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IR MUEAERERE I, & D OIEIRIZ B 5 LYW AHHE T, HERSKRD 4-8%
ZIEIE L. S, RIS X VE RO Z 1800 5 72 2 TN E O 0F EE I 5E 107
RNDFE—ALDRBTH D, EIERS MR, RESRHAOR I B
THMFOREEE. FAROMHEB IV R EHOFINED (Brown,
1995), ZIGHEIR. MU/ FHADER. FIEKE, AEESIUER L OBEREDOK
DIRERRINFIE, IR MERE R OFEA 2 KIFIZHME 82 2 EAA6NT
WEH, ZOREBABIIRZETZRICHP TN TNARN, T 5I2ZO/-RKRSIIE
EREHOBHO—IL, MEERbEIEREMMLEIET 5.

ST e I FESE A I DVR VL, el R ERgEkE GRAMRR, 7 ovU—fR, &
BE®) NFEANTHS., EYEE LTIREOE A 5HEfHEL M R<, Cafl
PR 7 X AT v MBS (ACE) BLEHEAR E D MER FHIDLS A
DTH B, L L, EIRFICEMIZIMEZ FIFUETFE - R inEE?ED U,
ETFORBICEKBERE5 220 EEDEZ SN, BURBIOBTFZEFEIC
BT HZEIIMOTHETHD EEZEZSNTND, £z, BRPIOE)E
BIZBWT, OXyYA 271> (PGL) OARRP MO HRFY 2 A, (TXA))
DHIMDFER (PGL, : TXA, JLEEDZEY) 1, IR U FEE R T O IRRY 721
NS, FE - IRBMREEOH/NBIONRBIHEEIILSDDLEER SN,
PGL/TXA, DR OFFIEAS, SRR L FAE R 2 85T S alfietEh 5. LERN
MALNTND (Dekker, 1995), I SITMA T AE U >, PGL HLULEYB
L ONTXA, BB R EAIDAHEE & U TR SN0y, ENDIRERZIRZER
T ZEWEETETNWRN,

b b &Y ORIF BV B IEH R EIR Tl A SRR i 5 O J FiBE N NFTE L
Mg LA ERZENSE, MEEZRA TS, ZN5DOLED—



o

Hi. PERICEA SN D —BLEHR (NO) X THEi NS Z &b h -
TWwb, i, 7y FERWEEBIZBWT, NO GlR&EEIEMIZIINT % NO
Bk R B E AT dd % N-Nitro-L-arginine methyl ester (L-NAME) % #E4RH1Z5
x5 95 &, @IE. BFIEEELED I OER R E IR 0UEAE B 128
LU ZEIRIEIRZFIET 5 2 &2 T N/z (Yallampalli and Garfield, 1993;
Diket et al., 1994; Salas et al., 1995), Z @ L-NAME % fj V2 7z E AR 72 ULE 7335 58
T HAERNIE, TR I K O IR & U E R D BFITBNWT, NO A & ME
DZEAL & ORI EZERZBID 0 OFEERET 5, I 512, M ORI K
FT®H 5 calcitonin gene-related peptide (CGRP) *° endothelin % & 5 kk 2 7298 728
L-NAME UE U728k 5y h & W TEEERENTWS (Richer et al., 1996;
Yallampalli et al., 1996; Gangula et al., 1997a; Wight et al., 1998; Wimalawansa and
Yallampalli, 1998; Makino et al., 1999; Olson et al., 1999; Zlatnik et al., 1999) ,
EERNEICBNWT, EHUFEZZORS O EBEMEE LT, —iA
EHEMBIORERMEREME L TIASEAINTVS, 0 TOHEERS EE
BB L T, SIRATEERL. 5B B LU B EBNHRIZHEH END
BEEEDSE VY, MIRATIEENE, HR TR EICHRAOEMIERZE< L (Koyama,
1993), SMseni OB FESE (ZIR3E) & L THEHIN TS (Noguchi, 1985; Kano et al.,
1991) . E - W EBRITE N TY R EHRIET, WBRD
endothelin-renin-angiotensin-atrial natriuretic peptide system (Usuki et al., 1992) %
L. SRS EZIPM O TD 178-ZA RS2 F =), 7
Oz 25O BEIRNTFAMATOY - LRV EHINESEDLLO®RENDH D
(Usuki, 1990), %25i51%. TOELDEMTHDRIREMIZE > T, BKRTO
EIEPEAR (to et al., 1996; Ushiroyama, 2003) B L VR BIZH 4 IR R
NI NBE AU S THS (Senaga and Kawashima, 1986) . FKERANIZIE, 535
135 v MZBWT puromycin aminonucleoside IZ&L > THFESINSREBHB X



o

Mg IV A70-)L 2 HbE 85, BEHROTPUHIENPRESIN TS
(Abe et al.,, 1986). BiELo{&EHId, BIR TIE A2 4B IERERIETE (Otani et al.,
1997; Noguchi et al., 2004), FEHAR. BOFM, EEGHY I FEHIZBITDS
BB EF DG #¢ (Takahama, 1995) IZHHON TN HE AU ThHh %, BiLBRTIE
i L2555 13 puromycin aminonucleoside * 7 O —+¥J v FOTWHARZMMH L. €
DOVEREF XRBIE T D 6-keto-prostaglandin F, ,/thromboxaneB, [t D/INT > A &K
LI BT EMMEIN TS (Nagasawa, 2001), T35 DEH U OH G
6 PR T DI S L ESE AR A DG S BAER T2 nIBEME B . 5 N B A%, LT3
B SRR I OB BB SICE U TR RS M EERE OB ET IV EHNT
D FF 7R WFFERR B AR AZ TR

LA OWIFERE 215 512, ARHSCTIX L-NAME F5F6 0 I 0% 5 i FESE B £ T
VT MTBU B BEEHFN A OFEHBRE, FHICHEBIONBRTFOWFIIHT D
BRI ZERL, SSCEFOEMANZALEMKHTHIEEZHMEL, X
DERIZ TR ZH ATz,

¥ 112, T v BT L-NAME ML U TR U 7 SR 4R i ERE R I B 77 )L 2 W
T, BERIOFEABTIEHIEL (intrauterine growth retardation: [IUGR) {2
XY B MIFA MO FEE G T RINOBEENVIE 2B 0 TR Lz,

¥ 212, L-NAME Z AW TH kB b5l &k E @iz 51 &8 29 EikelE
EREHETIVZELL., YRATEMOEMEERBITZDER A Z X L
RIS B0, MEEMKRFIZOWTHNG, £k, B1OERIZBVWTH
IRAT B O P EER Y, IRIMICIEE L TEITH 7220, AT
O RFIES EOBEEHEIZDWTHRE L7,

317, 51 OFEEBERKIC LNAME F5 MRS MUESE BRI E T IVIZ T
DG B IO ENER OB R LT,

i . IEIRE M SEGEREE TV 2 M W T HIRAT SO TUGR BB D A
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Wl oAE

B1E HRATEBOERS MEERREE T T 228

IRz K DI, IR U BRI Z A 23 D7 ia et II R 7R JE S
NTHES5T, BIRTIEIZIZMERE THO X S I EREIZE > TWHHBIRTH
%o YIFATERIIEE TN T2 LREE L TLSEASN TV RE A UL TH
D (Noguchi, 1985; Kano et al., 1991) . #F4&& i EAE &I DIEHI KWV TE
HIEFNTH D, LU, IRIRE UEAE I OWEFIZ BT D RER T O i~ 35
DHBERFEME< s, TSI ERTOREFITFTHTE-72<
BNENZ D,

LDz EMNS, AETIET v T NO GIREFEEILEFRTH 5 L-NAME # 4L
BLCHERL RS MEEREET IV ERNT, SMEBIY IUGR AT
5 BIFA IR O R E R T RO B EENINIZE 2 & TR LTz,

B AREE IR
- BB L O F R

e B Crl - CD (SD) T b 8 JEEOMEEIMN &, H/=BMIZFAFRFD 9
B OB 2 AAF ¥ — IV A » UN—#SE R KOMA L. 138ME
BEIUL S B2, KERICHEM Lz, Biid=EiR 2322 C, BE 55110 %, #
SRR 10-15 [E/BERT, A= Z7—7 L w3 o, B 1 H 12 KRE G 7
-2 1% 7 ) 103 S N Rle ity A 5 P RwrgE it 2F BiE 5 ED
B I EEE (MIEEZR, 350 TREROSMIRT— 2 (260X 380X 200 mm,
BN — B A, BE) IR 1 IR DINAE L THE L. fEbBI T
R I EEAEE (MF, 604D T2 N A3 —EX, ) BLUTT 1)V
& — %N U R R K R FE A O~ Lk KEGmBRSEz. i
IETIHERES v b2 —HREIE. BHEAATRHNICHTNROENIZHZE
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EiR 0 MEmELER Uiz, #E-o T, WM 21 HERb, ZOMDNLD
M OIEGTIEEIRT 2R U722, EIRT ORIz 5h T 10 Mol >
v hZEIEA L. DERBEIMERIERBIE N Lz, & TOEBRIIVIEINIIBT S
KBREHYIOEMLEFEM DD ORARIY LS DA KT Izl THibNn
2o

2. ko

WY Lo (R TRHEIN., HADOEAFEHEIZE o TIEHFHES A E
L TR ENZHEATERIT, LTI NZEGOREGEEDOTBETF A
ZEM LU, 4.0 g A3 (roots of Paeonia lactiflora PaLLas) ,4.0 g #EIIL

(rhizome of Atractylodes lancea DE CANDOLLE) ,4.0 g {Ri&i (rhizome of
Alisma orientale Juzepczuk) ,4.0 g X745 (sclerotium of Poria cocos WOLF) ,3.0
g JIIE (rhizome of Cnidium officinale MaKINO) ,3.0 g %Ki (roots of Angelica
acutiloba KITAGAWA) . F 72, TN S OAEFEANT, Rty L 5 Ryt
KA FERERTHEBREINTWAEDLOEMERA Lz, LREOBEGTERSG LA
SEICKEMA, Zib, 74N —THELZDOZEEET ST LITLD, il
W) (B THFAK) &z, MR IIK 182%TH o7z, T D HIATIHER
DR T F AR EEFNAEEK (DW; Ty g— [7y—] -PL, $REEEH T,
KR 1AM L, 100 mg/mL 3 & T8 200 mg/mL DA % A% L 7z, L-NAME (Sigma
Chemical Co., St. Louis, MO, USA) 34 FIRHIE (saline; KA RTE, KEFWIE
R, M) ICEML. 250 mgmL OFEKZRFEL 2, & 51T L(+)-Arginine
hydrochloride (L-arginine: Sigma Chemical Co.) . K T3E# 100 mg/mL B &K
X200 mg/mL IZE&H &5 L-arginine BIZH T % 1.7 mg/mL HL N 3.4 mg/mL

EENENDW (REIERTHMN) 1THEM LU, HRIZETHRHRTIT 27,



3. JHE

3—1. HGASERID IDHPLC T4 > H—TY > FOHHT

LA RIS HPLC I X DRI DT 217 o 7z, R > 7 (LC-10AD; Bkt
W, 5@#R) . 74 b AF— 7 LA ilds (SPD-MI10Avp; SHUER B
KON T LA —T > (CTO-10A; BHEEAERT 75 MH S % HPLC 12 ODS 7
S In (TSK-GEL ODS-80Ts 4.6 mm i.d. X250 mm: 3/ —#k{ &4k, #HA) 20
(FiF7z. Wl & T LR 1.0 mL/min BE N 40CIZERE L7z, B A; 50
mM AcONH,-AcOH buffer (pH 3.6) 3K B; CH;CN 2 L7z, 2S5 D54
FEDQHLIEIEL RO D ThH 5. HATBILERF OB T A D 90 %B LB B O
10 %iR G % 60 D TEARMIZZLSE. BUMH A O 0%BIUOBHHB O
100 %2725 KD I L7z, WLE 200-400 nm FTOMF L UV F—F %
WL, E—2 Ootr ERIEITIEMNTY 7 b (CLASS-LC10; BitddfiEpr) 2
U7z IRATHEBID A 5 ) — VR D 3 KICHPLC F v — M Fig. 1 T/RU Tz,

3— 2. EBRFH

MR 14 HIZEEREO T —F)VIKE FTRIEEI 2R 7 (model 2 ML,
AR TR 10w L/hr : Alzet Corporation, Palo Alto, CA, USA) & J v M EHE T
IZHEDA AT, &TOTMIL. saline (240 1 L/day) 721X L-NAME (60 mg/kg
perday) O EH SN EFHRIEA LTz, R 14 B2 5 20 HIZ DW. HIRAT3EH (1
olkg BLIN2 ghkg) F7=id. L-arginine (17 mg/kg BEU 34 mgkg : £NETNY
IHATHEEL D 1 glkg BN 2g/kg 1T T % L-arginine ft) 1 10 mL/kg DERTZ

v MEHAIZEHR O RS L.
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4. MENE

iR 19 HBXORS 5 B GEEES v b)) QN EE T —)L 1 7 2
(TK-350 Rat Mouse Manometer-Tachometer: UNICOM Inc., T-4%%) T. #lliE 20 4
i35 CITREL7ZF v 2N—NIZE & ANTHIE U7z 2 s ElE L.
SEE Ty b LI E LU TRddk Lz,

5. NO BEOE

RHA 2 Wi B %, £R I L 72 1 2 1400 X g, 10 min, 4 COSM4 Tl .
HBoNkiiizZDr’ROs S AFETORM 80 CTERF L7z, M NO EOH
FE1x7 v+ (Total Nitric Oxide Assay Kit: Assay Designs Inc., Ann Arbor,
ML USA) Zff L TiTo 7.

NO 13F Dy & O FERENC X > THERD S 55 T A B 72 2F i
EDMMNAD. NO DEENK DEWEAIX. NO AINO,, N0s, NoOs, NOy BEL U
NOy D & 3 7 fh D SOSE b2 F P4l K0 EWER{LESR (NOx) 1234
RT3, UL, NO OKEBAIE 2 DORE LIZREFEY. TR/
BEHICEILT B 2 &R TWD, o T, INSDATT VREZ NO EL
WOERDWOFREE U TAERTHEMLZ,

6. BF. BBEBIVHTAKEROWME & BFRCES LR T RMEE
DFEZ DRE

LI 20 HICRHMAZ T RE. TEEBBERNI0ENL. 2FETBI R

MEFEXOHMLZ, TOREZNETNOREFNL, HREREWELZ. 5

ICHERES 3 TEDIET 2 JEAEXITR O, KIMER L THREZWE Lz, Mihl

7= KIIE 15 %RV~ D SRR CTEE L, /NI 74 > TaM Uz, @il Ak

i, EENRRIOEWITANOEEEZI /70 —AIZE0D 4 pm QY &L,
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AR RFU D s TFADREERL T2, IR RBEOALIRY) I3 TEE S L DI
L THE O EOREICBIT 5K EADIESOMEEZ LML 2. Tk,
IBFRECRIGTECH - [BTFRERA. HREEIEC GECE - T8/ B RED

X100 TR LU=,

3=

\

7. WiatERYLEs ik

FEEHFHIME L Dunnet test 12X VIR L 7z, P<0.05 DBIG. SR THGHE
W BN D D &P L7z, Figure & Table D7 —# 13, T LARHERE S
L&l

B2 e

1. MAEDZE

=1
O

ZS

FELE Fig. 2,3,4 BXO S IR,

L-NAME LIz X% 5 v b OEFE TS RATEROES (1 gke, 2 gkg) 12X
S THEEFHIA BB S Nz, SIRATSERNE L-NAME 12X % SRR 2 Ll
R Z & THISNS L-arginine 25 A TWAHY, HIRATHEH gkg BRU 2 gkg
I2& F N5 L-arginine JEEICHYS T3 17 mgke B L 34 mgkg O & TS
ATIEBCT R S N BRI BZERD S e o foo SRATEERIC K % sl E D)
#ll, Fig. 3 TRENDE DT LNAME EIEMRIR S v b TIHBER I Nan» -
7=. E7z LNAME EQEERS L OIEERS v T, BRATERIEENTN
DEYOIMITIC A< FEERIEES AN o7z,

2. NOBEDZE
HEOLZ Table 1 12 R U7z,

Mg NO MEERIEEES v PEDEIRS v FTEHWEZRLTHD,



L-NAME WEEIREZZNIIEEIR S » S OMiF TWib Uiz, £ L TIRIRS v O
M NO REEVIIEIEIR T v bR DA LTz, HEATERITW S D DL
&, Bz, BIREZITIEEIRD LNAME L& 5 v MzBW T, 1+ NO
B2 Wit RV BIZHIIN U 7228, ORI IR L 722 e TRaM o 72,
WIFATEE )Y L-NAME & ZE PRI i e R 1 5 b O@ eIz U T, it
RN BRBRIEIRE R LT 2 gkeg DFRTHIES NO BEDOZ{LITERD S
NN D7z,

3. WP, BREPLIVBFAMEREKRERCERIVBTFAMEEOES
IZDoWnWT

HE UL % Table 2 BEL K Fig. 6 IR LTz,

WIFATEERIOD 2 g/kg ALY LNAME LBIC K> THIER I SN BTlig &
AT RIME RO ESE L, DL, L-NAME AEIZXL > TE< ko720
FRMEZEDIRES 2 ARIKEFEIES Uz, LA L, HEATEERL ] gke BRU2
g/kg IZEEND L-arginine IEBEICHIYNT 2 17 mgkg BLD 34 mgkg O
L-NAME L2 L 2T HEBEOEDEICICRE IR o 7z, £72 L-NAME L& iZ
LBHDEEDOND EDRBERE BIRFRMAICERE I NGEN 27z, 351

AT RB I NEBR TR ORI FNICA BIRETRO s ek o .

Wi #E %

KREORBIERN S, YHIFATHEHIT LNAME R E RS I EERE D v b
DEMEB LN IUGR 28 L7z, & 512 IUGR IZBWTIKFARMESEB I N
FRMDFEEMEDIFHE L LI KB E QIR SR T 508, ST Z
DD EHHEL, LHL, LNAME UBOIEFEIRS v b O i 12 AT 5
WG ckoTEINAN oz, T HITHRRBIOIEER S v b OIEW E

10
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b
o
—I %

2t L TH SR ERIGE B 2 RIZ IR o7z, 2560 I i HkEAT RN
WS EE N 2B LTS O TR NS L& RBT 5, 20 1, Ly
OB I A B O G AR T KA Z DL ERAD I ERETE
7ino 7203, TUGR OBGESN TN EIKFE L 2L ER LIz, 2N60T—5
. YIEATSEHAY S LI T 2 UGEEMIZ L > T IUGR ZHE L7zD TR
WZ EZERLZ, §72H5 IUGR ANOHFATEHMOZ R iE A SO
R AN Z AL EED DS LIEVY, L-arginine (NOS DOIEED) X, 21 mg/kg
5 70mg/kg DD HIIH T L-NAME #FED IUGR Z25#ET 5 & W OGN H
% (Buhimschi et al., 1995; Helmbrecht et al., 1996) . HIiA3EHID 1 g/kg & 2 g/kg
ORI FNFN 17 mg/kg B L34 mg/kg DA 2D L-arginine & & A TW 5,
LUt s, AREBRBREIZRT 2 EMEB LT IUGR X L-arginine 17 mg/kg B
L34 mgkg DAROZFEGITE > TBEEINT, BIWATEBOIRDPNET %
L-arginine & I L DB L1IHZ 2 S NRM o, & HIZHIFATEEHUIIMTFE H NO
BEIZBWTIRERZLZBIER I Uiz, EERT v b TO L-NAME 5T
OFEMEIFIMI L o7z, TN EOFERIE. L-NAME I[ZXoTHlERI SN
7= T 05 v MU AR T AN D Y I AT SERL D BEFERN ALY NO EEAEMEIIZ L 2 H DT
BN EaRME LTz,

Molsidomine. CGRP, adrenomedulin. endothelin ZZ&AFEHi3E BQI23, 7O X
A7), 7Pz A5 0 AEREE promogesterone BRUILA LT TA—
)V E ST & I L-NAME 56 M IR R iU EAE MR B £ 5 VIR 24 ik
EHIZEE N, FOHT CGRP PV 0Swii)E & IUGR DA ZWET 5 2 &K
4 X117~ (Buhimschi et al., 1995; Richer et al., 1996; Wimalawansa and Yallampalli,
1998; Makino et al., 1999; Olson et al., 1999; Zlatnik et al., 1999), BRI Z &1
L-NAME ZFMEO @ LTIz LT CGRP ORJEZNRIIEIRPIZIRE 4. 774
BICBWTIRIENRR SNEMo . LAL, 70T X702 D3NSR

11



WilE

CEBHROTHML, TORE LTIz A7 a0 ORIl zs &,
FIMEIZ AT % CGRP DFEEZ AT M NS 57 (Wimalawansa and
Yallampalli, 1998) . T35 O#HiEIE. CGRP 2 NO IZIKFERT, J0oPx A5 0
CEWMMUTIMEZFETGT 52 Ea2E Uz, 512 CGRP & HIGATIEEID i
Ji&H L-NAME LBIEIR T v MTIETRRIEDIRNRD 5N DT, HRATIER
DOREIEZN AL CGRP E RO REMENH B, HEo THKATIER & CGRP 2 L
L T.CGRP NG T3 DR RIZBID 20 ED D&Mt § 2 2 L E&RN
HHHDOEHEDNS,

G T N 5

L-NAME #76 MEE0R S i EAEREE S » b O UEB KT IUGR 1249 % Sl

ATSERID B G LT,

IEIR 14 25y S OSBRI T2 L-NAME 60 mg/kg/day 22 EEI =R TT
Bl A &, FEIR S M EAEBERE 5 v B 2R Uz, R DW BROHRATIERL 1
glkg BELU2 gkg 7 10 mLkg DFERTT v MIRENOKREG Uiz, ik 19 BIZT
—)Lh 7IEBICCIEEME L. EIR 20 HIZHEVRL ThT2EEzZ. sohn
TR ESEENE L, FE» S KE R L. KINFEEZE U THETEN
BREBED=DIZ 15 %RV Y RIRITARFE LTz, ZO®%, BT KIMENT T 1 >~
TAML, I7OMATHBUFEL, HERGZHL TRMEEDRES 23
F LTz, ZTOE, YIRATERIT L-NAME 7 E IR MIEAERRE 5 v b O
IE % 83% L IUGR 2% L7z, & 512 IUGR IZB W THEF AN 75 L KK
FEOES IR T 5, SR OB RS L, BIRATERON
ELEAEREIERE S v MICBVRTORBD 5N, L-NAME UBEIEIRS v T
TR DENBMN oz, SSICERBIVIEEERS v FOIEFMIEIHLTHH
RSB S B E RIFS D oz, HRATERMOBED) I EITKFL

12
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K

P TIRIER 728, TUGR TR T 28 B3 B D2 L7257z, Hkiry
SERUZEAT T D51 D L-arginine 28 5. L7275, @il 3 KO TUGR DEEL)
R eNBholz, oo BEATEROBRS M TOMES NO BEIRE
LMD SNIZDOATH o 7z,

PLEDZ EMS, 1) HIATEEBNE LNAME @3 IR e MUTSEMRIE S » b D
SIMEB LN IUGR 22T 5, 2) BT SEBO HUi i E/E A X B O BRI
ZLBBDO TR, £z NO EAEFTGHAE L TWial, 3) IUGR IZHW

BFRMERBXOKNEEOE ST 50, GnATERIEZ o2
WET D, 4) BIFATIEROHUE M EAEAIEIREIICRE S NS, 5) LT
SEHID IUGR DM, Pis e ER SIER DO AN Z XL TH S alREER
SWZ ERENRHENETR STz,

13
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ey

B2 HRATEBOEIRS X O MRS E I3 2 IHlEF

TR ARZ K D1, HIRE MUAE R O BE O — i, AR bIIEHE
GSMUEZETIET 2. 1 BICBWTHFBATIERO P EE AL, L-NAME %
FAEIE IR MUEIERRE S v S OEMELAI 2 BB ERITST, /2 NO E
AT DG L TWiaWI ERW s hERoT, Tz, Z DY IR AT I DT
ZE CGRP OAERNZIERIZELL L TV /= (Wimalawansa and Yallampalli, 1998) .

PEDZ &S, AFTIE LNAME 2 lNWTHMREBED I EREGMLEZS]E
RS M EREE TV 2 ER L, YEATSEB oS EER BI UL
OEM AN Z A LWt T 2720, MEEARTFIZOWTRN L, £k, 3B
1 #TYHRFBATERB O MEEMND, ERIMICREL TEITH 22 &n
5, ATFOA RARIVES EOBEHHEIZDNWTHME L7z,

B MELE L
- T B K O HRE
i1 BmICRLEDOERUTHS, HL., R0 BNSHHHER 7 HETOM
DOEFIZIZTPX (RUAVYRIT2) 8Ty hr— (292X440X200 mm. H
AFv—IVZ - UN—B, &) IZERBELLTRIN=2 =2 (HALA
T —eit, &) AN OEMNL, FREIC 1R DAL TH
"L

2. #Eloiyid
1 ZIZRLAEDOEIFERUTHSA, mATyoyoc X570 (Sigma
Chemical Co., St. Louis, MO, USA) 3B X mifepristone (RU-486; progesterone

antagonist: BIOMOL Research Laboratories Inc., Plymouth Meeting, PA, USA) 1341

14



—TF IR L. FNZN 10 mg/mL BN 15 mg/mL OIREZE KL /-,
AT THENRTIT o 72,

3. Bk

3— 1. JEErahm

IR 16 FIZ B RE O T — 7 )VIRE: F T, B5E)E 2 28 > 7 (model 2ML2,
B> T 5 wL/hr: Alzet Corporation) 2 F v M&ERE FIZMBDAAIZ. T
OWWIL. saline (120 1 L/day) F7213 L-NAME (60 mg/kg per day) D EH 5
ERHEA LTz, HIR 16 A 545055 7 HE T DW BRUEEATEER (1 gkg
B2 g/kg) 110 mLkg DERTT v MEHAIZHEEOKRE Lz, S50
Mo AMS 7THETOY 2 A5 0O (2 mgrat, twice daily) KT RU-486

(30mg/kg) 1ET7 v FEEIZE TG L.

4. mEME
IEUR 19 B, 2% 1 BB L6 HITIGHEIIE 27— )V 71 7 4 (TK-350 Rat
Mouse Manometer-Tachometer: UNICOM Inc.) Z#R LT, &1 HER—FKHT

e L7z,

5. NO BEOHIE
W EIZRELEDDERERICHIE L.

6. 7OV ATOY, 17B-ZA NI PF—INBLUOTFTARATOY - A
IV ORE

FHA % Wrai B ARt SR L 7= i % 1400 X g, 10 min, 4 C DS Trib L |

BoNFIMEE2FOROAETOM -80 CTHRFELL, P70 AT
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gy 2 AT

o1 > LX)V DO HIE I Progesterone enzyme immunoassay kit (Assay Design, Inc.) %
R L, MiES 7TB-Z AT A =L X)L WEIE Plestradiol
radioimmunoassay kit (Diagnostic Products Co., Los Angeles, CA, USA) & F#1Z 11
HHLTITo. E5TMIEFT A AT O L N)LIL Testosterone

radioimmunoassay kit (Immunotech, Marseille, France) #Z{# ] L Tl L7z,

7. CGRP 3 KU endothelin-1 #EE D HE
BEO T —TI)VKEE T TRHEDR KRN 57 70 =F > (WAKO, Osaka)
¥ EDTA-2K (ethylenediamine tetraacetic acid: WAKO) LI % fig bf:; Y2 TT
BRI L 7= IfLi 2, 1600 X g, 15 min, 0 COZEMETEOSHEL ., o Ntz <o
BONHETOM -80 TTHRIF L7z, E5ITIMEEIX, C-18 reverse phase cartridge
(Sep-Pak Cartridges: Waters, Milford, MA, USA) Z i/l L CHIETIZ it e &
Kil 7z I4EH CGRP JEEE OM5E 1L Rat CGRP enzyme immunoassay kit (SPI-BIO,
Massy, France) Z {3 L. 3% endothelin-1 % E O & {3 Endothelin-1,
human/porcine/canine/rat/mouse/bovine, EIA high sensitivity kit (' Peninsula

Laboratories Inc., San Carlos, CA, USA) Z#ZNZ3EH L T o7z,

8. WhEMERIULELTT Ik

2t R E 1 IMTE T O sex steroids L X)L & FRWT Dunnet D/3T A b U v
D& EET A b, E721% Bonferroni fili IF.? Student’s rtest IZXK D LML 7z,
it 41 sex steroids L)V D3E L Steel D/ 2/NT A MU v IV DLHLKET AT
Rl L7z, P<0.05 DA, SR CTHRIMEMICTEENH 2 & Wi L7z, Figure
& Table DF— 1k, FHEFEREES L TERRELE.
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1. IMJEDE%

itz

#EYLZ Fig. 7,8 BEL IR LT

MU EVEESR 19 Hy 2% 1 HB X6 T L-NAME LEIZk > T LA L7,
LIFATE B O G513 1| HORBKEREFHMKIZT v bOESE 19 HIZBT S
L-NAME #REOSMEZIMH Uz, 3 512U MATEIIIN % 6 HOMEIE
L7200, 2t | HISmEZE FiFaho7,

& 517 sex steroids L)V OUIEDRERN 5, BINATEBDBRERI R Z R LT
IR 19 HB IO 7 B ESIRERS Ao -0M% 1 HORTIE, 7o
T ATO2 L NIVITHEDNLENWRSH D T EDHE - 72 (G19 vs. P1, p<0.01; P1 vs.
P7,p<0.01). ft> T, YRAEMN -EL O 7n Pz AR50 EkETH2
ETHDBENEEFORRMEND 5 EIUE LTz, OS2 9T 572012 DW
FAIIMRA RN EES LTy FOSKK 0 HBELY 1 Bic7oyz A5 0
CELERESBOENS 7THIZTOY x A5 0 HEHTEE RU-486 ZALE L 723
B 1T > /2. RU-486 DIFFEFILE X 88 6 HIZHB W THIFATEEHIOZ A 2 1)
ZL7ad, oY AF 02 ORLEIZ R | HIZBWTHRATEEBOR
TR REFB Uz, L-NAME L& S v hADYRATERE T Oz A7020
BRI S TOT Oz A5 02 LAVIZA S | HIZBWT.DW R/ A
SEE RIS 5. U7z L-NAME L& 5 v b & U TRl ARICERITmmL Th
fr, ZOTOP T AFOYLARVORINE, O A7 0> O INEERS O
HITH D E BNz, LNAME L@ Ty MIBIT 2 BImAT sl G & 5
IR AT L T RU-486 ALiE & ORIZIX, 0V 2 X702 L XJUNZBWTHEE
2MAEETRSNEN oA, BIRATHEEB IO RUA486 EHFHIRG LT
L-NAME {LiES v ho 702 A58 > LAXJVIE, DW %5 L7z L-NAME QL&

Sy hERELTAZIIRO Lz, N5 ORERIE, HIRATEIHIZBNTHD
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=

—ELANNDOT O 2 AT OYNREEL & ZIZTBRIE AR 57z
& &t L7z,

2. NOREDZE

fE UL % Fig. 10-C IZ/R U 7z,

L-NAME L& 2 & > THA U7z i NO B EE . fEgR 19 H &0tk 7 HIZ
PV THRFIATHERIL G THREHERE BT U 7=,

3. yayzA7yar, 11B-TA LI TH—INBIUOTFA Ao LX)
) A

fE g% Table 3 1ZR L7z,
MEDHE RN S, BIRATSER OB EZ) RN IR & 72 (3 IEELRIRAE, 700k &
A HBOHBICKTEL TWENH LNRBNWI EARKRENTZ, 51T sex
steroids L ~)Uid, HEIRB I OFAMETOM, ERITELNML WI E0HS
NTWVBDT (Taya and Greenwald, 1981;1982) . #14R 19 H. 73 ##% 1 HB XU 7T
HiZ DW E/- SR sip e &5 Leiyomgf o 2702, 178-T
ARSTPF—NBIAFARZATOY « LX)V ZEME Lz, Taya and Greenwald
(1981) 12k »> THE I N R LMK, ETR178-TA T F—ILIAX
VISR 19 HIZ@EW L X)VERL, 2k 1 HE 7 HOWE THD L Thi,
mEF 70z 250> L)L, 178-TA b T 24— )b L)L &[RRI IR
19 HIZEWL~JVZERL, 28 1 H TR Uz, 25k 7 IR
19 HEoEWL)VETHEMUZ, £, miEFFZX M AT7 02 LX)Vid 2k
20U THEMEWNEZRLTBO., R 19 BN S5 56%E% 7 HE TOMOZE(L
2 < EME 57, L-NAME WLE B K O IRATSEEER 5130k 19 B, MR |
ABL7T HOBAT. ZH5DMmiEH sex steroids L XIVICH S a5
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AV IRV

4. CGRP £ LU\ endothelin-1 & 0 4

#9172 Fig. 10-A, BIZ;R U7z,

LS CGRP IBEEIX, MR E 0y A0 2 fHEGLzT v b
Do 1 H THREFFIEEICHMLU 2. —7 . ISEH endothelin-1 #2EEIE, 4
BR19 B 2% 1 HB IO 7 HIZBWTHREHEIZH 5 M A3 5 17an

277,

W3 E 8

AEOEBFEENS, HBATHEHIL LNAME IZL o THlERIESNLZT v b
OIFEIRE 19 BB RO 155% 7 B OFEIMEZIE LA, 588 1 H oz
ME sz EdTERN o/, TLTINS DML, HIATIERBOREEZ) RN
FHADREIZE > TE L BEEZBMHEEERLE, Ty bORENS
Wit LIES < DRINTHBT S sex steroids DMLH L X))V DIEFIZKEBZETHDH %
Z LVELARNIC 34 ENJ2 (Taya and Greenwald, 1981; 1982), £ > T, AL TIX
Oz A0y, 178-LA LI VA —NBEIUT A MAT O DMIEF LN
L EIE Lz, MRATHEEUE L-.NAME i 76 M IR 5 LT IE R 5 > b DR 19
H., 2% 1 HBXO7 Bizdda iR 70y A58, 178-TA KT
F—IBLURFARZATOY - LANJCHEL WEEERIZE o7z, Ll
WIRATH B in vito Ty HIRS v FOWANS 7OV X570 BLU1786-
IZARSF=NORMERIET S E NS HEDNDH S (Usuki, 1988; 1990; Irahara
etal, 2000), VFNEBHIRE, YIRATHEENBIED in vivo DFIFLT. T35 D sex
steroids D ILIEH L~V ORI &> THREDRERUIZTREIIE o 2. K
BOEBREERN S, YIFATEHMOEND D L& (IR 19 BB XUk 7 H)
BEOHEDOANWEE (D1 R) O sex steroids L )LD ILETIA,
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T
1|

BB o ENWN T Oz AT 0 LRI HB I ENR SN ERo T, T
D EMNSBATEBOFSMEERL. po5—-EL X)o7 OodzA702r
EDIAFIMRAFT DO TIEIR NN ERGE Uiz, T OREHILAT OWFFERE AT K
ST HR—bhENz. ONMhE 7 HTOYURASEROHUSIERIE Y 0O

44—4»0-

T AT 0O iEHEED RU-486 (Kalimi, 1987; Liao, 1996) fif %5 TH HIH 41
. @nki% 1 A TOLRATSERORSIIEERRZ 70 2 X570 SO
B TRRNBD 5N,

RIZEIFAT SR D PIE MTEAER A D Z X LK T 23N E 272012, it
NO. CGRP 3B & U\ endothelin-1 #BEEZE Uiz, TNSETRAEZBRET IO
JIEIZ 8% RIFT 2 &5 3TV 5 (Tippins, 1986; Diket et al., 1994; Buhimschi
et al., 1995; Wimalawansa and Yallampalli, 1998) . it~y £ HiE i ENH 236
IR 19 H &40 8k1% 7 B THEATERIIMIEF NO IREOIK F2dak Lz X
SIZRA DM, 1 EOEBRHIIZB W THIFATIERIIEIR 19 H OIfiLiF e+ NO
WEE A RN L 72 WARIE TRIESI R Z R LTz, FRRICARDORERITBNWT, 2k
%1 HIZB 24 A E 0P 25 02 O ARG RIMmES NO REZE
BMUAWTEIEZMHI Lz, YEEHN NS ZDOERT, &<k
DIERAD XML > THEMEEMZRLZEEZ D785, HREATEERN
NO FEAMTLAS DIEA AN Z XL THRNFEIES NI ERKET 2 2 L3
WU EEHLNS, LALANS, ZHUILHR<EDNDNDORMET, Sk
ATHEBLAS NO DIZEET L-NAME 5 F8 tE IR & U ESE R T v MBI DERITH)
REEETHAREEEFERIR I ERTERN, 5B IORA > 2RSSR
129 27012 E 5725 LA O LEE 2T 5.

CGRP 3 &7\ endothelin-1 1. L-NAME #FAF& IR IR L ERERRTE 5 H Ok
BT 2 ENBICHE SN TS (Edwards et al., 1996; Gangula et al., 1997a;

Wimalawansa and Yallampalli, 1998; Olson et al., 1999), L L7215, P N=AE
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TI3 CGRP & endothelin-1 D iR EE & YR ATSEBI OB EZIU & DOBIFRZ W S
MZT BT ETTERMN oz, HEo T, YhiATSEEY CGRP & endothelin-1 L
é%ﬁ?%:&KioT@%%%ﬁTét%%%F?ltm%bmﬁ550%
AT UM CGRP BEITEEZ KT T LD ITERA WA, END S
B EBODIIIT O 2 A 702 EDHLAFDHE T CGRP DRFEZIAR EWNS
DINDOFUNEZ D, Gangula 5 (1997b) 1HIRIE 37 D7 2/ BAERTF KT
TETU % CGRP (Rosenfeld et al., 1983; Wimalawansa, 1996) WJEH 150175
{EMED MBS TH D (Tippins, 1986) . IR v hTD L-NAME FJETED &)
EZMET 20, 2% 1 BRX 7 H, 2RI TIEEKRS v b TH
MEEMHET2ENIDIFTIERLS, EHRFOLIART Y ML TITOY
T AT O OHMEEIE CGRP OBEXREHETDH LR LIz, TNS5OH
#:03 CGRP MI—EL )07z AT0rE#FETHIEIIBNTOA, D
72 < & HIFIRP &N BB OMMICIEZ FF5 2 & &KL TW2D,CGRP DME
FEEEAMN T O 2 A5 a2k o THM SN, HRATIERDY CGRP EAEITE
WEMIFTEIHBNENIERZZITANDLS., HEATHERE I CGRP O LD
RN H D ERETESMND LNV, HIFATHE#O CGRP D& D 7GR
SFETHEINSEZ EZR0WN, EEMNTY, Z<ORTFREFATVDZ
EIREHENTVNDDT, HIFATHEBITBNWTDH CGRP NOHIFED ([FIFED)
RTIFREBREGENTVDNS LR, LA LAENS, Tl TRBE ek
ExdS CGRP & MIFATHEBIC L BRI & MBI DWW TR T 272012
INETH D EEDN S,

GO TR N £
L-NAME 5 MEE IR &5 U FEfE AR 5 S OIESRH 3 K OV 1R O & il £ I3

T 5 YA RO B R L7,
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IEER 16 S0 M% T HETT v b O FIZ L-NAME 60 mg/kg/day Z iz
B 2R 7 THOAHR, ERETIEREE S v &ALz, FHEFIZ DW
BEOYIGATIERL 1 gkg BE N2 ghkg 2 10 mL/kg DFERT T v MIROKSGL
F=o FLUTIESR 19 H, A% 1 HBXW6 HIZT—IV A 7 EBIZTEZME
Uize ZF DR, HIRATHBUIIEIR 19 HB X O M%7 H T L-NAME FJEEME
JREMUEREGRE S v b OMMEEMK L0, 2k 1 B Os e L s
Mmoiz. EHITMIET sex steroids L~V OWE DOFERN S, BIFATEBOERIL
HGWRIE—ELNNOTATATOYERGFTHIETHINZRFDEEAS
NEOT, FEEERRRRLS Naho 20 1| HiZBWT, 7o A7
O &A% 0 HBLT 1 HITHE LR, SIRATIERIORIE AT ORR
B 5Nz, FEAENLEEAORSNZAGE 6 HIZBWT, 7Yz A5 0

SAERISED RU-486 2400016 0 205 7 HITALE U7 A5, IR SEHI OB IEZ0 R
BN LTz, & SICSRA B OFEIMIEEM O AN Z X LY O 720 S
%%W%@%f%é@*No‘ampﬁiﬁmmmmmlﬁgéwﬁbtﬁ‘:
N5 ORTF O P EE S IE AT S OBIER I Y 2 S BN S
5NN DT,

PEDZEMNS, 1) BIFATEEIIER 19 HB XU RIZ 7 HO L-NAME i
FEVEIE IR M T v S O@EMEZNH T 225, 458% 1| HoOminE
WL7EVY, 2) WSIRATEEMOPEIEERES 2 —EL o T7nyc A50
EDITFIHRAET DR B B, 3) MITATSEHL D H i ] it B R Y
WIRFTHD NO, CGRP B LN endothelin-1 DIMAPEEIKFEL BN &L
M SMNETRH Tz,
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03 R

%38 EFEBIUVHERERORESMEEBFERETIVICHT D
B

M TTIR Rz L DI, IR I EAE R I 10§ DR IIORZEIE S N TH
59, R T EIZMERTHOL D RHEREICE > TWABRTH 5. 4
Hd, FOEBEMTH B2RREMICEL - T, BIRTORMSEBR (Ito et
al., 1996; Ushiroyama, 2003) B & INBHRBIZH T 2B RN MRS N5 E 5
#T# % (Senaga and Kawashima, 1986), — 4. BiC#EBHIL. BIRTIEEICR
TPk EBEIE (Otani et al., 1997; Noguchi et al., 2004) . EHR, BOIFM, it
B < FERFITHBIT B EEEDEYE (Takahama, 1995) IZEHNTWDES
WAETHD. TNSDFEANS OB, BEE TR & i FEAE B Ot &
BT DR E 2 5N 50, HE5EB L OB EiiE 512 U Tk il T
TERBEOBMYET I &2 A NWTOFHMBHRAREIETETR 22BN ENAD,

LLEDZ EMS, ABETIRYIHATHEBERKIZT v FEMWZ NO Gk
BLZEHITH 5 L-NAME T#H5 S N/ EIRE EEREEE T )L Q@ MES X T
IUGR 12§ 25258 B LU B &L O EZREG L7z,

WE MR ERE
1. it BB L O ERFRE
B1IEIZRLEDHDOEFERIUTH S,

~

2. AEOFHK
WY AS GHR) TELEIN. HADIEEFEIEICE o TEMRMES &
LU TR & NS B LUORIERIT. LTSN EGORGEHE

DB TE ZEER Lz, %2355 . 7.0 g %] (roots of Bupleurum falcatum
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LINNE) ,5.0 g IRi# (rhizomes of Alisma orientale Juzepczuk) ,5.0 g f2X2
(rhizomes of Pinellia ternata BREITENBACH) ,3.0 g 1% (roots of Scutellaria
baicalensis GEORGI) ,3.0 g 75 jli (rhizomes of Atractylodes lancea DE
CANDOLLE) ,3.0 g K #: (fruits of Zizyphus jujube MILLER var. inermis
REHDER) ,3.0 g %25 (sclerotium of Polyporus umbellatus FrRIEs) ,3.0 g A&
(roots of Panax ginseng C. A. MEYER) ,3.0 g 7K%5 (sclerotium of Poria cocos
WoLF) ,2.0 g H & (roots of Glycyrrhiza uralensis FiscHER) ,2.0 g t:[Z (stem
bark of Cinnamomum cassia BLUME) ,1.0 g 423 (rhizomes of Zingiber
officinale ROSCOE) , BiEL3{E 55 :5.0 g Hi % (roots of Astragalus membranaceus
BUNGE) ,5.0 g B E (rhizomes of Sinomenium acutum REHDER et WILSON) ,3.0
g #olt (rhizomes of Atractylodes lancea DE CANDOLLE) ,3.0 g K3 (fruits of
Zizyphus jujube MILLER var. inermis REHDER) ,1.5 g H# (roots of Glycyrrhiza
uralensis FIscHER) ,1.0 g 4232 (rhizomes of Zingiber officinale ROSCOE) , &
F, TS QA SEEAIE. ARy AT R RPN A ERERE TR S
NTWiEbOEFEH LR, LROEETRG URAEEIIKENA, Bk 7
AN —TIEBLEDDOEERETHZEIZLD, il GLRIFAR) &2
oo MMARRIZNETN, K150 % (BE355) BETV 203 % (BiCHEE)
Tholt. INSOEFBBIVHENREHOLRTFAKE DW (hE%Em
T3EED) 1L, 100 mg/mL BIN200 mgmL ORI Z MK L 72, L-NAME
(Sigma Chemical Co.) 1 saline CRIFHBERR) 1AM L. 250 mg/mL DK 2 i}
1] 7=, & 5|2 L-arginine (Sigma Chemical Co.) &, 4835 100 mg/mL BEL
200 mg/mL 12 &4 N5 Larginine A4 T 5 2.9 mg/mL BX 5.8 mg/mL =

ZNZNDW (RESER T M) WMLz, REITe THRRETT 5 72,
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3. TEEik

3— 1. BEBEBIUBENFESD IDHPLC 74 > H—T7Y > D54
51 R U2 MR AT S S W D 1A T, B35 5 B L O 21t #5513 HPLC
12k DAL DT 21T o 7. 5B B L UM BITHEIBDO A Y J —)UFRD 3
JRIC HPLC F+ — Md Fig. 11 BXL W Fig. 12 1ZR/ L7z,

3— 2. FEEREHm

W EIZRLZDDOEREMIZT Y hE LNAME LE L. Fik 14 H» 5 20 H
17 DW. 82508 B L OB L& (1 g/kg B L TN2 g/kg) 7214 L-arginine (29 mg/kg
BEU 58 mgkeg : TNTNLEESIHD 1 ghg BLU 2 gkg IZH 2T D L-arginine

i) 1310 mLkg OFRTT v MR ORS Lz,

4. ERE
01 EIZE LD O EFERITE L7z,

5. NO BEOHIE
Wl EICRERLEDOEERICHIE LT,

6. 7O AFOVBEIN1TIB-ZA T TF—)) - LX)VORE
W EICERLEDOEFRKICHE LT,

7 . CGRP B & U endothelin-1 #2EEDHE
Mo HmICEHELEDO ERERICIE L /2.
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8. T3 & OB T Ol
KRR 20 FICFHAZ BB, FE2MPRE 0L L, EFERTBL O
BETHLONELZ, ZOBINTNOREFNL, ThzElE L.

9. HEtFALBL Gk
HF1EIZELIZDDEFLUTH S,

izan

B2 A

5
o

&
Ok
S

1. =D
fEUL % Fig 13,14, 15 B 16 1R LTz
g LR EBIE. LNAME IZX B HEENHTSIETHASND

L-arginine 2 & A TW5, Ht> TAERTIX, 455D 1 gkg BE U2 gkg IZL
NZENEA TS L-arginine Y2 & [AZ R D 29 mg/kg 3L 58 mykg DA EL 2K
5L (L. BN EBIIEAR TS L-arginine 7t 2 ghkg HEHT 16 mgkg
EIENDTERE LAMN57). 2O L-arginine #5132 58 mg/kg O & TD A
FESN AR 572, L-NAME AiEIZL % T v hOBEIMEL, HB5BBIUW
OHCEIB O GIC L > THREFEMIHERNENRD 5. S 5ITREGHIE
JEIEIRTI O L-NAME ALEIC X % 5 v bRl E & a2 Era BTl L 7.
—75, L-NAME IEQLBIFIRS L OIEER T v FOMEIZE LTI, BHEBX
OB EHER & IS EE RIT SN o7,

2. NOBEDZE

L& Table 4 IZ/R L7z,

3% H NO ¥ EE1. L-NAME YLE/BE4LE £ 72 \ ST IRAFERICAD 5 T2 TO
. E7- e B L OB ENERO2 TOM R TR EMICA RN ZR
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L7z

3. 7Oz AT BINITIB-ZA LT VFA =)L - L)V

fEULZ Table S 1Z/R L 7z,

BE2E 1 glkg B2 ghkg DARIE. L-NAME BLEERES v bD 176-1
A NI IA=NOMEF L ERFENGECED S B, —A iEH T
0 2502 LAJVIE, L-NAME FE PR IR e M ERERRLE 7 » MZBIT D4
KERIUBENER | gkg DMETHERMINMNRD 5 N7,

4. CGRP B LU endothelin-1 D Z%E

FEUL % Table 6 IZ/R L 72,

BEZR D g/kg DI, L-NAME FFEMELL IR R 5 v b Ol
CGRP & DFat M4 B8 As, BiEeERIE 1 gke BRU 2 g/kg DAl

T Z I HIMAERD SNz, & SIZHEWE S FIA & Tl endothelin-1
JBEE A ZICHA U, O LNAME UEIEEIR T v b 3B KU L-NAME JE4L
BILEB L OIEERES v MTBWT, LGB IUPERER LA H CGRP
B L W endothelin-1 BEEIZR LT S 8 e RiZSiaho 7.

5. BFBIUTBBERIZDONT

#E % Table 7 IZ/R L 7z,

pazt b FrRBHEL B D | kg BE N2 g/kg, FE7zId L-arginine 29 mg/kg B
LN 58 me/kg DA FIE. L-NAME LEIZ & > THI &R Z SNzl|FHEOHD
& RIS e h o, EEMBIERD | gkg OART, M IR
ST BB MR SN, BEHNERD 2 gkg ORETIIRD 51720

f

IE

A

277,
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WM B %

AmOIRAGEHRN S BTGB LU CHiES L L-NAME 7 78V bR i tfi )4
SERE Ty FOEMEZEGE Lz, LML, BHEEBLUYENER L DI
IUGR 2592 Z &R TERD o7z, HMATEMEFKIZ, L ERR
L-NAME QLEIEIR T » N TRTERIEZRDNRD SN0, 825513 L-NAME 4
EIERB L OIERIR D v b O TRIEZIANERD 5Tz, 1Z B i AT SR L
CIGADERME LT, EEBBLIUBEREL S BITHRBIIEERT v b
O ME AT 5 B ERDEMN 07z, T ORBIEEREOE A W5 NE IR
BHEAERZAL TWAHOTIEHRWI LZ2RT E8bN5.

L-NAME B8 ME IR SRR T BT U TRFHD 2 ¢gkg TEFT S
L-arginine ¥2E &SRO 58 mgkg DM REEHR G L E A, BIEDRNRD S
Niz. FITEESE B2 < &b —HH THM S TH S L-arginine 25T L T
SEPN LA R ZEMAREE R 5Nz L LA S, MJEIZHB VS D L-arginine
DT MIEH NO BE (LNAME QUERE: 12.69£2.94 uMol/L iZxtL T,
L-arginine 29 mg/kg T 15.30+5.82 1 Mol/L ; 58 mg/kg T 13.13£2.14 12 Mol/L)
DELE—F LMo, TOWHSNEFEIZMIEH NO BEAMAERE DOl
EEIAEED NO OIERORLD &, MaRBE LMlr sFHSNLEMRS
N7z NO foatyy (RYEEML/EEMEE) ORRERTENIFRIZK > THIATE
ZEEhND, LHALERE ZofHEE-oZT0 85D, JKHEHIZHZ50F
FeDLENEZIEET Do

CGRP 12IE# 123 S 72 NAEME D BRI TH B T & (Tippins, 1986) . BEK
L-NAME ZEFEEIRS MEEGER 5 v b ORIMEZMH T2 2 EAMEINT
W% (Gangula et al., 1997a; Wimalawansa and Yallampalli, 1998). £ ® E. Gangula
5 (1997b) 1, fpiE. 20 37 72 EMRERTF R (Rosenfeld et al., 1983;
Wimalawansa, 1996) AUEHES v T, Ua UEEROHM R I3IREEHIE
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iR v N TIEZRWAS, L-NAME 12X > TEASI N @m i EEMifie 5 2 &M
T 5 &M Uz, £72 endothelin-1 1M O M H Ml th e s I X 7 F B
T 0 . endothelin f5HT3EAY L-NAME & ST IR MU ESERERE 5 > b DRl EZ
Mild 5 Z ENHE X372 (Olson et al,, 1999), A ¥ D FEH T B E 5 1L HE
D CGRP & endothelin-1 #BEEDW 12, LE251513 CGRP I/ 8 %= KITT
T EEAA L, 5 2 EOHEETURATERA MES CGRP & endothelin-1 #2E

TEEERIZS RN oI EERLEZ. NS OFTRIZEROER UG ITIEHE

DRIBOFZANZALDNDIe &b b D EftE I, Zns OEAEH
ANZXLDENOARENELEREROE LR > TSI EZRLE,

TOY T ATOYETFARATOD L-NAME JLE S v MIBIT D EMLEZ
MiT 2 A D=L LEE LS TWRWA, L-NAME 7% F8ME 0E U8 & i JEAE o 1
Fvw hOEIMEZNHT 2R EFFD I EMNME SN TS (Buhimschi et al,
1995; Liao et al., 1996), #3 2 FEDIER THIFATIEBOREIEINRN, HIk 19 HB
TS 7 HEAER 1 HTEVWAH D, ZoEVWIIEFOT O AT
O LAN)JVIZBGRT 50 LtianEWnd Z & ZGEW L7z, Sex steroids LX),
Bz 700 o A5 0 2 HENS L OCHERIOHKICELT S 2 ERASNT
WBDOT, MEDYA I VREBIIEDEHEZEND, 51 HBIUH 2 7
DHBRT, FEIR 19 H & 20 H ORI i sex steroids & ILIE L)L & OO A
BN R OB EEEI L. LEN> TAROEBRTIIINS DRREH L
L CHIRATRE S MO S&M T, BEBB IV ENERONRZ LET 25
Gl & UCIEIR 19 H &2 BIR U7z, & 51T sex steroids L)L Z2HliE L
FEZA, MERTOY AT 0Y LAINICHT 28558 IO E35ES O
M B REEBINMET 178-TZA M I VA —IVITHT HEFED
HERYEBNBDH 5N, LOLENS, IN50RITRSEEB LU E N
ZE OB S L TWAEN S DT, TNEDEENESLBIUNE
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Faxa =l S
Ty 3

WBEFHIIH T 2ARBIREZTENEDINEIBEDC LI AT ED LBWVNES
Hi b,

R I N .5

L-NAME % JEVE IR & AR R R 5 v b 0@ T ES L TN TUGR 12/ % 5855
BB LU ENEGORERERF L,

BRI 14 HIZ T w b O EE FIZ L-NAME 60 mgkg Z2EiB1EI 2R > 7 TH
DRH, EIREMEREGERE S v FEERL 2, MFIZ DW, 8558 RO 21
5 | gkg BLO2 ghkg % 10 mLkg DFRTT v MIROESG Uiz, 419
HizF—) )V 78BBICTIEZE L. 1T0R 20 HIZH LY L THT 21572,
BonBRTIREEENE Uz, ZOMBRESEB IO ENEHIE L-NAME
AT IR S M SEERE 5 v @ IUGR ZUGELisho i, @i e L
Fro EBEHRESRICBWTIEEIMEDOMENIIRRIIMIC BN TDHRD 541,
L-NAME WUBIEFIR S v hTIdER 6N ok, UL, H4551E L-NAME
WUBIEIEIR S » b OEIMEZMHE Lz, 55D IV EHES & BITHRIRS
FOJEERS v FOEFMEICHE LTS BEERIFI Mo/, T, &
EBICNIET A% RO L-arginine %% 5. U7z 58, 855 2 gke ITHIET D
58 mg/kg IZBNWTDOAHBIENRARRD 5Nz, BITRFHBEIP B D5
. M4y T 5 L-arginine 2 L TF OGN RITEE RIET T &AM]HE
ThHsERDLNEM, MEIZBTS L-arginine O FEIZIMTE NO IBEDOLL &
—H LN DOTIEoEDE LI EFME o7z, ESITHENER
%D CGRP & endothelin-1 YEEED WA 12, 4825 851% CGRP IZ72 V8 & KIZ
T EMNEAL 7, 55 2 EORBRTYIFATIEENNMEEH CGRP & endothelin-1 2
EOWAIC B ERIFI RN/l E&RLE, 0T, INS OB
FizldDm e EHIEMDRE 5= AN Z A LN—AFET % &iE S k.
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H
i

F - YA OREN R IRF B L O IRE TIEWAIH D . OV
HHPO7OY AT O  LRVICERT 20 LW EWS TE&H 2 D
B THEIIL/ZDT, AEQHEBRIZBWTHIMIEH sex steroids L)L ZJIE L
7= LinL. S5EBRUBEITEL OBRIEA 1 = X LHNLIEH sex steroids L
ARV ERIT 2 E BN LSBT o7z,

PLEoZEMS, 1) BEGBIUN E3E S L-NAME i JE M Ik i i T AE
BEET v NORIMIEZESET 528, IUGR IZH U TIEHEN RN, 2) E5EIE
FERRBEEM 26 LTRSS, ZOEMIZMmIER COGRP A DRI
T2, ISITZOEFBORIEZIMIL. L-NAME A& T v ks OEIR/IFERINE
BB ES AR TH B, 3) PiRHEH ORI ENRRERERZALTES
T ZFOMER LM EH CGRP JBEE D RN K T endothelin-1 D IHDITILINT
L EREMENETR STz,
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4T YIRNTEBOTENRERETELOMHETF

o5 1 B TIE NO BAKBERERITH 5 L-NAME 2L U TR U 72 00 0205 i
JHIEPEREE D v POEIMER L IUGR & YA ERIISE Lz, LML, D
& ZF O YR EE RO IUGR BGED) R TR MEMA & NO &3 dH £ VBRI
T EMRENT. FTz sex steroids < MIF TN T75 & DKk & 72 [KFHNE IR S 1
JHIEERETIIVIZBT 2HEMEZMHT 2L DICHAS, LMALEAS, IN
5 DT D IUGR NOF LN FNIRZRE N2V, = 51T L-NAME FFEMEHE:
PREMEE R D v MICB T DRIE R & - 2 RFH B IO ErE LS
IUGR IZ E AR E S RIZS BN o &2 3 H TR LU, AEIZEAN
22 EMMS . SIFATHEEOD L-NAME SR AT IR MUEIERERE 5 v MIZBIT D1
EME/EAL IUGR O FRHICEE L TWa LB A b o7, 65T, IUGR N
D YU ATSERL O E) T LA DS DR DAE I MFEES 2 &5 A 50T,

IUGR OFAEHERE LT, REMORREO 7R b — A0M e EEORHE
Wk MRS ERE SN TS (Miller, 1996; Axt, 1999; Erel, 2001; Barrio,
2004), —7F. BBTFMD IUGR OFEA RN & LT, kERIVE > (growth hormone:
GH) ORI T2 H 5. GH i3 FiEfk GH BEAEMNE (somatotrope) 2 5 FE
HEEINDHIVE D TN L DZELIZ D7, GH D43 Wil BRI 3R ED &
2, IEAMICIEBEK TR T TH D growth hormone releasing hormone
(GHRH) & 2 WRIEMEM & < M AZ F > (SRIF) 12k 243 i 1R
DAz X > THIFHZ N5 (Hartman, 1993; Giustina, 1998), & 512k MIBT S
IUGR O ERERIE, K FHB LN TRADOHENMENE K SR> THWD Z
ENLZNEFTOHNTND,

PlE@ZEnS, RETIEH | ETHRL 2 LMATERO IUGR OEGEEER
ERHEDIRE D IO F FEAKIZESRZH T, NS ZHEEBEREAICRNT
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LTl EEHMELT,

WE MELE AL
1. B L O HEREEE
BIEIZRELEDOEERUTH S,

2. wlBtOFHE

St 4 Ay

1R LZbDEFUTH SN, BL, TILFZ AIMER Lo 7z,

3. EEAE
3—1. FEEREH
1 EIZRLEBDERUTHLA, HL., TIEZIEN L7,

4, BFBLOBEEEOME
W2t L7250 EERICHIE LTz,

&

gl

R

5. IMfEfE. NO., GH BEUIGF-1 LX)V O#IE

AR L OIATF 2 kEE &%, FRILL Ik % 1400X g, 10 min, 4 CORMAET
BOAEEL ., BonziiEEEOBOSITETORM -80 TTREFELZ.

i BE i O M E VL8 S N2 i % biochemical analyzer (model TBA-20FR:
TOSHIBA, ®¥) Z M L TH@EL. MifH NO BEOWERY vz1Fy
(Total Nitric Oxide Assay Kit: Assay Designs Inc.) Zf# L THE L7z, E/z. I
% GH L ~N)LiL EIA v b (rat growth hormone enzyme immunoassay Kkit:

 SPI-BIO) #{#&ifl L. Insulin-like growth factor I (IGF-1) L ~\JLIL ELISA &

~ (IGF- I , mouse, ELISA kit, Quantikine (96well) : R&D Systems, Inc., Minneapolis,
MN, USA) ##A L TENTNEL .
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>tz

054 R

6. GHRH L )LD
BAEBIOBTNS7 70F = > (Wako, Osaka) ¥ il EDTA-2K
(ethylenediamine tetraacetic acid: Wako) LB Z L 7= 1) > P THifL L . 1600
Xg, 15 min, OCOEETELFHL, HoNmfEzZ0BOSIMTETOM
-80 CTH#AF U7z, 4 # GHRH L ~X)UIT EIA F v b (growth hormone releasing

factor, Rat, enzyme immunoassay kit: Phoenix Pharmaceuticals, Inc., Belmont,

CA, USA) ZfEM L THE L.

7. TR OHAEAB KU REA LR AEADIERIE

L-NAME # J8tE iR R il RE AR B 5 v b EHA D IRARIE 15 %R <) &~
R TEE L, WIBZEwWs 7o ocalil TeELI 70— L2
WTESE 3 pmiZHEY L @Y 2R3 D729 17 HE %
el —H. TR = AORIBITIET R b= A0 AELERNTER
THD DNA O fbzmRE L. HEEA LT #H{Ld % TUNEL ik
(terminal deoxynucleotidyl transferase-mediated deoxyuridine triphosphate
nick end labeling method, Gavrieli et al., 1992) % A \2/7z, TUNEL B 14 #H /lg
(7R b= ) FREASILCENTFETRELL, MBI OILEE &k
WD TRk — 2 A, REBEMHEE, EMIES S CMmE ORI TE
ICEE I N,

FXE

7— 1. BBROHEFRFEREG
BAROSBRE ML ERET A DI MME T TR, L-NAME 24
BRIV YIRAEM 2 gkg HEMIZIDOWTIHGMBZEHEL 2.

7—2. 7R ADFH

GO 7R b— 2 LS T TREL. — Y oo
57 R M- ADIEE S LT, TUNEL Btk #cZ25H L 72,
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8. M1 N Hek D e LA AL 2 S (B AR o 2 4 1

bF il zllliE@®, oz brFidy 7 e clEe L, FEARZREINL
TS 74 >TaM U EXI 70 b — LA TR 2 AL 2%, BN
57 4 LU NIRTERRERRERLIEE LT 0.3 %H,0,/MeOH 1Z%i T 10 53
L7z, 512005 MU CEERRENR (pH 7.6) T3 o3 MMkl . JEFNE
FIRILALE & LT, PBA (protein blocking agent) T 10 #RIULELL ., —RPUIK
Anti-Growth Hormone Rabbit polyclonal antibody (Biogenesis Inc., Kingston, NH,
USA) % 20000 fHIZH/INL72HDIT4 CT—MHKELZ. XOH, 0.05M Y >
ERiREiR (pH 7.6) T 3 /[ 3 |mIgkiH L. ZKPifk&E L T, Goat Anti-Rabbit
immunoglobulins (Ig) conjugated to peroxidase labelled -dextran polymer in Tris-HCl
buffer (221 T 30 /X WUEL . X 0.05 M U »EEREH R (pH 7.6) T3 2 3
meE L7z, FEF & LT 3-3°-Diaminobezidine-4HCl (DAB: DAKO, Glostrup,
Denmark) %, Stb¥ea & LT Mayer AN R ) D& FNENZERT 1 5/
WAL 7218, K - BB I OE ALK,

8 — 1. Somatotrope X D it

6T F A D somatotrope XL WS T TR L, RERIERARIZORE
MBI D ST, K& OHLERYITIZB BT 0.064 mm® O AEAN O
somatotrope & LU C. i@tk (GH Bpitiin®o Zdllw L 7%z,

9. HiatFRILBLTIL
F1RIZELEZDDOLEFUTH 5.

B2 FERRE IR

1. BFBLOBBEREIIDNT

& L% Table 8 IR L 720

WRA BT ATF R R R L OB TR ZR AN 2. LA,
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I T G D B MR & L-NAME LB & ORI EI3ED S NRh - 7,

2. IMHEME D528

kUL % Fig. 17 1R U7,

BAD IMBEIZETORTY SN bidRBO sNzho/z. LAL, RTD
B IE L-NAME L& T S0 ITHAD UL HRATIERUR 512 8 - THEHERA
ZlTWml 7z, £EBTFOMBEMER. BAROMBEHEI DS MTENWEZRL

TWw/z,

3. GHBXWIGF-1 L\ D

fE % Fig. 18 B LU Fig. 20 IR L 7=,

BFOMmEF GH L X)VIE L-NAME QLEIZ K > TRA L7228, SRATE3ERL 2
okg BeHITE-> THBICERF U, £72 GH LXJVIRHA LG T ORI TRERD
L)V THoTz. —H. MifEH IGF-1 L XJVIE L-NAME L2 K> THRA L

N, BIRATIERL | gkg OB THEICHM L2, EZBHKIGF- 1 LAVIRET
LUK 4 fEENEE 5Tz,

4. GHRH L R)V D%

fE % Fig. 19 1R U7z,

L-NAME 5 M EIRE T AER B 5 » b ORHAB LR T O M+ GHRH L
RV S B LIEERD s ahoiz. £ LT, BHAD GHRH L ~)Uidk
FEOH 10 fE@EN o7,

FE % Fig. 21 ITRL 7,
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T DIiLiE NO #BEEIT L-NAME 38R s M) EREpelE S v R D, Hhi
ATSERL 1 g/kg & 2 ghkg IRt O EGIZ X » THHAFNGEIZED LN, RO
ML NO IBE O LIZRD s Nieh-o Iz,

6. HEOMAFRIITRIZDONT

F5 gL % Table 9 1T/R L 7z,

HA%E L-NAME QL& 2 & o TIEBIAE NI B0 2 /il 5k o g EE7e AT Gl
IEESE) B & O R APk 3 A I oo R i 0 22 Nla 2tk GRATPEZAL) A%RE
NN, YIRATEEL 2 ghg MTROEFEGIZE > TINS DREARMEE QU
RO LNBN DT,

7. BWEOT7RRF—2AITDNT

& 9L 2 Table 10 1Z5R L7z,

a#% TER 5 N7z TUNEL B 1 I 52 MBI D JL IR E & )RS EE T 7 v Tl
i U750, L-NAME A58 iEiR & i FERE A 5~ b ORI HBT 5 TUNEL
By SR £ S v R B {RISER D 5 N o Tz,

8. BT FIEAD somatotrope FIZDWNWT

fE gL % Table 11 1Z/R L 7=

BT FE(A D somatotrope 1E L-NAME AL 12 & > TH S MR L2, &
IRATIEBL 1 g/kg BEN2 gheg AIBOEEIT X o THEEHERNITE ZITHIa LA
ML, ZLTEFNSORERISOBEDHWSNMIEE > Tz, ZOKTF FIE

KD somatotrope DHLEE G FL % Fig. 22 [IT/R L7z,
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04 %

ORI TR =

ALFORE RN S, HIRFATIEENY L-NAME 7 8 PE IR S U FAEGERE = v B IZ
BT 5 IUGR Z28CET 2EE, GH WAL 22 &Ik 260THD,
TULTRTF O FIEARIZBIT S somatotrope DI L 72720 Tdh 5 Z EWREE N7,

GH 1A S BHEMNZE T2 £ TOMIZ, (RO REIZH U THOLRIZR % E]
ERZLTWS, UL, GHIZEWME, EIREHOKRTOREICIESH E 0 28
LTWiaWEEZ SN TV, RIEOWNYIL. GH & somatotrophic A%, FriZ4E
IRBIIOTENORTFRECEETHD, #HEE L ThRESABZLLSED
ZEERBLTWS (Nogami et al., 1995a; Harding et al., 1997), JcKM72 GH
RZVE, WAERKOKEZB D EZE (Gluckman et al., 1992) . GH Z&KIII i %
SO THENCHEIL L TWS (Hill et al., 1992; Klempt et al., 1993), HARJEA
NS w b (drdr FEBRY) O FRATO GH RIEIE. 114 20 B OGFREDE
N&=FHEHET D (Nogami et al.,, 1995a), T DFkIZ. GH L)L DO[EIEIX L-NAME
FEFENEIE IR S MESE T T BT D IUGR ITAT 5 HIeAT SR DA 7t
A&tk TREMEDYH 5. GH 13 IGF-1 &k BRI R ORI EET 2 2 &1
X o TR EZET . LA OBIZEI IGF-1 L@ LY 2D IUGR IZH L THZTH
BEMZDONTHE L TWS (Harding et al., 1994; Lok et al., 1996) . 5+ IGF-I
L AL OFER NN, YA S OEM MM SRR H 5, Ll
NG, FOMEMIZ. SIRATEHOEMCL > THWMLZ GH Lo TRESZ
SHENBRZRMBIRTH S EBDNDS,

WA I RHA TR IR T B E 2 S HME € 5, TR
FEEARETHDOT, YIRAEBIIHBTO GH MR Eims 5720
T, MOAHZXLEZNLT, BRI EHMEE SR Z24 7 2 Rtk
2d % (Murphy et al., 2006) . AFIZE/NBRD IV I—AUNELELRNDT,
BHAMS DI a—AEESREET S, BETOIINI-AMEDEZRT
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ADT ) A= AW T 5. AR ESENZ /NS WIRTFAUKIHEHE
THHDIE. 73— A DG K N4

NS

MO TN a—ZDBITINDIRN=D
THHEEZEZS5N TS (Economides and Nicolaides, 1989) . IUGR il T D L
W72 70 3 — ZHEDNT 5 2 L b HE SN TS (Challis et al., 2000). i
FIfFEIZ 9 % L-NAME 5O B3 H £ D@t s N TWansl, L-NAME U
BET I 2D S B2 & WD AU OM L, R OUEHY & B < —E
LTWw%, LML, L-NAME {ZBEREINTT R M= ANHIMNT 2 & F D
EEUAVROIREOHMAFHIEHEOR AL, SR ATEMzLEL TH, L
IS MNICHERFERNZ A S 2L L TWiRWZ E &R LTz, 2D, REITH
THYFATERMOERAZWSNITT 572012, BFRECHKNIZEETHDS
WaETOT 7 N U EESIRTFIREREMOIREZ S D2, HRKGEOFMZR
AIMBETHD E-BDN S,

APFRDOETIVIE, RHMERUFEFRE SN/ IUGR 12H1T5 NO GzEL -
SAFLATHDHDOT, BTIMEFD NO BEENE L, SARATEROERE 7
U CHIRRHMAIZ LNAME LiE T % &, IGFiiiEH O NO IREE SN L 72208,
Rl NO R Uiz oz, LNAME [ZBEMAMEIBT 5 EEA5
NTWEDOT, ZHUI TR LGB WEEIR TS o 7z (Diket et al., 1994; Fantel et al.,,
1997), LM L7ads, 20 L-NAME ORAERREMOHEMENERDNS. £
R NO IEEENY L-NAME D512 L > THATHE I RS SITHMLWRAFT
Xz, BFTONO EEDEIIRE TN TR (Thaete et al., 2005), &5
12, RS EEREO RSN S BRI NLBT (R REMIIZIE, NOIZ
FoTHFHEINLZENFLENTNWS, filaNdA1o2Uw s - T7 /20>
B a KEICEREES 2 EMNAHETH S (Parra et al., 2001). TERUKEZ
EEMLRIEIZ Lz T v MATFRICBWTH, NO EAEMNMEEZIND Z LW SN
TW2 (Asakura et al., 1999). Z @K S IZIEIRES il ERE G O IGTHAkIE X D
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o
e
Y

%< D NO ZHEAEL., BHANS ORAEHEFBEOMAIMAT 2 Z L1z T

AHEVEDS B B

AR DY, FRHIZT R b= ZDHINA IUGR DOIINTH % & WS #ikn%
BAFMHET D (Miller et al., 1996; Axt et al., 1999; Erel et al., 2001; Barrio et al., 2004) ,
UL L. HREATESIIRAIGAE D L-MANE 53812 & 2 MRS 70 500 B OV R A%
TRZLD7R M= AITEEB LMoz, MBRIC, BIRATSEBIIBT FEK
T ® somatotrope ¥ Z H4 1 X & 7=, Somatotrope M TN GH 234 D F7 B K F TH
LR TERIVE >, GHRH DIRFImEEH L N)Uid, SEATEFLEIZ K > T
HRERBREEEZTRN o, TS ORERIE, YINATSEHULE % o a7 s
GH L )L DOHmid. GHRH 124K L 72 WAIET, BF T IE(K somatotrope LD
N % e & BT WA AREMEA S B . in vitro IZB W T, b MET FEAD GHRH
129 B RO, HREIEI IR AL Iy, ZOBERITTEARNS D GH
M, Pl EbIRERO—E DR % THK N GHRH ORENIZKAF L7
WZ & ZRET S (Kaplan and Grumbach, 1976). T v MIZBWT, GH 3k &
GHRH K 7) GHRH Z&AOFEIX, 1ZIEFKHY (Bl 19 H) THHEmEEN
TW% (Nogami et al., 1995b; 1999), AERRIZHWT, L jEgidhie (4
B2 14 Hic#E5 L7720 T, HEKETHO GHRH 3 OEET 2 Z LITXk > TRE
HZANZZTLERRZIREEZBLU T, ISRV RATER 2N
somatotrope X DHMEEHE L7z B A D T EEWRETH 2.

IUGR Iz a2 BRSOl L@ i, i FENICREBET 5 2 L&k
RIDY A DING > ABELRNS, RERBOREOINETOHEZH
BTz EEAMELTNS, R, b MERTFHIEXICE > TERES N GH
A3, IUGR KOV % izt d 20045 & U TR A & 41TV % (Mehta and
Hindmarsh, 2002; Bajpai and Menon, 2005), L2 L72235, ZOMLEE, A%

ZGH 25 LT, WWGR NER TN EENLTFOREEZREET S I EZH
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Vazand by

dr 4 Kt

&L TD, IUGR DR E TG T DA O QLB I AATIE Y 5 LA
Las, Z<OMNEHGLEY 7O0—FRBHEREEEINDDH 5, IUGR HFIHK
RAETHO, REMUZ IUGR IZUET 5% < ORBNFIEL TWDN, 1FE
A EDHFFEITRYI L Ty (Harding et al., 1997), & SIC#ERTREY 7O
—FEFRIEFHETH S, 728725 IUGR FETFIRIIERL TWS A X >,
A 2 AU AR RT(GF), HHRIRER)IVE WG S o h/f?i%}gﬁ%‘?ﬁ:izf}\
LTWBHMMS5THS (Owens, 1991; Harding et al., 1985; Falconer et al., 1985;
Thorpe-Beeston et al., 1991; Langford et al., 1994; Economides et al., 1989;
Hubinont et al., 1991), B#EF I ELTEY P EAWT, 1 > AU >, IGF-1,
GHZEHZM\TFICUET 2 E WD HYRFENREEINTHS ; LML, Th5D
ENDHNEERNETH D E WD fEamid TWizly (Harding and Bloomfield,
2004). 5t T, FHAAD GH &H 5 W IGF-1 Di51E, D& Z A IUGR D3
BEZ B TFoOREERE LW ST 5N,

FEBLOMATHRIBEDY, R E L TRAENDORERRIBGORZIZDRND LI 7
ERBEIZBWT. BAA® GH &51E, oI T 25T U TRIEALY
AT < (Woodall etal,, 1999), S 5ICEL, WEEZHRELTEIIRS Y 5
BFABITSGHIE, DLAEETAHELTHIDETH D, LHLAENS,
AWFRIZBNW T, ?E‘Wmﬁ?@ﬁﬁﬁéaﬁé@%t&)L:&@éht%'%‘i&ﬁ
X, BRSPS a—AEEE GH 2 ER3E, MEEwE L, Hhnjs
BN IR & T RE R O RMA B XA FITH L THREIRDH 5. HDNWET
Bitg 7l & LT — 2 R EMTH DRI H 2 DO D, HRATHEHN
L-NAME 12X > T#HR SN/ IUGR 2KET 2 AN XL 2R 2 LN D
%, iz, BFME IV —ABEEE GH LAV O A Y AT D %h7a
ERICHBET 2 5D THINEHEND Z72DIT, Gtk IRHIHIZHZZ 508N
HEEINDTHA D,
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WAt o i

L-NAME & FEVEME IR MUIERERERE S b D IUGR 1249 2 YR ATSE R D %
EMZRMADRBEB LI GTF FREAIZESZH T, NS EHEEIBEENITHR
it U7z,

WEIR 14 HIZ5y bOBEEE FIZ L-NAME 60 mg/kg/day Z2GIEI =R > 7T
YDA H, SRS LRSI 5 b 2RI 72, [FIRFIZ DW B R VEEATHEHL 1
ghkg BELU2 ghkg % 10 mLkg OFRTT v MIRIOES Lz, TR 19 HIZT
=)V A TREIZTIMEZNE L. EIE20 B2 EUBRL ThFZEAHZ. i
FUOBFRERZMEL, GonzBEE15%R <Y inTlEE L., ]k
FIXTT VEERTRELZ. TORBFOTEREZRHL, BEBIOKT
TR ZENT T2 >TEML, 270~ L THEAYVR{EL THE REABIUR
ERRMERAE L2, TBEOTY R = AOHmMIZIE T R E— A D4
L#EMIFETH 2 DNA OWbEmINL. MBIEALTUHLT S
TUNEL £ Z B Wiz, TAF FEAD somatotrope @ i #EHLAR L F R A2
— &Ptk & LT Anti-Growth Hormone Rabbit polyclonal antibody 2. —RFifk &
L T Goat Anti-Rabbit immunoglobulins (Ig) conjugated to peroxidase labelled —dextran
polymer in Tris-HCI buffer Z{f L7z, HIRATSEHUL L-NAME LB IZ X G D
BRI EOWEEROT . F/2 LNAME U@ TRIFBR DO 7R h— AT &K
LY MEBD NN oIz, L LS, BRATEREIG T TEKICBIT S
somatotrope D HINFB LN GH S DIEHEIT K 2 I B E O MDA, T
DREERT I ENPSNEE o/, TOLRATIEHD IUGR B EAIX IGF-
ERIFE T, GH WA DOHEE

"a

[ DA WBIOEIKTEO GHRH HBIZZE &
MThHarZEMYIoMhEiao7.

PEDZ EMNS, 1) HIRATHEEIT LNAME LEIZ K 2 Ihi OF ARG EZ
B3 LAy, 2) MURATSE BN IR UEAERBE S w b D IUGR D FERD
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somatotrope DHIMB KN GH 73 W DIEHEIZ & B AT INBEE 2 B S B 72 h5 4L,

BTFOIEFTZMRT . 3) HIATEHID IUGR SGEERNE, BIK THd GHRH 7
DML D HD TR 4) HRiATHEHD IUGR SGEEANE, IGF-T 291 L

A TIRR <, GH OB ERTH L T L ENW ozl
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Ll AUFEORIENS,

1) HIEATERIT L-NAME FRMEEIRS MCERE S v FOEEB LT
IUGR (%9 %, TOHMIMEEMITEZOBRIEEHIZE2bOTRALS, &
72 NO FEAFRIGTHESE L TWhial, T 5IZ IUGR IZBWTIHFAME B IR
MEEOREI I T2, YRATEBIIZ OB 2SR ET 5., HFATIERD
P M EE NSRRI IR E SN TH O M~ 3O IUGR OUGEEERNIE
PUsEIE SR D A J1 Z X LT H S AHEENE N,

2) SIGATHEHIIIEIR 19 HB LU 7 H ORBIRESMEERE S v hOH
MLE 2 M 2A%, 2% 1 BOfmImEEIG Lz, HEATERObEIE
BRI, B2 —EL o7 A702EDQKFIKET S RENRD 5.
E/- 2 OFEMERERE. mEMED D WITIGHINT TH S NO, CGRP BIU
endothelin-1 D Ifit I8 BEITHKAF L 72\,

3) BB X OB B ME S RS EERE R T S OmME 2 g 508
IUGR Izt U TRV A 72, S8 BI3EEMsBIEEREZE L THE5 T, TD
VeI MER T TH S CGRP BEDBIMIIERNT 2, ESITIDOEFEHD
BEIEZ) I, L-NAME 4L&E L 72 5 v b OIEIR/IEEIRIRIEICBIRIE < AR TH %
BiEER B RIEICHEBENZRIEEM 2L THE 5T, ZOEMIT CGRP RIE
D HIMB K ML E YU KT T dd 5 endothelin-1 IBEEDRAMNTIERT 5.

4) L-NAME IR I EAEMERE 5 » b O IUGR OFAEERIT, BEOEE
BWEEICXDHOTIERL, IBFD GH 7 (L/\O)ﬂﬂ‘ kB EMHESN
E7r 0. HIFATHEEIL, BT T EAD somatotrope DIEMIB KN GH 723 i D e
12 & D IBTFIMBEEORMMORER, BFORE 2RI TREENTEINS,

INSE—FETNE. NO AREEEIERTHS L-NAME I, HRT v M
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b MEReUEE R AR & U TEEB L IUGR #5lERE L, ZOE
T BRPR THESR & MU EAE R I S N BE O R W YIRS 558
FOBEMEG R G UM, HRATSERIIE TR X IUGR 2. W45
BLUBEHEEBIIEIMIEEZZNETNLKEL 7z, INS=ZMOBEAUSE. BE
fE O MIERE FRID K S IR M2 BRIEE R 2 L7IaW 2 ERP S0 &80 7208,
ZOPE MEERIIER ZREVWNRD 5Nz, SR SR FiE LR O
ARNZXLF BHE—ELNOTOY 2 A570 2 EDMFIKET SR
MH o7z, G OFIEIEMER T CGRP BEDMIMIZIERT H2HDTH
STz, EHICT DB ORIEEIL. LNAME ULE L7z 5 v h OHIREEIR
IRIBIZRERZ < AR TH o /2. PiC BB OFiE MEER IZILF CGRP RED
143 & O endothelin-1 JBEDIAICHERT HHDTH o7z, KizHImrT3Ed
BVWTHED SN IUGR DEFHEML, BT FTIAD somatotrope DB KN
H AW O 1 & 2 T I E O RO R, BFOREEEL LI LB EN
HeEMNERo T,
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IR IMEREREEIL, & D ORIRICBT B FEABGIHET, Eim ko 4-8 %
CHEL . @ME. FHEBLOEARO=ZEMN S5 RVEOEERIETE
ROE—ILOERBTH D, FMERE MR, FECRHA DR KU B
THHTORERE, FIEROBBEBLIOILEHE LADOKEKE/RS (Brown,
1995). ZIGIEIR. M2 RAROER, KK, AEESMES I OFRED X
37 fEBRINTIE, IR TR O FE 4 2 KIRIZHIME 5 2 RS NT
WBM, FOREEBIIRZZRITMATN TV, S 5122 OMIRE fE
EEHOBFHEO—EIL, MBI EREMMEZEEET 5.

PO EIE R BE OIRFAIE, &, AFfE GEOHIR, AU —HR, &
BEAR) NENTH D, BWREELTIISOE ZAMEMEL RS, Cafd
WS 7 U X452 3 VA B (ACE) L% 5570 & O L E e T DL 230
TH5, L., ERPICESICHEZ FFIETE - BEnRESE> L,
MFORBICERAEEE2EZDMHEEDEA SN, BMEBIRIET ZIFE
BT ERMOTHRBTH D EEASN TS, £, BIRBIOE)%E
BIZBWT, TOAZY1 2> (PGL) OFRRER hORFH A, (TXA,)
ORINOFER (PGL, : TXA, R OZEL) &, SEIRS MEAEBRE T OBRA7R 1M
IREEE, FE - RBRMEROBE/NBIRBHIECILSIDOEEZ SN,
PGL/TXA, DRI OMIEAS, IEIRw i AR AR T 2 WE DRtk © . KR
HABNTND (Dekker, 1995), & BI{KART AEY >, PGL FLEMLGMB
LN TXA, S REER A EHEIHE & UTHEA I N, ENDUIRERRIRE R
T EIETETNARN,

b kT OTE BT S IEH 72 E R Tl A B 72 M OFH TR L L
migEBL b RBEEZENESE, FRiZEPSEDS. ZN5ORED—
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I NERIZEA S NS —BLEHE (NO) [Tk THfEiEsNs Z&bno
TWd, . 7y MZEMWZEBIZBNT, NO FRRZEIERIZMIT 5 NO
B REE R BLEHITdH % N-Nitro-L-arginine methyl ester (L-NAME) % L0z H 12 il
HREGTH &L MMUE, BT IETEME S K OVEE RIS E TR IR S A R 120
LU ZZERIEIR 2 EIE T 5 2 &S T 417z (Yallampalli and Garfield, 1993;
Diket et al., 1994; Salas et al., 1995), Z @ L-NAME % fj V2 /= 897 4L & %35 58
TR, EH I3 K OIE YRS MUESE R DB IT BN T, NO EA S IE
DAL E ORI ENABD D OFEEZRRT 5, 51T, ME DMK
FTd 5 calcitonin gene-related peptide (CGRP) % endothelin Z & £ bk % 729 E1 78
L-NAME L U728 5 v 2 W TEEERSNTNSD (Richer et al., 1996;
Yallampalli et al., 1996; Gangula et al., 1997a; Wight et al., 1998; Wimalawansa and
Yallampalli, 1998; Makino et al., 1999; Olson et al., 1999; Zlatnik et al., 1999) .
EERNEIZBWT, EHFLAITZEORS O &MEMEELE N, —A
EEBBLIOERAERME L TESFAINTND, 720 THERE ML
REEICBI LTI, YIRATIEEL, RSB B L O BREEBVEIRICEN S NS
SRS Y, SIRATHHOE, BR T EIZHROERER ZE < LU (Koyama,
1993) . iR DIGHESE (ZZ2E3E) & L THEHDIN TS (Noguchi, 1985; Kano et al.,
1991) . E-HWERITCEBLTHEBAYERIT, IBRO
endothelin-renin-angiotensin-atrial natriuretic peptide system (Usuki et al., 1992) % &
HiL. EIRAE G0 =2 I O TD 178-TA RS PF—)b, 7
OVzATOYBEIRFARZATFOY - LANEMMESELLEORENDH S
(Usuki, 1990). SE%5iB1L. ZOELBEATH DHREMITE T, BIKTO
RIS EBRE (to et al., 1996; Ushiroyama, 2003) 3 X OB RBIIH T 2HHNA
RSN DB AYA THS (Senaga and Kawashima, 1986) . EEATIZIL, 5655

B1E S R Z BT puromycin aminonucleoside IZ L > THFE SN D REA B
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FOMPERIL AT &L E2, EBEAROTH RN RESNT
W5 (Abe, 1986). BiEuiEEHIL HIR TR LEICLBIEREBIEIAE (Otani et al.,
1997, Noguchi et al., 2004), EHR. BORM. EIEMEGY O FEHIIBITD

PR EE DR #E (Takahama, 1995) 12N TWBE U Tdh 5. BB T
B E.35 %15 3 puromycin aminonucleoside * 7 O —t¥ J v FOERRZMH L. €
DR ILBE TP 6-keto-prostaglandinF, , /thromboxaneB, (b D/NT > A &k
LB ENFPEIN TS (Nagasawa, 2001), T3S DEF U OHE I
BE PR T O IR @ M A R I Okt L BAMR T B nIREMEAE X 5 N5 A%, LT3k
. S EB IO CHER I U TR RS M EEREOBET IV ERWT
DFFH 7S WIFER I ARIZ IR,

Pl ORFgEs & & 5T, AT L-NAME S8R IR & L EE R E T
VT MBI B BEFWH OERHE, HITRHEBI NG TOWHEIINT S
BN REHREL, SORTFOEMANZALEMRAT L EEZEHMEL, K
DL D IRERERAT.

F1EIZBVWTIEL. T M L-NAME QL& U TR U 2 3 IR i ESE R B T
FIERAWT, GIEBLOTFERNBTFREELE (IUGR) ZxY %L ] 5y
DB ERF LTz, SRATEEIT L-NAME A7 IR MUEIEREE S5 v b D
MEBLN IUGR Z%EL =0, FOEMEFERREEOREEMNIILSD
DTIXE <, F72 NO EAMREBEE L TWiahol, T5ITIUGRIZBWTHH
FRMTEEB LK EEOE S 3T 200, HREATERIL Z oMb 2 ek
Uiz, MSIGATSEH O B MIEMEERBMICRESNTB D, BIRATHERO
IUGR OEEMEAE. FissmEER SO A X LTHHAREESEH NI &
BENHSMNEIL DTz,
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2 HIZBWTIE LNAME ZAlWTH G b il EHEmmEz s SR8 IT
R MUERERRIE BTV EAER L. SRATSEE O Fid iU BT 3B L T O
ANZALERT 2720, MEERKTFIZDOWTHNZ, e, B1REICS
WTH AT RO Tm LR, EIRIICIREL THHTH 2T Eh 5,
A7 04 RFRIIVEZ EQRERUEEIZDNTHRL 7,

MIFATIEBUIIEIR 19 HB LU0 01 7 H QIR U EREMEREE S > b D@L
ZIH L7228 2% 1 HOB M Uo7z, HInATEEO s L
AL, HB—EL 07O Y X502 EDIFITKFET SR D o
7z. E/ZOFGEMEERE mENE D 5 WIIHIRFTH S NO, CGRP B
& O\ endothelin-1 DIt FEEEEICKF LW LinENW S M Elro 7.

53 HIZBWTIE. L-NAME #5781 IR S TR €T IV 25515
BILUBEHEGDZEEZRN LT,

B2 3 1 OB B HEE B IR IR M E R 5 v b O & e 2 S5 A
IUGR 125 L CIEZN A oz, SESBITEENARIEREAZELTE 5T,
ZOEMIZMERIERT TH S CGRP BEDHIMIZIERNTHHDTHo R, &
512 2 DUERIBORTSIRIE. L-NAME {LE L7z 5 v b ORIR/IFEIRINEIZE
B AT TH o7z, BENES S AMKICE ENBRERENZELTBE5T,
Z ORI CGRP ¥ E D #5135 & OMiLE I INF T 3 % endothelin-1 #2EED D
IZHENT 5 Z VRSN,

4 ZITBWTIL RS EERERET )V E AW THEATIEO IUGR &
EERD AN XL EmE Lz, L-NAME i 7t gReE MIEREMREE 5 v b O
IUGR OFATERIE, BROBRENREEICLSHOTIIRLS, IHFO GH 7
DIEFIZ LD Z ENWSMNEE o7z, BIRATEERGL, T FIARD somatotrope
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DIMB L GH 73 WOIEHEIZ K5 15T Ml fE O B MDA, IGT DOJEF 2 i
L7z lRetEDV R S Nz,

NS DREEMS, NO GRREERIMEXTH S LNAME [ZL->THERZ S
N7y bOEMEBIFEABFRTELE (IUGR) ITHT 28U EL
THRATHERL REFGBIOPERE G EZUE LR A, S AT 3803 e
BLW IUGR %, HEFEBLOPEHER IS MEEZETNTNHEHE L, TN
5 =MOEE AU, BEAFEOMERTROX D R ENRBRERN 24 Lian
TEMWSMER SN, FOHEMEEMIIIREREVWNERED SN, H
FATEMOPEMIERER A Z AL, B2 —ELN)bo7nszA57aré
DILTEKAF T DA S o 7o BB O FUm MEMEAZILE CGRP BED
BWERNIZIER T 2 HDTH o7z, 5T OHEIMEMEMIE L-NAME L& L
725y b OESRFEFRIRECREBRES B TH o7z, £, BIRWEEB O
MUEAEA I, fid CGRP ¥ ORI L U endothelin-1 IBEDORHMIIERNT 5 H
DTH o7, BFATHEBICBNTRD 5N/ IUGR OBGEERIIR. BT FERE
? somatotrope D HINE & N GH W DOARHEIZ K 5 IaF B E DI DK T dH
L ENHASHER DT, TS OEFNIIE, BRRIZB VT 2 MR & i AE R
BOTHBEOEEICELTH DHEEIVRSI N, 720 THHRATEBULRHA
BLUOBFRHFOERIIHT EHEMR DG TEDUS TH D I ENENS
Nniz.
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B

AL IR A S BRI = AR A ) 2 55— WFE B BUSAT IR R 38 [ = 7 S DU TR R
FEBARILAHE T T O & | s KRB OB TS D, 22
Wi oMEezk L KT,

Frz. BREFRHEEA AP RAIRRI BB L, RS EE IR ARSI
175 5 TR A — B BER A B BRI, X OmO £ EDIZERL.
BUITSELHRECHKREZBDE L, ZJITHRERDIHMBEEZRLET. S
SIZHXOWMD £ EOIZEL T, HKHEEREREIE 280 £ U ZRMAKF
5 S B 2 R s S TN HUER R 2 R 2B IR W e R AR PR 5l 8E. (B 1
JE R ) BUR SR EICH U TROK O L LT,

RBIZ, EEITE > TANEORITS K UG XD RFEITH 72 D IRV IR & %
MESATINEZ, B ST, MONCARXERDOBD ., XXDKRBBEL
D252 TN MTHARICEHLET. £k RERETROGER

U. EWHEEEEZRLT<NE, FlECE. X HIFEOMEEITARE W
NaHBTET,
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Fig.2. Effect of Tokishakuyakusan and L-arginine on systolic blood pressure
of L-NAME-treated pregnant rats. L-NAME was infused subcutaneously into
pregnant rats from gestational day 14. Tokishakuyakusan (1g/kg. 2g/kg) and
L-arginine (17mg/kg, 34mg/kg) were administered by gavage from gestational
day 14 to 20. Systolic blood pressure was measured on gestational day 19. DW:
distilled water. L-NAME: N“-Nitro-L-arginine methyl ester. TS: Tokishakuyakusan.
Arginine: L-arginine. Data are presented as the mean= SD for 10 rats in each group.

*xp<(0.01, vs. L-NAME+DW
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Fig.3. Effect of Tokishakuyakusan on systolic blood pressure of L-NAME

-treated non-pregnant rats. L-NAME was infused subcutaneously into non-pregnant
rats from day 0. Tokishakuyakusan (1g/kg, 2g/kg) was administered by gavage
from day 0 to 6. Systolic blood pressure was measured on day 5. DW: distilled water.
L-NAME: N“-Nitro-L-arginine methyl ester. TS: Tokishakuyakusan. Data are

presented as the mean = SD for 8 rats in each group. ¥¥p<0.01, vs. L-NAME+DW
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Fig. 4. Effect of Tokishakuyakusan on systolic blood pressure of
pregnant rats. Tokishakuyakusan (1g/kg, 2g/kg) was administered
by gavage from gestational day 14 to 20. Systolic blood pressure
was measured on gestational day 19. DW: distilled water. TS:

Tokishakuyakusan. Data are presented as the mean = SD for 9 rats in

each group.
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Fig. 5. Effect of Tokishakuyakusan on systolic blood pressure of
non-pregnant rats. Tokishakuyakusan (1g/kg, 2g/kg) was
administered by gavage from day 0 to 6. Systolic blood pressure
was measured on day 5. DW: distilled water. TS: Tokishakuyakusan.

Data are presented as the mean = SD for 6 rats in each group.
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Fig. 7. Effect of Tokishakuyakusan on systolic blood pressure of
L-NAME-treated rats for gestational day 19 (G19) and postpartum day 1 (P1)
and 6 (P6). L-NAME was infused subcutaneously into pregnant rats from
gestational day 16. Tokishakuyakusan (2g/kg) was administered by gavage
from gestational day 16 to postpartum day 7. Systolic blood pressure was
measured on gestational day 19 and postpartum day 1 and 6.
DW: distilled water. L-NAME: N“-Nitro-L-arginine methyl ester. TS:
Tokishakuyakusan. Data are presented as the mean = SD for 10 rats in each group.

*kp<(.05 and *¥p<0.01, vs. L-NAME+DW
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Fig. 8. Effect of Tokishakuyakusan and Tokishakuyakusan+progesterone
co-administration on systolic blood pressure (A) and progesterone level (B)
of L-NAME-treated rats for postpartum day 1. L-NAME was infused
subcutaneously into pregnant rats from gestational day 16.
Tokishakuyakusan (2g/kg) was administered by gavage from gestational
day 16 to postpartum day 7. Progesterone (2mg/rat, twice daily) was
administered subcutaneously in a volume of 0.2mL. Systolic blood
pressure and progesterone level were measured on postpartum day 1.
DW: distilled water. L-NAME: N“-Nitro-L-arginine methyl ester. TS:
Tokishakuyakusan. Pro: progesterone. Data are presented as the mean = SD

for 10 rats in each group. *¥kp<0.01, vs. L-NAME+DW ##p<0.01, vs. TS+Pro
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Fig. 9. Effect of Tokishakuyakusan and Tokishakuyakusan+mifepristone
(RU-486) co-administration on systolic blood pressure (A) and progesterone
level (B) of L-NAME-treated rats for postpartum day 6 or 7. L-NAME was
infused subcutaneously into pregnant rats from gestational day 16.
Tokishakuyakusan (2g/kg) was administered by gavage from gestational
day 16 to postpartum day 7. RU-486 (30mg/kg) was administered
subcutaneously in a volume of 2mL/kg. Systolic blood pressure and
progesterone level were measured on postpartum day 6 or 7.
DW: distilled water. L-NAME: N“-Nitro-L-arginine methyl ester. TS:
Tokishakuyakusan. RU: RU-486. Data are presented as the mean = SD for
10 rats in each group. *kp<0.01, vs. L-NAME+DW
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Fig. 10. CGRP (A), endothelin-1 (B), and total nitric oxide (C) concentrations of
L-NAME-treated pregnant rats. L-NAME was infused subcutaneously into
pregnant rats from gestational day 16. Tokishakuyakusan (2g/kg) was
administered by gavage from gestational day 16 to postpartum day 7.
Progesterone (2mg/rat, twice daily) and RU-486 (30mg/kg) were administered
subcutaneously in a volume of 02mL and 2mL/kg, respectively. The
concentration was measured on gestational day 19 (G19) and postpartum day |
(P1) and 7 (P7). DW: distilled water. L-NAME: N“-Nitro-L-arginine methyl
ester. TS: Tokishakuyakusan. Pro: progesterone. RU: RU-486. Data are presented
as the mean=SD for 8-10 rats in each group. *¥p<0.05 and **p<0.01., vs.

L-NAME+DW
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Fig. 13. Effect of Saireito, Boiogito and L-arginine on systolic blood pressure of
L-NAME-treated pregnant rats. L-NAME was infused subcutaneously into pregnant

rats from gestational day 14. Saireito, Boiogito (both 1g/kg, 2g/kg) and L-arginine

(29mg/kg, 58mg/kg) were administered by gavage from gestational day 14 to 20.
Systolic blood pressure was measured on gestational day 19. DW: distilled water.
L-NAME: N“-Nitro-L-arginine methyl ester. SR: Saireito. BO: Boiogito.
Arginine: L-arginine. Data are presented as the mean = SD for 10 rats in each group.

*%p<(0.01, vs. L-NAME+DW
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Fig. 14. Effect of Saireito and Boiogito on systolic blood pressure of L-NAME
-treated non-pregnant rats. L-NAME was infused subcutaneously into
non-pregnant rats from day 0. Saireito and Boiogito (both 1g/kg, 2g/kg) were
administered by gavage from day 0 to 6. Systolic blood pressure was measured
on day 5. DW: distilled water. L-NAME: N“-Nitro-L-arginine methyl ester.
SR: Saireito. BO: Boiogito. Data are presented as the mean = SD for 10 rats in each

group. ¥kp<0.01, vs. L-NAME+DW
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Fig. 15. Effect of Saireito and Boiogito on systolic blood pressure of pregnant rats.
Saireito and Boiogito (both 1g/kg, 2g/kg) were administered by gavage from
gestational day 14 to 20. Systolic blood pressure was measured on gestational day 19.

DW: distilled water. SR: Saireito. BO: Boiogito. Data are presented as the mean = SD

for 10 rats in each group.
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Fig. 16. Effect of Saireito and Boiogito on systolic blood pressure of
non-pregnant rats. Saireito and Boiogito (both 1g/kg. 2g/kg) were
administered by gavage from day 0 to 6. Systolic blood pressure was
measured on day 5. DW: distilled water. SR: Saireito. BO: Boiogito.

Data are presented as the mean = SD for 10 rats in each group.
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Fig. 17. Blood glucose concentration of dam and fetus in L-NAME-treated pregnant rats. L-NAME was
infused subcutaneously into pregnant rats from gestational day 14. Tokishakuyakusan (lg/kg, 2g/kg)
was administered by gavage from gestational day 14 to 20. Dam and fetus were decapitated on
gestational day 20. DW: distilled water. L-NAME: N “ -Nitro-L-arginine methyl ester. TS:
Tokishakuyakusan. Data are presented as the mean+SD for 8 rats in each group. **P<0.01, vs

L-NAME+DW
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Fig. 18. Growth hormone (GH) level of dam and fetus in L-NAME-treated pregnant rats. L-NAME was
infused subcutaneously into pregnant rats from gestational day 14. Tokishakuyakusan (1g/kg, 2g/kg)
was administered by gavage from gestational day 14 to 20. Dam and fetus were decapitated on
gestational day 20. DW: distilled water. L-NAME: N “ -Nitro-L-arginine methyl ester. TS:
Tokishakuyakusan. Data are presented as the meantSD for 8 rats in each group. **P<0.01, vs

L-NAME+DW
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Fig. 19. Growth hormone releasing hormone (GHRH) level of dam and fetus in L-NAME-treated
pregnant rats. L-NAME was infused subcutaneously into pregnant rats from gestational day 14.
Tokishakuyakusan (1g/kg, 2g/kg) was administered by gavage from gestational day 14 to 20. Dam and
fetus were decapitated on gestational day 20. DW: distilled water. L-NAME: N“-Nitro-L-arginine

methyl ester. TS: Tokishakuyakusan. Data are presented as the mean+SD for 8 rats in each group.
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Fig. 20. Insulin-like growth factor- I (IGF- 1) level of dam and fetus in L-NAME-treated pregnant rats.
L-NAME was infused subcutaneously into pregnant rats from gestational day 14. Tokishakuyakusan
(1g/kg, 2g/kg) was administered by gavage from gestational day 14 to 20. Dam and fetus were
decapitated on gestational day 20. DW: distilled water. L-NAME: N“-Nitro-L-arginine methyl ester. TS:
Tokishakuyakusan. Data are presented as the mean+SD for 8 rats in each group. *P<0.05, vs

L-NAME+DW
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Fig. 21. Total nitric oxide concentration of dam and fetus in L-NAME-treated pregnant rats. L-NAME
was infused subcutaneously into pregnant rats from gestational day 14. Tokishakuyakusan (1g/kg,
2¢/kg) was administered by gavage from gestational day 14 to 20. Dam and fetus were decapitated on
gestational day 20. DW: distilled water. L-NAME: N “ -Nitro-L-arginine methyl ester. TS:
Tokishakuyakusan. Data are presented as the mean+SD for 8 rats in each group. **P<0.01, vs

L-NAME+DW
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Abstract

Functional and morphological studies on
the effect of Kampo medicines in

pre-eclamptic rat model

by

Hisato Takei

Abstract

Pre-eclampsia is a major complication of human pregnancies, affecting from
4% to 8% of pregnant women. It is characterized by hypertension, edema, and
proteinuria, and the leading cause of fetal growth retardation, neonatal
morbidity, mortality associated with premature delivery, and maternal sickness
(Brown, 1995), and it is a disease of the first cause of the gravidopuerperal
death in Japan. Risk factors such as multiple pregnancy, extremes of maternal
age, family history, essential hypertension, and renal disease are known to
greatly increase its occurrence, but the pathophysiology is still incompletely
understood. It is known that some patients only develop hypertension
during labour, which is a time of maternal risk (Long, 1981). The rest and
the alimentotherapy (salinity limitation, calorie limitation, and protein-rich
diet) are principles for the treatment of pre-eclampsia. At present, there is only
symptomatic treatment as a drug therapy, and the anti-hypertension
medications such as the Ca antagonist and angiotensin-converting enzyme
inhibitors are main.

Howeuver, it is thought that utero-placental blood flow decreases, and it has a

90



Abstract

large influence on the fetal development if it inhibits to the blood pressure
forcibly during pregnancy, and seems to be difficult that the dam and fetus are
treated at the same time at present. In clinical and experimental studies, because
of prostacyclin (PGI,) deficiency and the resulting increased thromboxane A,
(TXA,): PGI, ratio has been supposed to be the cause of selective platelet
destruction, reduced uteroplacental blood flow and placental infarction in
pre-eclampsia, correction of the PGI,/TXA, imbalance has been tried to prevent
pre-eclampsia (Dekker, 1995). Therapy using low-dose aspirin, PGI, analogues
and TXA, synthetase inhibitors, however, has proven unsatisfactory.

During a normal pregnancy in both humans and animals, there is a
physiological vascular adaptation that includes increased blood volume,
increased cardiac output, and decreased vascular resistance. These changes are
suggested to be regulated, at least partly, by endogenously produced nitric oxide
(NO). Recently, experimental studies in rats have shown that chronic inhibition
of NO synthesis during normal pregnancy, by continuous administration of an
NO synthetase inhibitor N“-Nitro-L-arginine methyl ester (L-NAME), induces a
clinical picture similar to that of pre-eclampsia including hypertension, fetal
growth retardation, and proteinuria (Yallampalli, 1993; Salas, 1995; Diket,
1994). Though chronic treatment by L-NAME may not reproduce the entire
disease entity, it produces virtually all the symptoms of pre-eclampsia in the
animal model. This implies a direct relationship between NO production and the
vascular changes in normal pregnant women and pre-cclamptic patients, and
various substances including calcitonin gene-related peptide (CGRP) and
endothelin modulators have been examined in L-NAME-treated pregnant rats
(Richer, 1996; Yallampalli, 1996; Gangula, 1997a; Wight, 1998; Wimalawansa,
1998; Makino, 1999; Olson, 1999; Zlatnik, 1999).
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Nowadays, in Japan, certain traditional herbal medicines (Kampo medicines)
are used clinically with standardized quantities and quality of ingredients.
Among these medicines, Tokishakuyakusan, Saireito and Boiogito are
comparatively used by high frequency as a clinical prescription for especially
pre-eclampsia. Tokishakuyakusan is widely used to alleviate menopausal
symptoms (Koyama, 1993). Tokishakuyakusan is widely used to alleviate
menopausal symptoms (Koyama, 1993), and also used as a tocolytic drug for
the treatment of preterm labor (Noguchi, 1985; Kano, 1991). In animal studies,
Tokishakuyakusan has been reported to regulate the ovarian
endothelin-renin-angiotensin-artial natriuretic peptide system (Usuki, 1992), and
the intravenous administration of Tokishakuyakusan increased on 17 3 -estradiol,
progesterone and testosterone levels in the serum or preovulatory follicles
(Usuki, 1990).

Saireito is chiefly used for clinical treatment of the edema and
proteinuria of toxemia during pregnancy (Ito et al., 1996; Ushiroyama,
2003) and renal disease (Senaga and Kawashima, 1986). In animal studies,
Saireito has been reported to have a preventive effect on proteinuria
induced by puromycin aminonucleoside in rats, with a reduction of
urinary protein and plasma cholesterol (Abe, 1986). On the other hand,
Boiogito is widely used to treat osteoarthritis of the knee (Otani et al.,
1997; Noguchi et al., 2004), and the proteinuria, edema of crus and renal
dysfunction in rheumatoid arthritis patients (Takahama, 1995). Boiogito
has been reported to suppress urinary excretion of protein and restore the
6-keto-prostaglandin F,4/thromboxaneB, ratio in the kidney (Nagasawa
et al., 2001). Though these reports might relate to the improvement of

pre-eclampsia by clinical, no studies have ever tried to demonstrate the
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effect of Tokishakuyakusan, Saireito and Boiogito for pre-eclampsia.

The objective of this study investigated on the pharmacological effects of
each Kampo medicines on L-NAME-induced pre-eclamptic rat model,
especially both the dam and fetal treatments, and to clarify its mechanism of

action. And the approach from the following various angles were tried.

Summary of results

1. We tested the traditional herbal medicine Tokishakuyakusan for
pre-eclampsia-like syndrome including hypertension and intrauterine growth
retardation (IUGR) in L-NAME-treated rat.

Tokishakuyakusan improved the hypertension and IUGR in pre-eclamptic rats
induced by L-NAME. Tokishakuyakusan is not a direct depressor, and the
suppressive effect on L-NAME-induced pre-eclampsia is not due to the
modulation of NO production. Furthermore, Tokishakuyakusan restored the
damages (the decreases in the fetal cerebrum weight and the thickness of the
cerebral cortex) induced by the L-NAME treatments. Interestingly, the
beneficial effect of Tokishakuyakusan on L-NAME-induced hypertension has
been shown only pregnant rats. The depression of blood pressure in
Tokishakuyakusan administered dosage is not enough to prevent IUGR in this

model and the effects of IUGR may involve other mechanisms of action than

depressing hypertension.

2. We demonstrated the anti-hypertensive effect of Tokishakuyakusan in

L-NAME-treated rat model during pregnancy and the postpartum period.

Tokishakuyakusan improved the hypertension in pre-eclamptic rats induced

by L-NAME on gestational day 19 and postpartum day 7, however, there was no
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such prevention on postpartum day 1. The depressor effect of Tokishakuyakusan
on L-NAME-induced hypertension that a certain level of progesterone may be
an indispensable prerequisite, and the effect of Tokishakuyakusan are apparently

unrelated to blood concentrations of NO, CGRP, and endothelin-1.

3. We tested the traditional herbal medicines Saireito and Boiogito, for

hypertension of pre-eclampsia-like syndrome in L-NAME-treated rat.

Saireito and Boiogito prevented hypertension in the L-NAME-induced
pre-eclamptic rat, but had no effect on the L-NAME-induced IUGR. Saireito is
not a direct depressor, and the hypotensive action is increasing of CGRP
concentration in the blood. In the other, Boiogito is also not a direct depressor,
and the hypotensive action is increasing of CGRP concentration and decreasing

of endothelin-1 concentration in the blood.

4. We investigated the effect of Tokishakuyakusan on the growth hormone
and its regulators/mediators in L-NAME-induced pre-eclamptic rats during
pregnancy.

It has been suggested that a cause of L-NAME-induced IUGR depends on the
decrease in the growth hormone (GH) secretion of fetus, which is not due to
histopathological abnormality of the placenta. And the increase in fetal blood
GH levels following TS treatment may be attributed to the enhanced

differentiation of somatotrope in fetal pituitary gland, in a growth
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hormone releasing hormone (GHRH)-independent fashion. Therefore, it
was suggested that Tokishakuyakusan was increased on the fetal weight
of IUGR caused by proliferating of the somatotrope and promoting the
secretion of GH in fetal pituitary gland.

These results suggested that Tokishakuyakusan is improved on the
hypertension and IUGR, or Saireito and Boiogito is inhibited to the
hypertension, respectively, when the traditional herbal medicines are induced a
pre-eclampsia-like syndrome during pregnancy or the postpartum period. These
three Kampo medicines were not a direct depressor like an existent hypotensive
drug; moreover, their anti-hypertensive action was different to respectively.

Although the mechanism of the depressor action of Tokishakuyakusan is
unknown, it would be dependent on the co-existence of a certain level of
progesterone. Boiogito affected both CGRP and endothelin-1
concentrations in the blood, while Saireito affected only CGRP
concentration. Moreover, it was suggested that the improvement action of
[UGR shown in Tokishakuyakusan was caused by proliferating of the
somatotrope and promoting of the GH secretion in the fetal pituitary
gland. Thus, this study demonstrated that three Kampo medicines may be a new
curative or preventive therapy for pre-eclampsia and TS is a candidate to have

the usefull effect on therapy that both pre-eclamptic mothers and their fetuses.
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