AR, FiFEROBIHICHEVWIHERI LIS, $8

DMEPiZ BB 5 LICL D, MICELEFEETB15-E kOFx - 70R4y
ooy rFe kol > —¥ (PGDH) Lo TR RELE NS, —EOMERT
M DPGEIX90 %LU LD FiEL I B L5 (Piperetal, 1970) o SO &
DICMAPGE X E & UCICHEAET 2PGDHIC L > CTHRE IR TV 3,

PGDHIZAnggard 512 & > T1966FIC 7 ¥ i TR R E Wiz PGEsD15HI0D
IKEREZ 7 D EICEZ B RIS 2 A3 2 NADIKEMDEETH . PGEsD
HOFE—BRIEICEIS LT\W2% (Anggard et al,, 1964 ;1966) » = DELEILN
PISME & BB L MIBEF TEWEMEDSH 2 L BEIN TV S (Anggard et
Cal, 1971) . MiHPGE,AMOEEMELEZ bAT 5. Ehy 20
PGDHIHFHICIZT R P A7 0 Vi ORIV E Y DBEE LTV B =DETE
fHE 72> T\5 (Gecseetal, 1979) o

H2E, BIRIEBVWCRLELDE, TRERHEOBAS v Mof v RAY Y
YRTFITINERET DL, PGEC X B EIREDEEEIRE L < ik
hi= (Takizawa etal, 1996) B5, ZRIEA Y KAZ SV ETF5 7Y Lick
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F4E
BORZE TR, BRMEDIERT O A FUFKER &7 ¥ T 0¥ VLR
KEEANCHET 2L TH o= (Takizawa et al,, 1998) » TOFERERE LT
BAEZY MIA U RAY R F 57 NWERE L &L > T, PGDH

IC L DPGEeDRHICEEDVLE U=, H 2 WIEBFEIRE ICTEREFR - BEE
HREMDPEL. ZO=DEIRE PPGEIIX U TREZMEMMS I &%
DHEHlE iz,

UEDZ E&ms, RETIEMICBIT 2PCEORBAMRICEEH LT, Z0E
B @2 RERTH 5 OPGDHIEM O HMZE(LIZ DWW TIHRE L, &I,
AV RAI D UBRUPTF STV IV EERRIOES v MRS UEROH
EFORiOPGDHIEMIZ I T REZRET Uk,

B1ET MRl Tk
1) @B Lo EERE
BIBIZELLEHBDOLELTH %,

2) ERTYA > EfiDERE

2)-1 A%EBOPGDHIGEM: D2

BHAD v b ZWIERBUMIC X b L5 Uiz, BEUBIC L v 20 EB L
21HDGF 2187z MO ETEEOWFERME. KI5 % B = i 2 5ALL 7=,
BHUMIEEHA T IC7—)V U, JEE T-20°CORMEICRE Lo £
3G, GIRFEIDFTETFIXHEIBNC L DELD Uy 1812050, 24 0%
EFEOWTR BRI L > THER. FERHC L2 L=,

2)-2 PGDHIFHICRIET A > RAF L DS
1Y RAP T 3mg/kg BIEIR18, 19B L U20H OF B RHEAS w M
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HAE

BY U7 2RV HEEREORS Uk ER21IHOFRIRHIEEAS v b
Z WU U=, FmEICK D FEFZRDH U, 37°CICEE L RIEE
LICHE Ulco RERTIZEMFETOAEREH Uiz, #FEUIBI3RRE®ICH
EFWERML, Mz EfiizRE CIROH Uik, ERRUZMIZRHET &
7=V L, BIEX T-20°COMEMIHEE L. T, NBERE U CELE
DEHEZ w b S5 T2 R EREL L 7=

2)-3 PGDHEMICRIFTT=F 5 7V INDORE

ER14H» 520HE COTHBT T2 7Y )NV10mg/kg & RHES v MIEROR
5 UZzo EIR21HOFERIRHIRHEAS v b ZETARILIC & DB U185, 77
EURIC KD HFEFZERO B U, FEVBBRREIC LidD2) -2 L EICH %
BRI UTzo MIREEE UC. ILEDORHES v b 518 HEDHT & Fhli & Ak
BRELL 72,

3) AEFOHH

AU RAT Y (MAHZEK) 30mg Z2ILERT (Mettller, H80) TIEREICFE
=L, AEREKI00mITERE L, 3mg/10mID A > KA Y S UGBl Y L,

TFZ 7V (Sigma) ZILFRFECERICFHER L, EHEAEKIZAR L.
BIREOREWEER L=,

PGDH{fHH & UCEDTA (Sigma) 29.2mg ¥ 3 -mercaptoethanol

(Sigma) 56 11%0.1M U > ESAEEIE (PH=7.4)IC MRS $100ml& Lo

B3R & L'CNAD (Sigma) 165.9mg#0.IMEREF MY w4 (PHI.5)
FRERIR ISR LSomI & Uiz,

15-keto-PGEg (732, HRE) /81 7)Vimg%10mIDEK 7 VT —)

(Fyehigk) WA (100 ug/m1) U, HREERREEAER Y Ui,
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FE4E
0—1) —EOEEMGARBE LT, Y mE7 )V 7 I (Sigma) 10mg
Z50mlDIEEKICTERM L200ug/ml e Uk £/, BRRE MR (Ko 27 4

7 Y. 1) »oMEESCRARBREREADS VIR E Lz,

4) PGDHDHH

BB ICREE U HEFIZEDTA 1mM, B -mercaptoethanol SmM %z &
¥0.AM V)V ERAEERR (PH=7.4) 22 TR RIMIRZE D RrE, RED L
Y UBEEEEMA TR T TF 70 VBOKREYF 4 F—2 AV THREY
FA4RXUE. ThE, B (7. 50A-8) ZHWVTHAELSHE
(10,000g,4043,4°C) L. L#EZHB T, PGDHORFIEICH Uiz,

5) 15-keto-PGEo(DIZHE iR

15-keto-PGEg %1, 5B LT10 ugE¢0.1M V) U ERAEERE (PH=7.4) 0.5m1iZ,
0.5N NaOH2m1Z I 23 EZERTCRISET ¥z

RIGHIE A ER (B, UV-2200) ZHWVWT, 500nmiCBIT 2HERK
HERBPIE LT BEEIX15-keto-PGE2 DN & & IR WEARRYIC M L 7=

(X-17) »

6) RRFFEIRM & HEZFREORE
EEE (10ug/ml) EHEE (Sug/ml) O15-keto-PGE2ZAWNWT, 5)
TROAFEHRIC LD ARFERNE (0=20) LHEBRM (n=5) 2L
LT OERZE .
6) -1 [EIRERME
HEE EiY{E=10.04g/ml EHERZE=1.0
ZERE (FR¥ERZE ) FIEX100) =10.0%
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RERE SEXE=4.4 4g/ml FEHEE 0.3
EERE (REERZE / FI9fE X 100) =6.8%

6) -2 HEFRM
EEE TE=9.0ug/m]l REERZE=0.5
ZENRE (FREERZE / FHIE X100) =5.8%
HRE FEfE=4.7 1g/m] IRERE=0.4
RERE (FRERZE ) FEIHEX100) =8.2%

7) PGDHEMRIE %

4) THAEMO LT 1mIE37°CT10MEIE L, 37°C 25 RIANE L
7zPGE210 ug&. NAD 5SmMZ &0 IMEREEF b Y ¥ LEEK (PH9.5)
0.9mUTIZ, 37°CTS50RMRBE Bz ZDH,. KIGHKZBRH L TRIG2E
LU, RE#0.5mIiZ0.5N NaOH 2m1 &2 C3DMFHE X ¥, BEWITH
FAEEZ AT, 500nmiZBIF2BAREAEZFZEL, 5) ICBWTERL
FRERIC K D EEI N 7215-keto-PGEy DEE E KD, RHET LIZT—)
LY r 7 DWC3ERIE U CEER Rz, PGDHEM X, 9) T&ib
9% LEEDY VSV BETHIEL. pmol/min/mg protein T L7z,

8) ¥ I8y DiEHedhE
DYMETIVT I 40, 1208 L U200 ug/mlESTEBEEER L. BO
BO3E LFELEY NI ERBEC L > THE L TREHEZER L, BEEMERD
120 B TS ME 7V 73 D OINIC L HAWESITEMmL = (K-18) S
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8) -1 FIRERMEORET
b b (HEEME : 97.4g/d1) 2500/ B L T1000/EICFHFIRL T, 8) TK
HiRERE RO TRBERE =5)2K5T L. UTOER2E=,
500/ %R Eifl=164.1ug/m] IEHERE=1.6
ZURE (FERE/ FUEX100) =1.0%
1000f5%HR  FifE=84.9ug/m]1 (1EHERFE=4.0
REIRE (FRHERE / FIIEX100) =4.7%

9) O—V—FEICLBZI NI ER

7) ICBWTHIE L15-keto-PGEgZ ¥ > /37 1mg Uiz b DFELEBRICHIET
B8, O—Y—k (Lowryetal, 1951 ; ER L A5, 1986) IZ &L b i LiED
U ERETIRD .

2%Na2CO3 (0.1 N NaOH/KA#) 50ml £0.5%CuS04 - 5H20 (1%iEH
BRA ) D LIKBW) ImIERGLTCTZIVA ) MIREE Uk, /2, 72—
WVEkEE (HEHER) 2K CERRUTHWE,

fii LE 2K TL00EHIR L. Z01mlZ/DREBREICED ., 7V A Y M
K 25mIZ 7z ThEY vF XY — (Yamato) ZAWTHERE JERL
L0OZHEKE L. 7=/ —)ViEEE0.5ml1 202 CRIMEICER < 312 L300 RME
L7zo ZOH. ANHEETS00nmIZBIT 2BARLEEHE L. 8) B
WTER L IERBIED 58 UV BEZROFFSHTHIE L. BEZ LI
T=W LY TNV DNTZhZN2EPIE UESEE KD =,

10) HEHAHIALIE A
BHOVE LIFERZ SRS, PGDHELOZEHME(LIc DWW TIE, §iH

DHEMEE DT, StudentDt-test®{T- /=,
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H4E

AV RAZY VT F S TYNKREDERIZOWVTIE., ThZhNEEELE 0
R CStudentDt-test #1772 o570 P<0.05DEE. HEENICEREDH D &
T U 7=,

2 SRR

2-1 FAXH O OPGDHEMDZE AL

BRZEM-19EK-61ITR Uk,

fE#R20 H OO PGDHEM: X, 22.4 £1.8 p moV/min/mg protein TH H. Z
DE|B2ITEM U, 521 HTlE23.4+1.6 p moV/min/mg protein& 725 /=,
BRI DOF EFTIE27.8 1.0 p mol/min/mg protein & i o /=, A 16K
DOPGDHiEM X, 15.7£2.4 p mol/min/mg protein& 72 b BEICHD Lz #
DO, ERI2EEICIE. ERIFHERABEICETCRE L, —BEETD
B 5N ERRRIOFE T OPGDHEM: X, Z DRI EBIMEHOFETF &
EARTERIEMETH > 72,0

2-2 PGDHEMICRIETA Y FAS L ORE
EREX-20£-7IZR U=,
FriEFORPGDHIEMEIE A > R X & ¥ U 58 T1319.6 £1.1 p mol/min/mg

proteinT® b, HUEFD27.9+2.5 p mol/min/mg protein & bR THEIZE
TLTW=,

2-3 PGDHEHICKRIET=FZ 7 IVDE

fER2EX-21 & R-8IZR Uiz, |

TFNTVIV10mg Z @RS U fHAS v b2 51854 F OO PGDH
EMEIE. 30.9£3.1p mol/min/mg proteinTd b, MULBREDORHMAL D 158757
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HAE

HEFOROPGDHEMIZ27.2+1.4 p mol/min/mg proteinTd » . WHEMICH
BRaEIFdoshah o7z,

B3 FOE

3-1 JEAHHOMiOPGDHEM:

EFER»S. v OliOPGDHIEMIL, Aak20 H 2 5 ERIFHE T
WAZITHMU. ERORHTIERBICHAD T 20, Z20E., ERIZKHETEE
EEHE T 2HEBHELS LR oz, IHIE. T FOMMOPGDHEM DS, A
BICERICET 7 28HE L —8T % (Printzet al, 1983) o AH3RHE TH
| I N/=PGDH EMED ERIE. BIIRE OUWHREREEITIT L3R E TloE
5 eV S HE (Takizawa et al., 1992) . &#, MHPGE; BAEICHA T
5EWVWHHE (Strasser and Vogel, 1989) LEHHE L TW3DHH LIRWNDS,
AHRIE T TH 20 oy LY VOIRERIICHEFINFINDEM L. BT
DRREEED AT 5 (Liggins, 1968) Z &5, iDL & HIZPGDHIE
HEHEMUIzDEEZ SN D, F/z. Tsai&Brown (1987) DMEIZ L2
& BREIBRETRNVEYTHE2T IV AYV U 28HKS v M5 T3 L,
HEF O OPCGDHEMEMHMNT 2L VW MED IDEZ 2XRKRTZHDOTH
%o —EUHE LU FEFOBIREIZBWNT, PGEIC X 2 BHEEIZ &%k
FERINH B U CHERICEL T2 (Takizawa et al,, 1995) Z &5,
BIIRE OPGE2IC N § 2 REZMMET LTV 2 Ll h2, ZOLE, D
PGDHYEMEA WA § 2 C & 2R U ARBRERITIER ITHEKEND, Zhbo
BE#IITHTH D, MFHLPLETH 2,

3-2 AKX UDORE
EERERIVEREREORHMKIZA Y R XYY VRS UEEOHEFORROD
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H4E
PGDHiEM: IE. EUBEHICHEANTHRIET LTIV, 2OZeh5H, B2E
TRUEA Y RAZ S U ERES v MRS T 5 &, HEFOBIRE OBHED
BhDZ e, X512, PGEOFEICL B 2EREDEHENE L 185
Xh3Zid. FFEFROPGDHIEIEDEK TIZ L b PGEHDEENE Uz
EOTHAAREENTRERE N, & 512, PGDHIFMMICE <HFEL. —RIDH
B TMA OPGERIF90 % HTELEh B LW 5% (Piperetal, 1970) ¥
LERORHERFTALEILSND,

AV RAY Y UREHEGRBEEERZ2FOE 2 —O v 1 ¥ VIMEREIAICKR
5323L, 5w MABROPGDHERZETIE2 Z LHlRESIN TS (Tsu
-ruta and Mori, 1985) 25, ABEERL SHERICUIDED S RO EFIC
BOT, PGsRBHRDEERECTH B OPGDHIEMHEHEAD A > KX ¥
VUBRBIZEDETTAZ RS NTWRD D,

BHBIBEEFNVESD—DTHEZTF T ATV U OR—F ATV U ZITR
BEICIRA URE. FIEROBIRERFEEORRHEEMENWI EHBMSNT
BY (Clyman etal, 1981) . ZORE L LTTFY ATV U HHliOPGDH
EHEZENEE2 2 EDEELTVS EEEZIN TS (Tsai and Brown,
1987) o Flo. R=F AP UEA Y FAF I VI b IR S =8
REIZBNT. BREERZAE T2 215 (Konishi, 1986) o

AV RAZT U HR=F AT RHFREIC L D IRFOEIRE 2 RFRICI
TS 20 AEEEIRE OMAIHEZEI U, BERBIRE OB 2EETY
%o TNHDHEMUREBERICDOWTORERHBAIZRP oz BEADA
KRGS R EDPHEFOMMOPGDHEL ZET I €5 2 L 2 RERER IR
LIizDT, TFYAYY UDPGDHIEMZIEINEE % (Tsai and Brown, 1987)
EWIIRE LR D L, AERERIE LM R AN RNEHEERET S
HDEEZEND. DED, BIREHFEOKEDOOEDE LT, BARE DL
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HBAE

ORI D LR ENEZ SN TE LD, &5, HEMEICH (PGE2DE
T B AMREE T & B IO PGDHIEE O MEIKI (L BSRE D —DTH % Al HE
BHRFEBE N2, L LRSS EREREECIIELOERNPEGF LTS L
TSN, BIREONEOEBNLEREDOMROFREIXIC 3BT 2 PGDHIENM
DETLUIMNI. 42 RAZ OV BRMEICRS LSRR, JRTEIRE ICEEEN -
HSBERUZE L DEE Uy Z D= DEIRENSPGEIC K L TRZMEROIEI EFD
EZZ25N5%, TORIZODNVTUII SR VLETDH %,

3-3 =TI T7)NVOEE

3BT LELDIC. TFZTVNERMKS v MIERRE TS5 L. PGEe
D5 L b E U AHREOHBEEI RIS Nz, ZORREIETFZ 7V )VE
sE ez LD ffifADICEE T 2 PGEL & AL T 2 BER OPGDHEME MM
TUL. ZUTPGERBIEBE L /=D e HfEflahiz. UL L. AETRLE
& 5 ICPGDHIEMIC X 5Bz RIFS b o 7o

1Y RAY Y U BEHERORES v MCHS Uk, PGEUC L 2HETF
BIRE OHEELZRE U EE2EORRICEL 2 L. BIREOHEREFEOE—/ %
MinE g, BRBEPEEIETCWE, 2O E, FETHRULELDICHO

PGDHYEMIE N IBEEDKIZ A D2IE T LT Wz (Takizawa et al., 1996) o T
F5 7 NVOEREIC X b PGEIC & 2 BIRE OFBAFE M Wiz b, B
R OREEHOERIRES T, MOPCGDHEE L Lok, Th
5DZ &5, MOPGDHEHDOET LEE T 20, FinRMEdERT I L
ETHHEEZOLNDD, ILHIBADPDLETH D,

REORERD S, EREBHORHMES v M5 7))V EEGERS LzRIC
£ U BPGEIC & A BIRE OEBAFOHHMIL. PGDHEMDETICZLZHDT
RN EBELNE RS, TF T T YINAREIZ L b BIRE ODPGEIZ X
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BAE

DRESUMNBLLECLEIEIONDIN, IHICRAPLETH D,

w1

Fo&E, HE3BIIBVWTCERHET Y MIA Y RAF I UHINVWEEF ST ) I)VE
BE U TEEFETF TR, BIRE DUIHERSE U LIBRICPGE 2185 ¢ % L )
IRE OEBEEIEE L Ema iz, THIZBERICREEHTTI Y RIS
RIFSTYNEREINEI LICZLD, OPGDHIZ & % PGE DR #
CEENE D, HDIVTEIREZ DD DICTLAESER] - RN LDBEL L
T DRI Nz,

INE5DZ ehd, RETIHHEFOPGDHERIER Ly £9. AEHIC
BT 2l OPGDHEM: ZREZRFHVICHIE Ulzo IRWT, HEIRRIADEHRS v b
DAY RAILUHBNEITFZ 7)) VOEREDiOPGDHIEEIC ML THE
ERE Lo |

FIEHNC BT 2 i OPGDHEMEIX, faks20 H A 5 HER3 R £ THR4 I
Ulzo R TIXPGDHEMIX—@EMHICHERICHD U, 208, 4
120 NI, ER3IFHE L FREICE CRIE L,

AV RAEZS V3mg RIS H P 63 HMABES v MIROKRSE L, HEiR21
HICHEUIBE U CHEFZ2E D H Uy SRR IS HT 4 F it 2 5RE Ut o
PGDHiEM: & JIE L 7z,

Z DR, MOPGDHEMIE A >~ KXY O V%GR TIX19.6+1.1 (pmol
/min/mg protein) T&H D, MAEFD27.9£2.5 (p mol /min/mg protein) &
HARTERIET L TWE,

TFZ7V)NI0mg ZiER14HH520H £ ¢7THBRBHAS v MIEORS L.
GERR21 BT EUIR U TR A3 MR O F & F Ot O PGDHIEM: X, #EALE
DHFEF OO PGDHIEM: & ZIFRD Shah o =,
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BAE

PEDZ em5, 1) FAEMOMOPGDHEM L. ah20 H A 5 3R &
TIXRLITHEML., BB TIXRBICHD T 20, Z20E, HRI2IHT
XEERETEIENHESDER S, 2) BT Y MIA VUV FAS I U 2ERE
U EFEFTIIMOPGDHIEMMET LTE D, ZDZ0PGEDEIC
BIEASE L, PGERJC L2 BARECEHMELIE LB hizdDLEZILN
2o 3) BHES w MIZF STV N EHRELTH. FETFONMOPGDHEMEIC
IEEBLBRWI EDPBHLP RS2,
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5% BREOHIEREEHMAOBEE 7R -2 X

BLUTFHFSTVILDESR

EIBCIHEREHIC 5 TV IVERMKS v MCERIRS T5 & TOH
HEFTIEPGEIC AT 5 oD igss U, BIIREOBEHEMEEs iz, 2D
FRIZTFZ 7))V 0GR 5 L D PGE.ORHHERRICEE P E L 20T
HAHDEHH L. HAFETIIPGEHD EEREFE T H 5 Ml OPGDHEM: 2 #
ELZo LD L. PRICKR U THIRBHIORAS v bADZF 5 7)) )V
5k, FEFOMOPGDHENICIZRE R RIFI VLI LHRI N,

ITFZTIYNVE, BT FFF 0 VITEEZHDI TR LICL D BEE
MRERT ToF A7 VINZMBNMEIC L 28 FEERACRIBDO7
WRRAFO 3w zREd 20H TR O UCOEEEREZE L
(Khairalla et al., 1972) | MEFHEHAIICNS LT, HEB L UEXER
BETHILDMEZINTVS (Owens, 1989) o 72, PV F4FL I U
L BETEBOWTNEREHIC L2250 07 40 70ix 0 F  DOELEE
REL. 70 b4 >3V —2TdH bc-fos, c-myc, c-jun 72 ¥ DRI RHET S
W3 (Itohet al., 1991 ; Naftilan et al., 1989 ; Powell et al., 1990) .

BE, VEV-PUFRETF U U RDPMERCHEE L. BATEEDTRE I
ERT 5L ER>TNS (Dzay, 1988) o TF 57V I ESHT,
—MREIC, MERTFAIEEECIER < BIICDE VBRSNS I L h s, =
7 7))V OIEIRE I O REIRA D EIIRE O Eig Al O Ol Ao g
25 A ZOMR. BIREFREZELPT UETREDSEZ SN 5,

UEDZ e o, RETIIBFHIRE O EFBHMEORMEE 7R —
2 (F075 AMRFE) ERETL. &5l PEGMIMOIE L K RIES =
FEITVINOREBERETAZ L 2ENE L,
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HOE

MR D < — 77— & LT Proliferating cell nuclear antigen (LLF.
PCNA) #ZfAW/=, PCNAGZEMHT ) F~ h—F ABEDMHFN S RN S
. (Miyachi et al., 1978) . fligAEADOSHERID 5 SEHDMEZMIC HIT
BT ehb, EE BREBHOEEZEL LTHERAI N TW S,

7ih b= 20X, TR M= ZOEFERTEIETH SDNADKT
bR U, SRR LAt 2TUNEL (terminal deoxynucleotidyl
transferase-mediated dUTP-biotin nick end labelling method, Gavriel et
al., 1992) ZRWizo

7z, PEOEMEHHREOME & ROERZRET T 57202, Yama-
moto 5 (1986) OWMEESEIZL, MHMORAS 1 FEXZHWTHEATEED
7= 0 Ol B H U, fMiag e MigiERDEZFE L Uiz,

AETIE, ThH6DHEZAVWT. REHOBIRE OB ELIEHMEOEE
WCDOWTHIS DT Uy EREBHO T F5 7V )VRE R, BRE OMIIgEEEIC K&
TR EERE Uz,

o

BIE MR &A%k
1) #tEFMPB L CABERE
BIEIZELEZEDDOLEREUTH %,

2) BEWOIER
1% L AR5 7.

3) ERAE
3) -1 PCNAMEHRL T+ 7)) )VDOEE
JEHR18, 19, 20, 21HBLVTERL, SHOBFBICHEFOFIRE LK
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RO PR OPCNATHE 2 EHIICEHE L,

fas18 B 521 HICHB W Tk, fBHES v b 2F LSRR FEHERL. B
BIZBTHIE 2100% A &/ — )V C24RERIERE Uiz T ELIFRIEFRIRFAIE
CEM LTz. FAETFS v ML, HERKZRER LR, HERTISZNZN
24, 72REEBICERRICY T Y VT LT,

TF5 7V )NVIRESOREIRB1IIE S X U20H DI FOIIKE DS LUK
RO TR B CRET Lo

TER12H® 2 W13 B2 57 HRIHAKZ =45 7)) )V10m g/kez OIS L.
Zh2hER198. 208 ICHFEWBI L CAFEERD L. BRI 7Y >
T Ulzo

3) -2 FAEHHOTRIN—=Y R F S TIVIVOEE

TFS5 7Y )V10mg/kg ZHIRI4HD 520 H £ T7THMRMAS v MMIREOK
E L7, BASMRICE b 34K, 3, SHOWEFZY 7TV T Lz, #
MBORHMES v M SBEHETENBIEL Uk Yo7V VT UEHEFE
Bl Uy 4%/85 RV LT IVT e REHEZEHWT4 CT4RAERE L,

4) SRR

Yo 7)) VT USRI, BB, PIVa—VEK, FL LB
Bi7 L TI—)ik. /35752 b (Sherwood) GMEFR. I/ —R3sD
b A EANT. B um QMBI E R L, WY LR, K307
R U SR T — R ¢ e B, PONAZIRIIT 3 1= Sl u e
@EMELE, £7. TUNELSEICIE, YU t0R 2H037°Clo B L i 40
R
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HOE

5) HEARsEEARET

MR 2 ARET T 5 =8, Ao~ —h—& LTEREA TV S
Proliferating cell nuclear antigen (PCNA) 1Zxf 3% AiPCNA¥iA (Dako#L.
PC10) ZAWT, ROME (1991) 25 U TABCKE T RBMEMILZFR
@ETFo=. £ix. ZRM—=X (775 LAMIKESE) OBEIiE, 7H b—
¥ ZDEALFEHIIEIE TH 2DNADKT AL ZIRE U, MEBiEA L THEET S
TUNEL# (terminal deoxynucleotidyl transferase-mediated dUTP-biotin

nick end labelling method, Gavriel et al., 1992) %\ /=,

6) AEFOHFEE
@ PBS
0.01M ) BRIEEH &IE/KPHT.2
NaH2PO4 * 2H20  0.33g
NaH2PO4 « 12H20 2.87g
NaCl 8.5g
DDW 1000ml
@ BELKER Y ) — )V
fix & 7 —)b100mIZ30 %@Lk EKE 1mIE T
@ ABC* v b
N7 4 X5 4 Elite ABCF v b
(PK6102, VECTOR LABORATORIES, INC.,)
@ HIPCNAHK
DAKO#%t, PC10. PBSTI10fZIZFHIR L-80°CTHE
{# A ICPBS CTReA& A R2000/51C U TR,
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EHE
® DAB-H20 2 il
0.01M ") VERIEE Atk (PH 7.2) 20mlIZDAB10mg (FIEHE,
10mg/8E) BAMREE D, HAEANI30%BELKFEKL3.3 12l
Z 5o

® 4%/8Z RNV LTIVT & R

(a) ZZEK | 200m]
INTHRIWVLT VTR R 8g

- 60°CHIBICED =Y KIZITHEINVLTIVTE REBEDPT,
- INNaOHZBHEHE T T2 L LTPT .
(b) NaH2PO4 * 2H20 0.66¢
NaH,PO4 * 12H,0 5.74g
(@) IB» T,
@ Proteinase K (20 teg/m1)
7FaY, 2mg/ml=25mg/12.5mliZ7% % X 5 IZPBSIZED L.
0.5m1BDE ULHRAET 2. HFAKIIINZ49.5mIDOPBSTH
NERES
® TdT buffer
| Trizma base (PH7.2) 1.0M (6.05g/50ml) 6ml
(FUZ=LROFTRAFIAY )
AIAPNVERF MU DL 0.7M (7.5g/50ml) 40ml
= AmPAYIVEN 1.0M (1.3g/10ml) 200 1
IN HCITTPH7.2ICFi LDWZ M Z T200mliZ 3 %,
—4°CLAF TR %o
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HBOE

© TdT solution

274 MBI DE

biotinylated-16-dUTP 0.5 ul

(R=1) = =1 1)

TAT (¥ 7 2) 0.5 1

TdT buffer 40 1l
@2%FMiE7 IV 73 (BSA)

0.2gDBSA%10.0m1D DWIZIBED T

7) PCNAL & TUNELEDEERFIH

7) -

® ©

@ Q@ @ @ ® ©

® & & 6 ©

1 PCNA¥OERRFIHE
VAR

INFRALIEIC & 5 HURM D BYE
0.1M citrate buffer PH6.0 90°C 1204
Kk 54 DW 54
BEEALKFEIMAS 2 —)V 3043
Kk 54 DW 547

PBS 204

EEUSIE 205

PBS 543
0.05% 7 EY VIKEW 205
PBS 104
0.001%EFTF 2 KBHK 204
PBS 104}

PFIPCNAY Y XE ) 70—+ )NVHHK, 4°C 18K
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® 68 & & ®

e &

7) -2

Qe 6 0 60 6

® © ®

® ® ©

PBS 104

—RGuE 3047

PBS 104

ABCH &K (ABCFv b)) 304

PBS 104

DAB-H202 )& 443

K SAE. AT MFUY UTHSRE (208) BRELZE. BUK
B BHAL, BET 2,

TUNEL#ED ERFIE

FULY 543, 3[]

abs 54>, 3@ (2 [EHE®DabsDEY I THAZIER)

100%~70% 7 )V a—)L 35 |

DDW 34, ZEiR

PBS 343, 37°C

PBS 343, 37°C

ikl oy a= oy

Proteinase K : 20 4g/m1 1543, 37°C ({@i%8)

DDW 25 Zif. 4E

TdT buffer 1043, ZEiR ()

TdT solution 704, 37°C ({EHEF)
@DBH = DI T B,

PBS (RiM=1L) 1543, 2R

DDW 25y, =R, 48

2%AFMFBE7 VT I (BSA) 104, ZFiR (JBiEfm)
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HBOE

@ DDW 1045

® PBS 104>

® FITC (7F72ay) THRE 254y, 37°C (FEiFE)
X6 UIDFITCIZ AR Z1mIDEE

@ PBS 1043, 3[E

VECTA SHIELD C# A
© HNTEMEE TEIZE

8) PCNAZ#RDEH

HEFEMER 2 AW TEEEKR T L1, 1000{E L L O EIARE fh iSO 15 R
EEEL (RHSMRE:T) . 205 bOPCNABMAME (P) 2827,
100x (P/T) %K, PCNAF#EK (%) 2HH Uk, KREIIROFEHMRE
IR E UCRBRICEBIE Lz,

9) AT A § &AW BATEMS % b O

NFEBEWEOBIRL > XA Lz 2 5 —Kik 2 AV, Rt zias
FEUMR 5 1 MR Lc—EEH (3.75 %103 mm?) AOBIREHED
Rl E A D v b Uiz, COEERZIERICDS40 7 FFERL (A&
HH1.5X10 ' mm?) | 407 i OB OAE % & > T 2 OEHED B
B (1.5%x10"'mm?) &7z b OEHHMIAKE Lize BB, 5E L LTKE
RICOWTHEH L =,

10) HiEHANLIE S
[JONEEED S ELE, FHEREERD, PCNAEHRIZIOWTIE, AE
BB IT o720 StudentDt-testZ AT, FBIHDOEL OBIT., HEHUE%EE
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o
L. P<0.05D58. MEFFMIcEEENH 2 LMWLz, . AHOH
IR & REINR & ORT HHEHLEEEMH L. P<0.050BE, HEHENICER
ZhH D LR Lz,

s SRERFSR

3-1 KEIZDOWT

EREL-9. 10ITR Lk,

HH LS RIEBORENRIBTF. HETTHo2 (R9) « =FF7
DIL10mg/kgR5IC L D BFREBICELIERD Shgr o (F-10) o

.3-2 PCNAFHEDOFEHNELIZDONWT

EREX-22 L R-9IZR U

HIRE OPCNAEHRIIAEMISH» S HJEEZTR L, FRERIIHTI75.4
477% (EHESE.) L¥—V%&RLE. UL, IGl20HIZI19.4X3.55
% L ABICHD L. BA19 H OBIRE & B LT, MEHENIC AR SN
HE5NTz. ZOHBIIHBLITEHD LT E, EBROPCNAIREHEKIZ13.4£5.26
%P 57.4+1.81%THD. FREHICHEARS LEETH o).

REAROPCNAFREIZ. BIIRE & ARRICIEEI9HTIET73.41439% L E—
DR UED, BER20H Tld22.3£4.39% & REUCHD U, Balv19 H D KRE)
TR& Ll UC B EME B E LR Shiz, Ihik21 H CIIPCNAERERI
15.9124.06%TdHH. EFBIHTIXI5.223.70% L& LiIZASNRP DTz, L
L. &#%3HDOPCNAME#ERIL29.3 is.93%t%b%i§hu L. E®1HE
BMUTCERBEDIRD LN,

BARE & KEIRZ LT 5 &, FAb18 B &A% 1 H £ TOPCNAFHEI
FRRICHERE Lize LD L. BEE3HICBVWTIEBIRE TIX7.4£1.81% L{K{E
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BOHE
f%otwuﬁb\K%%fﬁwsi&%%éﬁb\%W%tm&fﬁﬁt

%{[E.T%Oto

3.3 TF 5 7Y I)WVDOPCNAMEHEADR

ERE2X-23R-10ITF L,

BRE OPCNAKE R, 19 HOMBECI75.424.77% CTH 272D
R L. =F 57U 10mgid 5B T, 43.6+1427% & E LDl Hat
PHRRAREDNRD SN,

—75. aR20 8 0. MBETIX19.413.55%CHDH. =FF 7)) )V10mgHK
EHTIH30.9+12.23% THo =D, ARERROSNERD DT,
REPROPCNAEHRIIIGE 19 HONMBETILT3.424.39%TH D &5
BTIE52.242.75% L BIRE L ABRICREHCREZR Uiz, —77. 520
HDOKEROPCNAIZ R RII N IREFD22.3 2439 %I/ LT, REBTIE
3122211 % TH - 7=H AEREFXRDLNARP T,

HNIEFEOHIRE &L REIkIE. IZIEEFOPCNAME#MEZRUEL, =757
DIVIREIZ L APCNAFSEDOK TIIREARL D BB THETH o /=0

3-4 BAIEEYZ D ORI EIC DN T
fERER-24 L £R-10IZR U7,

BIRE O BALER D 7= b DG EILIEER19 H O IREF Cld960 &
20.5 (fE/ BAIERE : 1.5X10 ' mm?) TH b, HEHTIE. 865212174
0. BAIEMES D OHIESIERD U, SEaic AR ENSED b
(P<0.001) »

—73. FaER20 H ORI EIE N REETIZ917229.8TH b, R5EFTII858
+133TH Y EREERD SN, ol
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JEZF 04 REFSERZRE T2 L. IBFOBIREIZIGHEL (Sharpe et al.,
1975 ; Momma and Takeuchi, 1983 ; Arishima et al,, 1991) . ZOEEII4E
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EEEL . COBERERZOMBHITIBIRERFEOHREA D =X LOFEHICD
DRDBBHDEEZILND,

LY RAZ YUY I OAF I F—BOMEL WS KEEAD» S, BE,
b bRBREDOBRERAEDEBICANSN TS D, &7 Lo AIIRIEE
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EE Uy PGE2OERRAHAMHRTH IMD15-L FOFv-T0RY
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Abstract

Experimental studies on the re-opening of the ductus

arteriosus in rats
by
Hirofumi TOGASHI

ABSTRACT

The ductus arteriosus (DA) b&passes most of the blood from the
pulmonary circulation to the placenta, where oxygenation occurs. This
vessel unlike the pulmonary artery (PA) and the aorta, which are both
elastic in type, is equipped with the media abundant in smooth muscles as
a type of muscular artery (Jones et al., 1969). After birth, with the
beginning of respiration, the DA is rapidly closed and transformed into a
fibrous cord. Since the survival of newborn placental mammals depends on
the closure of the DA, the cessation of the umbilical circulation and the
occlusion of the foramen ovale, the DA plays a significant role in the
neonatal adaptation required immediately after birth.

The patency of the DA is regulated by a balance of opposing actions of
prostaglandin (PG) Ez and oxygen (Clyman, 1987). Aspirin, indomethacin
and other nonsteroidal anti-inflammatory drugs (NSAIDs) are potential
inhibitors of cycloxygenase, a limiting enzyme of the biosynthesis of PGEs.
NSAIDs are observed to constrict dose-dependently the fetal DA after
administration to pregnant mothers and animals, and cause fetal

pulmonary hypertension, persistent pulmonary hypertension and persistent
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fetal circulation in infants (Momma and Takao, 1987).

Closure of the DA after birth occurs in two stages, i.e., initial closure
and anatomical (permanent) closure. The initial closure is brought about by
contraction of the smooth muscle cells (SMCs) in the wall of the DA

(Clyman, 1987). The anatomical closure depends on a series of structural
changes. Endothelial cells detach from the internal elastic lamina, and the
subendothelial region begins to accumulate extracellular matrix materials
and fluid. The internal elastic lamina becomes fragmented, allowing SMCs
to migrate into the subendothelial region and obstructing the vessel lumen.
Eventually the DA degenerates into the fibrous cord referred to as the
ligamenum arteriosus (Jarkovska et al., 1992). A DA not completely closed
after birth is referred to as a patent ductus arteriosus (PDA). The
treatment of PDA is important to the survival of newborns. PGE; and PGE,
have been shown to induce a re-opening of the DA in humans and rabbits

(Heymann and Rudolph,1977 ; Olley et al., 1976 , 1980 ; Momma et
al.,;1980). However, the dilating effect of PGs has not been examined in
detail in rats, even though rats are often used in studies of reproductive
biology.

Since 1976, indomethacin has been used successfully to treat PDA
(Heyman et al., 1976) based on its inhibitory effect on PGEg synthesis.
Re-opening of the DA after indomethacin treatment, however, is quite
common, although the reason is unclear (Clyman et al., 1985). In this
connection, it is significant that premature infants who have been exposed
in utero to indomethacin for threatened labor tend to show a higher

incidence of PDA (Norton et al., 1993).
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Angiotensin-converting enzyme (ACE) inhibitors (ACEIs) belong to a
relatively new class of antihypertensive drugs. They have been used in
women of reproductive age, because compared with conventional
antihypertensive agents, they have the advantage of leaving sympathetic
functions intact and of enhancing the distribution of blood flow to the
kidneys, heart and brain without altering cardial output (Johnston, 1984 ;
Lund-Johansen, 1984). However, some studies have suggested that the
continued use of ACEIs during pregnancy may not be safe to the fetus
(Kreft-Jais et al., 1988 ; Pryde et al., 1993). It has been noted that the use
of ACEIs during the second and third trimesters of pregnancy is associated
with PDA (Kreft-Jais et al., 1988 ; Pryde et al., 1993).

As mentioned above, the patency and the closure of the DA are not
completely understood. The re-opening of the DA is of particular interest in
part because it is thought to be related to the mechanism of PDA. In the
present research, therefore, the re-opening of the DA and the effect of
NSAIDs and ACEIs on the re-opening of the rat DA induced by PGEg were
examined. The findings obtained may contribute to make clear the

mechanism of the PDA and the relation of PDA and drugs.

Summary of results

1. The dilating effects of PGE; and PGE9 on the once-constricted DA in
newborn rats were investigated. Wistar rats wére mated and the day on
which sperm was found in a vaginal smear was designated as day O of
gestation. Each newborn pup‘received subcutaneous injections of PG (4, 10

ug/pup) at intervals after Cesarean delivery. The ratio of the inner diameter
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of the DA to that of the pulmonary artery (PA) was determined at intervals
after the injection as an index of the dilating effect on the DA (Arishima et
al., 1991 ; Takizawa et al., 1992).

Both PGE; and PGEg dilated the DA for over 90 min. The maximal
effect appeared 15 or 30 min after the injection. The dilating effect was
significantly higher in the PGEg injected pups than in the PGE; injected
pups. The dilating effect was significantly decreased in the 6-hr-old pups
compared to the 3-hr-old pups. These results indicate that both PGE; and
PGEs have a dilating effect on the once-constricted DA, that the effect
decreases with time, and that the dilating activity of PGE2 was stronger

than that of PGE;.

9. Itwas also determined whether an NSAID administered prenatally
to mother rats could potentiate a re-opening of the neonatal DA induced by
PGE, after postnatal closure. A subcutaneous injection of PGEg2 (4 ug/pup)
was given to newborn rats 3 hr after a Cesarean delivery from pregnant
females which had orally received indomethacin (1, 3 mg/kg), aspirin (100,
300 mg/kg) or ibuprofen (10, 30 mg/kg ) from day 18 to day 20 of gestation.
The DA/PA ratio was determined at intervals after the injection.

The indomethacin, aspirin and ibuprofen treatments each
significantly increased the re-opening of the DA and prolonged the duration
of re-opening induced by PGEg. These results suggest that increased ductal
responsiveness to PGEg in newborns rats seems to be a common response to
maternal treatment with an NSAID such as indomethacin, aspirin and
ibuprofen.

129



Abstract

3. Whether an ACEIs administered prenatally to mother rats could
potentiate a re-opening of the neonatal DA induced by PGEg after postnatal
closure was investigated. A subcutaneous injection of PGEg (4 ug/pup) was
given to newborn rats 3 hr after a Cesarean delivery from pregnant females
which had orally received enalapril (0.1, 1 or 10 mg/kg) from day 14 to day
20 of gestation. The DA/PA ratio was determined at intervals after the
injection.

The enalapril treatment significantly increased the re-opening of the
DA, except in the low dose (0.1 mg/kg) group, but the duration of re-opening

was not prolonged.

4. Early studies of prostaglandin metabolism have revealed that the
lung is a major site of prostaglandin inactivation. Piper et al. (1970)
showed that the bioactivity of PGEs and PGFg, almost completely
disappeared after a single transit through the pulmonary circulation in
guinea-pigs. It has been established that 15-hydroxy prostaglandin
dehydrogenase (15-PGDH) is a key enzyme catalyzing the initial reactions
in converting the biologically active PGEg to its inactive metabolite
15-keto-PGE2 (Anggard et al., 1964 , 1966).

In the present research, the hypothesis that maternal treatment
with indomethacin or enalapril would inhibit the catabolism of PGEg and
that PDA would be partly due to this inhibition was tested. Also, the
perinatal changes of lung 15-PGDH activity and the effects of prenatal
indomethacin or enalapril treatment on lung 15-PGDH activity were
investigated.
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The 15-PGDH activity in the lungs of non-treated rats was increased
from day 20 of gestation to 3 hrs after birth; however, the activity was
transiently decreased in 6 hr-old pups, and at 12 hrs had recovered to the
level of 3 hr-old pups. Indomethacin treatment (3 mg/kg) from day 18 to day
20 of gestation significantly decreased the activity of 15-PGDH in neonatal
lungs, whereas enalapril treatment did not affect the 15-PGDH activity.
These results suggest that the decrease in the catabolism of PGEg in the
lungs is partly responsible for the failure of indomethacin therapy for PDA,
and that the catabolism does not contribute to the PDA after enalapril

treatment.

5. SMC proliferation and apoptosis in the media of the DA and the
effect of enalapril on this cell proliferation and apoptosis were studied.
Proliferating cell nuclear antigen (PCNA)-positive cells and terminal
deoxynucleotidyl transferase-mediated dUTP-biotin nick end labeling

(TUNEL)-positive cells (Gavriel et al., 1992) were observed as indices of
cells proliferation and apoptosis, respectively.

The PCNA indices of the DA and aorta were both approximately 756%
in 19-day-old fetuses and significantly declined to about 20% in 20-day-old
fetuses. In 3-day-old newborn pups, the PCNA index in the DA further
declined from that of 20-day-old fetuses, whereas the PCNA index in the
aorta was significantly increased compared to that in the DA.

The effect of enalapril on the PCNA indices of the DA and aorta was
examined in perinatal rats. In 19-day-old control fetuses, the PCNA indices

of the DA and aorta were about 75%, whereas the indices of these vessels
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were significantly decreased when enalapril (10 mgkg for 7 days) was
transplacentally administered. The decline of the PCNA index induced by
enalapril was more prominent in the DA compared to the aorta. The PCNA
indices of these vessels in 20-day-old fetuses were not altered by the
maternal treatment with enalapril. These results indicate that enalapril
inhibits the proliferative activity of the fetal vessels, and that this effect
was age-dependent and more prominent in the DA compared to the aorta.
TUNEL-positive cells were not observed in the DA of fetuses. In
1-day-old pups, in contrast, TUNEL-positive cells in the DA were regularly
observed, as clusters in the center of the DA and as circular arrangements
in the outer layer of the media. In 3- and 5-day-old pups, the regular
localization of TUNEL-positive cells observed in 1-day-old pups had been
lost ; the TUNEL-positive cells in the DA were now irregularly scattered in
the vessel’'s wall. In the enalapril-treated group of 3-day-old pups,
remarkable TUNEL-positive cells were seen in the center of the DA, and the
positive cells were significantly increased in number. In 5-day-old pups, the
number and the pattern of localization of the TUNEL-positive cells were the

same as in the control group.

Thus, based on the foregoing observations, PGE; and PGEg have a
dilating effect on the once-constricted DA. NSAID or enalapril treatment
increased the ductal responsiveness to PGEg in newborns rats. Since the
neonatal lung 15-PGDH activity was significantly decreased after maternal
indomethacin treatment, the decrease in the catabolism of PGEg in the lung

is partly responsible for the failure of indomethaicn therapy for PDA.
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However, 15-PGDH activity was not affected after maternal enalapril
treatment. The SMC proliferation in the prenatal DA was decreased after
maternal enalapril treatment, and the onset of apoptosis in the neonatal
DA was delayed, suggesting that the maturation of the SMC in the DA was
suppressed after maternal enalapril treatment and that the DA then had

an immature response to PGEs.
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