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BRAR L CBLEER, BOERE, BnEOKE, BIRE(LE, WiESOERBRO SHHE
FLELE#EI Z IO TWS, 22T, ERMBERFBYS X CERRERMEE W LD,
MmEFEGEHE L, B EBEEDE T SEYBRUELEREL

1) Streptozotocin (STZ) FERVERWK 7 v b #{EBIL. MEKENRIC K S norepinephrine
(NE) BB IHEIER 2 X IRBE L LLBHRETL 2o NE &% a-adrenaline REGATELLM B IUENF
A, BREABCBOTEL TSI ENELN ok, iz, Ca® -free T NE FHR—BHK
IAERE R PO TR O ASED Shizh, 20BE0, Ca? IHHEC K. WEOMICER
ZHohiahok, EHWK, Ca®*-free TO K BROEL BT D Ca®* ULHER L U Bay K 8644
(Ehrfk#7tE Ca®* channel agonist) %@%m%‘ﬂlﬁﬁﬁmb#&ﬁﬁﬁ?ﬁﬁ&ﬁﬁﬁﬁ@fﬁkﬁiﬁb6
hize BEDOZ Ex6 TBERFOETAVTH D STL BRERKR T v b ORBREIRICH TS
NE & & DIUERIS ORISR R IX, BA&#FE Ca®* channel DEM(LIB LT phosphatidyl-
inositol REBIERDOITENEE L TWHZ ERBLh Lo,

2) STZ BERNERF T v b DRSS KEMRWC B335 isoproterenol (IS0) & & 2 MEHAE RIS
xBRE & HLBRET U 7z, MERRI O MERISHE #RET T SR 180 W« & 2 mEBBERCRIETH
FRBAORER ML . ZORR. NERIREERCE, FEFEREHRL T, IS0 OmEhiE
ERMECERSh, 180 KL AMERIGHOENEMRC—ERFL TOII ERELMER>
2o IS0 W& % B-adrenaline REFGNEHMEHERISE. NEAEBZOAERCEDS F, &
RFFHCBOTERTEFE L Tole, LA L, MEFHEL D adenylate cyclase EIFFEHALETH
% forskolin W & 2 MEHBERIGIK, AHOBMCEELZZRXEDS>hixdh ok, ULOERERS,
STZ BHRERFES v bR KBRS cyclic AMP R BWT, B-adrenaline FHMEDR
BEHERE R B ETHRE L Wiz,

3) BRRENERFT v P THD WBN/Kob Ty F2RVEBRORERITRo kL5, STZ R
BRFEZ v b e Rk, #ERERCELWTNENREOFECED ST 150 FROEHBRIED
HWHEFrRD O, ULOEELIS, R BT S B-adrenaline FEEOBEL, (L2WE
BRERFETVBLCERRERRFETLOVTHhO [BERFEFACBVTLETFTLTY
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DT NS MER ST,

4) BERFARIC Y 2 MENEMBELY BRI T2 EN T, STZ FRERR S v b OB KEIR
B D acetylcholine (ACh) BEZEPIRIMBRRMKFFHE NE SR IR IS & xd FREF & HLBHRET L 720 ACh &
& ZMEHERICDOBZEGBERFFCBVTHEECETL TR, Lal, AEHERIEKAET
& % sodium nitroprusside (SNP, soluble guanylate cyclase activator) ¥ XU atrial
natriuretic peptide (LEHEF MU Y LFER~ZF K, ANP, particulate guanylate cyclase
activator) W k2 MEMBRIGCIE, FELZRADLhidh o, Fi, ACh K L5MEF
cyclic GNP QEREBERRIEL L& &5, MERERIG L RRICHERFHCBOTHEER cyclic
GHP ERBOETHED SR, LEOZ ERG, STZ FHRMERM T v M C B 2MEA KO
BEEETHRBE L hiz,

5) BARMIERAT v hThS WBN/Kob T v CBOT S, MEMEAIREECIT 5KET%
Tl te, FEEBTIK, E# WBN/Kob T v b (10-13 B, ERIFRIELED B LT, & WBN/
Kob (90-92:8M%. ¥ERMFER) ® A, SHBHICIK, WBN/Kob 7 v b OREFERIK TH 5 FEHKD
Wistar 5 v PERVE, BB L UCEBERFRCES TS ACh FROFMERSE. ThEh[FE
BERONBE LB T2 EABECHEB L Tokd, ZoREBE, LY Db ERBERFRHECHEHETH
ok, ¥l BRHBHER JOHBEZ, IR MECEY ACh W &2 IEBERISEE L To
feo =75 SNP BLU ANP W L2 MEMBRIGEDCTHhOBREBTLERAD Shizh ok, &
ey BAOBEBY IOENERQOEFEMBFEEELRBL L LS, ERFCR, BERRY
Lhilsdro et BERECBLTHEMIOBBEIEENZDOhl. UEDZ Ehb, STZ &
BERFTy M EEBCHRAREERFS v MCBOTHO BN EHAEEENREE 32 L AR
hic, iz, BERBRELRIO WBN/Kob T v MZBWTL, MEBENEEMBEEENAD ShiZ
Eho, TOMENKMBIGHEEL. MEECKEL ST, BEEMTET L TOITEENRE S R,

8) ¥ERIRIFIC B 1 5 MIEDIR O N B P KT BERE b #8544 5 BHIT. WBN/Kob 5 v + 0 BRI IEENNR I
Bird ACh FHRAK IR M BRGS0 BB & HBHRET L %2, ACh & & 2 MEMBRIGD
REHIERFHCBCTERCETL TR, . NEMRIERFEBEETHD NP 0L 3
MERERIGCE, FELZZRED Shikbh ok, UEDOZ Ehs, BERFECE, BWEABIRE
FTREC, IDEEOMCEIRE BOTh, MEMBEEEMETL TWAZ ERELME Kok,

T) RiEh SRR IME B ARIES v b (SHRSP) D EEBINRIC 31T b A I B P B2 M ke
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WBAL T, WEEETHS Wistar-Kyoto T v b (WKY) L HLBUEETL k. 2 OER. SHRSP o BHBHIK
RHWT, ACh KL 2MEMBRISOBHFITMNED Shie, &5, ACh kRO MK FLD
EHABRIGEH TS A 23187 (Ca®* ionophore) BT melittin (NFE) KBV THRERKE,
SHRSP I B\ THERIBRISOWESI PR bhil, —F,. NEMIFERFHEREETSHS NP B&
U cyclic GMP analog T&% 8-Br-cyclic GMP W & 2 MEiERIGIE. MEFOMCAERERR
Dohirhol, &6, ACh WX DMEF cyclic P OEREFRIEL bk 25, IEFBRR
IS & EBRIC SHRSP R WTHE: cyclic GMP EREBOERTAZD Lk, MEDOZ Eh b6, &
EfERE, NERSEROBEMSRNCHEESh, 20z Lk, DENEENBRERT
(EDRF(NO)) OELETWERTHZEMNELhE R >, LT Eh s, MERNEMEEER.
ERARBLUROLEERCThORECBN T, BEShTWI I EARELL ok, IE
P RIRSERE DR TAEZ B & MBH cyclic GMP BEMXET T2, #RE LT OFRRO
KR, MUMREE, WE, FESEEENSEREIChI 2D, ZoZ i BEREKS L EDL
FEAERFIC . BOOREE(LEE, BMBEZRE, ROt OEE, BELEORHELBRARCHETIRRAL
bEXLhD,

8) ., MEFEH W RIS phosphatidylinositol (PI) R EERD M INEE~ DRI 5 HiEH
EhTwd, £ZC, Pl R#EEICBY S protein kinase ¢ ORENWEEL T, BMEET v b
DO MEFEH B 5 protein kinase C MTEMMBEIEEFAZ KT L 72, EBWIX, SHRSP &b
L ZMIRESE A, SEBETHD WKY LHBHRE L, 2 O&ER. phorbol dibutyrate
(PDBu, protein kinase C activator) & & mEIUED KISHE, SHRSP BHC BWTHEICIHEMR
LTWwiz, 7z, SHRSP X D#EHI L #2PIRFiB 5. staurosporine (protein kinase C
inhibitor) %BMLEL %D PDBu BRMEIUERISKE, HEHEE#TH > k., ULoFEREL
D, BIMEEROOETLELH KT S protein kinase ¢ DIEMLATE I h, ZOZ LAELER
Wty M8 ORGHELCES L To S aTEEEATRIE S hi,

9) MBFHBEF BB ATP-sensitive K*-channel &, K A 4> OF B T ¢, MEF
BHOBEBMERAML TDZ L, b, 2RI voltage-dependent Ca2*-channel (VDC) DiEtk
TREILTODZEHMONTWS, 2T, BRFS v PR LUCBNEES v b OMEFREHC
B4 K -channel WEMELER L OCEMRICK T 2EAY HBMFL .,  OKE. ST BR
BRHE T v b OKIEIREIIRIC 5Tk, K -chamne! ¥/ TH 3 cromakalim & & 2 MEHERR
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SRS L Tz, 7. methylene blue (guanylate cyclase inhibitor) #ZETIC B S

nicorandil (cyclic GMP HEAER%H T3 K -channel {EHEILEE) OMEM®BRIS b FRCHE
LTwhkZeds, ERAFOLEFEHICH) D ATP-sensitive K*-channel OFEHIKETLT
WAZ ENREEhE,

10) SHRSP BN BVTH, FHROMET £21TR 0, FBETH S WKY EHBRBREL %,
Z O#R, cromakalin W& & 2 MEMBRASK. SHRSP W BW0T, FHLRIGHE DHEAMNERD Hh,
WREHFE GRLIERTH oo Eo, SHRSP X Dt L -%EEhIR <, glibenclamide C(ATP-
sensitive K*-channel FHEZE) %2 FIMEL %D cronakalin FROEMBRIGE, HBE &R
THok, UEOERLD, BMEEROME FEHCHTS ATP-sensitive K*-channel{E DI
ARTHEE Nz,

Cyclic GMP &, MERBRISIERA. M/MREELEEFA,. FBHHBEEFRA®E TS Z L TH
5h T, Cyclic GMP HIERA 2 F T 2 AKRHLEH & LT, nitroglycerin BHHHOTWD,
—7%. (D-349 k. dihydropyridine R® Ca HEMETH DA, BERXPC=bnEEZFT IR
5. nitroglycerin BB cyclic GMP HEIMERA%ZIFO{LEMTH D, €T T, BB L LKREE
WOMEFRHCH T DB RYEZHUEELERL, cyclic GMP IR O MEFBBET % 85T L
7zo

11) BRFRCE. NE SROBIESTIEL TR 2 TTRRL &, &5, BIMEER
CRRBAEOFEARMIEE D, TOBRET S RMMEIEROMAH, NFEERE3| 2R
TEEXLR TS, 2T, TBMEOWREENETH D NE FRIVECH TS cyclic
GMP B DRE & #a5T L 2. CD-349 &, nitroglycerin L ANP 72 ¥ D cyclic GMP 3EHNZE
ERBRC Y ¥ SRS ABIRKIC S VT, NE FROFIUEZ BEXREFENTIFIL 2, ik,
CD-349 &, Ca®*-free TONE FEFR—BHIE D BERENCIMHL, 525 &H< Ca
I MEMEFENTMH L e ShHDERAK, cyclic GMP analog T& 3 8-Br-cyclic GMPE[F)
BOBRTH %, LAL, ThHoo NE YUEISIERG. o Ca BRBECEED HhivwiEA
ThHote EHI, (D-349 & v I FIHRBIRC B TREKENCHOES cyclic GHP EXH
mEe, ThooRRE, 5y MEBABRIE BOTOLRBEED SRk, BEDZ End,
cyclic GMP 3¥hIZEik, NE BRIUGEEMFIT 22 L BHL A LRk, £, THhS ORGSO
ERBF . P R EBROIH 35 L O, receptor-operated Ca2* -channel DIFIWERMRZE L
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TOBZERTHERE, £, 4—7) TBWTHRRIE X OCBMEERC &, D8R KK
DOEBEAET L. EDRF (NO) DELEMNBLTHZ EnSMEF cyclic GMP M35 Z E RS
hrigotk, #o T, ZhbHo cyclic GMP BB, HERCED L 2lEd cyclic GHP 2%
52ehb, FEBOEEERREFECHLTL, AL RS AEMENRE S hiz,

12) BRAERFCR, S0 FROEMERSHEHL THWHII 2T TRRLE, 26K, Bl
FEfFERFICBWTD. B-adrenaline BREOBEENEBET T EAHEEhTWS, KIBOAFEE
H3B87 N3 vEBaEFR, NEBEECHTNEZ E»5, B-adrenaline ZEEDBEEEA
BTFTHIbicky, RPERIEAL, MELFELRRBEREELSIEEITIELFLDS
hTwd, 22T, cyclic GHP HMZFEL B-adrenaline FEENEMMBRIG L OMEERCOW
THRETL 7z, 180 &, endothelin-1 TUUE X ¥ 72V ¥ ¥FRDRENR 2 IRERFCHEL LR, £
D, nitroglycerin, ANP 8L T CD-349 %, ZhZhERET 5 &, 150 & & 2B FHIKE
EBiRkENCHEERI N, ZOMBIER, cyclic GMP analog T& 3 8-Br-cyclic GMP CHRED
REMEOR, /2. TR, (S0 KL DMEF cyclic AMP EREZRIEL z& 5, (D-349
BLUV 8-Br-cyclic GNP Wk >T, TOEREBREAL o BLED T EHMS, cyclic MPT LD
cyclic AMP DMIRIFA B L FERBEOHEBEASZD Sl T DEBIEA, cyclic GMP-
inhibitable cyclic AMP phosphodiesterase FHEEAICHEEL T3 Z &R E h, cyclic
GMP $E/NZEHS, JRHEERFZ K1} 5 B-adrenaline ZAMKDBEEET RWE T 2 RRELTEE O,

1 3) SHRSP o MBEF @AW K1+ D PDBu FRMEIFEFA LRI L LR, BIEERICE,
ME TR BT D protein kinase C BHEMNRLFL TR D, ThiimBEIED RISHEELCES
LTwbZE®, $TERLE, #2ZT, protein kinase C AZEMMBIEFER T 3 cyclic
GMP IMINZED B B RES L 7z, Nitroglycerin, ANP B L ¥ (D-349 &, vy ¥FRHAEIRKCK TS
PDBu EZIME R IMERACHFI L. Zh o OMFEAIX nethylene blue WL DHEREhiT &
5, cyclic GNP HMIFACE STV TWR I EMRPALM LR, Tk ZThLHOFRE. BFO

Ca HHECREDSh R WERATH >k, LEDZ &6, cyclic GMP MBI, HMEREC
EHILEh TS protein kinase C NEMHO MBI A L CHIMEHWEREZRT Z EMNEL M E

ol



H

L

FE, BRFERZRAFCHEML., BEENTOREHE 1993 FHRET, ¥ 300 FALHEER

hTwd, »poT, BREREHEKRT 2L, TORER D h - HF, HFETOREFOLEI(L
PREFD I VEFELERILICHEO, BIMO—%ELE>Twd, BERFLIE, 1985 £ WH ©
EBEV LD, MERRRCRSRFCR., RENKENELZETSRETH 5. BIESOREH
BEG. AVAYVELELREAOTREESC LD TH D, BRAKBOFRCI-T, F8
Ryl ABHEMNRIE, #ITL. BMRE(LELXRETIHRETH D] E3hTwd, BERE, 12
) VRFEFRIEE R (insulin-dependent diabetes mellitus, IDDM) BXUIES v AU VKFEMER
#% (non-insulin-dependent diabetes mellitus, NIDDM)® 2 f@¥FEw 53X h 32, 1DDME. B,
EEMWERR L DX h, 9P OEHRBETIHENS VA, 2ENCAD L, BEFEELEOYH
10 %% EHTWD, ZOFEERK. RKEHEL R > ToRWR, BHOS VANV ABCHEE
T3 BHIIEA E MRS N, RIS VAU VTREREI L REER, RETIEE 150,
PRk L, RBEBCIY, 7y PV EPAPCERENDZ RS, T MNP U F—V AR 2T 5
BB D, —H. NIDDM & BRAUECRET ZHERS ., BRFBELEOH 0 BE L2,
— iz, NIDDM BE T, BHEO ML SD A VA Y VAL, REhTud A, RBERCE
54 VAY VRREMEAMET LTS, BREL T, AR, VAV VTRERET D, -
T A VR VL BERIKVAEHTRBELEERTHEY,

BRI, BAOBHERSIERITIETHHOh, ZOEHERBDTEHETH D, BEEE
HEHHEE U T, KINEEECERT DEMRELE S, MOEERE® | Slth OEES 1D
¥, BUNDEBECRET SHEBE, BE'2PEXBFLRIN, Tho0GHHEMSMC L, g
BE, REyMENE. GRE, A Y ETYVERL4THD, o, BREECK, IRERBER.,
HRYA—VRBEE, OREERRERRITI LS, BIREELXBHEEC AT IR,
FORERREERLEEHE LTI,

SIMEAER, 1989 £ WHO B LU0 EREMEZESOMRECR., IUERIMEH 160 mHg B E.
WIRPMES 95 moHg LA L& ¥ hTuwd, BMmEER, FEHE, Bk, WMt SEtESEoER TR
ET 55, RAEBMEEBZOKREL EHTOI0RFEMBMEETSH 5, FEEEMERER,
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BREHLERARPRZDEEL TOEIR, 20REBEFESRTHD . REFEEL TR,
BIMERED. BRFERRC, BOEEE, ENEOCREZ0EELAMHELY. BHRBCHEHTS
TERAMLh TV, - T, BOEEECKY ZBEREE, NEXEHKIY bo—LT5Z
ERE>TEBENOBITEHELETIZEXANE LTV, ¥, FRETHTS 530 KHF
WRBMEES L LEFESI ZEbHMbhTE D131 SEOMROERNKEZETh TS,

Cyclic GMP Wk, MEHIRIFA. M/MRERE - MEHEFH, FRGEEEEFR2AETSILT
HMHhTw31517, Cyclic GMP IEAEH T 2RROLEY L L TR, &< »HROIERRE
T&% nitroglycerin BEISH T3, Nitroglycerin &, BHEIIRIEAS L CHIKILEER %
BHLTWRZ xS, JURERE LTHEARRTRD, RETLHREKOBTETAIRREN TS
%, Z® nitroglycerin WHNx CEHFETR., £ENHYE CH S atrial natriuretic peptide b
B, cyclic GMP #ME LD EAMMbhD & ik ok, LA L, Thbd cyclic GMP %
O MEHESF R LT, 8RS OBEEE 2 S5 L 2HRE b inn,

BLEDEE»S, FRFARD L CBMEERC B 2 MEHE 2 BENREY» S&FHT5 BN T,
LEMEFRERF Sy b HRAREERFS v VB IUCREPSRENBLNE BRRIES v b
(SHRSP) % AT, HHERHME I B 2 MEFHED B L O ME AR HIg OB L THRE
BITI oz, &5, cyclic GMP I O M BHIREEF W B 2 EEEAPFEC DOV THHEL,
REEHC R IMEEEL OBEE DWW THETEEL 2, BFHEBRUTORD THD,

1) ST7 FRERES v b OB KERC B D a-adrenaline F&HE
ATEME B IER SO TIE & Ca?*-channel OEREE{LIE DWW TEETL 2,
2) STZ FRWBERIFET v  OME REIRIC B S S-adrenaline BEEEEHE W HT 358K

BOWTHKRETL 2,
3) BARREHERFY v ORISR ENRC B 5 B-adrenal ine FEFENEHEMEMER IS
WTHETL 12,

4) STZ FRMERH 7 v b ORI RBIIRIC B 1) 3 BN K ESEBERG S & O IEk
cyclic nucleotide BOZEILWKDWTHREIL 7,

5) BARRIEMERFZ v b ORI REMRIC I 0 3 B PRI MR R IS @ RIS T g
BLUMBEEORZECDOTHRETL 1,



8) BRREMRA I v b 0 LBMEREIR B 5 M8 EEIRKFEERISC OV TR

L 7,
7) SHRSP DIEEHARIC 33tF 5 ME AR Mgk AEMEERIGE L mEd cyclic nucleotide B
DELEDVTRETL 2,

8) SHRSP DFIMKFHEHH W B 5 protein kinase ¢ AMEMMBIMERIS D W TREL &,
9) STZ FRNERF T v b OB REIRW 31+ D ATP-sensitive K*-channel OBEEEL LW
DWTHREL %,
1 0) SHRSP DIEENIRK #54+ 5 ATP-sensitive K*-channel DEEEZILWDWTHRESL fz,
1 1) Cyclic GMP $#¥iN#ED o-adrenaline ZA{FATENE MB UKD HIE R O /F Ak
DWTHRETL 7,
1 2) B-adrenaline ZEGNEHMEMERISD cyclic GMP HMZ L 2H@IFA L B
cyclic nucleotide BOZEILWZDWTRETL 72,
1 3) Protein kinase C AMFEMMEIUEIFERICRIET cyclic GMP HEMBOMFIRIRIC
DWTHETL 12,



#1% Streotosotocin (S17) SFEERET v b OWSABIKI B A a-adrenal ine FAE
AERIENERISOTREL (o' -chamel OB

FERRRIFICIE, BOIREE{LAE, BOMERD, BESICHBESZOMEEECE S (B4 OAHHE
BHEIZERHMONTOEINZORERFRER BRI A TORWT12 gk, BERREEIEA
OWEEELES ZETLHHLIATEY, BRFAENEREL, MREEPELPHERTF Fio k
LMERGHEZICERAT I EATEEA TS, FROVERFESHDC B 2 nERIGHCE
LTRIEA OENH S #ic, STZ2 BRMEFRF S v b ORMEREBXBIRKIC O v Tid,
norepinephrine (NE) BRMEAUERIGICB VT, BEREOEILEFEDLTERRRIED A M IHHE
h3EWHHiERe 2D DmFMOITTHEIC LD supersensitivity Wiz d EWIHEFDL H D220,
El, —ATE NE CEZ2MENERIGRBEFHETDEVIHELS D2 i—sh 2 REARS
LRTORY, ThHOHECROLND LI BFHEORBRKRLZHAL 2L > TR, vf
hOFECRBNTL, NE CHf T 2RIGHELERFL T0E 00, RISHE(LBIT 5 F3Mk A
A A LEDOTRTFREFA L EhToRn, iz, 5%, OEFRGECEYTR, 2 18
¥ (a®*-channel, BEAfK#AHE Ca®*-channel (voltage-dependent Ca?*-channel) ¥ & U'%%&
kIt Ca®* -channel (receptor-operated Ca?*-channel) DFEEMN|E L h TV 32, Y Lo¥ER
Mo, FETR, 1) ST2 BRWERBK T v b OB REIIRC 81 % a1-adrenal ine ZEFFIHEC
T DRIGHZE. BLY 2) ai-adrenaline FEGFIFEKICH T 3 RISHITHERC BT 3

Ca?*channel DOHEREZE(LWZDWTHEL 1z,



<HRFE>

1) EREMD B & CRERABERFEN Y OIFl:

KB, HEYE Wistar v b 8 B, BE 200-220 g AV, BERFFICK, ol 4.5 02
T VRS E AL 60 ng/kg STZ #EBIRL VRS L. EEROVBERFEZFRL L, £h N
BB, BE0) o VEEEHRO S ERIKAERS L 2, 0%, fobkB XU EBICERE
&, STZ ¥ WEiERs 0 8-10 BREERRCAVE,

2) KEWOFE

EFRE, —EMEIEL iz Krebs-Henseleit solution % AWiz, RFEHEOMALL, NaCl 118.0
mM, KCI 4.7 mM, CaClo 1.8 mM, MgSOs 1.2 mM, NaH2POs4 1.2 mM, NaliCOs 25.0 mM B L T¥
glucose 11.1 mM & Lz, REHHD Ca 4 A4 V&KL L Ca® -free @ Krebs-Henseleit
solution # FAVAHEIZIE, Ca 1A V% Na A AVKERTIZEC > THERL -, ¥BHROME
mbk. NaCl 120 mM, KC1 4.7 mM, MgSOs 1.2 mM, NaHePOs 1.2, NaHCOs 25.0mM, glucose 11.1 mM
¥ LU ethyleneglycol-bis-(beta-aminoethy! ether) N,N,N'N’ -tetraacetic acid (EGTA)
0.0l mM & L7, Ca £ AV ERREL RERUES K OXBEREFAOCIBCE., XBHRFOD Na (4
YR K AAVCERT DI EC IR 2, REROMMK, KCI 125 oM, MgS0s 1.2 mM,
KHCOs 25.0 mM, KH2POs 1.2 mM, glucose 11.1 mM 3L ¢F EGTA 0.01 mM& LA, ZhEFhDORER
W, BB, 95 % 02-5 % CO-OEB/ N AEEREERL. 37 CRMEL %=,

3) 5 v MEEKEMRIR FEREREE O 1EHR

STZ F G EERED 8-10 BRI, 5y POBEEEZRITL., BEEIRA, S ORRINC & D EZE
€, TORE, MKGMEENERCERRL 2, KBRS L DEBERE ToREBXEIR 2 T
PCHEL, 95 % 0-5 % C0. DRAFNAEBRAL LEFHPIW Nh, MERBEO RS e HHE
PRAGHEMEIRIROL, 20&, MY YLy PBIUEHRNT I 2RV, HLOEELA- T,
B 3 om RE 20 mn OIFERER /R £, FRBRC BT, MER BB I0ERT
(EDRF) DRE = EUD Br < edd, MEWEMIAK, TXTHBICTREL TERE TR >k, EX0
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T AR CRARE, —BEPAALTVAANOTHCEEL. tinxRHMER force-
displacement transducer (TB-611T, BANE) Wikl T, ERUEERNEFHEL 2. B, AAH
VAARZIE, REREPHERLL, 95 % 02-5% C0: ORANFNAZAKL T, 37T CCREL &, BF
ik, 1 g OBIERRAPATL T, 60-90 STV A v F ak—a v L ki, EREITR- %,
O/, AT Y AANOEERE., 20 FECTHRL &,

4) BYRISHE OB

60-90 HE DTV A Vv FaxX—a vk, mEE, 1007 ¥ O NE TIEE €, RIEBEEL L
%1z, 1075 M @ acetylcholine (ACh) %35 L %z, Z OFE. ACh & X SIMEM KR AL ME
BBERAMRED LMW ER L > T, IENEMIEMABREEN TSI L 2HEL &, Eihzik
# LUz 40 . NE (1071°-107° M) 2 BHEBE L. PHERISCERFL 2. &, K ROEHC
BD Ca® IR MET T 2. RERE, Ca®' -free DRBRETHL, 155K,
Ca?*-free OERME K WK OB &%, CaCle (0.05-5.0 nM) 2 RBEETIHIZ LWL
TiTle o7z, NE BIALEH D Ca? IERMET T 5k, KB % nicardipine (107° M) 2 &
Ca?*-free DFEJHICTHL, 15 2% NE (107° ¥) 25 L T—BYEDOIERT T b— LRI
WR»- k{%Z, CaCle (0.05-5.0 mM) % RHERE5T I WXL > THREIL Iz, & 7z, Ca®'-free @
FKFEHTO NE BLU phenylephrine (PE) & & ZREMEIUE 2 IREST BT, Ca®' -free &
%, nicardipine (107° M) # &%y Ca®*-free ORBHHL., 15 Hf%i NE (10°° M) B
XU PE (107 M) 25T HZ LW Lo THETL 7z, Bay K 8644 (voltage-dependent Ca®*-
channel agonist) DEA®RETT DM, 15 mM K* CTEFRHE & #21%, Bay K 8644

(1078 M) 25 L T2 OIUERIS B RET L 2,

5) I¥EEDBIE
RIMA TS BCRIERARTOFFI ATy, MHEEE o-toluidine 29 W THEIEL 2,

6) fFFHEY
streptozotocin (Sigma)

norepinephrine hydrochloride (Sigma)
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nicardipine hydrochloride (Sigma)
phenylephrine hydrochloride (Sigma)
acetylcholine chloride (F—H%)
Bay K 8644 k. Bayer #t L W& & hz,

Bay K 8644 3 LU nicardipine V&, 100 ¥ dimethylsulfoxide WL 1%, &HEREKTHER
Lko ANHT v ARAHD dinethylsulfoxide DOBRIKBEIL 0.01 % LTFTHH. MBERSKIREE
PEzbok, FOMOENE, FBEKCEHEL TERICHW:,

7) 7—X O

KPR THRIC, SEFOREELWEL 2, IUEHE. BERN (g) 2EFOEBEE (mg) T
ElokETEL k. BARIED 50 % #FRT 20KLEREYOBE (ECsofl) &, Flening
B3 DHERE > TR, &F— Xk, nean £ S.E. THRL. FEERE W, Student @

unpaired t-test AWV 1,
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<EBHER>

1) STZ BRFERFE T v b OMBEE R L OEE

xR EH R RS L IR O 8-10 BEZOFE S LUMmEER. 2hEh 485.3 +
12.5 g (n=20) B & V" 128.2 = 4.0 mg/dl (n=20) TH» zo —KF. STZ {EBH B3 8-10 8
HOFES L UMmMEEE 3249 = 13.9 g (n=20) BL U 516.3 + 27.5 mg/dl (n=20,
P<0.0D) THY, ERFEFCBTHFERMMEED LEMED Sk, H, ST2 #EHT BV,
M%EfEAS 300 mg/dILLF Db DIk, ERCIEAWr- 1k,

2) NE BESE B UHER IS

NE &, RERLOERKBHCThOBSRBIRCE VTS, BREKRFNRIGERICEELL
A, NE FERIUERISE . BRFEFCBNTRIGEDTTENSRD bhl, BREL LUERFHD
NE 4T D ECsoffild. ZhFh 5.00 = 1.68 x 1078 M (n=6) B LVF 2.23 + 0.48 x
1008 M (n=6) THH, HHROBMCRBREERZREDLhh» o (Fig. 1-1,

3) 60 mM K* BB LT NE BILERD Ca? FRAVERIS

60 mM K* B EHE BT Ca®* &, HEHBLCERFFCThOBTREIRCSTLRE
RENRIUEEER L 25, (a® FRIUEE., BRFEFCSOTREEOTE R Shl, HHE
BB IOHEKREHO Ca® IHECH TS Elsefliik, 2hZh 5.51 £ 0.61 x 107* M (n=6) B &
O 2.78 £ 0.38 x 1004 ¥ (n=6) THH, MFOMICIHEIRRK 55 THEEREMNBEDOLL
(Fig. 1-2) o —7. NE (10°° M) BIRLERWC B D Ca® FJRAVERISE., MEOBICHEELRE
BB LR ol (Fig 1-3), T OROXRES LORERFBHO Ca?* IUEW x5 ECsoffik,
FhEh 2.62 £ 0.26 x 100 M (n=6) BXT 2.91 £ 0.66 x 1074 M (n=6) TH -1,
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Fig. 1-1 Cumulative concentration-response curves for norepinephrine in aortic strips
without endothelial cells from age-matched contro! (@) and diabetic (O)
rats. Values represent the mean from 6 experiments, respectively, with the

mean = S.E. indicated by vertical lines. EC: endothelial cells.
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4) Bay K 8644 FRMEIERIG

BEAkAEN Ca?*-channel DOIEMALETH S Bay K 8644 (107° M) &k, I REB K OBERFE
WFhORBAEIRKC BV THIMERGLERL, ZOUMRISIERFHCBNT, EHCEO
RIGHDTTE L Tl (Figs. 1-4,5), BE B X OHERFFHC B 5 Bay K 8644
(1078 M) FBRIVERSORERAE, h¥h 36.4 = 2.5 ng/mg tissue (n=6) LV 53.8 =
2.1 ng/mg tissue (n=6, P < 0.01)TH o 7z,

5) NE B5Ltf PE kD Ca?t-free T —BHMBINIERE

Nicardipine (107®M) %% Ca?*-free i F®, PE (a1-adrenaline ZEEFRNVIFEIZE) F
FMEIERISE. BERABCBOTEELRISHEOTTESARD Shiz (Fig. 1-6). MEHEHB LT
WERFBECH TS PE (107° M) FRIVERIGOREENE, £hEth 29.9 £ 1.4 ng/ng
tissue (n=6) B LT 45.9 + 2.1 mg/mg tissue (n=6, P < 0.01) TdH -7, Fh. NE (10°° M)
FRMBIE RS LR, BRFHCBOTARRRGHEOTTENRD bl (Fig. 1-6,7), #t
BESIUEERAECHSTS NE (100° M) FRIERIGORERNE, Thth 24.5+ 2.2 mg/
mg tissue (n=6) X 36.9 + 1.9 mg/mg tissue (n=6, P < 0.01) T&H >z,
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Fig. 1-2 Cumulative concentration-response curves for Ca?* in aortic strips without
endothelial cells from age-matched control (@) and diabetic (O) rats.
Aortic strips were previously depolarized with Ca?*-free isotonic K* (60 mM)
Values represent the mean from 6 experiments, respectively, with the

mean * S.E. indicated by vertical lines.
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150 -

TENSION DEVELOPMENT
mg~! tissue)

(myg tension

Fig. 1-3

-@- CONTROL
-O- DIABETIC

0.05 0.1 0.3 0.5 1.0 2.0 3.0 5.0

Ca(mM)

Cumulative concentration-response curves for (a?* in aortic strips without
endothelial cells from age-matched contro! (@) and diabetic (Q) rats.
Aortic strips were preincubated with nicardipine (10 M) and norepinephrine
(10°% M) in Ca®*-free solution. Values represent the mean from 6 experiments,

respectively, with the mean = S.E. indicated by vertical lines.
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CONTROL Dmijnm(\
|
T 1 ro

Bay K 8644

1078 m

Bay K 8644
1075 m
0.2¢%

3min
depolarized with 15 mM K"

Fig. 1-4 Typical recordings of contractile responses of aorta from age-matched control
and diabetic rats induced by Bay K 8644 (10°% M) in the presence of isotonic

K* (15 mM).
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[ CONTROL
DIABETIC

%; - %
T 8

Fig. 1-5 Contractile response to Bay K 8644 (10-® M) in the rat aortic strips from
age-matched contro! and diabetic rats. Aortic strips were
previously depolarized with isotonic K* (15 mM). Values represent the mean of

6 experiments, respectively, with the mean * S.E. indicated by vertical

lines.
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CONTROL DIABETIC

—

PE1076Mm PE10-6M

0.2¢9

Nicardipine10-®M in Cca?t—free medium 3min

Fig. 1-6 Typical recordings of contractile responses of aorta from age-matched control
and diabetic rats induced by phenylephrine (PE 10°® M) in the presence of

nicardipine (10-® M) in Ca?*-free solution.

_20_



(1 CONTROL
60 - 777 DIABETIC
NE & PE: 10"%M
sol %% P <0.01 s
=
Z o
s @
o= 40}
o -
|
w O
> E
a c 30 I
o]
z 3 T %
n 8
z7 20t /
- E géggéé
10 - /
E P /PE//?2
N E 7
%/
0 L S

Fig. 1-7 Contractile response to phenylephrine (PE, 107® M) and norepinephrine (NE,
107®% M) in aortic strips from age-matched control and diabetic rats.
Aortic strips were preincubated with nicardipine (107 M) in Ca2*-free
solution. Values represent the mean from 6 experiments, respectively, with the

mean =+ S.E. indicated by vertical lines.
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<EHE>

FEBRC LY, EROERFT v b OBEHBERERIC BT NE FROE HERISHTTE L T
WBZERBALhEEo R, ¥5K, NE BRIVEORISHTTE T, BELKFME Ca®* -channel
DiEHEAIL % & O phosphatidylinositol (PI) fREEERDTLEMNBS L T3 T ENRALL ER- T,

BERARCR, QONERECBOTHEEZEWEPRLVE VECH T IBRELEEDLI DT E
MR|EShT0B®, ZOBREELC L > T, BREFCIE,OLOEEORHHERE S 751&
Ll o COBAREMERS D IRET 21T - o, Z DR, ST2 FRERMK S v + OBHKBIRIC BV
T NE g DRSO TENED bhl, LaL, NE UUEO BRI R L OHERRHICBY S
BCse fEWIZ, FERZRAHOhLh 27 Eh5, a-adrenaline ZEFOKE LRRBPFMHRE
ftLTwhnboEEz Shiz, SEED SN LS NE HEORSHERL. fioHRELD
W THHMEENTNS2022) F—H T, NE UEORIGIENBIE L THd L ofiEbd D
25-21 ) TOBCHEEMT, FHEAELTWIEEE L T, AukBoiE=E, RikE. IR
FBRZEOEL, BRAELBRL TrL0HMS ORI L2WEENE X ShDH, FEcBL
TRTHTH 3,

KB LI, EREFTRITHOATORKRFETR, NE T 2IEORGHE(L O S b
ERTOWERGT, FMRREHEORA D= XA L TR ITbh Ttk oz, 22T
AHITIE, NE IREED FISHEFHE B L T Ca?*~channe | OfEs X0 Pl REEARCHER L T
B &7 - 12,

FE, NEFEHHERC BTG, 2HED Ca® -channel BEHKIFM Ca®* -channel
(voltage-dependent Ca®*-channel) ¥ X U'ZZ{AHFI#H Ca?*-channel (receptor-operated Ca?*-
channel) OHFHEBREE SN TD2S , 2 THEOBEZ(LERETIHNT, K ROEHCR
% Ca®* BERIUELZ. T, BRELWRFTDEHMT NE FILERD Ca®* FRIUGERHRETL &,
ZORE, K BABH RIS Ca® IR, BRFEFCBOTERHCRISENTEL Tk k
n o, BEMKFMNE Ca®'-channel MWEMHILRECH DT EMWRBE hiz, —F, NE FILEROD
Ca?* FBRIECHL T, MBOHKAEELZREDOAEr 2 EhE, ZAGHME Cad'-
channel DEHEFABROMKES LW ERALMYizot, ZhSOERICE D, EELKAN
Ca®*-channel OIEHEALATH I N Ehs, BEELKFM Ca?* -channel OEMILZETSH S
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Bay K 8644°" W LAUMBREEEEIL LEZ A, BRAFC BV TERCRGEERE A TH
2T bl b, BERIARIC B D IME FRE ORBAKEFE Ca® -chamnel OIS, BI# (R
gEhi,

¥h, EEMBEFRHCEOT N X 3MERMERIS BT, Pl RBIRENERE 2R %
BLTORZ EMHEIhTE23 | NE FORFRFIBESREUCHATIE, MEDY
VIEETH B Pl Ak Eh, inositol trisphosphate (IPs) & diacylglycerol (DG) H34
BENB3Y, T [Ps 2, HEA Ca IO [Ps ZAKIEWT, Ca* RHHE L UHHE
CETIZ—BEOMBERERSIERITEEL LR TS5 38, 22 ¢, FEBETR. NE B&U

PE W &D Ca?*-free W F—BEMEIERIGKRE L 2. TORE, Zhoo

a-adrenaline FAEGFRIHEIC & 2 FBHNEIGERIGE., BRFRECSOWTERECRISHE OHER
BRBSNTz, LEDZ E2s, BRFEROMEFEHC BT, a-adrenaline ZEEPIHIFD
Pl REIEEMNITHEL T3 I EAMENT TR hE,

REoZ &ne, STZ FBRMERF S v b OMIKEINRIC BWT, a-adrenaline AFEN MM
FIWEERDNTTHEL TS eSS ER o, . NE IFERISHEDTIE I, ZEEHIE
Ca?*-channel Tk { EEMMKAEM Ca*~channel OEMAMNBEL TwHZ EMNRENhL, &5
. NE o RISHTTEE, —5. Pl REEGEOTEDHFEL THDH I ERFHERTE,
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BB S BREEETy ORI BY 5 §-advenaline FAKIEHE L 15
HERISOH

HIETOWN»S., STZ FRERFE T v b OB KEIIRWC B 5 a-adrenaline ZEEAENE
MENRFEORISEATTE L TWAZ AL e oz, T ORISHEITER, ZEEHIHE Ca2*-
channel Cik 7z ¢ IR k¥ Ca®*-channel DIEME{LIS LU phosphatidylinositol HBiEERDTT
BCEEL TV ERRBERLST, £ TEERICBV TR, adrenaline XEFHFHFDL 55—
DY TR A7 TH5 B-adrenaline FEFWCER L T, HEFFIC K S MERISHEDOE( &85
Lz, MEFEHC RS B-adrenaline ZEFE, 2 OFFEFR W & - T, MEA cyclic
AMP RE® LR & ¥, MEBEHBEHCEHOTHIZ EAMSENTNB38, Zo B-adrenaline FHE
AN O ME ARSI BN EEEHC B TRERICEHE L T3 Z ERRHETh TR Y1
TOIEN, BIFEERORBOEEAOHEACLMEEL TOWBIEAHbhTwS, Ll ¥
RFEMD O M TR B+ 5 B-adrenal ine BREOBEE LM L gz v,

1980 %, Furchgott & Zawadzki‘®' W & - T, MENEMIAOBRENHL 2 ERD,
acetylcholine (ACh) W & 2MEMERIGE., MENEHMOEECKET SNEBMERISTH S
EAHEE L, ZOBOKRETIC Lo T, MEPREMIAKRFECE CWENEREETDIZ LR
HEThTWD, 2Z°C, B-adrenaline BEFNEN O MEBBR I RIET A RHIEOEEC
DWT LB THRETL e,
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<ERF&E>

1) EREM B & CEEREVIEIR BB O 1R

KRRk, MM Wistar I v b 8 BER. AE 200-220 g ¥RV, BRFHC, pl 4.5 0
T VEHEEIRCEREL 1z 60 mg/kg STZ ZREIREL NIRS L. REBRNWERREFREL . £ X
BECE, B0 - VEBESGRO A ZEIRNKRS L 2, 207&. BB LUHERR. BHCHR
&4, STZ ¥ B ERS5D 8-10 BRECERICHNE,

2) REHOREK

FEWHWIE, —EEEL %z Krebs-Henseleit solution® A i, HEWOMEMIE. NaCl 118.0
nM, KC1 4.7 mM, CaClz 1.8 mM, MgSOsa 1.2 mM, NaH2POs 1.2 mM, NaHCOs 25.0 mM BL T
glucose 11.1 mM & L7z, S, FEHE, 95 % 0:-5 % C.ORBEFTARERBERL. 37 T

MmEL 7=,

3) 7 v I KERIR HEIREE AR O (Rl

ST2 ¥ E#ERED 8-10 ARE., v POEERBRITL. BEBIRH, S OBMmiz X DB
Xt, ZOB, Mk, MEENERCERL 2, KBRS LD EREE COBSXBRKE T
WL, 95 % 02-5 % C0: DBEANAZRBEL 2RBHP A, NERBEOKRS & lEHHE
OB YERD R, Z0%., £#E YLy bBLOEHN Y IZAV, MOOEE R
T, 8 3 am. RE 20 mn DIRFEREREERL iz, MEAEMBREFR OB PITIBRE. I
BAKMIRE., BECTRELTRERITR k. BROEREARBATHAR K, —HE ALY
YAANOZREEEL., M EiEHBIER force-displacenent transducer (TB-611T, HZANE)
WL T, ERMEHFEELE, M, AVT VAR, REHERZHEZL, 95 % 02-5% C02
DREFTAEBEL T 37 CWRBEL 2, EXCE, | g O#EENEERL T, 60-90 7
VA VFaR—Yavl i, EReiThok, SOM. AAX Y AINOFEERE, 2058
T Tz,
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4) BRISHEORE

60-90 KTV A v ¥ ax—T a0k, mMERI0CT M O NE TIEE ., RIENEEL %
W, 1005 M @ ACh ##% 5L 7%z, ZOBE, ACh (107° M) WK X 2HBRIGH. NE (1077 M) wxilL T,
80% LALED ShBZBEE %, WEMMREERYL L. ACh & & 5 ME M AR KE M MEHE/ER A,
£LBD SRR Y PEMIRRERE L,

4 — 1) MEMBRISORE

B & ik Lk 40 1%, equieffective 72¥BE @ NE (3x1078-10"7 M) TMERIVEE €.
RISHEE L %I, isoproterenol (IS0, 1078-10"5 M), forskolin (FSK, 1078-10"% M) 7zl
sodium nitroprusside (SNP, 107°-107° M) % BFENKKRS L. MEMBRISZRETL 2,

4 —2) MmBEKEER O BE

MERFEEAE R T 2R, 1 g OBEEHORE 1S0 (1078-1072 M) * BEMKESEL
TEOUEFAEBET L /2, Methylene blue (107° M) % ik phentolamine (1077 M) OFE %4z
TR, ThooEYRI5 HHEBILEL 2%, 1S0 ¥ BREHCES L TZ2oBERRITL
%o

5) IMm¥EEDHE
Rifi 2175 B R IEHE R T OFRI RCITV., fME#ERL o-toluidine #E2V W THEIEL 2,

8) fERZEY

streptozotocin (Sigma)
norepinephrine hydrochloride (Sigma)
isoproterenol hydrochloride (Sigma)
methylene blue (Sigma)

sodium nitroprusside (Sigma)
phentolamine mesylate (Ciba Geigy)

acetylcholine chloride (&E—fI=)
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forskolin . BF{LE () Lhi#tsEshi,
Forskolin k. 100 % ethanol WL TEBECAVWE, AAH Y AAFD ethanol OBKIBE

0.05 4 AT THH, BRISKREERS 2 hot, FOMOEHE, HHKCEREL TEB
HWE,

7) 7— 2 ORI

FRETHRC, FEXOBEEBFREL L. WEHRE. RERD (g) 2EFOEEE (ng) T
o ETRL 2, MEBERISKE. NE KX 2UEH% 100 % &L REORIS %, mEBESR
(%) ELTmRLE, mARIGD 50 % 2ERT50CHELRREYOBRE (ECsof#) K. Fleming
530 DHFHEHE > TRz, ey 50 % MHEE (ICse) W NE W X DUUEER 50 % K19 5 M
WRBOBEEL L CRL 2, &7 — R, nean + S.E. THL. AEERFW . Student @

unpaired t-test ¥ AWV,
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<KBRER>

1) BB B3 180, FSK BL O SNP & & 5 MR RIS

IS0 i NE TilkE & ¢ B ABIRkE OEFARMERAER. IEFAEARREROVThCSY
Th., BEREFOCHEMERISY AL LA, DENEABEERC BV TE O MEMBRISKE
(D LIl (fig. 2-1), Rk, FSK (adenylate cyclase WEHE{LEE*®’) & KT SNP
(soluble guanylate cyclase WEHE(LEE'S) W L ZMEMBRICE NEMIAFEET £ 3 EFET
THRELLEZA, ThHo{taicid,. NEARBROFR - BRBERCREAFNCRIEED
MERBRISE R o

2) WP B d 150 BRME IKEER

BE LR OB AEIRIC, 150 ® REMICRS T L. BBREC SVT, MEIHEER 2 Ek
Lize 20 180 W& k2 MBEIEERE, IENKBIEERETIZ ERLIDARCHERI AL
(fig. 2-1)o %/, methylene blue (10°® M. soluble guanylate cyclase PREE) ¥ FiLET D

ZERED romBIMEFRRERCHEBS A (fig. 2-1,

3) MBRHB LOBERFRIC Y 2 MEES L OFE

UL UMBERE RS L BB 08-10 BEZOKE S JUMEER,. 2hEh 453.0
9.9 g (0=20) VLY 113.6 £ 2.9 mg/dl (n=20) Tz, —H. STZ |{EB B S 8 A%
OEFER LV MPEEE. 2heh 277.0 £ 11.0 g (n=20) B LV 755.5 + 44.0 mg/dl
(n=20, P < 0.0D) T&HH., WRARCBOTHECMEED LAMRED Shiz, H, STZ BEEHK
BT, MEEEA 300 ng/dl BLTOLOK, KBERAWED -,

4) ERFEEHCHY S 150 FROEDERIS

FERIRFHC BV TH, IS0 ik, NE TUUEE ¢ R Rofi K BMR 2 IRERFOICHEB S ¥ A, ZofE
RGHBRETRD SR HR ERRCOENEMEOBREC L > T2 OERREHEL = (fis.
2-2), WERFHC BT D IS0 FRMEMEFEFORER. NEAKEROERCEDS ¢ RBRG
HARTHEECHESE L Tk,
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Fig. 2-1
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Concentration-response curves for the contractile responses to isoprotere-
nol (IS0) of aortic strips with endothelium (@) , without endothelium
(A) and with endothelium pius pretreatment with methylene blue (1078 M)
for 10 min (M) from naive rats. (Upper trace)

Concentration-response curves for the relaxation responses to IS0 of aortic
strips with (@) and without (A) endothelium from naive rats. The
aortic strips were precontracted with norepinephrine (3x1078-10"7 M).
Values represent the means of results of 6 experiments, respectively, with
the means ® S.E. indicated by vertical lines. * P < 0.05, *x P < 0.01,

xxk P < (.001 (Lower trace)
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Fig. 2-2 Concentration-response curves for the relaxation responses to isoproterenol
(1S0) of aortic strips with endothelium from age-matched control (@) and
diabetic () and without endothelium from age-matched control (M) and
diabetic ([3) rats. The aortic strips were precontracted with norepinephrine
(3x1078-10"7 M). Values represent the means of results of 6 experiments,
respectively, with the means = S.E. indicated by vertical lines. * P < 0.05,

*x P < (.01,
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5) WERIFC RIS FK BT SNP FHRMEMEER

HBFH BT HRES S, FK 5LV SNP 2 &2 MEMBRIGE. MENEEBOFEICKEL
BOZERPELAER > TWHOT, BRFHFCSVTR, OENEMEBRERCDVWTOAZH
ThOEREREL . MRFEHONLBII®ERE L BB ABIKC B\ T, FSK LU SNP u
ThORERFNROEMBRIGERL L (fig. 2-3), ThSOMERBRIGOEER. SEHE
BIFFFROER T, MEOHCREELZREDOhieh o1z,

SRE B L CHRRE OMEXEIRC B 5 HEMEHERD I Cse®, table 2-1 KR L &,

8) WERMRE W BB 150 FRMAEIEEH

FERAFCECT, BIRED (S0 &, MEPEMREOBECBFRE  MBNEERLERL .,
INLOERR, XREE BT 2 EHRBRCEOTHECERE ATV R (fig. 2-4),
N IE B L CHEPRRH OB KBRSk D IS0 FRMEIWEEA D ECse %, table 2-2 WAL
e

T) HERFBCBY B 150 HRMENMEERCRIET phentolanine DEE

VERREC B 2B KBk T 1S0 FHRMEIUEEAE 1077 M phentolamine DRIALE I &
DEBCE S, 150 OWERSHRISETCYT LA (fig 2-5). 25, 10°° 1 0
phentolanine QBB &0, 180 HIEMBUEERILZLT WL L f,
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Fig. 2-3 Concentration-response curves for the relaxation responses to forskolin of
aortic strips without endothelium from age-matched control (M) and
diabetic ((J) rats. Concentration-response curves for the relaxation
responses to sodium nitroprusside of aortic strips without endothelium from
age-matched control (@) and diabetic () rats. The aortic strips were
precontracted with norepinephrine (3x10°%-10"7 M). Values represent the means
of results of 6 experiments, respectively, with the means + S.E. indicated

by vertical [ines.
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Table 2-1 IC se values for isoproterenol (1S0)-induced, forskolin (FSK)-induced and
sodium nitroprusside (SNP)-induced relaxation of aortic strips from age-

matched control and diabetic rats

Drugs Control (n=6) Diabetic (n=6)
IS0 (+EC) 7.96 & 1.98 x 1078 M 1.40 = 0.51 x 1077 M %
IS0 (-EC) 3.73 £ 0.67Tx 1007 M 8.95 + 1.20 x 1077 M x
PSK (-EC) 2.50 = 0.55 x 1007 M 1.81 £ 0.18 x 1077 M
SNP (-EC) 3.46 = 0.66 x 10°° M 4,30 + 0.60 x 10°° M

Values are means + S.E. n, number of animals, EC, endothelial cells.

x Statistically different from age-matched control ( P < 0.05).
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Fig. 2-4 Cumulative concentration-response curves for the contractile responses to
isoprotereno! (IS0) of aortic strips with endothelium from age-matched
control (@) and diabetic (O) rats and without endothelium from age-
matched control (M) and diabetic () rats. Values represent the means of
results from 6 experiments, respectively, with the means =+ S.E. indicated by

vertical lines. * P < 0.05, ** P < 0,01. EC: endothelial cells.
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Table 2-2 EC se values for isoprotereno! (1S0)-induced contraction of aortic strips

from age-matched control and diabetic rats

Drug Control (n=6) Diabetic (n=6)
IS0 (+EC) 1.78 + 0.07 x 1074 M 1.73 £ 0.33 x 1075 ¥ %
1S0 (-EC) 2.04 = 0.48 x 1075 M 1.43 = 0.29 x 10°° M

Values are means = S.E. n, number of animals, EC, endothelial cells.

* Statistically different from age-matched control ( P < 0.05).
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Fig. 2-5 Effects of treatment with phentolamine of aortic strips without endothelium
on the concentration-response curves for isoproterenol (IS0). The aortic
strips were exposed to 1077 M phentolamine for 10 min and then IS0 was added
to the bath cumulatively. Values represent the means of results from
6 experiments, respectively, with the means + S.E. indicated by vertical

lines. * P < 0.05, *x P < 0.01. EC: endothelial cells.
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<HE>

FHRBC LY, v MEHABRKCET S IS0 FROFBBRICE. OEARBROFEC—E
RELTWDZENRELER oz, EHI, KEREVERKS v b OB X BRI 5v T,

190 FHRMEMBRAOWTER L 150 FROBEEFERAITTET S ERELM LR &,

Furchgott & Zawadzki‘®’ % Fridovich'®’ So#fifc kd e, B TD B-adrenaline BH
i, MEFEGEIE LD B-adrenaline BEKHES L. B AR MIQFEKRAE O MEHERIG
FRTE—R/CEELSh Tz, L L, Steinberg!® S Lo T. U VKBV OISR B
Ewik., B-adrenaline BEGMNEETIZ EABEEN TS, XKBOKFTML5E, Fv M
BRI 3 (S0 FROFBERISE. DENEMERERE LD S, MEALHERTFERS
O BHBRIEA B - ke, LA L, NEFRBEZFEAELE TS FSK (adenylate cyclase EtE
{LE42)) B KU SNP (guanylate cyclase {EHE(LE'S ) &, MEARMROAFE KL L §F0E
PEBCHBE LI LS 1S0 A, SHHNCmENEMIBKFE CIER BB T D2 L HRgE
hiz, ¥, FRBCBVT, 180 FROEMBRISHARMPORECIDEF L Tk, 2o
HZBIL T, FSK B KU SNP O FEEH» S MEREMIAORED, FRENOBELXRET S -
OTHHEw ) AR EREh D,

FERCHBOT, BBED IS0 &, BLELRADS v MNEEHABRYIEE ¥, Z 0 mEIRNE
ERR, MERNBHROREIC L > THEEE AL Ehs, 150 BROBFIEC BT, MERNE
MR IFCHEH T DI LML ER ok, &5, nethylene blue (guanylate cyclase
FHEZRT) OFREW L->Td 180 FREEERS LA, ThiCBL T, Martin 5. OEA
BAERAS &1k, MEPEMIaEEF (EDRF (NO)) A5, HE, E&, HHEhTHhH, z0ELE
A, methylene blue W EDIHE DI EERWMEL T BT, $E- T, 180 & & 2 mEEEHA
Wb, WK SO EDRF (NO) MBS L TSR M I S hi, 4. 1S0 FHHRMEIR
WEMERW. a-adrenaline ZBEFHEMFETH S phentolanine K ko> THREh L Z Ehs, OF
VHEFB LD, a-adrenaline BAEEKE N L TOSAENNTIE L hE, Z0OZ k. Ty b OfE
KERAMEOFE L L L T, JEBW S { D ar-adrenaline BEHER EATVS LW Ruffolo?®?
boREE bAE Y 5,

BERFHOBBRBIRIC BT S 150 FROFBBRISEHLMEAFET BB L, FELER
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WIBERBOTD, NERELKRT D EFEANEBL T, LaL, FSK LT SNP & L5108
WEFISE., MHOBCRBEELZREADOLA L, >R Eh 6, BRARKCKTS IS0 HFROE
WBRISOWSEE. FiEEHHIO adenylate cyclase ¥ &1 guanylate cyclase {EHORE W L3
bOTREBWZ EAREEhL, T OREREYCBY 2 BED B-adrenaline REHOBEERKE
WBIL T, TSy M BESTFEES S BLCORSY KBV THENLEh TV, TORK
BIL T, BREWC LI, BERBEED norepinephrine ¥ LU epinephrine Foimifsh
catecholanine BEMABEZCHRTHOI ERFEENTHE, f£-T, ThH0HEELD,
HERAREC RS B-adrenal ine ZEGBEETORREE LTk, MmiEd catecholanine ® LR
%5 B-adrenaline RA{FD down-regulation 2. BI5 L TOIHEEMLAE X Shd M, R
LTREAL Lo Tunigny,

oI, IS0 BROFIEFACEOTH, ERAFC B THEEROERELL THER
REHOTTERRD SNz, TOZ b, BRRIFCBT S IS0 FROFIEIEAOTTER,
a-adrenaline ZAEAEMEMEINE DR K L CHEMN KA ED B-adrenaline ZAEZ DAL
BETCEEL TWAZ ERATEI N, TTR, ERKBIBC BT S a-adrenal ine RAKNZEHM
BIUEOTUEBIL T, FLIETHHCREL TR, F1EOHERL L LHET2HEEE
%o lz, '

REDZ EHo, MRRFFCIE adrenaline ZREFEOHBEE a subtype TIRREEFED LR,

B subtype TREMEDERTH#RFETIZ EMNELMER -z, XKRBCHT2HER. 1) Sy ¢+
BEBXBIRC BT, 150 FRMEMBREISH, OEFNEEBOEEC—EMEET D, 2) EHH
W RPEND O ME TR B S B-adrenaline BEBOMEENET T3, LS uTFhizHnT
bREYVOHETH D, BT, ZORBREITHTIHENLELERSh 3,
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BIE BRABEERRT v b ORTABIKI 505 f-adrenaline RAMfEGE
T ARERIBOHH

F2HETORE NS, 150 FROEMBRIGHAME R LR —EKRAEL LBBRERTTI L
5K, STZ FHRERKB S v b OB KRB 30Tk B-adrenal ine ZAENTEN O MEIRE
AMNEIE L., BENCZOBENEEINRTWBRIERROELEYY, 22T, XETK, T8
RF% BRRBIETDEMTH S WBN/Kob T v MR AWT, KEBXEIRIC B S  B-adrenaline &
BHEOBEELLERETL 12, WBN/Kob 7 v Mk, K4 VD Bonn RETCESZCHETIHRAELT
HHEHh Tk Wistar RCHET S5y b TH D, 20K, 1976 FiZ Dr. Kobori & - THZXK
REHbRAEh, ERFLARRETIZERROEEhZEW S35 ML LTk, &% 60
BRIEC [HOERER? BRARET I VWIBHTHELEYTHY ., ZOREHRFPLLOMBIL
TRTHLADRSSEROMEOERSBLEIRTVWE, ZOBRLEERM S, STZ FRERKS v b
TRAD LN MEFEHD B-adrenaline ZEFBEETHERRERERR I v MICBLTHED
LENBENE S »EREL L,

_39_



<KBRFHE>

1) fERENMDY
SEESTIE, HEHE WBN/Kob 5w b 70-75 B8 B LU BB REERD Histar Koy b %

Rl

2) KRB DR

FEHCIE, —EHEIEL & Krebs-Henseleit solution &MV, FKEHOMMRE, NaCl 118.0
mM, KCl 4.7 mM, CaCle 1.8 mM, MgSOs 1.2 mM, NaH2POs 1.2 mM, NaHCOs 25.0 mM B LU
glucose 11.1 mM & Lie, HREHEIGHABE, 95 % 02-5 % CO ORAH AR FEEAK L., 37 Ch

BL,

3) v MEEKEMRIR IR RIS O Rl

Ty MK BEHERITL, BEBR>OBMERDII I DBIEE ¢, Z O, 0k, Mm
BENERCRRL 2, KBRSV LDEBREE TORDRERE TIEPCHEEL, 95 % 02-
5% C0 DERAENARBEL LEBEPWC AL, MERAEORS TIEBEGCESAZBEI B
oo TOH, EHY Uty PBLPEHNY I AL, MLOOEERI->T, 18 3o 8E 20
mm ORRIERIEAR TR L oo MBE PRI EH OB 2175 ik, NENEMRE, ST
BRELTRBR 2T >k, BEROBHL AR TRALE, —WEALST VAANOTHCEEL .,
fthim & 3R SIBEM force-displacement transducer (TB-612T, HANE) WL T. ERMIES
BREL ko H. ANFT AP, HEEEHLL. 95 % 02-5% 0 DRENTAEBEL T,
37 CRREB L, BFWCIK, 1 g OFMEREDFARL T, 60-90 HET VA Vv Fax—vavlik
B, HBREPIThok, OB, AT UAZAROEEEIE, 20 HECTHRL .,

4) BRSO
60-90 HEDT VA U Far—Ya ok, mE%, 1007 M © norepinephrine (NE) TUNHEX
B, RIEHEEL HFZ, 1075 M @ acetylcholine (ACh) #i&5 L 7, Z DK, ACh (1075 M) &
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& A3BRIGA NE (1077 M) LT, 80% LAEERHS5IhIHEE ARMIRFERE L, ACh &
& ZMER G MR EENERZERLS. £{BADShRVRF2AKMRRERE L. Ep%
Be L 7z 40 iR, 107 M ORED NE TOMERIVE & €, RIGHEEL 2R, isoprotere-
nol (IS0, 1078-10"% M), forskolin (FSK, 1078-10"® M) % 7ziX. vasoactive intestinal
peptide (VIP, 107°-10"° M) ¥ REMICRE L. MEMBRIGERET L 12

5) IMm¥EfED fE
RILT DB, FERATOFRPCITY., MEEOREG BB ITEE (Hitachi 7150) &/

W glucoseoxidase & TITit - 1=,

8) fEHEY

norepinephrine hydrochloride (Sigma)
isoproterenol hydrochloride (Sigma)
acetylcholine chloride (HE—HIZ)
vasoactive intestinal peptide (Sigma)

forskolin . HF{LE () Lh#t5 & hi,

Forskolin . 100 % ethanol WHMRL TERBRW AW, ANLH Yy AAhD ethanol DHRKRIRE
i 0.05% LLTThH, MERGCEBERPSE 2>, ZOMOEMPIBEKCERL TER
RN,

7) F— 5 O

MBS, N X DIEN T 100 % & L REoO#a s, MEBEE (%) &£ LTRL L,
1o, 50 % SIS (I0s0) b NE 12 & BIRHEE 50 % $I%I9 3 MEBBEOWE L LTRL oo &
F—X2&, mean £ S.E. TEL. HFEEKREW. Student @ unpaired t-test RV,
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<ERER>

1) ®B#HL LUBRAREREKFIC BT 5 MEE

WNBEHC KB SERFEAFOMIEMER 116.5 = 4.5 ng/dl (0=10), BARIEBRFRHI BT S
Mm¥EfE 385.0 = 20.3 mg/dl (n=10, P < 0.01) T&hH. BARERRREC BV THEE KM
B LERBED SR, M, BERAFFHCBOT, MmEEEH 200 ng/dl LTOb Dk, HEIKAL
oz,

2) FIES LU B AREERAEROMBABINCSY S 150 BROEBRG

SRS & U B RRERRAR O WEATIR 50 T, 190 MM IR B LT D
MEPERRRER ST, O TR b BRI RIS & 7 L s, MM R
EEHCBSWTFOMEMBERISIHBTH SN (fig. 3-1). -, BAREBRRECEYS
150 BRMEMPBRITEHIER L BT 5L . RO AR RS CREL Tk,

3) HEHE L UERBERRFE ORBABR YD FK LU VIP FROERERIS
WREB L VUCBRAREBRRHFO BT REIRC BT, FK JIRERENTMERERGETRL

ke (fig. 3-2) LA L. FSK HRMEFBMBRIGEEHOMCAERLRZRZD S hishr o1z,

¥, #EESICERREBRFARFORBABIKC BV T, VIP RIREREFN R OERE RIS

AURS, TOMEBBRIGIE FSK LHBT 5 &55<, RAMBRIGIEH 30 % BETH- L

(fig. 3-2)o Z VIP BROBMBRIGE FK tEHCEHOBMCAERZRED iz ho 1z,
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Fig. 3-1 Concentration-response curves for the relaxation responses to isoproterenol
(180) of aortic strips with endothelium from age-matched Wistar (@) and
WBN/Kob (Q) rats and without endothelium from age-matched Wistar (M)
and WBN/Kob (J) rats. Thé aortic strips were precontracted with 1077 M
norepinephrine. Values represent the mean of the results of 5 experiments,
respectively, with the mean * S.E. indicated by vertical lines. * P < 0.05,

** P < (.01
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Fig. 3-2 Concentration-response curves for the relaxation responses to forskolin (FSK)
of aortic strips without endothelium from Wistar (@, n=6) and WBN/Kob
(O, n=6) rats. Concentration-response curves for the relaxation responses to
vasoactive intestinal peptide (VIP) of aortic strips without endothelium
from Wistar (B, n=6) and WBN/Kob ({3, n=6) rats. The aortic strips were
precontracted with 10”7 M norepinephrine. The results are expressed as

mean *+ S.E. indicated by vertical Iines.
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<HE>

HOBETORNNS, EHES5 v MNESABIRC B3 150 HR MRS IGH MERN KEAERD
FEC—HRETIIEXRALI LS, FHRBEHVTH, 7 v MEHXBIRICEY S IS0
FRMEPBRSE, NENFRROFEC—IKET 5 EXFERRAEhE, o, SHKER
RIEWERFS v bORBREIRC BT, STZ BRWERA T v b LRI, B-adrenaline XH
HAEEOMEBBERIGHREIEL TWHIENALIER ST,

¥, ZERPLHRREMERK Ty P THS ¥BN/Kob 7 v + DEEBRBIRICE T, 1S0 FEHR
MmAEMBRIS G, DENEREOARCEDLL T, SRELHEXTERECHSE TS LAHLNE
ko, &5, adenylate cyclase {EHELETH S FSKP) W & D MEHBRIGIE, WE DEIC
EERZZXZAD OB, >R, S, BRFHC Y 2MEFHEHRO adenylate cyclase ik
W MR <. IS0 i &5 B-adrenaline RAGNEHEMEHMIBRRICORESIX. B-adrenaline
TEFOBEN LT RET S Z TR Ehi,

VIP . BN AMIEREN C 8 d cyclic AMP #MNE ¥ THEMBRIC R RTHERT
F FTH B, FZTEEWZ, VIP # B-adrenaline ZBEEE A E 2 0BID cyclic AMP HEIE
LEZ. BRREERF S v bORSBABIRIC BT S VIP FROEBEBRICERTL &, ZOER,
VIP & 2MEHERISLAHOMICRERRZRED S hizh ol MEDTZ &b, BRREE
BRET v b OBESABIRIC BT, cyclic AMP BEEERICEBWT, B-adrenaline ZEADHRE
DHMN, BEHCEELIATVIZ EATE S h, F2ETHRAR LI, BRFEE QMK
t catecholamine HEX, BEALHBL THEOWI EAHELH TS 295!, B-adrenaline
FHED down-regulation MEEZ D, BEETARI > TODAREMENREE hi,

F2ETOKRITIR, STZ FRERFE T v b TOHRIRIC [S0 BRMBEMARRISHIRTT L T zhd,
STZ FRER K T MBE{EA 755.5 £ 44.0 mg/dITH > L TEETHW L BRRIE
PR S v v THB WBN/Kob 5w bk 385.0 £ 20.3 mg/dl & STZ BRERKR S v bTEART
WBN/Kob 7 v b O AMNMBEEIXECHEE L TRBEOERFRTHI I EEXO Ik, MEOZ EHR
6. {LRWHEBRMED STZ FRERFI v PZBVTHL, HRARERERETT L O WBN/Kob 7 v
MEKWTH, B-adrenaline BEEKNEMO MEMBRISOBHEHED Shicdt, Thd OBR
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RETFNVEBWTR, B-adrenaline FEFOBAERK TR MBEEORECHEDLS F. [ HERRK<T
FAEBYLEBHRRETHITREENTE S h iz,
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B4% ST SRR v b ORI B SO EM SRR
RISOBH L M cyelic ncleotide BOF

1980 #Ei, Furchgott & Zawadzki®?®’iZ &k - T. acetylcholine (ACh) W & 2 MELEFERAC S
W AMERNEMROBRESAL AL 2D, ACh FRMOBMBERSHNENLMROEFEECTERITK
HFTHERATHDH I ERMEEhL, 20RO LD, RWETE ACh 2RUIBHELT
histamine\ serotonin, adenosine triphosphate, platelet activating factor, substance P,
bradykinin S04 iz £ANWE A ME R LA KE L THEBBERICE R T Z ENBALLER
2 TW3557%0) | Zh & MBI LR EFEENE R AR EOREBACRE ST L, IIE
PR IR Bk stk240'E (endothel ium-derived relaxing factor (EDRF)) & MREh ZHdH TIERE
BHEABH &h, T o EDRF AMmEHD cyclic GHP BREME & T, MEBBFRETTZ L
MRS R ETg o TN 8800 | Z ik, 1987 I Moncada DA —T76 & > T, EDRF D&k
» nitric oxide (NO) TH2Z EARBEh, RETRER R > TwD, MEAKMIGOBEL
LTk, M oRELE. M/MMIEE - $ERE,. WHESAMEORE ., nERIEOMRENETFS5hD,
451, EDRF ORI, MELRFEALG TREECIVMEOEE - HERLFHL T0BT Eh b,
BIRELF0RRBEZREHEL BB CHARLTWIEEL LA TVWD, ZZTHETR, BRRE
R DMEAREREOBEEELICER L, ACh CXINERIAKRFEMERERIGEREL, &5
W& cyclic nucleotide B DWW THHFETRETL 1.
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<HBRGE>

1) fEFBD B & URERHNE KR END O (FRUE

FERRW K, #HE Wistar I v b 8B#h. FE 200-220 g¥ v, BRBEHCE, pll 4507 =
VEABETRICYSME L 72 60 ng/ke STZ R RHIRL DIRE L. EROMERREFERL L. ke, HE
B, o/ VEBHEROARBIRNER S L 2, Zok, KB LUHER, BHECER
¥, STZ EhRBEEs o 8-10 BREEERCAVE,

2) FREHDORK

FEPITIE, —EZBMEIE L 2 Krebs-Henseleit solution® B iz, HEEOHMAE, NaCl 118.0
nM, KC! 4.7 mM, CaClz 1.8 mM, MgSOs 1.2 mM, NaH2POs 1.2 mM, NaHCOs 25.0 mM B LT
glucose 11.1 mM & L %o, REWIEHEE, 95 % 0-5 % COOREN AL HERHERL. 37 °C%Z7'Jq

&Ll %,

3) v MEEKBIIRIR SRR R D /RS

STZ ¥ hikHitE5D 8-10 BREKWK. I v MOBEIEEITL. KEEHIRH» S ORMI & HEHIE
ek, ZOE. Ml mEENERCERL &, XEBRSML D EBE S TORSXEIRE T
PFHL, 95 % 0255 % C0: OREFAEEKL LEBHF W Ah, OEREORSI2FEHHEB
PHEEBEMVRVE, 20%, EHE YLy PBIUEHENY I 2B, MOOEERIA- T,
8 3 mm. R 20 nn OWFEREREFRL 2, EROERY KRR TRALE, —HEALH Y
NANOTAECEE L, thIF®RNBIEM force-displacement transducer (TB-611T, BA¥E)
WL T SRUBNDZUEL o B, AT VAR, EEBERHLL, 95 % 02-5% CO02
DREHFNAZFERL T, 37 CRBEL . BRI, 1 g OBIERHEZARL T, 60-90 2R
VA VFaN—Yarl kg, REBRThok, ZOM. AT Y ANARNORER L, 20581
T T,
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4) EMRIGEORE

60-90 HEDT VA Vv F a2~ a vok, ME#10°7 M @ norepinephrine (NE) THLHEE ¢,
RIEHEEL iz, 1075 M @ acetylcholine (ACh) ®##®&5L 7%, ZORE ACh (1005 M) &3
BEERIGH, NE (1077 M) WL T, 85% BALBRSHLIhZBE®, ARMARFERERLL. LB
BTl ot, B EERE L 2 40 91, equieffective ZIBE D NE (3x107%-10"7 M) CiE*%
& ¢, RIGHEEL 2%, ACh (107%-10"% M). sodium nitroprusside (SNP, 10°9-107% M)
¥ %k, atrial natriuretic peptide (ANP, 10°°-10"% M) %# RERIW®S L. MBERERIE LK
L.

5) Cyclic nucleotides EOHIE

m&H cyclic GMP B XU cyclic AMP D EBEIX, radioimmunoassay W TITis o, MERM
FRE 8-10 BREKKE, S v POFEHPERITL, HMEBIRS>5OKMIC L DB EE L, DK,
TIPS ABIMR A L. 95 % 02-5 % CO. DRATAZEKL RRBRPIC AL, MEEFH
ORFBEHEECEGEMER DRV, 20%, OB % 5 nl ORBESAA - LRBECHEL,
37 CWAREE L T, 95 % 02-5% C0: DRENTAZBER LML, 60 HHA vFaxX—bL i, 1V
FaX—varok, 1007 HWNE ZHFEMLT 10 A Y Fax—Ta¥ Lk, ACh ORE LR
TAHHECK, ¥5W 10°° M ACh ®FML T, | HBCHEEBRCCTHEBEL 2, gL EEX»
RY brrvAREYSF Y — (Polytron Kinematica) AT, 6% trichloroacetic acid 1 ml #
MEXTHREYF AL XL, EOHEE (3000 g, 4 °C, 10 min) #%. LiFEXHEL L, EiELRKEM
ether ¢ 4 [E%# L T, trichloroacetic acid ®#fEL fzo UMED IS CHBL 29V I AF0
cyclic GMP B LT cyclic AMP % radioimmunoassay {EW CTEBL =, MEEXOELRL.
Lowry 582 @ F¥:TERL. cyclic GMP B LU cyclic AMP B EHECTHIEL TEHL .

8) M¥EED HIE
HFRMT DR, SEERTOFRIFCITY, MEEORER o-toluidine #2% TiTis- 2,

7) {EREY

streptozotocin (Sigma)
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norepinephrine hydrochloride (Sigma)

sodium nitroprusside (Sigma)

atrial natriuretic peptide (X7 F FHF3EFR)
acetylcholine chioride (E—$4%8)

cyclic GMP radioimmunoassay kit (¥ < ¥ #h)

cyclic AMP radioimmunoassay kit (v 4&ih)

8) ¥—X DT

MR ERE. NE W X2 H% 100 % & LEEO#EY, mEmER (%) L TRL
Pzo ¥z, 50 % #MHIR (ICse) W\ NE WX DUNER. 50 % HIHIT S MEBERBLEORE L U TRL
fzo &7 —%1&, nean £ S.E. THRL. AEZEREWK, Student @ unpaired t-test % Az,
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< SERER >

1) WL LU BRANCEY 24ER L O IEE

Yy UBREHRRS L At BEO 8-10 BEEROKER LUMEEREhETh 453.0
9.9 g (n=20) BLV* 113.6 + 2.9 mg/dl (n=20) TH-t%, —F, STZ /EHC B3 8 BHEE
OEFER LU EERZhZFh 277.0 £ 11.0 g (n=20) BLT 755.5 = 44.0 mg/dl (n=20,
P<0.0) THH, BERARCEWTHELMBEEO LEPED Hh iz, H. STZ #EHTBVT,
M¥EfEA 300 mg/dl BLTFDD DI, EERCEAWah - 2,

2) ACh, SNP, ANP BEZMEHIERIG

ACh &, MEBR LUCHERAHOVThORFICEVTH, NE TIUER ¢ LR X Bk % REKA
BNCHER & € 2, BERFHICEY 5 ACh FBRALMQEFEOERERISE., BB HEBRL T
WHL Tk (fig. 4-1), ACh WK K DMEMBRIED 1050 {HIZ, WIEFHT 4.57 £ 0.67 x
1078 M (n=6). ¥ERWEFT 1.00 £ 0.87 x 1077 M (n=6, P < 0.05) THH., WRKHC KBTS
[Cso fEiX. BEWHAL T, SNP (soluble guanylate cyclase iE#E{LEE!® ) B LU ANP
(particulate guanylate cyclase {EHEALEESS) W, HWHBLIUCHERFR O FThomBEIB VT
LIRERENDOEMERIGETL LD, GHOBCREELZREDShixd >k, [(soflld.

table 4-1 WKL 7=,

3) cyclic GMP B XU cyclic AMP BEDZE (L

m&H @D cyclic GMP basal level &k, XfBEEET, 7.46 + 2.02 pmol / mg protein
(n=4), ¥ERRET. 1.28 = 0.72 pmol / mg protein (n=4, P < 0.05) THbhH. HWRHEBHC BV
THECETLTOA, 51, NE LBHB LV ACh REFThoBECREVTL, NEF
cyclic GMP EWRMERFB CRID L Tviz (table 4-2), Z OB, cyclic AMP @ basal level &,
MEHDOECHELZRRD S5hish > (data not shown),
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NE NE

lOGq

6 min

Fig. 4-1 Relaxation responses to acetyicholine (ACh) of aortic strips with endothelium
from age-matched control and diabetic rats. The aortic strips were

precontracted with 3x107%-10"7 M noradrenaline (NA).
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Table 4-1 IC se values for acetylcholine (ACh)-, atrial natriuretic peptide (ANP)- and
sodium nitroprusside (SNP)-induced relaxation of aortic strips from age-

matched control and diabetic rats

Drugs Control Diabetic

ACh 4.57 + 0.67 x 1078 M 1.00 &+ 0.87 x 1077 M *
ANP 3.51 = 0.83x 10° M 4,53 £ 0.69 x 10°° M
SNP 3.46 £ 0.66 x 10°° M 4,30 = 0.60 x 10°° M

Values are mean = S.E. n = 6 animals.

x Statistically different from age-matched control (P < 0.05).
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Table 4-2 Basal and acetylcholine (ACh)-induced production of cyclic GMP in aortic

strips from age-matched control and diabetic rats.

Agents Control Diabetic
cyclic GMP cyclic GMP
(pmol / mg protein) (pmo! / mg protein)
None 7.46 + 2.02 1.28 + 0.72 *
NE (1077 M) 7.30 + 0.58 3.56 £ 1.13 *
NE (10-7 W) 43.88 =+ 4.50 21.10 £ 1.32 *x

+ ACh (107% M)

Values are mean * S.E. n= 4 animals.

Significantly different from age-matched control, * P < 0.05, **x P < (.01l.
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<HE>

FRBCBWT, STZ FERERAR T v + OB REIRC B 5 ACh BFRARKMIEFIEHREER
MBHL TR ENASEhER o, E5K, ACh LD cyclic GNP £RE D ERFRE TIRE
TFLTwZ &Ehs, FERFIFCEK, EDRF (NO) OELF f:iiﬁﬁtﬂ@f&_ﬁ'blckr)m%?‘]ﬁﬂﬂﬂ@ﬁ
HEMETLTWAZ LM LMo,

4E., ACh & & 5MpARKEEDFBRRIGE, BRABCBVTESL TV, TORROD
—D& LT, guanylate cyclase EHDETRAEX SN D, TORKBL T, SNP (soluble
guanylate cycase {EME{LEE!®’) R LU ANP  (particulate guanylate cyclase 1EHE(LES?) &
& PMEMBERISZIRES L ohd, MBOMCAELRZRXEDOhxdh ok, TOBERML, MEF
WER D guanylate cyclase FEHICRAH OB ER L, ACh KX 2B RISDEES L.
guanylate cyclase EHEDEM LD DD TRRVI EMNFREE iz,

ACh H, PIRKERE_E® muscarinic receptor W& ¥ % &, EDRF (NO) & LR 2D TTRE
ITEMRHE & h, @ EDRF (NO) A%, FHEGRITOES cyclic GNP EREME & T, MEME
ERETRTZEMNELMER > TS5 8D | 22T, XFRE BT, MEH cyclic GHP 2FE
BLEZA, basal level BLU ACh FIHBEOWThOBEKC RV TD, cyclic GNP BEIERA
HTHECBO LTk, BEoZ b2, BRFRCEIT S ACh ERMBERISOWS, mEH
cyclic GNP B E HAEBILTRY. ZOREL LTk, ACh FIBKF> EDRF (NO) DEEH F 7o Wb
DETABE L TOSREERE 2 Shik, &5, FERFFICE, basal level OMmEH
cyclic GHP BELHEEREPL T Z th b, ARMEYD LEREES N T3, EDRF (N0) O
b HERFIFIC AR W AT BEEAURIE X h e, BERRRRRC 351 2 B M AR OBESBIL T
fETFe4 | TS| LSS L4 LHERDH D, TOFBECHL T, BREATRIELhER-T
Wiz, UL, ThE CoRETH., BCMBERSEO LML LERTHY, mEP cyclic
GMP #EEL L IMERE, FRBOKREE, BERFHONTARMEOKEETE I LK
BMOTHRTELDTHD, ZOLIC IEERFET LD ST FRERF S v b ORISR BRI
i S MM DIEEREE A ER S ohike, MEMEMIIEE nitric oxide (NO) %7r L /MRS
£ -WERMHTIFACHOCO S, 20 L AMRRCEIRE(LE, NmEEER, FiE
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SO/ BREFKBORAL o> TS AREMEMN TR E Wiz,
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BOE HREERKR7 v b ORTREI B SPGB DERER A RIT T Mg
bLUMER0ZE

FABECRWT, FHW, STZ FRERRS v bORBAREIRC B2 ACh FRAKMIKENE

HRARIERANEFIL . BERFFC B 2MEPRMIROBEMETL TR Z LR RVEL RS, &
RREBERF Sy ML TR, £ F 0% 1 2BRAR Y HRRIET S Bio Breeding (BB)
Sy bEBOREE»S, NEMRFENEDENEEE T ENREER TS89 —75,
MEN AR OBEGMBCL s TOET TR EAMEERT0H I LS | HEFBRC B
SHBBEEREEINRC Lo TIESh 3NS5, I TEETE. [HOBRKY AR
E$ S WBN/Kob 5 v + ORIEBRENRE AV C. MEMKRMIGOBEECEE LT, WAEMIRKREEM
BUERCRIE TN L MEEOBEC D THRE 21T > 2,

..57_



<KBFHE>

1) EREMY
ERITIL, HPE WBN/Kob F v b 13-15 A B LU 90-92 B ® vk, ¥k, WHEECEEH

FhELEEBO Y Wistar B5 v bR AV,

2) REHODRB

FEHE X, —EBIEL & Krebs-Henseleit solution® Aviz, KEHOMAIE, NaCl 118.0
nM, KCI 4.7 mM, CaCle 1.8 mM, MgSOs 1.2 mM, NaHePOs 1.2 mM, NaHCOs 25.0 mM BL T
glucose 11. 1 mM & U7z, SRFEuglk, #ABME. 95 % 025 % CO.OREHF AR HEFEKL. 37 Tk
IR L 7z,

3) HukE{E D HizE
gy SR, FHERTOFRIHPITY, MBEOHEG BB HTEE (Hitachi 7150) A

W, glucoseoxidase ETITH - 2,

4) FEEMmAImEOHE
5w FOMFER, BT 51 BRCIEEMAYERFE TOERIEEE (KN-210-1, Natsume) =
Lo THEL Izo MERESDEFEERL, SEHAZFEL TEHELKD 2,

5) J v bHIEREHIRIE ERIZA D {EHY

Zv b OEMBEERITL, HLEBR»S ORI L DL, T OB, Mk mEEREBe
BREL oo KENRSET L DEFRIZE CORMABRE TIEPHEL. 95 % 02-5 % C0. DEREN
AZBERL RRBEPC AL, 0EBAEORSY ZIRHEBECRABBER DBV, 20Kk, %5
Erey PBLOCEBENY IZAG, MOOEERL- T, 18 3 on, £X 20 nn OEERELSY
fFRL 7o, MERKMEIEZEEL BN TREYRISERET T B8, SBCCHBEEEREL
2o BEROHERE ABATRALE, —~WEALTVAZANOTRCEE L. s EHRAE S
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force-displacement transducer (TB-612T, H#AXHE) Wikl €. ERMBEHZEEL =, .
ANTVANAZANCE, RERZH L, 95 % 02-5% (02 OREVAZBERL T, 37 CTRFEL .
BEFRCE. | g OBERAEZATL T, 60-90 HHETVA ¥ ax—a vk, £EREITR
oz, TORN AN Y AARNDRERE 20 2B &,

8) BMKIGHEDRE

60-90 SOV A Y FaxX—Ta vk, B, 1007 M @ norepinephrine (NE) THLE &
., RISMWREL 1B, 107° M @ acetylcholine (ACh) %% 5L . Z DK, ACh (107% M) &
& BRERIEA. NE (1077 M) LT 70 % LD SN 2BE%, NEMRFERRE AL,
ACh W & BERIGH L (RO LR RVEER Y AR EREFRE L TRBRETR o &,
BWEKEL & 40 2%, xI107%-1077 M OBED NE THERES ¢, RIENTEL i,
ACh (1078-10"% M). sodium nitroprusside (SNP, 107'®-10"7 M) % %Ik, atrial natriuretic
peptide (ANP, 1071€-10"7 M) ® BREEMICIRE L. MBEHBIERZRETL 1,

7)) IR R M O B BAREE S

ERIVEBAERERBEL. B 5m OV Y IREYDF VU IALELTHVE, Ex,
2.5 % glutaraldehyde &4 ¥ BREHD (4°C, 2hr) CTEZEL. 2%, U VESEHRT
20 B EW 3 EEHL 2, RIC 1 % osnium tetroxide ¥ &dr ) v EEEEKT 90 HHEEEL &
HE, 10 BEW 3 EBEEL 2, ethanol TEREAV R L 2274, propylene oxide &
araldite epoxy resin ORAYPIEER®2 B L T—HBETEZEL., 0%, 60°C T, 24 BFEKE
L 7%z, Z0D1%. uranyl acetate # KU lead acetate THeta L CEFHEMEBAY > 7L L Lk,

8) LY

norepinephrine hydrochloride (Sigma)
sodium nitroprusside (Sigma)
indomethacin (Sigma)

atrial natriuretic peptide (R7F FEFZERF)
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acetylcholine chloride (&—54%)

9) F—X O
MEMER S NE W LAWEHE 100 % & LRSS rnEMmER (%) £t LTHRLE,
Fh, 50 % EIR (ICse) W NE W EBUUES 50 % M&T 2MEMBEOBEEL L THRLE, &

F—A1%, nean = S.E. THL., EEERTR Bartlett BETCEBHOLUF AR, EH#L o
—XEHEBEHSHITEITO, FETHNIE Tukey RETCHEEZPREL &
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<EBRER>

1) #EMRC B BB, MES & i

Table 5-1 WA EMBOKE. MESLUMEERTL 2, FESICOECHEL T, 2B
HOMEAERZRED Shisho b, MBEEEEL Tk, E& WBN/Kob v k (13-15 A#) TR,
M¥EED ERIEED ST, B WBN/Kob 5 v b (90-92 E#) TOAMBEEDO AT LR HED
bht,

2) ACh FEZE MR A1 B AR (F A

ACh WEMMBECBOTOESHMBRCB VT, BERENLOEMEREETL M, &
OBFAREER BB TERCEZEAET L Toleh, HAMERISE SR EE & H
BThH-or (fig. 5-1)o —FH. WBN/Kob 5 v PZBWTh, ACh REBEKRENRMERE RIS T
L. ZOMBERIXER WBN/Kob B B80T ACh Wt ¢ ABFMHRELE T, BERBBRIGH
WHL Tk, e, 8 WBN/Kob v MCBIL TRESHNBR LT 2 L. ACh KT 2R
HRFRCET L TR, RAMERISEFERTH D, ZORERICHRE. SRR g
FERThHol, EHW, HES WBN/Kob T v MBIL Tk, BEBE L& T 5, ACh T2
REHEELE T, BRMBRISORMET L Tk, EFCBY S ACh XT3 I0so %,
table 5-2 WL . &8 WBN/Kob B, BRI L U'E# WBN/Kob BFic BT, AChiz X3 WA
B MERa kA7t B SR {F FAVC RIE 9 indomethacin (1075 M. cycloxygenase HEZR) OB E¥ K
B L 248, AChiC K DA MM A M OEREFRAE. WTFhoBswTh, £ EEIhizhr-o

7z {(data not shown),
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Table 5-1 Body weight, blood pressure and serum glucose levels

Young (13-15 week)

Wistar (n=10) WBN/Kob (n=10)

Wistar (n=8)

Aged (90-92 week)

WBN/Kob (n=8)

Body weight 312.1 = 10.8 335.0 =+ 13.5

()

Blood pressure 143.1 = 8.3 134.4 = 5.5
(mn Hg)

Serum glucose 123.4 £ 4.1 143.5 = 12.1
(mg/d1)

420.6

158.3

103.3

23. 4

11.9

9.8

397.0

143.8

336. 3

18.3

9.4

67.0 *

Values are means = S.E. n, number of animals. % P < 0.01 vs. young WBN/Kob rats.
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RELAXATION (% CONTRACTION)

- LOG (ACh) M

Fig. 5-1 Concentration-response curves for relaxation responses to acetylcholine (ACh)
of aortic strips with endothelium from young (@, n=5) , and aged (O, n=6)
control (Wistar) rats and young (M, n=5) and aged (O, n=6) WBN/Kob rats.
Aortic strips were precontracted with 3x107%-10"7 M norepinephrine. Results
are means *= S.E. Statistically different from young and aged control rats

* P <0.05 #*x P < (.0l. Statistically different from young control and

young WBN/Kob rats, % P < 0.05, %% P < 0.0l
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3) SNP B LU ANP W & B HRRATE R B AR A

SNP (soluble guanylate cyclase {EHE{LEE!®)) X, HEBHIBHX BV TLHEEBHREC VT
b, REKFENZOEFBBRIELF L L, ZOMBEARBHTERCSVTBECRZMEOTE
MEDShh, BAMBRIGEEGHERERKETH> £ (fig. 5-2), —FH. ¥BN/Kob Z v biZ
BOTH, SN RBERFNHZOEMERICETL. ZOMBEAIHBRE AT, 5@
WBN/Kob BHIC BV TEE BRSO AEIED Shilh, BXBRISEERRLERETH >~
(fig. 5-2),

ANP (particulate guanylate cyclase #EHE{LEE?) . WFhORIC BV TLREKAFN M
FMBRIEERL . EHOMCREERZREADShkd ok (Fig. 5-2), SNP KLU
ANP W K B3t RIGD 1Cse fE® table 5-2 WiRL T,

4 ) PR R O BT SRR

Fih WBN/Kob BB 2 MEMN KM EHAHE L LB T2 S ieh ok
(fig. 5-3 A,B)o —F. BEERATIRE B L U'FE e WBN/Kob B Clk. MEPIREMIEO TR EEIIE
BEL Tk (fig. 5-3 C.D)o & 5. W WBN/Kob BTk, PIEMAL & B L Cuv 54k & oMk
FIEMEMICADHATWIONEEEI ML, |
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Fig. 5-2 Left: Concentration-response curves for sodium nitroprusside (SNP) with
endothelium from young (@, n=5) and aged (O, n=6) control (Wistar) rats
and young (M, n=5) , and aged ((J], n=6) WBN/Kob rats. Aortic strips were
precontracted with 3x1078-10"" M norepinephrine (NE). Results are means =
S.E. Statistically different from young control and young WBN/Kob rats:

* P < 0.05.

Right: Concentration-response curves for atrial natriuretic peptide (ANP) with
endothelium from young (@) and aged (O) control rats and young (W)
and aged ((J) WBN/Kob rats. Aortic strips were precontracted with 3x10°8-
1007 M NE. Values are means of results of 4 experiments, respectively, with

means = S.E. indicated by vertical lines.
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Table 5-2 Evaluation of relaxation responses of aortic strips from young and aged

Wistar and WBN/Kob rats.

Agent Young 13-15 week Aged 90-92 week
Wistar WBN/Kob Wistar WBN/Kob

ACh
Maximal relaxation % 90.7 = 3.0 89.3 + 2.2 82.1 £ 4.5 62.5 & 3.3§8 #
ICse x10°7 M 0.4 £ 0.1(5) 5.2 % 2.0%(5) 2.2 = 1.0%(6) 2.2 = 0.4(6)
SNP
Maximal relaxation % 99.9 = 1.0 98.5 = 3.1 105.0 + 2.5 105.3 + 3.1
[Cse x10°°% M 33 = 0.405) 4.2 = 0.4(5) 2.0 £ 0.3%(6) 2.6 = 0.2%(6)
ANP
Maximal relaxation % 100.0 = 0.1 88.8 = 3.0 103.2 = 1.1 100.8 = 0.8
1Cse x107°° M 5.3 & 1.4(4) 2.4 + 0.4(4) 4.4 £ 0.5(4) 4.3 = 0.9(6)

Values are means #+ S.E. Number of animals are given in parentheses. ACh, acetylcholine;

SNP, sodium nitroprusside; ANP, atrial natriuretic peptide. * P < 0.05, # P < (.01 vs.

young and aged Wistar rats, respectively. % P < 0.05, § P < 0.0l vs. young Wistar and

WBN/Kob rats, respectively.
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Fig. 5-3 Electron micrograph of aortic endothelial cells. A: young Wistar rat (x10000);

B: young WBN/Kob rat (x10000); C: aged Wistar rat (x10000); D: aged WBN/Kob

rat (x10000). Each endothelial cell contains an irregularly shaped nucleus

and pinocytic vesicles in cytoplasm
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<EE>

AER,S, BRREHERFT v P OBWBABIRE BV TH, ACh FRARKFHEMEREIFA
RBFFLTWBZ ERE LM ER > T, I, MBEEALRL TOIRWER WBN/Kob 5 v MRCE
WTLEMK BB LB L T, ACh BRARKREENEREFERANEEEL T Enb,
WBN/Kob B CWR¥ERMRELELF A S, MENEMBOBENETL TWI I EATHR S,

HEBB LU WBN/Kob HOFhitBWTh, ACh FRAKKFEHOEREFEAZ, MWL bZ
W, BHETHEMNAL M Lok, ZORRE. Soltis™ OHEISLLIRHIATWD, —A,
SNP & & B MEMRRIS L. HBEB LT WBN/Kob B Fhiz B0 THMBCFBEICIHEAEh
Tk, ZORRE. BHBFCRY S ACh BRABKREENEREFAORE N, "EE
soluble guanylate cyclase EMDETEEI(LOTRAVWI EERTHEL TWDH, L, SNP K
& MBS RIEHMBIC L > THBEI A TO20rRTHETHIH, SEBHHCBVTREPCD
feo T, MENEMIBOBEEMNET LTS, EDRF (Nb) DELEFPHEID, Thitk-T
soluble guanylate cyclase DIEMEMIFRINC up-regulate TN TWBAREMMNE X Shiz, ANP
12 & AMEMIBRIGE. MM ECBEERF Y o2 &2 6, particulate guanylate
cyclase #EHEik. M@ X DB Lz ELZS5h3, Z ORI, Duckles™’ OHEE D—HT
%, |

STZ BRIERFE T v po4 7279 B L 1F alloxan FRERF Y HF70 ) EO(LEYEFRER
FEMD R AV AET TR, MERRMIERFE B IFANREL Tu 2 EhREIh TR, £
B, BEb, B4FOMEIS, STZ BRERK T v D OBSKEIR 5\ T ACh FRMEKENE
MEBBERMNFEBL TVIZEERVEL TS, BRRBEERKS v b 2 BOLRET TR,
BB I v bEACLEKENS, MBI AEIRIC B0 5 M N BRI ERISORFHMEL LT
58869 THORBL T, SEOHRELIIASOT— 22 HFHTIERTH D, LHL,
BBS v MEAHZ b ALMPEENRERL., A YAY Y ERELLAEFRThEEFELRVEYT
HJTELL, T-2ORRCIEFOMBELZEATHD ERBbIhD, FKBROMEI TR, MHEE
AERELTORROVER WBN/Kob 7 v MK RO THERMNBE L LB L T, ACh FERMAEIRAMM
ERABERSEFIL Tzl Ed b, WBN/Kob BTk, HERRRIELFIA &, B PR O¥as
PREMETL THD Z EMRBE iz, WBN/Kob B k15 SNP B X0 ANP W & B & ahig
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RISWGEB#ONBEHE Ofc 2hEThENRR o2 Eh S, ¥BN/Kob BB 3 ACh BRNE
HREEMEMEFAOEITX, guanylate cyclase IEHOELICERL TWikwZ EHRE L hiz,
EE, STZ FRVERR 7 v b ORMUNENR™ B LU alloxan FRERF Y ¥ ¥ OB K Ehif
T B D N AR AR R S D FF A, indomethacin  (cycloxygenase FHEZE) ©
SQ 29548 (prostaglandin Hz - thromboxane A ZHEAHEMFE) OABK LN HBELD T LMW
E¥hiz, ZOZ L ACh OFBLC & D IMERRMEEA S, EDRF (NO) % & O MIEYUEHE D
prostanoids A Ehicd, RAE ACh K LDZHBERFEDERBIEANBESZL TVWdEV)
WETH D, FEBRC BT, i WBN/Kob 7 v M, BEEE R L UEE WBN/Kob B
Hohtz ACh FRABKAFAHMEMEFAORSIE,. indonethacin QLB LD, BELZUYR
Mol Z b, IRFEME prostanoids DELE LDk, AEEMIES S D EDRF (NO) DEL ¥ Lld#
BOETCREETIZENE XA,

¥, MEARBROEFEMBESERYOER» S, Sk WBN/Kob B 1 % ME P 5 #ifa
EWHBREEL CERED ORI o e b, FE WBN/KobT v PRBWTRAEMED
BREOAMNEES h, BEEZHCEEEN RV ERELI R, —F, BEHNBELLUE
B WBN/KobZ v ME¥TIL, EHEE S S b EEBEOIEESEHNED Hh, BEEAK L BEERN bIEE
TRTOAZERELEh LT, BEDT &M, BRAREERFET Y TH D WBN/Kob T v b
DR ARENMRIZ BT, ACh FRAERFUENEREEROBITNED Sh, STZ FRERK S
v b ERBRICIOEARMIOBRENET L THIZ EMRELMER- 2,
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$6% BARIERRE v boLBRREI 51 D0 ENERR AR IS 0R%

FABECBWT, EEW, STZ FRMERR 7 v b OMBXBIRKC 51D ACh BRAMMIAKAEFHE
ARSI L. ERFERC S S2OENRBROBEAETLTOI I ER RWEL LD, &
LW, BOETORF,S, BRRIERERFZ v b TH D WBN/Kob T v b DEFEFREIKIC BVWTh,
N B MERBERAABHE L TS e RuR L, o, mMEERER L TuirvER
WBN/Kob 5 v MERZBW T b BB & B L T, M ARFAEmMERE RSB L Tk
Z Ehb, WBN/Kob HTRMERBRIELUFI A5, MENEHMBOBENETLTVEIILEFROE
L™, BETE Tk, EZOHMECR SN B L) CHRFRRC B 5 ME P Ml OB EEREE
BTIHEDL R, WBXBREOXNEL BOLRETH)., BCERREEEKRFT v bl
L THMERBIRE A RESRD S5 h 50809 0 L h EEOMOENRE BV R0,
ZIT, FETR, BREEERF 7 v + O LISHIRENR I 1 5 P A OBEEE L ERETL .

I BHERRET LTSS WBN/Kob 5 v + OFsERENMR CRD bh iz, MBI OBREEE
L DEREON SO EBRESIIRTHED S D0 E 3 MREL Ik,
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<EBRFHE>
1) ERENMY
ZER W Ik, HEME WBN/Kob 5w b80-90 sAB B LR L L CRHEE D Wistar 5 v b ¥ AL

2o

2) REBROFH

FEEICE, —BBIEL = Krebs-Henseleit solution® AWz, FKEH DM, NaCl 118.0
oM, KC! 4.7 mM, CaClo 1.8 mM, MgSOs 1.2 mM, NaHePOs 1.2 mM, NaHCOs 25.0 mM R LUV
glucose 11.1 mM & Ute, REWIIFTHEL, 95 % 05 % CROBAFNAZHEREK L., 37 T

BL%E,

3) v b EIBHEEEMR Y ¥ S REE DR

Sy POBEHEBRITL, REHR > SORMIC & DRFEE ¢, OB, Mk mpEERE R
BREL oo HIBRRENR (SFEHY 1 om, REH 7-8 mm) 2HHHL. 95 % 02-5 % C0: DEREH A
PEKL LRBRPCAN, DEFABOKS SEHEBCHEGEMER DRV, Tok, &Y
Ve b BLUEHNAY IEAO, MOOEERI-T, 8 34 o OV Y IREFFFREL L,
o) VTRERe, BREEROAT VAR SHE 0.2 m) KEEL L, AT ¥V ABOMWE
BABATHARLE, —BEALNUNANOZTRCEE L, 3% RHEER force-
displacement transducer (TB-612T, HAEE) WiEkiL ¢, ERMRAHZHEL 2o M. AAH
VNAAP R EBEE R L, 95 % 02-5% C0: OREFNAZBEAL T, 37 CEHFRL k., BER
W
1.5 g OFIRAEZEFTULT, 60-90 HET VA vFa—Ta VL EBE, EBETRok, T
DR, ANH Y NAROEEEE 20 FHICTHRL 12,

4) BYRIGHEORE
60-90 HE DTV A v FaxR—Ta v, 10T M OEED NE COERIESE, RENE
FE L T=4%. ACh (1078-10"% M). sodium nitroprusside (SNP, 10-°-10-% M) #7=i% A 23187
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(3x10°7 M) #BEL. MEMBRIGEBRITL 2, M. ACh B LU SNP G RHERETITRWV,
A 23187 WELERRSTITi >k, & 2. ACh FROFMBIERCRIZT indomethacin (5x1076M)
OEEX B T 2B, indomethacin ® NE &5 15 #EICHIRE L TRETL 2,

5) IkE{E D HIE
Bl 2. AT ORI RCITO, EEORNER B0 1T%E (Hitachi 7150) zF

T, glucoseoxydase #HETITi 2 2,

B) EREY

norepinephrine hydrochioride (Sigma)
sodium nitroprusside (Sigma)
indomethacin (Sigma)

calcimycin (A23187, Calbiochem)
acetylcholine chloride (E—-#i%)

7) F—X DR
MEBERIGE., NBE L2 EHE 100 % & LEogEy, mMBWER (%) £LTHELE,

F iz, 50 % HEIER (ICse) &, NE W X AUMEH50 % &+ 3 MEMBROBEL LTRL . &
7 —&i&, mean = S.E. THEL. AEEREL, Bartlett RETEHOSWE T, o585
E—REEI I EITO, BETHNE Tukey RETHEZEREL 2, ¥ 12, 2HB OB

&, Student @ unpaired t-test &AWz,
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<ERHER>

1) WEEEES L U8 WBN/Kob 5 v b BEC B4 B AAE S & O M¥EfE

FEEHC 51 BEES L MBI, 475.5 + 9.3 g (=15) BE U 108.4 + 8.7 ng/dl
(n=15) T o1z, —H. WBN/Kob T v MEHZ B4 BIKE 3 & OIME{EIE. 395.8 + 6.2 g (n=15)
BEO 376.4 £ 55.0 mg/dl (n=15, P < 0.01) CHh., BERFHCBVIEELMEEDO LAM
FHoHhiz, M. WBN/Kob T v M RBWT, MEEHEA 200 ng/dl UTDDDE., ERICEALER
o,

2) ACh BREMEMBRIG

FEMC L DWBRIS BRI T SO NE (3x10°7 M) BROBFIVEER. NEBE R L CHERA
HoBMCRAELRZREDShiah ok (data not shown),

ACh BB B LU HERFHOOThOBHZ BT, NE TIUE & & = LB ERBIK % REK
FENTHER X St BIRFHICK Y D ACh FRAMKFEMERERISE., HEF LRl
THERCHF L Tk (fig. 6-1). ACh W X ZMEMEE RIS D indomethacin (5x10°° M,
cyclooxygenase FHEZR) OHELXKRF L LER, BB, ERFHEOVThOBCSVTH, BER
SHEBEER YT b L, BERISORIGETES RO bhiz,

3) A 23187 BL v SNP FHEMEMERS

A 23187 (3x10°" M, Ca®*ionophore) & & % W EMIMKFFIEMARR GG, ACh & FIRICHERAE
WBOWTEECEIEL Tk, A 23187 (3x1077 M) I & 5 MEMBR IS, BT 71.8 + 5.4
% (n=5) BLUBERFBHT 42.2 £ 6.3 % (05, P < 0.0D)TH» oo —FH. PEMBIEKRELD
MmEMEERRE %79 SNP (soluble guanylate cyclase WHME(LEE'S ) 1k, WREE R L UHERFE
WFROME R BV THRERENTOERBEFERERL 22, BROMCEEELEREDSh
rhote (fig 6-2).
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Fig. 6-1

% RELAXATION

100~
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CﬂL

1

8 7 6]

-LOG(ACh)M

Concentration-response curves for the relaxation responses to acetylcholine
(ACh) of mesenteric arteries with endothelium from age-matched Wistar rats
(A and O, in the presence and absence of indomethacin) and WBN/Kob rats
(A and @ in the presence and absence of indomethacin). The mesenteric
arteries were precontracted with 3x10"7 M norepinephrine. To examine the
effects of indomethacin, the mesenteric arteries were treated with
indomethacin for 15 min and then the strips were precontracted with 3x10°7 M
norepinephrine. Values are the mean of 5 experiments, with SE indicated by
vertical lines. * P < 0.05, ** P, 0.01 for WBN/Kob rats without indomethacin,
# P < 0.05 for age-matched Wistar rats with indomethacin vs. age-matched

Wistar rats without indomethacin; $ P < 0.05 vs. age-matched Wistar rats with

indomethacin.
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% RELAXATION

Fig. 6-2
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Ralaxation responses to sodium nitroprusside (SNP) of mesenteric arteries
with endothelium from age-matched Wistar ((J) and WBN/Kob (M) rats. Values
are the mean of 5 experiments, respectively with S.E. indicated by vertical

lines.
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<EBEE>

FERNIS, BRABERRRT v hO LBHEEIRIC ST, ACh FRAKKFEMEMBIE
AREFL TR ek ok, EOBETORRLEXEDLE I LT REBIRCHEL L
P2 ACh BRAEREEMEBEFERARLVEREONEOERCRTLREDLh I EMNBALIL
ot

ACh BRMBEREMNEMEFERIERFEHCBOTHIL Tk, &, cyclooxygenase HE
#ETHD indomethacin FIREHZ D ACh FRAERFEDEMBEAZRENL LIS, WEED
JUBRBRHCThOBE B TL, ACh ORERIGHKRELERCY 7 ML, (FROEERNZED S
Nz, STZ BRMERFT v b ORSUVNEIR™® B LT alloxan FERMERFE V9 ¥ OREXEIRT™ &
B DR MR SRR O#F5%, indomethacin  (cycloxygenase PHEZ)
SQ 29548 (prostaglandin He - thromboxane Az ZEMEEHFE) LB LN EME LD T LHH
Edht, ThoOHEEREBRORELE 2 dbEd L, FHEBEBLICEERFEOThORCE
Wb, ACh ORIBW & » CIENRMIEN S, EDRF (NO) & MEF MAUNEENE D prostancids H
BEENRTOIFEEENTEE Rz, UL, BESHC BT ACh Figic L), IEtED
prostanoids A HH & W AHIEMKE LIHE SR T 7Y | EEEPOMETREDTHFTH 2.
SEACTO 28 0BEE. 80-90 AL BB TH DD, ZDI LA, prostanoids B c—
HRIS L TV DAEEE b E X Shiz, Indomethacin FILEHZD ACh BRMBKRELMEMEER
WRWTH, AEHEERFROMCRERE LTEERENEDI L LI LS, MRERFCS
73 ACh FRMNEKRAFEOEMEBIERORMIFIE. EDRF (N0) OEL FLRBEOHICHEITHTN
2b0rELZENL, . ERFFCBTZ NP KL IMEMERISEIRBEL OB EELE
RREBLhh o Z M, BRFFICEY S ACh BRANBEKFEE MBS R ORI,
guanylate cyclase BHOEHMCEAL T WI ENESWTFEEh, Dt ks, BRS
IEHERRS v b THHNBN/Kob T v F CREESHREMRD & S e XkMBEX BT, BHEEEIRD &
R EDEREDO/NS VBRI BV T O NEMREFERERBEANEB L T I e RS AL

o,
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BTE RERAREEENEEREET v b OIS OBEIC Bt A0 Pa Mt
HiEhbb LUmE cyelic 0P 0%

FALEISCEZTORMNOER, HRFARCE, NEARMOBENET T ENHLL
Elgo 28T 1880 MERRERICIE. R R RHERMED T EAMLNTHY, FRBMLELES P
Bizerhis ¥ ORIERES S bEHBECAHT I EAREEN TV D, BOEESHPCE VTR
YERRRI & A A BIR T EORKMBRE RN TEZOBAENET T LHAFEEh T B
79.82.88) K HERED/NEVERCE L TREmENR DR,

SHRSPiX., FA, MFELX Lo THREICIENERRREET v b (SHR) Db s, EHKHEN
BCREREPREECRETII v M EbE THBEMAREE T AT, £ 52 BE%C
BRI EOEHHEC LD EPRTT DLV IRTHD, TITHETR, BMEERC BT D
M RIS OEEZ L 2 4519 5 BHC. SHRSP DHHBNNRIC 51 % P BE AR k8 St 48 4 A
BL cyclic MP BOELEMRAT Lk, M, FETERMERE S DRI T D EE 2 505 REK
'Rk,
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<ERFE>

1) #EREMD
HER Ik, HtE SHRSP 5w +13-15 SEBE B L U BE & L THELE#KD Wistar-Kyoto 5 v b2 H

Wi,

2) REWOBH

FEWCIE, —FEE L & Krebs-Henseleit solution® Az, FKEWOMALE., NaCl 118.0
mM, KC! 4.7 mM, CaCla 1.8 mM, MgSOs 1.2 mM, NaH2PQs 1.2 mM, NalHCOs 25.0 M B & TF
glucose 11.1 mM & U7z, HFylk, HEE, 95 % 02-5 % CO. DRANARHEFRRL., 37 T

MEL 7z,

3) FREIMmAY M E D RE
7y bomER, RBREHEHT D 1 BETCIFRNMMRELTMEREEE (KN-210-1, Natsume)
WEoTHEL 2, MERESDOEEZFEL, SEREL TFHER kD,

4) v MVEENRY v U REROER
Sy MOBESMEBRITL., HREBR,»SOBMC L DML ¥z, EREHIRK GEH 1 m,

£ 10 ) BHEH L. 95 % 02-5 % (0 DRANAXBRL LEBETC AL, NEABOR
DI REEAR R A R R DR vk, 2%, Y Yy PBITEHNY IZHAL, MO0
EEERIH-ST, 1B 2.5 m OV VY FVREFEERL L, 20V VIREFEY, EXEEROAT ¥
VAR (MR 0.2 mn) WEBLA, AF VL AROTER EABATHEARR, —iEA LT VAR
WO EEL. k% RIBIER force-displacement transducer (TB-612T, HAEYEE) ik
LT, SREBHDBPUEL 2, M. AALF Y AARCR, £BHE®ERL. 95 % 02-5% (0. D
BEHAZHERL T, 37 CRAFEL o BRI, 1.0 g ORBILENEEFTL T, 60-90 4L+
YFEaNX—Uar ERC, RBEIThok, TOM, ANFTUAZROFEEEL00F B
oo
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5) BMRIGHEOmHE

60-90 HEOT VA V¥ ar—La vk, mE% 1007 M @ norepinephrine (NE) TIREX <,
RISHEEL 1%, 1075 M @ acetylcholine (ACh) ##&5 L7, ZOFE, ACh (10°° M) W &3
WBRIEA, NE (1077 M) LT, 75% UERDHSIhEBEL. AEBRFEHFERLL, K&
BiTlot, 1007 H OIRED NE THERIES ¥, RISHEEL 2%, ACh (1078-107° M),
sodium nitroprusside (SNP, 10°1'©-10"° M), 8-Br-cyclic GMP (10-¢-10"* M), A 23187
(3x10°™M) ¥ 7z¥ melittin (10°° g/ml, phospholipase Ae VEHE{LEE) #ik5 L MBHIRIEA L%
8L %z. 1. ACh, SNP. %5 & ©'8-Br-cyclic GMP X RIETH TITiw, A 23187 B XU melittin
GEERSTITR- T,

8) Mm% cyclic GNP BEOEIE

Mm% cyclic GMP OE B, radioimmunoassay R TT2 -7, WKY 3K SHRSP OEEES%
BRITL . GREBIR, S oM & DBIEE ¥, ERBEMRE TEP ML, 95 % 02-5 % CO2
DREFAZBRL 2EBRPCAh, NERBEORS LEHHEBECHSHEMERDBRVE, 20
REMECSSREBFUEL 2, 20%, OF% 5 nl ORBEPA-LRBECHL, 31 C
WEHREL T, 95 % 02-5% C0: DREHNAZBEKLedtS, 60 HHA Y Fax—hLlEk, 41 VFa
N—av0#%, 100" MNE 2FMLT 10 MBS vFaX—Yarlih, ACh OBELKRFTTS
HBAKR, E51 3x1077 M ACh 2FML T, 1 HBRCHBERCTEL L b, TR LEXE R
Y bmYRE TS ALY — (Polytron Kinematica) ® Fiv» T, 6% trichloroacetic acid 1 ml %0
RTKREYFAZUL, BAHEE (3000 g, 4 °C, 10 min) &, LFEEXHEL 2. LHRKEFH
ether T 4 E¥# L T, trichloroacetic acid #FREL oo MED LS WHE L 2y VT Ao
cyclic GMP % radioimmuncassay W TEEL k2, MBS cyclic GNP B, MEOREBEYHK
MELRL %,

8) {FH%EY
norepinephrine hydrochloride (Sigma)
sodium nitroprusside (Sigma)

calcimycin (A23187, Calbiochem)

_79_



melittin (Sigma)

indomethacin (Sigma)

8-Br-cyclic GMP (Sigma)
acetylcholine chloride (F—&%)

cyclic GMP radioimmunoassay kit (v~ 45il)

7) 7— X D

MERBIERE. NE K LDIUGENE 100 % & LAROEEY. NEMER (%) £ LTRLE,
¥, 50 % MHIR (ICse) W NE W X DUUER. 50 % HI#1d 2 MEMBEREOBE L L TRL &,
&7 —%& mean + S.E. THRL. BEEREW Bartlett METEHOSHE B, FHHES
E—AERBSHIMETO. FETHHIE Tukey RETHEZRREL &, ¥, 2HEOHEK
& Student @ unpaired t-test ® Auvi,
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<EBRER>

1) WKY #5 L0 SHRSP B &b D2 ME
WKY BE3% 0% SHRSP BT isir 2 UMMEHAME W, 131.6 = 1.4 mn Hg (n=15) % KTF 256.6 =+
3.4 mm Hg (n=15, P < 0.01) & SHRSP B¥iC KWW TEHLRAED LANED LN,

2) ACh, A 23187 B LU melittin FEFBPIR kA M EHAREA

ACh &, WKY BB XU SHRSP O WTFhI BT, NE TGS € BBk 2 BERFHCH
‘ez, SHRSP B B D ACh BRAEMEKEEOBEMERISE. WKY FEEL THEC
W5 L T (fig. 7-1). SHRSP #f W HBWT ACh & & ZMEMERIGW KT S indomethacin
(3x10°" M. cyclooxygenase FHEZR) DORE ¢ikat L 2R, indomethacin ORTALER ACh FHHR
PR RN EMEEACREBERP RIS b oz, /2, A 23187 (31077 M) BL U
melittin (10°% g/ml) & & % PR ABMRAFYE MBS S b FER . SHRSP B KW BLWTHEWKHE
FL T (fig. 7-2),

3) SNP & &L U 8-Br-cyclic GMP W & % PR ARSI MRFE ML B 042 1E A

SNP  (soluble guanylate cyclase iEME{tEE) ¥ LU 8-Br-cyclic GMP (cyclic GMP analog)
Wy WKY B B XU SHRSP O FhomBW B W THRERFENLIMEMBRIGERL LA, W
DR EERZGAD Shizh ol (fig. 7-3), BHBEWE TS 10se %, table 7-1 KR
Ltz

4) MmEdH cyclic GNP BOZEAL

BEIRC B D cyclic GMP basal level Wk WKY #¥C. 536.0 £ 110.0 pmol/g tissue (n=5).
SHRSP ##T 502.4 + 22.9 pmol/g tissue (n=5) TH-orl, ¥, NE MBHIIX, GHOME
BRhZEREDSNinh- 245 ACh BB LD, Mm%t cyclic GMP 1. FBr L ERLE. 20
BEOMEF cyclic GMP £k, SHRSP B CTHELETAED S hiz, (table 7-2),
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RELAXATION (% CONTRACTION)

Fig. 7-1

S50r

100t

7 6 5
- LOG(ACh)M

8

Concentration-response curves for the retaxation response to acetylcholine
of carotid arteries with endothelium from WKY (@) and SHRSP (O) . The
arteries were precontracted with 10°7 M norepinephrine. Values represent the
means of 6 experiments, respectively with the S.E. values indicated by lines

* P < 0.05 #*x P < (.01, #x P < 0.00L
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A 23187 MELITTIN
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Fig. 7-2 Relaxation responses to A 23187 and melittin of carotid arteries with
endothel ium from WKY ({J) and SHRSP (M) . The carotid arteries were
precontracted with 107 M norepinephrine. Values represent the means of
6 experiments, respectively with the S.E. values indicated by lines.

*kx P < 0.001.
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RELAXATION (% CONTRACTION)
(o
@)

100

Fig. 7-3

8-Br cyclic GMP

Concentration-response curves for the relaxation responses to sodium nitro-
prusside (SNP) of carotid arteries with endothelium from WKY (@) and SHRSP
(O) . Concentration-response curves for the relaxation responses to 8-Br-
cyclic GMP of carotid arteries with endothelium from WKY (M) and SHRSP (D) .
The arteries were precontracted with 10”7 M norepinephrine. Values represent
the means of 6 experiments, respectively with the S.E. values indicated by

| ines.
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Table 7-1 1Cse values for acetylcholine (ACh)-, sodium nitroprusside (SNP)- and 8-Br-

cyclic GMP-induced relaxation of carotid arteries from WKY and SHRSP.

Drugs WKY (n=6) SHRSP (n=6)

ACh 5.11 + 0.54 x 1078 M 1.40

H

0.19 x 1077 M *x

SNP 2.35 + 0.37 x 107° M 3.63 £ 0.61 x 10°° M

8-Br-cyclic GMP 1.82 = 0.30 x 1075 M 1.54 = 0.26 x 1075 M

Values are means =+ S.E., n= number of animals.

x% P < 0.01 compared with age-matched WKY.
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Table 7-2 Basal and norepinephrine (NE)-treated and/or acetylcholine (ACh)-induced

production of cyclic GMP in carotid arteries from WKY and SHRSP.

WKY SHRSP
Agents cyclic GMP cyclic GMP
pmol / g tissue pmol / g tissue
None 536.0 = 110.0 (5) 502.4 £ 22.9 (5)
NE 1077 M 284.3 + 49.3 (5) 249.9 = 30.4 (5)
NE 1077 M 2246.5 = 221.4 (12) 1002.4 =+ 259.3 ** (12)

+ ACh 3x10°7 M

% P < {,01 compared with WKY. Numbers in parentheses are the number of animals.
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<HE>

FETOHRET» S, SHRSP BHBHIR 351 5 N MR A M BB RIS OB EZD Hh ik, &
512, ACh &3 cyclic GMP % ED SHRSP HTRETL T Z &h s, BIEERIXER
TREE E FEBRWC MBE R BRI OBREEAMETF L, EDRF (NO) OE£F ARBMEENEEZhTVWHI L
NEAL MM EE o,

ACh & & % MR AN EMERISE., BOEEREBOTREEL Tok, 6Kk, XEHE
PAITWE, FEMENAD CaDFEAW & > THBMIBRELDEBERISE RS A 23187, B&
U'phospholipase A2 % iEME{L L. arachidonic acid #tJhH L THEEESNEMEER 2R
T omelittin® ®) Wk AMBEME TR BOEER BT OBBRSEETL T i,
BEDZ EhS, NEKREELEMBREG ACh Brcdind., hoRMic & 5 NERFHEMEF
ALEEIRTHDII LALLM E R > 2, IEFE, SHR OBBXEMRIC K15 ACh FERARKELE
mEMBEEM A, indomethacin W L DHEI DT EH S, ACh FIFC L HOEARMEREAS, M
BULMEMED prostanoids AT W TWBZ ERWHEL R LT, LA L., FEE T SHRSP #
WHEWT, indomethacin & ACh BERMBKFHMEMBIFRACE(HELRE S oI LD
5, SHRSPE W 1D ACh FRAERELEMNEMBIER OB, IHEED prostanoids KBS
LTuniknboeEx bhi,

—7%. SNP (soluble guanylate cyclase ¥EME(LEE) B LU 8-Br-cyclic GMP (cyclic GMP
analog) W & DMEMBRISHIRGT L LR, AROBCAEELZLAD Wb o, T OHER
Mo, MEFEEHRO guanylate cyclase {EHEFE 7zid. cyclic GMP Wi 2R ZFMHCIEHOM
WERIRWTZ DR E N, ACh 2PIEMIIIED nuscarinic ZEFWHAE TS &, EDRF
(NO) DEEZ, B & h, Z @ EDRF (NO) A FEHRITIEF cyclic GMP BEX#EME T, mEM
BERARTRTZERAL M ER>T VWD, 2T T, FEBREBWT, MEH cyclic GNP 2 EEL
7z& T A, basal level WIRZE LM ad - 7eh, ACh BWIHERC B 5 cyclic GMP A ER
SHRSP BHIZBWTHERFED L Tk, BEOZ E»S, BREERICE TS ACh HFRMBRIGD
WHE, MBS cyclic GHP BELAEBIL TH Y. ZOFEEE LTk, ACh HIEIED EDRF (NO) @
EEELRBEHEOETABESL TOIFREAE X ShkA, 20ERER, kKETHTHZ, 0
& I IR E M EERF I B 1 S ME PR ABIEEEE (LB L Tk, BaEdREIR 7 ¥ 0 KIME TRIRE X
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NN pt79:82.88) 0 L DERED/NE OEPIR & AV TER cyclic GHP 2 EEL T H|ERR
\ FRBOKRGBOEEROMERNZMIIOBERT2ELWBITRTILOTHD, i,
FEBOBELOSBREES v MOFECBOTRMEOSM LS . MERNKMEOEENRE
FLTWBZ EMNBALMER- Tz,

BE, B4 -TEXTORNOFER, UTOZEHHLNER S,

1) STZ BRERFE T v b ORI KENRKIC B 2 R RRAE DB 0ER RIS D #ET
2) BARERKRK S v b ORI KX BRI B DR REME MBS RIS DS
3) BRREWRM T v bOLIFREIREIIR & v D A KK AF B AR R IG D 1955
4) SHRSP D HHEHIRC B v % PIRR T IE St A% S hG D YL 55

%, EDRF (NO) ofEfWk. MEMEERL G Tl IUMEOEE - #%5, FEmEEinseE
HHELTOD T Ehs, BIREL, MOERE, BESOBERERGMHE L ZHRCHEREL TV
EEZEZLRTWD, {£> T, MENKMIIOBEERET A, BRFFELS L UCSMEERC B 354
DEPECHEEL TWH I LRSI,
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E8E SRS OFRTEH B protein kinase C AFELENERS

R, MEFEEHW B3 norepinephrine, angiotensin I, endothelin % & @ agonist W &
3 MEIES#C BTk, phosphatidylinositol (P1) RBMEEAEBZLFEHEIELTWDI I L
MEEhT05%2:3%), MEIEENZERCHEST I EMIAROY VIEETH D Pl Hhksy
#E&h, inositol trisphosphate (IPs) XU diacylglycerol (DG) A&mE h 334738, T
DG & protein kinase C (PKC) ®iEHL L., MBEEL2ERLTHEEX6hTED, ¥k,
phorbol ester I @ PKC A RMCEEALT I EMVMShTWBE-2D, BEF TR, BRE
ET v b OBIRTFERS BTk, BEEBRE A i&E» 5, phorbol ester FHRMEILHER
EABMEERCIHAL TWIZ EMARELTh TV 89 R, BIRFEHCET 2HEER W,
ZZCHFFETI, SHRSP OMIRTFEACRIFS PKC OBEER A2 BT, SHRSP Ok FiEH %
BT, phorbol ester FRIVERIGE WKY & LLBHRETL %20
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<EBRHE>
1) R

EEW I, HEME SHRSP 5w +42-46 AEK L UNBHE L CELERK O Histar-Kyoto v V%A
Wi,

2) REHOMA

SEEIRICE, —EMEIE L = Krebs-Henseleit solution® Az, HEuEOMAIE, NaCl 118.0
nM, KC! 4.7 nM, CaClo 1.8 mM, MgSOs 1.2 mM, NaH2POs 1.2 mM, NaHCOs 25.0 mM B X OU¥
glucose 11.1 mM & L, FEEKIE., FBEUK. 95 % 0-5 % 0 OREF AR EEAKL., 3T CW

R L 7.

3) FE#MmHy mE D RIE
Sy bOmER, KBREEHT S 1 BHIESMAERE T OERERE (KN-210-1, Natsume)
WhoTHIELE, MERESOEREEL, SEREL TEMERKRD L,

4) Fv FRFEBEREREEROESR

v bOEHEEITL . KREEIRH» S OBME L HHIEL ¥, PIREREL. 95 % 02-5 % CO
o DREFARBEL LEBHHWC Ah, IERBEORY RIEHEMCHESRBERDBRV L, %
D% Y VY PBICEHENAYIZAO, BOOEERL->T, 18 8 nn OERER /R
Lke ZOU Y TRIBEXOERE KBATHEALE, —WEAAT VARPOZHICEEL., K
¥ RAPEMR force-displacement transducer (TB-612T, HANE) Wil €. #EHHFROE
RUERNDEQEL oo B, AANT Y NAAPICKK, REEHERWERL, 95 % 02-5% C0. ORAVTARE
KLT 37T CRARRL foo BECE, 0.5 g ORIERDBPAFTL T, 40 HHET VA vF 2=
a VLB, EBEPIThok, O ALTUAANOEEEIR, 05BBTHRL L,

5) BYRISHEoMEt
40 HED A % 2X—a yDi%, phorbol 12,13 dibutyrate (PDBu, 107°-10"% M) % SRf&id
5 L TIEIKERIS B IRET L 2. PDBu BEZULKEWxt$ 5 staurosporine (10°° M, protein
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kinase C A=) B L nifedipine (3x10-% M, BELKAEM Ca?*-channel FAER) DB E»ig
YA, Tho0EgE 15 HHFILEL 2% PDBu ®RM|IEE Lk, i, Ca®*-free ¥
TC. PDBu FRIUELHRFTT AW, 1 oM EGTA 2 & Ca®*-free ORBHEWML 15 H#%
W, PDBu ® REKREHL .

8) fERZEY

phorbol 12, 13 dibutyrate (Sigma)
nifedipine hydrochloride (Sigma)
staurosporine (#FISEER)

7) F—% DT

MEOREFENE ng TRL %z, &7 —Xk mean = S.B. THRL., AEEMEWR, Bartlettint
ETRHOSHEZHRAN, EOHLLE—TREBSBIN LTV, BEETHI Scheffe METHE
ERREL I,
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<KBEHEE>

1) WKY B8 L0 SHRSP BRlo BiF AIME
WKY B¥35 X UFSHRSP BFW B AUEGEHAME. 121.7 % 3.0 mm Hg (n=20) B LT 221.5 =+
9.2 mm Hg (n=20, P < 0.01) & SHRSP B BWTEHLMOFD EEMEHSh T,

2) BRI By DMK B D O BME B RIE
B EBRC B AR O EMEERINKE L. SHRSP # KBLWTHEXHBE I A TH L,
WKY B 35& 0° SHRSP B OEEMEE RIMEOR LRI, 220 £ 70 ng (n=5). 520 £ 20 mg

(n=5, P < 0.05) TH=',

3) PDBu =% ZEIM B ULHE S IG

PDBu . WKY #H¥ LU SHRSP HOWThOPIRTFHEH C BT, BEKFHIUEHRESL &
CERIELEEL & (fig. 8-1, 8-2), WKY B 3L SHRSP # o PDBu BFRMEIUE XT3
ECse fEkE. 1.98 + 0.77 x 10°® M (n=5). 8.80 =+ 0.29 x 10°® M (n=5, not significant) T&
sl OB, HEE®D PDBu XSHRSP B BWTHEFEN LERNDO LEAETRLE (fig. 8-1, 8-2),
WKY & * & 0° SHRSP B¢ w5 PDBu B MBIUEE AWK, nifedipine (3x107° M, n=3) D&
F ik, Ca?'-free MERIWTHZ LWL > THRLBWHE L, Fh, PKC HEMEREOEL
FRERTH % staurosporine (10°° M) FiLEBEHE D SHRSP # W ikir 5 PDBu FHRMEIUERISE
AL 2 & 2 AIGERIS @SS iE S h, WKY 3 ORERISHE L GIERBE k-,
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B SHRSP

8 v

Fig. 8-1 Typical recordings of the effect of phorbo! 12, 13 dibutyrate (PDBu) on
portal veins from (A) WKY, (B) SHRSP, (C) SHRSP in the presence of 10°° M

staurosporine (SSP). Numbers in the figure indicate the -log M of the drug
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Twitch Contraction
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Fig. 8-2 Concentration-response curves for both twitch (open symbol) and tonic
(solid symbol) contractile responses to PDBu of portal veins from WKY
(circle), SHRSP (square) and SHRSP in the presence of 10°° M stauro-
sporine (SSP, triangle). The values represent the means of the results
of b experiments, with the mean * S.E. indicated by vertical lines.

The level of siginificance was * P < .05, *x P < 0.01.
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<HE>

FEBOKEH» S, SHRSP BOMIIKTFIEA k. WKY B & gL T, PKC sreetE@ PDBu BERIME
WHRISHEBECHEI A THDIZ EARALA LR Y, BOEEROMEES T, PKC EHEH
BOWAREUERH D Z ERRBE S hi,

PDBu #EHMBEAUEIER &, Ca AL TH S nifedipine ., KBH® Ca®* -free KXW TSHZ
EWRE-T, BREHEELEZERS, 5y MIRFBH KT S PDBu FRMEIEE, Miast
WD Ca A VOFRACKERT 2D E 250,

SHRSP E¥ DFIMRFIBH W 5Tk, PDBu FRMBEIUEIEML WKY HELLRL THRECHEEE A
T, staurosporine W& - T, PKC DIEERIMFIL LRETIE, WKY B Rk Z &
A6, SHRSP BBV T, Pl AMEEEMNTTEL ., PKC BN EF L ToREEZ NS, T O
e, BHFEREZ v b OMEFEFHIC BT S phorbol ester FBHRIE O RISHTTHE I DWW Tk, SHR
O EBEREIRKC BT OHESI N TNBHEE 89 o, FRROBREELFDE I EEME
IERFC I, BIIRFEBH IR T FURTFEHO & 5 SR EHIRTFBEHC BV TS PKC oFEtElRE
FLTOLAEMEATE S W, 0% OB PHBIREOERCHE DL T, PKC OFEHA LR L T
ez bR, BIMEERCIHE 2 MEFEEYECH L THERBEREL T D Z EAHEL»
ERSTVDH T ENL, Z0 PKC DIEHTTELE 4 MEFBEDE T IRIGHEECEIS L T
WA EREME AR S iz,
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F9% 010 BRERRET v N ORTREKIC S A ATP-sensitive £'-channel
DBREN

MAEFEG IR D ATP-sensitive K*-channel &, MR BT K 414 v O0FZ:BELREL
T3 Z e BB REMKAEN (a®* -channel OFEUFREL T02°Y, ZOLHEFETE,
BEZEL L TORREMEROTNS, BTH, cromakalim &, AIAI 54 —F v LA THERE
EhihBEHc, MBEFLEHCHEYTS ATP-sensitive K*-channel WBRAVCIER L TIE % 58 &
EBTERHFEENTH B, HERFEFCE, B-adrenal ine REGHMIEMD MEHERE BT
T BT L5 ORI M B AR FA AT L T8 B RS TR ROWEL &, £
T, BRFEFOMEBEFERH KT D ATP-sensitive K* -channel DL % it 3 HEY T,
cromakalim W & 2 ME SRR IG® #ETL .
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<EBHE>

1) R E & RBREERFR Y OFRlsk

FERW, HE WistarZ v b 8 EES. {KE 200-220 g AV, HEREFHCE, pH 450>
VESREIRIC AL 12 60 mg/kg STZRRRMIRL DIRE L. RBRIERFEFERL . Tk, HHEE
Wik, BEO 7 = VEHBEHROH R BIRMES Lk, 0%, kB LUHER. BERCEREE,
STZ ¥ B EE5D 8-10 BRI KR AT,

2) REBROFS

FEHIE, —HEIE L &2 Krebs-Henseleit solutionZ B\ 7z, FKEWHOMAE. NaCl 118.0
oM, KCl 4.7 oM, CaClz 1.8 mM, MgSOs 1.2 mM, NaH2POs 1.2 mM, NaRCOs 25.0 M B L T¥
glucose 11.1 mM & U7, KEWE, FAEHEL. 95 % 02-5% €0 OREF AR ERBRL, 37 C
IR L 7z,

3) 7 v eI KENRER R RIE A O R

STZ Fi-WREHEIRs5 0 8-10 AEHKE. Sy POBESBEBRITL. BEERKD S OMmIc & HHIE
S, T, Mgd, MBEERERCERL 2, XERSE LD HBEE T oMM AEIRKE T
R CHEL, 95 % 0-5 % C0. RGN AEBRL LRFHPWC A h, MEREDORSY 2 HEHE
BOREHB LR, ZTO%, £HE YLy PBLUERNY I ZAVL, BLOEER-
Ty B8 3om. FE 20 mn OFFERIERBIERIL S, M. EDRF OBEFBRC DA, T
NI THBEL ZRETERE TR oo, BEROMR LKA THALZE., —HeArrvAn
ANDOZAFCEE L., 3% 5RAHEEM force-displacement transducer (TB-611T, HAYE) &
BHELT, SREEADRREL o M. ATV ANARCE, EBEEEZL, 95 % 02-5% C02 @
REFAZBRL T, 37 TRFEL 2. BECK, 1 ¢ ORI EERFL T, 60-90 27V A
YH¥axX—Ya v, ZREITRo ok, ZOM. ALFTUAIARNOEBER T 20 HECTHE
L7z
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4) BYRIGH OKREY

60-90 HEIO TV A V¥ aX—TayOk, ME% 1007 M ® norepinephrine (NE) THUES .
RESHEEL k1% 1075 M @ acetylcholine (ACh) ®i#&&5 L. ZOHE ACh (1075 M) WKK&D
MBREATED LN T L&D - THRENTARMOREYHIEL L. BPEPESL &
4043182, 3x1078-10°7 M DBE D NE THE 2UEE €, RISEHREL 2%, cronakalim
(1078-10" M) ¥ i nicorandil (1078-10"° M) * BHEMICLS L THEMERISEIRET L &,
. nicorandil BRMERISC TS oxyhemoglobin (1075 M) DEE#KRETT DI,
oxyhemoglobin % 15 HMEEIAREL L%, NE TEEPRMEE &L,

8) fEREY

streptozotocin (Sigma)

norepinephrine hydrochloride (Sigma)

hemogliobin (Sigma)

acetylcholine chloride (BB—&I%)

cromakalim ¥ & TF nicorandil W&, XKEBSEREHEFTERL .

oxyhemoglobin OFEEIL, Martin'™ BDHZEKLE-TITH 2 e
7)) F— % QR

MEMER IS, NE W EANMENE 100 % & LAEoEey, mEMER (%) ELTFELE.
&7 —X&, mean + S.B. THL, HEERFE WX, Student @ unpaired t-test # iz,

_98_



<ERBER>

1) NEER LU BRARCKY 5 EE

YT UEEBEHERIRS L L BEO 8-10 AMEOMMEMER. 142.5 £ 6.0 ng/dl (n=20) T3
o, —H. STZ REF W BB 8-10 ;@K@ MmeEE, 589.8 = 23.8 mg/dl (n=20, P < 0.01)
THD. ERFHCBOTHEELOEEO LA HED Shi, B, ST2 REFC BT, MEEES
300 mg/dIAT Db D, KRBV, Tz,

2) C(Cromakalim B &L nicorandil FEFRIMEMERIS

Cromakalim &, HEHRLCERFHOOThOFIIBOTH, NE TIUFE € SR Bk 2
BERFNCHEL b, BRFEFCE Y S cronakal in FROEMERGK. WHEEFELBEL
THECHBE L Tk (fig. 9-1, Nicorandil &, MEEBIUCERFEFThomMBC BT
bBERFOLRMEMERIGERL 22, BHOMCRERERZREDShih o (fig. 9-2),
Z @ nicorandi Wz & % M atig i iktk. oxyhemoglobin (107° M) FiLEW L DB E hizhl,
oxyhemoglobin BIALE% @ nicorandil & & 2 MEMBR G, ERFFCBOTEZIHOETH
Roonil: (fig. 9-2),
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Fig. 9-1 Concentration-response curves for the relaxation responses to cromakalim of
aortic strips without endothelium from age-matched control (@) and
diabetic () rats. The aortic strips were precontracted with 3x10°8-10"7 M
norepinephrine. The values represent the means of results of 6 experiments,

with the means = S.E. indicated by vertical lines. % P < 0.05, ** P < 0.01.
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Fig. 9-2 (A) Concentration response curves for the relaxation responses to nicorandil
of aortic strips without endothelium from age-matched control (@) and
diabetic (O) rats. The aortic strips were precontracted with 3x1078-
107 M norepinephrine. (B) The effects of treatment with oxyhemoglobin (Hb) of
aortic strips without endothelium from age-matched control (@) and diabetic
(O) rats on the concentration-response curves for nicorandil-induced
relaxation. The aortic strips were exposed to 10°° M oxyhemoglobin (Hb) for 15
min and were precontracted with 3x10°%-10"" M norepinephrine, and nicorandil
was then added to the bath cumulatively. The values represent the means of
results of 6 experiments, with the means + S.E. indicated by vertical lines.

* P <0.05 #x P <0.0lL
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<EFEE>
STZ SERBERKFET v N OB KEIRC B D cromakal in & & M EMBRIGMNTBE & LB L

TERCBBLTOEZ DS, HERFES Y P OMEFEH RS ATP-sensitive K*-channel
OBEENETLTWA I ERTREE N,

MEFEH BT S ATP-sensitive K'-channel &, MBECHBCT K 14 v OFmBE# £
&, BEMEPBEMHL TODT EhS, IR, Ca* -channel OEMZHEIL TWIZ EHEbhH
TWw392, Cromakalim WMEFEHEBOT, 20D ATP-sensitive K*-channel ZHFDOE ¥, #
B OBNERS &R L ThBELHMEI I ERMEhTHE, KERKBWT, cronakalin
W & DMET RIS, BRFFHC BV TERCHBL T2 eh b, BRFFCE, mEFE
Bz B D ATP-sensitive K*-channel OREAET LTI AHMENTH I hT, 22T, T
HEREHEZT DEHI, nicorandil £ AWTE HWHRET %977% > 2, Nicorandil &, cromakalim
& EBRW ATP-sensitive K'-channel #HO X @ THBRMBI LI I ENFE A TNB®, &
5, nicorandil RZFOEERP = baHEEHL TS, guanylate cylase #iEMLT S
TEWED, cyclic GHP #IEMEE BT ENALD LR > T B9 KRBOFER TR,
nicorandil & & S MEMERISKE. HRES LCBRFEROBMCHEELRZREDShiahr o, L
» L. nitric oxide #& X2 87 EHTHS oxyhemoglobin OFFFET Tk, nicorandil W kBB
SERAUSE, BB BT DL, BEBHTHESE L T, ZhiX, oxyhemoglobin & & - T,
nicorandil OMEMBRIC B D cyclic GMP WHEET 24 % EW S hiz 1%, K*~channel
FOERPRIECTLERTHIEEXSN D, o T, cronakalin THLN LR L FEHKIC,
STZ BR¥EKF T v b ORI ABIIRIC BT, ATP-sensitive K*-channel DEEMET LT3
EMNTREE N, FRBOHEL, WRFFOMEFEH B S ATP-sensitive K" -channel
OBEEZILCETIRVOBETH D, BRI OBEELP IR/ TAIRENRLIELERSN S,

-102~



B10E SISP QBRI 51 A ATP-sensitive K-chamel DR

BOETOMENS, STZ FREKKRT v b OBEMKENRW B+ 5 ATP-sensitive K*~channel
OBEEETHRB LN, MEFEH B S ATP-sensitive K*-channelik. MBI BT
K 1AV oBEesatse, BEEAXAGSL TR Z Ehs, BMEERICE VT OB
ZELT0RZ RTINS, 22T, B7THEOHERY 6. PRI M E MR RIS D853
HED HNT BT SHRSP OB’ E Fiv T ATP-sensitive K*-channel ORDETH 3
cromakalin BERIMEMARRICE 5 BBEH & LEHRETL 72,
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<$EBRFE>
1) EREM
FESITIL, Mt SHRSP 5w 122-24 SEBAB LURIBE L L CEMABOD Wistar-Kyoto T v b & A

Wiz,

2) FEHOHEY

SEHECIE. —EETE L Krebs-Henseleit solution® iz, SHEMEDEME. NaCl 118.0
mM, KCI 4.7 M, CaCle 1.8 mM, MgSOs 1.2 mM, NaHePOs 1.2 mM., NaHCOs 25.0 mM B X O*
glucose 11.1 mM ¥ U7, RBHIGTARIE, 95 % 02-5 % C02 OEBEHFAZHEEFEK L. 37 CWin

B Lk,

3) FEEMmEY fE D RE
v hoMmER, ERCHT D 1 BRI MAVMAFRETIERERE (KN-210-1, Natsume)
WEoTHZEL ke MERESLDOEEZEL, SEAEL TEHEE kD2,

4) Ty VEEMRY Vv T IREROIER
S5y MOFESEREITL., GHREERD O ORME & DRIFEL L, LHAREER (SH24 1 mn,

REH 10 mm) RFHEL, 95 % 0-5 % C0. DRAFAZBEL 2RFHBPCAHh, MEFEDO R
SR H AR YR BRu L, 20%, AHEY Yty PBLOEHENY IFAL, MO0
EERH-T, B 2.5 m OV Y IREXRBERL L, 20V v IREEXE, BREERAOAT v
VAR (OME 0.2 mn) WEREL 2, ATV LV ABEOWBEEARBATRHRALE, —HEALT VAR
NOTHRHCEEL. ik ERDEER force-displacement transducer (TB-612T, BANE) Wi
LT, EREEDEFBEL 2. E. ATV AARCE, REEPHEZL, 95 % 02, 5% (0 O
RETAEZRAKL T, 37T CREFERL 2, FEXRCE, 1.0 g O#IEREHFARTL T, 60-90 7L
A vFak—YarylL b, ERETRok, ZOM, ALFT Y AIARNOEBEIE 20 HEECEK
],
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5) YRS DREY

60-90 HEDOT VA v ¥ axX—Y a3 vOE%, ME% 1007 M @ norepinephrine TUEE £, K
ISMEE L 2%, cromakalin (1078-107° M) #i#5 L mMERERISERETL *2, Cronakalin &
S M EMIBR IS RIET glibenclamide (ATP-sensitive K*-channel blocker) DEEFRETIT S
Bk, glibenclamide (10°7 M) % 15 HMIFMLE L 724, norepinephrine CULHE X & Tigdt
Ui, E7z, BEREOWEMR W glibenclamide #1&5 ¢ BBk, 1074-3x107% M % RIRK S5 L
o

8) {FR%EY
norepinephrine hydrochloride (Sigma)

glibenciamide (Sigma)
cromakalim k&, KIEBIZBBEMEFMTERL k.

7)) F—X QOB

MEWIER G, NE W E20ENHY 100 % L LERoEEeY, mMBMmER (%) ¥ LTRLE.
&5 —X2 nean = S.E. TEL, HEZMHEIE, Student @ unpaired t-test A iz,
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<HBRER>

1) WKY B¥b L U° SHRSP BB 2IME
WKY B#3s & OF SHRSP PR B DUNMEHIME:., 126.1 + 2.4 nm Hg (n=15) B LTF 252.4 +
5.6 mm Hg (n=15, P < 0.01) & SHRSP B BWTERLMED ERAEDH SN,

2) Cromakalim BRMEIIRIEAB LY glibenclanide DFE

Cromakalim iX. WKY B3 LT SHRSP HOWThOBIC KW TH, NE TUHE & & HHENR 2 BE
RIFHIC50ER & ¥ 72 A%, SHRSP B¥WX 81D cromakalin BHRMEERICIE. WKY BB LTEH
BREL T (fig. 10-1), 72, SHRSP B THENNR - ATP-sensitive K*-channel OiEHrEs
T& D glibenclamide (1077 M) %, BIALEL 2120 cromakalinm OBERIGHEE., HFHY7 b
L. WKY BOBRERIGHBLIZIERERE Lok, ¥ 51, SHRSP B 8 #ith 4 Bl Tik, B
WED glibenclanide & & DUUERIGHERD Hhizh, WKY BBV T, 8 #lF 1 flbIUER

S Eh o (fig. 10-1),
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Fig. 10-1

>

RELAXATION (% OF CONTRACTION)

*
& 2 %
*%
k%
B 7 6 5
WKY CROMAKALIM (-LOG M)
s
Glibenclami *
SHRSP > CI:O"?:A 3x107%M 029
10min

* )
Glibenclamide
1074M  3x107%M

(A) Concentration-response curves for the relaxation responses to cromakalim

of carotid arteries from WKY (@) and SHRSP in the absence of (M) , and
in the presence of ([J) 10" M glibenclamide. The carotid arteries were
precontracted with 107 M norepinephrine (NE). The carotid arteries were
exposed to 1077 M glibenclamide for 15 min and were precontracted with NE.
The values represent the means of results of 6 experiments, with the means
+S.E. indicated by vertical lines. * P < 0.05, *x P < (.01, *xx P < 0.001.
(B) Typical recordings of the effects of glibenclamide (107%-3x10°% M) on

carotid arteries from WKY and SHRSP. NA: norepinephrine.
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< FHE>
IRESIT BT, SHRSP OEENR W I D cromakalim W X 2 MEMERIGHATTHEEE L HEL T

ERIETTEL TOAEZEDS, BREES v  OMEFEBH W B+ 5 ATP-sensitive K*-channel
OBEERTEL TWDB I LHREE Rz,

SHRSP B¥ D EEEIMR W W Tk, cromakalim FEFEMEMMBRISH WKY BB L THECHRS
Tz A, ATP-sensitive K'-channel BT TH %% glibenclanide (1077 M) K& - T,
ATP-sensitive K*-channel DIEHERIMHIL FKEETWE. WKY R > 2 Z EA 6, SHRSP ##
HBOT, ATP-sensitive K*-channe]l DBEMITHEL TWDH I EMNTREI Lk, LK, BRE
@ glibenclamide & D, SHRSP BHO—HTIUHEALVRD SN, TORGERR., S TEH
HEptinnt, FLRREC B D5 SHRSP B OBIEIR Cldk. ATP-sensitive K*-channel DWEMMRRYE
WIEL. T DR, glibenclanide K XD KERIGHERE W ZEFEZX Hhl, THhICEL T,
MBEFEHCBNT, BBEO glibenclanide 7%, BEMABEBHELIF T D0 IHELH D
99) | —#Z OUERISW DS L T AAREMAE 2 S hi, FEOETORERMNS, STZ FRER
BRIy b OKIEREIRC 50Tk, ATP-sensitive K*-channel DMFEMRET L THAZ EARDHS
nTBY, SEBLIEHERE, 2<{HDERTH -, ThFLORBIBVT, EOKLERR
T ATP-sensitive K'-channel DBEEEANZE{LL, Tk, HOHRELDIDOMPRBREETOHLLT
BHTHH EOLRIBFNPDETH D, FXBOBRER, BOLEEROMETERH KT S ATP-

sensitive K*-channel OBHELL BT 2RIV OHETH 5,
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B11E (yclic OP B0 -adrenaline FAEAEROENGHIER

Cyclic GMP WIE4 FHEBH BV THIRIFAR R T I L HBESI L TS, Cyclic GNP D IEF
WA B L Tk, MIEW Ca 4 A v 0N~ AL, MR Ca FFEEE~ D
Ca?* DD AKEE, Ca?* HAMFIEHINEE L T B ERETNTOEN'Y | FEPLOEHALC &
> TREDEwbh T, Cyclic GNP BN E ¢ 58P E LT, nitroglycerin (IKEER)
WRFEND L= b L&A S5 T %, Nitroglycerin i soluble guanylate cyclase
BIEMILL T, MEA cyclic GMP ®IEME £ AEAEALIS | . LEOKXWELE %A
RELTROBEAOMBEHPT I, Fh, BIRREBRSETOLBANOHATEZERT S
EWX &N MIEFRARETIEEZLRTNWB1D, . ZOMOD cyclic GMP HMEE L
Tk, atrial natriuretic peptide (ANP, LEHEF b U Y ARRERTF F) #EFHhD, TD
ANP . particulate guanylate cyclase ®#EFHALT D Z EHESN TS, CD-349
(2-nitratopropy!-3-nitratopropy!-2-dimethyl-4, 13-nitratophenyl, 1.4 dihydropyridine-
3,5-dicarboxylate) &, Yk KOV I UVROHINLY Y AFERETH DI | BERRH LR
W Ca®*-channe! WHEAT DI EMNREI R TWS102) ) (D-349 MmEH cyclic GMP ZEmME ¢
BT EDRAL M ERS>TWEAID | MEREBOTERERW cyclic (MP 2AT ARIGERT MY
SRS ER STV, F1ETOBRF NS, ST FRERK I v FOMEFEHCBNT
W a-adrenaline ZEENEHOEIGEFERAREHETTEL TOB I EAPELNER> TV ST,
¥, BOEERCRZEMEORRSEECEHED, REOEEROEANREI S ENMLN
BH, Thy, BHEERECECESLTWEEEZLA TS, 22T, TRHBEOME
{ZEWETH D norepinephrine (NB) BRMEIERIS 3T S cyclic GMP MO R E % 185
Lz, #FCKETE, CD-349 @ cyclic GNP HIFRCEREY &b THEARBRE 2T .
B, FELUETE, 7 v MEEABIR & OB FREHC Y JIUEEENREL Tw 2 vy Figsix
BRE RO TEYOERERETL 2,
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<EZRFHE>

1) EREM
LB, #EEFABYY Y (FE 2.1-4.5 kg) B LT Wistar %5 v +10-20 At

({&E 230-420 g) AW,

2) RO HH

FEEWIIL, —FEIE L & Krebs-Henseleit solution® A iz, REHFEOMALK, NaCl 118.0
mM, KC1 4.7 mM, CaClz 1.8 mM, MgS0s 1.2 mM, NaH2POs 1.2 mM, NaBCOz 25.0 mM B LU
glucose 11.1 mM & L7z, REWHWE. #ARE, 95 % 05 % C0: DREFT AL HEERAKL, 37T CK

ﬂﬂiﬁb TCo

3) U FBLUT v b BIEAENRIREER RS D ER

7% *&, pentobarbital (40 mg/kg, i.v.) THRE:L ot REBIRE Y HMEFEE R, 20D
BRERSE L D EBEE ORI REMRE TIEPCHEE L, 95 % 02-5 % C0: OBEFAZER
LUlekEmdhic Ah, MERABOKRD SEFEECHESHEBEM BV, 20&, £Hr vy
FRICEHENYIZAV, HOOFEEERI-T, B 2 oo, RE 15 mm ORIEREFERFRL &,
i#. EDRF ODREH R OPKMIE. TN TURBIC TR L 2 RBTERE TR -k, BEOW
WEARBATHARE, —REAALNUAANOTHREEL, g% EHBER force-
displacement transducer (TB-612T, HANE) WiEHilL T, ERUEHFHEL =, H. A1H
YRR, REHRE® 2L, 95 % 02-5% C0: ORESTAZBERL T, 3T CHFEEL &, EF
Wik 2 gDEBIERAFARL T, 60-90 BT LA v FarR—Ca v 2B, EBRITE- 1,
ZOF ANT Y RANDRFEBRE 20 HECTHRL L,

T bRV, BEMETEITL. BEHREL D BEOBIES €k, ZT0%, REHAEKE T
EPCHEEL. 18 2 oy RE 15 mn ORERREARERIL T, AR U REDIR & FO HET
Tla-te, E. 7 v POBRCE, FRIEENR. 1 g T o1,
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4) BWRIGHOKRES

60-90 HEOT VA Y Fax—YavDi%k ME%®. 1007 M @ norepinephrine (NE) TYLHEE
&, RISAEEL LI, 100° M @ acetylcholine (ACh) ®1&5 L &, Z o ACh (107° M) &
DHBRISAED SRz Z Ex D o THRENLRNEHEBORELHEIIL L,

4—-1) vy FREHABIKICRT S 64 oM KCI IR T 2EEHOBE

W MIADOREZ AL L%, 64 oM KCI % 20 SRR CTRIERS L. BRIGH—ECkD ¥
T o o RIS —EW 72 - 2%, nitroglycerin (1078-10"5 M), CD-349 (10°°-107° M),
nifedipine (107°-10"% M), B Xt 8-Br-cyclic GMP (107 M)%. 10 fEEMOBET 15 HHHE]
MEL, TOHW 64 mM KC1 25 L T, IHEHIFHER 2RI L L.

4—-2) Uy FEEHREIKCRY S 107° ¥ NE B § 58 EHoRE

PR AIIEOBRER DL 1%, 1006 M NE % 20 SR CTRIERS L., IERISHA—FBWC KD E
TITIE o foo WMERIGA —E VW78 - fef%. nitroglycerin (1078-107% M), CD-349 (10°°-107° M),
nifedipine (107°-10"% M) &L " 8-Br-cyclic GMP (107%-10"3 M) %, 10 EREIROEET 15 &
FEIRILEL., 20 100° M NE #B5 L T, IEIRIERERETL 2,

4—-3) vV FHEMABIRC K15 CD-349 @ NE YUEHIHFIWER T 5 &4 cyclic GMP
modulator D
NE (1078 M) RIS LY. IERIGH—E Lz k., CD-349 O NE IMEIFIHER R T 2
%% cyclic GMP modulator DEE*#ETL 7. Cyclic GMP modulator & L Tik. methylene
blue (1075 M), oxyhemoglobin (1075 M) ¥ & T zaprinast (3x107% M) & Hwv. Th oM,
CD-349 (10°% M) &[ABFIC organ bath MWIRE5THT & &> THREIL &,

4—-4) Ty bERLEY YR AEIRIC B S CD-349, nifedipine 3 &Y 8-Br-cyclic GMP @
Ca®*-free ¥i'T NE UUER L U Ca®* BHIVEIHWER
Ca®*-free #'F NE RfEH L UF Ca?* UNMGIEAZEETT 2HC1E, 1 oM BGTA 2 &A% Ca?'-
free ORFWIAZHBL, 16 I NE (1078 M) 2ETEZ LW > Tk, Tk, E56K
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NE 85 & 5—BUHEQUEEN, 77 b~V RACRE> k&I, CaClz (0.1-5.0 mM) # REREL
T. Ca?* IBEHRAL . THhODORIGKH TS CD-349 (1078-107° M), nifedipine (107° M)

B LU 8-Br-cyclic GHP (10°5-107* M) OHEERET BT, Thb0EMIE, Ca®' -free @
ERECTRT IBCERCRS L. 16 k. NE (107° M) 25 LA,

4 —5) m%H cyclic GMP BOHEIE

& cyclic GMP @ERE. radioimmunoassay W CiTl o, Sy bERRYYF LN
HABMRE TEPCCHEL, 95 % 02-5 % C0: DRAEFARERL LEEHRFC AL, OEFHED
RO TIEHHRAPHESHBTRN RV, ENEFORERXPEL 2%, MER 5 nl ORBEA
A2 RRBECHB L, 37T CKREL T, 95 % 02-5% C0: ORAHFARBRL A5, 60 SR ¥
Faxk—phLlk, {1 VFaxX—Taroff (D-349 (1007-10°° M EFEmML T 1, 5 15 HH4 >~
FaX—Yavll, tORCHEEERCTHERE L kb, FRELLEFE2RY br VRIS ¥~
(Polytron Kinematica) # BT, 6% trichloroacetic acid 1 ml #MEITHREIFA4A XL, Ho
SyBE (3000 g, 4 °C, 10 min) %, LERSHEIL o, L% KEFN ether T 4 ENEHL T,
trichloroacetic acid #EL . U LD L SWEHRIL ¥ LD cyclic GHP % radio-
immunoassay W CER L %z, MEH cyclic GIP Bk, MEOEEBLHCHELERL &,

5) %Y

norepinephrine hydrochloride (Sigma)
nifedipine hydrochloride (Sigma)

8-Br-cyclic GMP (Sigma)

methylene blue (Sigma)

hemoglobin (Sigma)

nitroglycerin (BZ{L3)

acetylcholine chloride (&—#sE)

cyclic GMP radioimmunoassay kit (< ¥#§3)
CD-349 Wk, KIEHERBMEFMTERL 12,
oxyhemoglobin DFBLEK, Martin®® SOHECHE > THBIL =,
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8) 7— X D

ULHEIIEIE AL, 64 mM KC1 E /0% 107 M NE W X D4UEH% 100 5 & L LEOHE®, MHl
£ (%) ELTRLE, e, 50 % #0515 (ICse) Wk, 64 nM KCI W L 2URER. 50 % M&HIT 2
MHFLORE L LTFRL e 7 —21% nean = S.B. THL., FEEBRER Bartlett RETE
HODHeRN, EHEELE-TRESHIM LT, BETHIE Tukey RETHEEEBRE
Lo o, 2B, Student @  unpaired t-test AW,
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<EBER>

1) vy FEE Rk B 5 64 nM KCl UG KT 3 2B ORE

9 FREAEIRC B S 64 nM KCl FBRIVERIGIX, 2.16 £ 0.17 g THo 1t
CD-349 (10°%-10"5 M) H & f nifedipine (107°-10"% M) k. Z @ KCl 4% (KRE L & REK
HERNCHEIL 2 (fig. 11-1). CD-349 K &L U* nifedipine @ KCI WKEW 3 % 50 % IR,
7.5 = 3.3 x 1078 M (n=5) BLY 1.6 £ 1.0x 100" M (n=4) TH-7, LH»L, nitrogly-
cerin ¥ LU 8-Br-cyclic GMP ik Z @ KC| FHRIE%£ IMFILeAh -7 (data not shown),

2) Y FRHABIKC B 107° M NE iGN T 5SRO E

U X R KBRS 107° M NE FRUUERSE. 2.31 £ 0.11 g TH > 7, (D-349
(10-8-10"% M), nitfoglycerin (1078-10"% M) B &Lv* 8-Br-cyclic GMP (107°-10"% M) &, Z
NE iRi6 % @ERAENCIHEIL = (fig. 11-2), L L. nifedipine kZd NE FHRIUEE £
FlLizhot (fig. 11-2),

3) Uy XHIKEIRC 517D (D-349 @ NE YUBIISIE A 2 &5 cyclic GMP
modulator D
Methylene blue (1075 M, WM 7=V — by 4 7 5—FHEZE) 8L oxyhenoglobin
(1073 M, nitric oxide ¥&X2 Y NI E) &K, wFhd, CD-349 (10°° M) @ NE UUHEMHIER
LT, BHERAETRLE (fig. 11-3), 7. zaprinast (3x10°% M. cyclic GMP &EIRAY
phosphodiesterase FHESE) W kb CD-349 (10°° M) @ NE YUGEMFIERGHEE A
(fig. 11-3),

4) Sy bERRTYXFREKRIRIC KT S (D-349, nifedipine LU 8-Br-cyclic GHP @
Ca*-free ¥{F NE YUHE R £ O Ca BHRRAVEINHIEFE

(D-349 (107°-10"° M) B & T 8-Br-cyclic GMP (10°5-10* M)k, wHFKEIRIC KT D Ca*-

free #T NE ANE 2 MEMFCIMHIL 22 (fig. 11-4,5), CD-349 @ Ca®*-free W F NE UL

FHERWT v PREMRIC BV TORD SN, & OEMAIE nethylene blue (10°° M) OUBI k> T,
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Fig. 11-1
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Concentration-response curves for inhibitory effects of CD-349 (@) ,

nifedipine (A) and

nitroglycerin (QO) on 64 mM KCl-induced contraction

responses in rabbit aorta. All data are reported as the mean = S.E..

The inhibitory effect of each drug was expressed as the percentage of

inhibition of a steady contraction of each aortic strip induced by 64 mM

KClI.

Numbers in parentheses are the number of animals.
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EREhk (fig. 11-6). LH L. nifedipine (1075 M) &, V¥4 ¥BIUT vy bOWLWTFhOKE)
PFREBNTD, Ca? -free i F NE JUBHIMEI L e h oz (fig. 11-4,6), & H&, CD-349 (1078
-10"® M) B &V 8-Br-cyclic GMP (10°5-10"* M) ik, ¥ ¥ FKEMRW BT Ca®* -free #F NE
B HEC Ca?* JUEEA R IREKRAFNCIH L & (fig. 11-1). LA L. nifedipine (10°° M)
. VY FRBIRC BT 5 Ca2* YEEZMFIL ab oz, (fig. 11-8),

5) (D-349 w Lk 2MmEH cyclic GNP EDRIE

oY FRE AP 51 SMEF cyclic GMP @ basal level @&, 32.1 £ 6.3 fmol / mg
tissue (n=5) TH o, C0-349 (1077-10"% M) &, v¥ FRHABRCKT, ZomEH
cyclic GMP B*REMFMICHEME ¥/ (table 11-1)., ZOEMOEER., 1007 ¥ T 1.3 .
100 T 2.8 1%, 100° M T 4.4 BETHof, T, CD-349 &K, 5v MEEHREMRCBWTD,
mES cyclic GMP R BERFMNCHEMEE, D cyclic GMP DIk, methylene blue DFILL
Bk hiMg X hiz (table 11-1),
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Fig. 11-2 Concentration-response curves for inhibitory effects of CD-349 (@) ,
nifedipine (A), nitroglycerin (0J) and 8-Br-cyclic GNP (M) on 107° M
norepinephrine (NE)-induced contraction responses in rabbit aorta. All data
are expressed as the mean # S.E. The inhibitory effect of each drug was
expressed as the percentage of inhibition of a steady contraction of
each aortic strip induced by NE. Numbers in parentheses are the

number of animals.
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Fig. 11-3 Effects of methylene blue (O, 1075 M) , oxyhemoglobin (A, 1075 M) and
zaprinast (A, 3x10°% M) on the inhibitory effects of (D-349 (@) in
norepinephrine (NE)-induced contraction response of rabbit aorta. The
inhibitory effect of each drug was expressed as the percentage of inhibition
of a steady contraction of each aortic strip induced by 10-¢ M NE. Numbers

in parentheses are the number of animals. * P < 0.05 vs. CD-349 (10°% M).

-118-



50r
I 1
2
Q
~
&() *
§25~
8]
o
R
*a
1
0 (5) (6) (6) (5) (5) (5)
? D 3 ) ) %
= ® ® @ » S
S % ke % o %
5y, By, By, >, s,
Z z z z ©

o
Z

Fig. 11-4 Inhibitory effects of CD-349 and nifedipine on 10°® M norepinephrine (NE)-
induced contraction of rabbit aorta in Ca®*-free solution. To examine
the effects of these agents, the aortic strips were exposed to the agents
for 15 min in Ca®*-free solution, and then 10" M NE was added to the bath.
The inhibitory effects of these agents are expressed as the percentage of a
steady contraction of each strip induced by 10°® M NE in normal solution.
Number of parentheses are the number of animals. * P < 0.05 %x P < 0.01.

vs. control.
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Fig. 11-5 Inhibitory effects of 8-Br-cyclic GMP on 10°® M norepinephrine (NE)-
induced contraction of rabbit aorta in Ca?*-free solution. To examine
the effects of the agent, the aortic strips were exposed to the agent
for 15 min in Ca?*-free solution, and then 107% M NE was added to the bath
The inhibitory effects of these agents are expressed as the percentage of a
steady contraction of each strip induced by 10°® M NE in normal solution

Number of parentheses are the number of animals. * P < 0.05, vs. control.
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Fig. 11-6 Inhibitory effects of CD-349 and nifedipine on 10°® M norepinephrine (NE)-
induced contraction of rat aorta in Ca?*-free solution. To examine
the effects of these agents, the aortic strips were exposed to the agents
for 15 min in Ca®*-free solution, and then 10°® M NE was added to the bath.
The inhibitory effects 6f these agents are expressed as the percentage of a
steady contraction of each strip induced by 10°® M NE in normal solution.

Number of parentheses are the number of animals. *¥% P < 0.001 vs. control.
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(A) Concentration-response curves for inhibitory effects of (D-349 (O,
1002 M), (A, 1007 M), (A, 107 ), (M, 10°% M) on Ca®*-induced
contraction (@) of the rabbit aortic strips preincubated with 107% M
norepinephrine (NE) in Ca®*-free solution. (B) Concentration-response curves
for inhibitory effects of 8-Br-cyclic GHP (O, 10°% M) , (A, 3x10°° M) ,
(A, 1074 M) on Ca®?*-induced contraction (@) of the rabbit aortic strips
preincubated with 107® M (NE) in Ca?*-free solution. The inhibitory effects
of CD-349 and 8-Br-cyclic GMP are expressed as the percentage of a steady
contraction of each aortic strips induced by 10°® M NE in normal solution.

Numbers in parentheses are the number of animals. * P < 0.05, *x P < 0.0l.
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Fig. 11-8 Concentration-response curves for inhibitory effects of nifedipine (O,
1075 M) on Ca?*-induced contraction (@) of the rabbit aortic strips
preincubated with 1078 M (NE) in Ca®*-free solution. The inhibitory effects
of nifedipine are expressed as the percentage of a steady contraction of
each aortic strips induced by 10°% ¥ NE in norma! solution. Numbers in

parentheses are the number of animals.
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Table 11-1 (D~349-induced production of cyclic GMP in rat and rabbit aorta without

endothel jum

Agent Rat aorta
cyclic GMP

(fmol/ mg tissue)

Rabbit aorta
cyclic GMP

(fmol/ mg tissue)

None | 53.2 £ 12.8 (n=5)
CD-349 (1077 M) not tested
(107 M) 66.2 £ 22.5 (n=5)
(1075 M) 110.5 = 11.1* (n=5)
CD-349 (10°% M) 48.0 £ 8.3 (n=h)

+ methylene blue

(107 M)

32.1 = 6.3 (n=5)

42.6 + 2.5 (n=h)

90.7 + 7.5 (n=5)

+

142.4 + 20.8% (n=5)

not tested

Values are mean = S.E. x P < 0.05 is significantly different from control (none).

n, number of animals. Aortic strips were exposed to CD-349 for 15 min.
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<HBE>

FREBOERM, S, cyclic GIP HMBE., YHFBLUT v MEHABIRIC ST, NE FRO
FIUE L BERENCIIFT A2 EMNBELh ER oz, 2O NE IUEIMEERAR, Ca EMETHD
nifedipinek W » LRFOBMELRBCRKED ShiLWEATH - =, Ei, cyclic GMP EE
@ NE YREBIVEIERIC K. phophatidylinositol fAE#EER% L I-MEIAR Ca®* & & DANKEINH B
X U'ZE{EF8 Ca* -channel 26D Ca?* HADHELENREZ LN,

Y4 FREH KBRS D KOl FHROEINHEE, Ca FEHMMEEF TS nifedipine BLV
CD-349 W & DI & hred cyclic GHP 3EINEETH S nitroglycerin B LU cyclic GNP analog
T&5 8-Br-cyclic GMP Tik, &< IMFIE hizhok, ZOZ DL, VI FREKEMRICH T
W, cyclic GMP HMNZEWk., BEM KA Ca®* ~channel W § 2MFHFAR RV EMRELNE R
27, —H. VHEFREBRPIRC KD NE FROFIUEE, KCI EoRREERRY, Ca iR
FETHD nifedipine TEINHI X F. nitroglycerin, (D-349 ¥ L 8-Br-cyclic GMP THIHl &
hizZeho, NE Ok ) ZAEFE Cat-channel 50 Ca?* WAZNL LUECKE, Ca 3
FUERME T, cyclic GMP SEMBHLRMICIFIT D EMEL Mo 12,

CD-349 WIUB ECoMmE M S, mEH cyclic GMP IXIEME # H M1 | FHMBETA D =Hh)L
RRIGCEBRENZHE SRS TR, ok, LEL, ZEROEELS, CD-349 i,
nifedipine @& 37 Ca FIRMEC ML T, cyclic GMP HMMBHROERLEL TWB I LAHELHL
Efleotz, T T, (D-34% @ cyclic GMP HEMBREACEBL T O K 2T -1,

CD-349 o NE FEZRALLEIDHEIEAIX. methylene blue (soluble guanylate cyclase FHEZET)
B XV oxyhemoglobin (NO #H&X Y AZET ) Wk h#IFIEhAZ EH 6, CD-349 ORI,
ZoEEROF A5, N0 2HEL. 2D NO A%, guanylate cyclase #iE#E{L L T, Mm%
cyclic GMP #IINE ¥ TV D ATREME AR E Wiz, € 514, zaprinast (cyclic GMP EIREY
phosphodiesterase FHEH'?S) & & - T, (D-349 DIFRBHEAME hiZ th s, (D-349 @
cyclic GMP SEIMEAMREHE ATV I Z ENRTB S hi, EECmE S cyclic GNP BRREL &
FER. CD-349 &, v FBIU Sy hOXBIRICH VT, BERENTEMERYTTZ L ARE
Shi,

NE BEZMEANE O WHAEIC &, phosphatidylinositol (PI) REIE#ER L TELE L
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inositol trisphosphate (IPs) & & 2488 Ca FWESHL» 5D Ca?* HHABFEL TWELEEX
LERTN3B3, KEROZEE»S, (D-349 . vV FRB LT v b XEMRWC BT S Ca*-free
F NE U6 % BB IPHI L 2z, & 5. 8-Br-cyclic GMP b EIHRIC Ca?*-free BT NE 4R¥E
PIRERENCIHIL 22 L2 5, cyclic GHP &, Z OUUEREO OThh® #H L T STk
REXOND, BELTOLEI A, HHCBEL TRTHTH DA, Rapoport & DAL LhiX,
= bofk&dp i NE FRIUEEMFIL. 20, cyclic. GMP I & 3 P1 oinkyEaREOM
HIREELTOVBEWD, - T, FERBREBWTL FBOTEEMLE X Shiz, 1, (D-349
&, 8-Br-cyclic GMP & RIERIC U ¥ ¥ KEIRW BT Ca®*-free #F NE UUHEWHEC Ca®* URAE(E
REBERENCIHIL 2 e S, cyclic GMP &, ZFEMEHIE Ca2*-channel »5H D Ca?* DO
ADHIT D ATREE NI E R,

ut@iiuﬂ@MQBiUCmHCWPMM%Q)&&TWHCWPMNE%%W%%W%T
DTENRHALhER o, B1ETORN,S, STZ FRERRT v F OBEHKEIIRKC BT,
NE BRMENHERGHERCHBLTOBZ EXPLA L, $61, BREERRES v P&
BOTR, TEMROFRESAERCAET S 2L &> TOEREIRI D, Z0Z L HKENn
FENOHERCHES L TOLI ERPALLER>TVWDI2) | Fie, ZThH0Z Eik, BMEERE
BEE LT, prazosin ¥ doxazosin & o -adrenaline FEMEMFIANERATHIEVI T EM
S55HMFFEhT0D, REBROER»S, cyclic GNP HINED Ca BRBCRIED ShizwER
ELT NE WHEIFIIREBE L TO A Z AL ERD, BREF S LUCBOLEEFC BT 2K
P M B A B & 72 DRTBEMEAURIE & hois,
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£10F B-adrenaline RBEAALLERERIGO cyclic O EMEL & Akt b
M cyelic nucleotide 2OEL

F2EBIUEIHETORNL L, ST BRERFK T v PRIUCERRIEEERRS v b OEiX
BYIRIC 5 THE Badrenaline BHHNEM OMEBERSE, EHCHBEL TV L AESH
EleoTWn552:92) i BNEESHPHCEVTY B-adrenaline FAEGMELE O MERBRIG
. FRCEHGL TOWB I ERMEEhTNWS3 D | MELEEK Bir 5 B-adrenaline BHKE
RMEIBECHTODI I DS, TOBENET T2 LOFEROEAIRI DI ERELS
h3, ¥, B-adrenaline XFHFHEILNETBHOZBHECIERT S L, adenylate
cyclase AEHA(L & h, mEH cyclic AMP A LR L, IEFRBRISEERATIEEZ LR TS,
Cyclic GMPE cyclic AMP OMESEABIL TRA T VOEHTHNT, cyclic GMP A% isopro-
terenol (IS0) W& cyclic AMP NEM®D Ca®* BRENFITIZ EAMEL hTHRI®T,

L L., mMEFEHECEOTE cyclic GMP & cyclic AMP OMEFACET28HERRV. 22
CRETI cyclic GMP ML B-adrenal ine ZEEIFEIEO MEFEE I B SHEEHCD
WTRETL %2
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<$EBRFE>

1) R
FRCR, #ERFARYY Y (FE 2.1-4.5 kg) ZRVE,

2) REHOBER

FEIRITIL, —SMEIEL = Krebs-Henseleit solution® iz, HFEHEOMAL, NaCl 118.0
mM, KCl 4.7 mM, CaClz 1.8 mM, MgSOs 1.2 mM, NaH2POs, 1.2 mM, NaHCOs 25.0 mM BXO*
glucose 11.1 mM & L7 HERIEFBIE, 95 % 02-5 % C0. ORAFARHEIFELKL. 37 Cizhn

BL %,

3) VY XEIEABHIRIR PR R O (R

9 Fi% pentobarbital (40 mg/kg, i.v.) THE:L ik, HEEEMRL HBMBHFEL L, 20O
HRBIRSE L DBRBE I CORDAEMRE TIEPCHME L, 95 % 025 % C0: DEATARER
LRFXBHPCAh, NEABEOKRSS RIEHEMCEAEEEMO R VL, 20&%, &ty
FBIUREHENTIEAY, MOOEERI-> T 18 2 oy £ 15 nn ORIEREREIERIL %2,
. PR MRS SRAEER FOEE LR RO PR, TRTRBCTHEEL 2RETERT
ot BEOEREARMATHALE, —HWEAALTVAZRNOTRCEEL., EEENHEE
H force-displacement transducer (TB-612T, BENE) WKL T. SRURHFHEL L,
M, AT VAP, REREFH L, 95 % 02-5% C0. DRENAREEL T, 37 CTREE
Llo BRI 2 g OBHIERNDEZAEBLTC, 60-90 KBTIV A vFar—~a v 2B, £BY
fTiaolee ZOR ANVHYAIANOEEH G, 20 HECTEL 2,

4) BEMRISHEOKRET

60-90 HEDO TV A Y FaX—Tarofk, mE% 1007 M @ norepinephrine (NE) TUUEEX &
RISMEE L fzfkic, 10°° M @ acetylcholine (ACh) ®$E5 L, Z DK, ACh (1005 M) w&b
SARRISHFED LRV T &% b - THEN L NERAORE AL 2, 20 40 H%K endo-
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thelin-1 (ET-1, 1077 M) THEFR UGS &, RIEHEE L %, 1S0 (1078-107° M) & =ik
forskolin (FSK, 1078-10"° M) #* RMMICIZS5 L THEMBRIGERET L 2. B, 180 ki
FSK BBoe5tig RIS wxtd % nitroglycerin (1078-10" M), atrial natriuretic peptide (ANP,
10712-10"® M), CD-349 (107°-10"5 M). 8-Br-cyclic GMP (3x10"°-3x10"* M), nifedipine (10°°
M) B &L nicardipine (107° M) ORELRFTIHECE, Tho0RYE 155 HEILE L &,
ET-1 TEFXRIUEL € 2, 1235, nethylene blue (1075 M) B LT oxyhemoglobin (107% M) @
FERET BB, nitroglycerin ¥ izid (D-349 #x ¥ O & XM L RIFFIC organ bath MICH
533 &oTHETL &2,

5) MmEH cyclic nucleotide BDBE

Mm% cyclic GMP # LU cyclic AMP OEEIX, radioimmunoassay ¥ TiTlaok, V¥ ¥ &
DRI REMRZ TWEP CIEEL, 95 % 02-5 % C0. DRAFTAZERL LEEHPCAh, OER
B D55y e BRI HEMPH SR M D RV, %ﬂu‘é‘@iﬁéﬁ%ﬂiﬂ%bf:fﬁ\ mE% 5nl OFE
BHAA-> LRBFCH L. 37 CCREL T, 95 % 02-5% C02 DREFNAZBER L Iahts,
60 fIA v FaX—r Lk, 1 VFaxX—Tarng, 180 (1075 M), 8-Br-cyclic GMP ¥ 22k
CD-349 (10°7-10"° MR HML T 15 HfEld v FaX—Yarvl ik, TORCHEFERC THFEL
fro BWESL REXERY bnvikE US4 ¥ — (Polytron Kinematica) % AT, 6% trichloro-
acetic acid 1 ml #MXTRETF L XL, FASHBE (3000 g, 4 °C, 10 min) f%. LiFEHEL
fzo Lif%kEIF ether T 4 [EBEH LT, trichloroacetic acid ®Br&EL k. M ED L 5 i
Ly 7 Ad cyclic GMP B & T cyclic AMP % radioimmunoassay “EW CTEEL iz, MEH
cyclic GMP B LU cyclic AMP Bk, MEDOEBEBMYCHIELEL &,

8) fEHEW

norepinephrine hydrochloride '(Sigma)
nifedipine hydrochloride (Sigma)
nicardipine hydrochloride (Sigma)
8-Br-cyclic GMP (Sigma)

methylene blue (Sigma)
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hemoglobin (Sigma)

nitroglycerin (B&{tZ)

acetylcholine chloride ($—®%)

atrial natriuretic peptide (X7 F FBFZEFR)
endothelin-1 (X7'F FEFEFR)

cyclic GMP radioimmunoassay kit (¥ < 44D

cyclic AMP radioimmunoassay kit (v < ¥-#d)

CD-349 &, KERBEREMEMTHEHEL 2,
oxyhemoglobin k. Martin SDHFE T > THARL %,

7) 7— 2 OFET

MEMERT S 1007 M ET-1 W L A4UEN% 100 % & L 2RoEa%x. KR (%) & LTR
Lic, &7 — %1 mean = S.B. TRL., HEEMRER Bartlett RETEHOHHEHAR. &5
B O —REESHS T EITV. AETHHIE Tukey RETHEZRREL &,
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<EKBHR>

1) vy KRBk Bt 3 180 BRMBRISTH T 58RI OHE

Y FEEABIRC BT IS0 &, REKRFHCOEREE L (fig. 12-1).
nitroglycerin (1078-10"% M), ANP (107'®-10-% M), CD-349 (10°°-10"° M) B ¥
8-Br-cyclic GMP (3x1078-3x107* M) k. Z @ S0 FHESMEHiR % WEKREN R &2,
(fig.12-1-3), L #» L, nifedipine (1075 M) B X nicardipine (10°% M) X Z o 180 &M
iR £ R L abh ol (fig. 12-4),

2) VY- FREKEMRI B D nitroglycerin BL T CD-349 @ 150 FHRMEBHERIERC
%9 % methylene blue ¥ XU oxyhemoglobin DEE
Methylene blue (10°% M, soluble guanylate cyclase inhibitor) ¥ XU oxyhemoglobin
(107% M, nitric oxide binding protein) & nitroglycerin (10°% M) ¥ & v CD-349 (10°° M)
D150 FROMEMBEERIEALENL 2 (fig. 12-5),

3) VY X¥HEPREIRIC B D FSK FRMBRISC T 5 CD-349 OFE
Y XRERBIRC BT FSK &, MEAFHCOERBEL L L (fig. 12-6),
CD-349 (1075, 107® M) . T FSK FHRMOEMEL REKFMCHEEL & (fig. 12-6),

4) Mm% cyclic nucleotide B3 2/EH

Y Y FRIE K ERIC B D MEH cyclic GMP B LT cyclic AMP @ basal level &, 0.049 =+
0.01 pmol/mg tissue (n=5) LT 0.37 £ 0.03 pmol/mg tissue (n=5) TH->r, ZDK, CD-
349 (1077-107° M) W, mMEh cyclic GMP BRIBEKRFHCHEME ¥ kA cyclic AMP . H#8m
Sgiepofz (table 12-1). /e, IS0 (107° M) k. Mm% cyclic AMP X 0.37 + 0.03
pmol/mg tissue & 0.47 + 0.01 pmnol/mg tissue EbFAIHEME LA, ZOBMORBER,
CD-349 (10°% M) % 7-i& 8-Br-cyclic GMP (3x107° M) o #liEWw L b, 0.62 = 0.08 pmol/mg
tissue (n=5) B LU 0.63 + 0.07 pmol/mg tissue (n=5) &7 0. FRHARIMERETL &=
(tablel2-2) ,
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Fig. 12-1 (&) Effects of nitroglycerin (NTG) (A, 1078 M), (A, 1007 M), (M,

108 M), (O, 10°% M) on isoproterenol (@, control)-induced relaxation
responses of endothelium-denuded rabbit aorta. (B) Effects of atrial
natriuretic peptide (ANP) (O, 10°'® M) , (A, 107° M), (A, 10°¢ W)

on isoproterenol (@, control)-induced relaxation responses of endothelium-
denuded rabbit aorta. Aortic strips were exposed to nitroglycerin and ANP
for 15 min, and 10°7-2x10"" endothelin-1 was then added to the bath. The
results are expressed as the percentage decrease of contractile force
induced by endothelin-1 and the means = S.E. Numbers in parentheses are
the number of animals. % P < 0.05, ** P < 0.01, significantly different as

compared with control.
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Fig. 12-2 Effects of CD-343 (O, 10°° M) , (W, 107 M), (O, 1007 M), (A,
10-° M)., (A, 1075 M) on isoproterenol (@, control)-induced relaxation
responses of endothelium-denuded rabbit aorta. Aortic strips were exposed to
CD-349 for 15 min, and 1077-2x10"7 endothelin-1 was then added to the bath.
The results are expressed as the percentage decrease of contractile force
induced by endothelin-1 and the means =+ S.E. Numbers in parentheses are

the number of animals. * P < 0.05, **x P < 0.01, significantly different as

compared with control.
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Fig. 12-3 Effects of 8-Br-cyclic GMP (O, 3x107® M) , (W, 3x10°° M) , (OO,
3x10°* M) on isoprotereno! (@, control)-induced relaxation responses of
endothelium-denuded rabbit aorta. Aortic strips were exposed to 8-Br-cyclic
GMP for 15 min, and 1077-2x10"7 endothelin-1 was then added to the bath.
The results are expressed as the percentage decrease of contractile force
induced by endothelin-1 and the means + S.E. Numbers in parentheses are

the number of animals. * P < 0.05, *x P < 0.01, significantly different as

compared with control.
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Fig. 12-4 Effects of nifedipine (A, 10°° M) , nicardipine (M, 10°% M) on
isoproterenol (@, control)-induced relaxation responses of endothelium-
denuded rabbit aorta. Aortic strips were exposed to nifedipine and
nicardipine for 15 min, and 107 endothelin-1 was then added to the bath.
The results are expressed 'as the percentage decrease of contractile force
induced by endothelin-1 and the means =+ S.E. Numbers in parentheses are

the number of animals.

-135-



A& %k
6]
(5)

pd

O

%

w

c

2 (6)

100~

b —1 1 A I}

7 6
-LOG (ISOYM

@r
”

Fig. 12-5 Effects of methylene blue (W, 10°° M) and oxyhemoglobin ((J, 107° M) on
potentiating effects of CD-349 (A, 10°% M) in isoproterenol-induced
relaxation responses of endothelium-denuded rabbit aorta. Aortic strips were
exposed to these agents for 15 min, and then 10°7-2x10"" M endothelin-1 was
added to the bath. Results are expressed as percentage decrease tension of
contractile force induced by endothelin-1 and means * S.E. Numbers in

parentheses are the number of animals. % P < 0.05, *x P < (.0l. significantly

different vs. 1075 M (D-349.
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Fig. 12-6 Effects of CD-349 (A, 1077 M, A 10°® M) on forskolin (@, control)-
induced relaxation responses of endothelium-denuded rabbit aorta. Aortic
strips were exposed to CD-349 for 15 min, and 1077 endothelin-1 was then
added to the bath. The results are expressed as the percentage decrease of
contractile force induced by endothelin-1 and the means =+ S.E. Numbers in
parentheses are the number of animals. * P < 0.05, ** P < 0.01,

significantly different as compared with control.
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Table 12-1 Basal and CD-349-induced production of cyclic nucleotides in rabbit aorta

without endothelium

Agents cyclic AMP cyclic GMP
(pmol/mg tissue) (pmol/mg tissue)

None | 0.37 £ 0.03 (n=b) 0.049 £ 0.01 (n=5)

CD-349 (1077 M) 0.41 % 0.05 (n=5) 0.072 = 0.02 (n=5)

CD-349 (107 M) 0.33 = 0.04 (n=H) 0.083 = 0.03 (n=5)

CD-349 (10° M) 0.40 = 0.04 (n=bH) 0.103 + 0.03% (n=4)

Values are means = S.E. n, number of animals.

* P < (.05 significantly different from control (none).
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Table 12-2 Effects of CD-349 and 8-Br-cyclic GMP on isoproterenol-induced production

of cyclic AMP in rabbit aorta without endothelium.

Agents cyclic AMP

(pmol/mg tissue)

None 0.37 = 0.03 (n=h)
IS0 (1075 M) 0.47 £ 0.01 (n=5)
IS0 (105 M) + CD-349 (10°% M) 0.62 = 0.08% (n=5)
IS0 (1075 M) + 8-Br-cyclic GMP (3x1075 M) 0.63 £ 0.07* (n=5)

Values are means *= S.E. n, number of animals.

IS0, isoproterenol. * P < 0.05 significantly different from control (none).
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<EHE>

FRBOEENS, cyclic GHP HINEIX, 180 BLUV FSK BROEMB(FH % REKRFNCHE
WTBZENALMER ST, TD cyclic GMP 2L 5 cyclic AMP ArEMEIME SR 1E A O 585
Bk, cyclic GMP W2 & % cyclic AMP O BINEICEE L TWATRTREERRIB & hi, RFE.
MEFERHC BT, cyclic GMP A% cyclic AMP DIERA %M T 3 L W RPOHETH D,

vy FRgEKEIMRC B D 150 FRMEMEFRE. nitroglycerin, ANP, CD-349 &
cyclic GMP HINFEC & > CTHECHME iz, E iz, cyclic GMP analog T&H D 8-Br-cyclic
GNP 1o & > T bEHOBEABS N, & 51, nitroglycerin 350 (0-349 @ IS0 FERMEH
IBIIRIEAIX. soluble guanylate cyclase JAEZE TH S methylene blue!” KLU NO #&H2 ¥
NIBETHB oxyhenoglobin®™ W ko THEHEhiz, TDZ EMS, cyclic GMP IR,
B-adrenaline FEGAEMMEMBFRALY BT I L AHZE S hiz, FEROER» L, &F
MWETHD AP b, IS0 BROEMEFALERE» SMET I EMNELL LR, 2T,

ANP B, EFER BV T adrenaline EW &5 B-adrenaline FBEENTEMMEBRIC% FEL
TOAAREEbRB L h i,

(D-349 i, VY FHEPXBIIRIC B D FSK FHRMBRIS b RERFNCHEL 220 b,
CD-349 &, PB-adrenaline FEENEMEMBIERL Y TR, FSK FROEHMEEAL LHET
ST ENLMER o, FSK i, B-adrenaline F&EME X4 & FC. adenylate cyclase Ol
R EBEEL T2 W&o T cyclic AMP M EEDZ &2 5% cyclic GHP k.
cyclic AMP AFEMEDQMEMBIER 2HE T D Z EATE S hi,

Mm% cyclic nucleotide DEBER LD, CD-349 & LT 8-Br-cyclic GMP . IS0 W &3
cyclic AMP O FERRC B X /-2 LA 5, cyclic GMP . 1S0 W& cyclic AMP B %1
e T, 180 KL DMEMBEFAEEEL T DAHEEMNRE S h iz,

EE, M/MRCBOTE, = Fafbathht. cyclic AMP MR X 2 M/ MREEEIEE/E A #1858
THIEAHEShTVAS , Z OMAERK. = b a{tah cyclic GMP ZIEINE &,
cyclic GMP-inhibitable cyclic AMP phosphodiesterase (Type II PDE) #FHEFT R Z L2k »T
WHEHREE N TS, MEFEHRBO TR, O ERAERCE L TREERR VA,
cyclic GMP-inhibitable cyclic AMP phosphodiesterase (Type Il PDE) WX#HFTET 3 I & Mgk X
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RTWB109- 118 o T, RHERWBWTH, cyclic GHP At Type I PDE %PHE L T. cyclic
AMP NMEEM BB FA LB L TW SN F X b hie,

EEZERX, B2EECBWT, IS0 FROFHBFAGAEARAFET IBCEIRRTI LR
ROl 32, MERKMEAS &, ¥EF EDRF (NO) ABEBEESh TR D MEF cyclic GMP &F
. NEMREEROGSAEMIEFERLD, BOI EAREEh TV, #-T, NEMA
FIZER I, MR cyclic GMP A%, Type I PDE ¥BAET S Z Ltk »T, IS0 HRMmE i
FRMBBCRBREDITFEERDDI L ETRBR I hlk, i, FERFE2BLTIECEWT STZ
FRIERFZ v P BLUEREEVERF WBN/Kob 5 v POWTFh [BERFETNVCBVTLE
ERBMRIC B WT B-adrenaline REGNEHMEERIGHERICHETF LTI ZERELIE
L7e82:92) ) 51, MMEEEPCSVTO MEFEH LY D B-adrenaline REGTEMM
FHRRISHERCEET L THDZ EMRHEEhTND3 D, ZRBROERH, S, cyclic GHP I8
mER I BERFND L CELEERCED 5hd B-adrenaline XBFEHNEHOMERBERIES
HEL., tOBEYERIEIAEELADH D ENTBE I,

-141-



£13E Protein kinase C AMEHMEMGER RIS cyclic 0P ENZE0FE

FE. MEFEHW BT S norepinephrine, angiotensin I ¥4 UF endothelin O agonist
Wk A M GEEEC B TIE, phosphatidylinositol (P1) RBEIEENEZELEZERIEL TW5
TENEEER TR, MENEELAZRFGCHEET 5 LR Y VIEETS 3 Pl B
k4R & N, inositol trisphosphate (IP3) #&U* diacylglycerol(DG) M&ELEN D34, T 0
DG W&, protein kinase C (PKC) #¥EHE(LL . MEIMEEERETHLEL LR TN R%2:39),
Phorbol ester k. Z® PKC #SEMCEELT I EAMOAT NS 8D, EEHEI B DR
e, ZEEIL, SHRSP OFIIRFIBAS BT, phorbol ester S MEUUER IGH 3T IBEE & tLEk
LCERRTTEL T0B IR RWEL LN, FHROR KRG, BOEEERRES v b OBEE
BRSO THEDLRTNAS8 39 = ST HFRERF S v b OBEESHIRC BT, [
B, phorbol ester FBRMBEIFERISHHIBH LB L TERATH LT EHHET LTV,
L » L. phorbol ester & &% protein kinase ¢ Sr7EMEMEIEC N T 5 cyclic GMP HEZED
SHRWCET S MERX LV, UEOZ Ehb, FETHOEFHEBH KD phorbol ester FRME
BT S cyclic GMP SEMEBE DR EBETL 12,
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<EKRFH&>

1) #REY
FEEICIE., HEAXAE Y Y (KE 2.0-4.8 kg) # AV,

2) REHORAH

FEHIE, —HEIEL %2 Krebs-Henseleit solution® A, KEHOMMIL, NaCl 118.0
nM, KC1 4.7 mM, CaCl2 1.8 nM, MgSOs 1.2 mM, NaH2P0s 1.2 mM, NaHCOs 25.0 mM B LT
glucose 11.1 mM & Uiz, Hukik. #BH%. 95 % 02-56 % CR OB EHN AL EFRAKL. 37 CK

M| L %,

3) U FReEKEIIRER SRR E A D (F 5

4 %13, pentobarbital (40 mg/kg, i.v.) THE:L k. BEHRL HROEFELLE, 20
HRBIRSE & D HRIR E TOREREMRE TP CMEL, 95 % 0-5 % 0. ORENARBLK
LU RiRERPCAh, NERBEOKRIZIEHHEMCHEARBERVBRVL, 20K, ZHY Yty
PBLOEBENY IFAO, MOOEELI - T, 8 2 m, X 15 mn OBERIERBHFRL &,
f5i, EDRF OQRERR LHAEMIAE, TN TRBCTHBEL ZRETEBRE TR, BEXOH
WEKBRTRALEE, —REALTAANOZRCEEL., %2 EHBERM force-
displacement transducer (TB-612T, BHFNE) Wil T. SRURHBHEL 2, ¥, A Y
VARG, FEEERHLL, 95 % 02-5% 0. DRENALBEL T, 37 CRBPEL L, EX
Wik 2 gDF RN EEML T, 60-90 HET LA vFaR—Ta v L 2EE, EBREPITR R,
O, ANT AN ORER G, 20 FBETRL L,

4) BEWRSEORKRET

60-90 HHDT VA Y FaxX—TarDEk, %, 1007 M @ norepinephrine (NE) TULEHE &
B, RIGDBEEL %2, 100° M @ acetylcholine (ACh) ##®5L #2, T ®E, ACh (1075 M) &
L DAERRISAS 75 % U ERDSHN DI Ex L - T, BEMNBZFEMBOEEY EEL b, MEHE
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RIOFEEREAL 121%, 64 oM KCl W X > THEXIUEE ¥, D%, phorbol 12, 13
dibutyrate (PDBu, 10-% M) W & b ME®IU¥E & ¥, Nitroglycerin (1078-10"% M). atrial
natriuretic peptide (ANP, 10-'®-10"7 M), CD-349 (10°%-10"° M). nifedipine (107° M),
nicardipine (1075 M) B XV diltiazen (10°° M) DHELIRIT IR, ThoHOF%
155 HIRIALE L =184, PDBu #1845 L 7., & 51, methylene blue DRERRETT DB IX,
methylene blue &, nitroglycerin ¥ 72k CD-349 EEIFKIREL %,

5) EH%EY

norepinephrine hydrochloride (Sigma)
nifedipine hydrochloride (Sigma)

nicardipine hydrochloride (Sigma)

diltiazem hydrochloride (Sigma)

methylene blue (Sigma)

phorbol 12,13 dibutyrate (Sigma)
nitroglycerin (B#F{LE)

acetylcholine chloride (F—5i%%)

atrial natriuretic peptide (X7 F NEFEFT)

CD-349 W&, RIERERAWERTEAL

8) F—X& DR

MmMERMEGEMEL DB SNT 64 oM KC1 INKER 100% & L o mEIER (%) TRl .
BF—2& mean + S.E. TRL. FEERTW Bartlett METKPROHSWME AN, SHH#ES
WE—ERES BT EITO. AETHIE Tukey RETHEZLREL &2,
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<EBER>

1) vy FHgEAEMRI 15 PDBu UGt T 2 &R OHE

T FRE KBRS 1D 64 oM KCI FRAUERISE, 1.69 £ 0.14 g TH o7, PDBu
(107 M) k. MERIGES L, IERFERCBRTHD., 49 90 HECT I b—URILICEL
o Z DEFDILHE L. 64 mM KC1 wxfL T, 115.0 £ 9.2 % TdH -7z, Nitroglycerin (1078-
10-5 M), atrial natriuretic peptide (ANP, 107'°-10"7 M). CD-349 (107%-10"° M) RREKHE
#9% PDBu RERIUERINAHIL &2 (fig. 13-1,2). LA L. nifedipine (10°% M), nicardipine
(10°5 M), diltiazem (10°% M) Wk, PDBu FERAUELX L MFILed o (fig. 13-3),

2) vy FKaIABINRIC B D nitroglycerin B LT CD-349 @ PDBu YUEMIHIEIRICH TS
methylene blue DFE
Nitroglycerin (1077, 10°% M) L ¥ CD-349 (107, 107° M) o PDBu AREEINEISHIRL,
methylene biue (10" M, soluble guanylate cyclase JRE®) LB LYH 2hFhiEMEh
fz (fig. 13-4),
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Fig. 13-1 Contractile responses to 10°® M phorbol 12, 13 dibutyrate (PDBu) with
nitroglycerin (NTG) (O, 10°® M), (A, 1007 M), (A, 10°¢ M), (M,
1075 M) , and atrial natriuretic peptide (ANP) (O, 107'¢ M), (A,
100° M), (A, 1008 M), (M, 107" M) in endothelium-intact rabbit aorta.
Aortic strips were exposed to these agents for 15 min; 10°® M PDBu was then
added to the bath. Results expressed as a percentage of response to 64 mM
KCl and are the mean £ S.E. Numbers in parentheses are the number of
animals. * P < 0.05, #x P < 0.01, significantly different as compared with

control.
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Fig. 13-2 Contractile responses to 1078 M phorbol 12, 13 dibutyrate (PDBu) with
CD-349 (O, 108 W), (A, 100" MW, (A, 100 M, (W, 107° M)
in endothelium-intact rabbit aorta. Aortic strips were exposed to these
agents for 15 min; 107° M PDBu was then added to the bath. Results expressed
as a percentage of response to 64 mM KCl and are the mean * S.E. Numbers
in parentheses are the number of animals. * P < 0.05, #x P < (.01,

significantly different as compared with control.
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Fig. 13-3 Effects of 10°° M nifedipine (OJ), 10°° M nicardipine (M) and 10°% M
diltiazem (O) on 10°® M phorbo!l dibutyrate (PDBu)-induced contraction of
endothelium-intact rabbit aorta. Results are expressed as a percentage of
response to 64 mM KC! and are the mean £ S.E. Numbers in parentheses are

the number of animals.
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Fig. 13-4 Effects of methylene blue (MB) on the inhibitory effects of nitroglycerin

(NTG) (A, 1077 M), (M, 10°° M), (A, 1007 M +M¥B 10°° M), (O,
107 M + MB 107 M) and CD-349 (A, 1007 M), (W, 1075 M), (A, 1077

{6)
«)

{5)

M

+MB 10" M), (O, 10 M + MB 1075 M) in endothelium-intact rabbit aorta.

Aortic strips were exposed to these agents for 15 min, and 10°® M phorbol
12, 13 dibutyrate was added to the bath. Results are expressed as a
percentage of response to 64 mM KCl and are the mean + S.E. Numbers in
parentheses are the number of animals. * P < 0.05, *x P < 0.01,

significantly different as compared with control.
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<HE>
FEBROERMS, cyclic GHP ML, v ¥ ¥ ABIRIC BT, PDBu FHROBINMES B

EREMCNFTEIENEL P E R, 2O PDBu MEFRIVEMHIER L. Ca FMBTH
nifedipine, nicardipine B&L U diltiazem &\ o EARNLMBFHIEZRCXEAD SRz WERAT
Bk,

U4 FEERERC B 5 PDBu RERMAEILKERL. Ca FEMMEF TS nifedipine Tik2 N4
Thighokl Edb, V¥ FEHMABIKC ST, PDBu FROFIEER R, BEMKESE
Ca?*-channel 5@ Ca?* OFAR., BIGL TR EMEIS M oA, Nitroglycerin B &
O (D-349 @ PDBu BEZUNMEINHIIE AWK, methylene blue (soluble guanylate cyclaseflE%&*?
D koM hiZ EhS, ZhSOFRAK. guanylate cyclase OEMELE L B
cyclic GNP DM L NRIME N TOIFRESENTREE WA, REFTOLI A, EDLHK
cyclic GMP #% protein kinase C Jr7EtE D MEURAEIER £ #HT 5 2 TEIT H 2%, cyclic
GMP 4% protein kinase C EHEIFIL TO D FREMAE X bhiz, BEBET ORI L, FEEHWX
SHRSP DFIR-FHRIFW R+ % phorbol ester FRMBEIEORGHEATIEL TR IR RVEL
1D, &=, SHR ORBRBEENRSS 9 B L ST HRERFS v b ORGEKENRK 12 BT
phorbol ester FEMEUUEDORISHEAEECTEL TR I LAHET TS, BLtoZ bh
5. BMEEEYE L O I EEREEHOThORREPETFTLEROTHL, MFEFRBCBYS
protein kinase C JEHEMER L TV AAEEMN MRS D, The5DZ &k cyclic GMP M=z, &m
FEAERR R & O RIS I BEETUE A B S h T 3 B F | D protein kinase C Jr7EME & 4L
FEVERC X U TR INEI 3 DFTREM A B 5 Z E RIS T B,
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1)

ERFARD L OB MEERC B, OMERELBIREICHES ZERELRTHS, Thb
OREBFERLZEASL P ER L > TORVLA, 2o—ik. LEFEHE L ChER KRR
OBEZILCERTIEEX OhD, T TERVERKFET VRS LCHAREROLEE T
VB LD MERRETE L, BYRZUECLLRFE L TUTOL I bEREE L.

1—1) Streptozotocin (STZ) FRYERK T v b DRSPREMRWC BV TIX «-adrenaline
ZEENEROIMERISHITEL Tk, Z ORSHETIEC GIREMKFHE Ca®' -
channel ¥ & UF phosphatidylinositol R EEDEMHILLBEEL TWBH T RS
hedro iz,

1-2) STZ FRMERKT v P BLUBRRIEERFS v b OB KB BD B-
adrenaline i"é@ﬁi‘f'ﬁt@%i‘%fimﬁiﬁﬁbfwto I ORISHRSECE, B-
adrenaline RBEFEO & LRRAMUOEICERL TWB T LR Ehi, i,

Z DR BT, isoproterenol (IS0) FFMEMMEIFAA, —#, MmMBEMN LM
WKETDIZ MBS hER T,

1-3) ST FHRMERFZ v P BLUBRRIEERAEZ v b OREXEIRC BT, PR
RELMBIERAMNEBE L TWDZ AL, e oz, Thid, EDRF (NO) B4 ik
HEOWDCRRT S ZERREEhi, Fh, ZOBRETHRRRBELNO BRRBIE
BRFZ v BT L IMEAR IR EFESEBERORBAED bhiZ th b, B
RERIEMERIR 7 v MC B DME MRS E R, MEECKREL TRIENLRETSH
DATRENTRIE E Wiz,

1—4) SHRSP DOEEBMR B 2 RMIRAEEBFRANBHL T Z eAML k-
fzo ThIE, BERREF & [FRRIC EDRF (NO) E4 ¥ RRHHOBADEET S LAR
BEhi,

1—5) SHRSP DFIkFiBA5 W 84) D protein kinase C N TEMEMABIEER O FHE A ED &
. EIMEAERF O M R B 0 T protein kinase ¢ EHATTHEL TS Z LA
Bohbizoi,
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1-8) STZ FREFKZ v F OB KENRIC B S ATP-sensitive K*-channel OBEEET
B L SHRSP OSBRI 51+ D ATP-sensitive K*-channel DEEFTEMED Hhi,

BEokSwHERAR (JEERFETNLV) BLUBMEEROMEFCENTR, WEABKE
By HMERMGEER LR L, OERRERETE T ERC S - k. FIC, BRRRS KR NEE
BromEwHtEL fMERERT L L T, nENSBIRKFEDREROEEMEDLh, Z0
MEPEBEEEER, B4 AMEDSIRITR> TV BHEEMENTREE L (K1, I, V).,

2) Cyclic GMP HMBOMEMBRIGC I ZEBERFECH L TOHRI L., BRFREE LU
B ERERR 351 5 B T A OMBEL(L L OBIEZER L oo ThOLOKENIC L >T, BT
O &SRR ER:.

2—1) Cyclic GMP 3#m=&ik., «-adrenaline ZTEGMEM O MEIHEFA L. REREL
CIHIT 5 2 EATREE N, T OIHEINFIC G ZEFFE Ca®' -channel B LT
phosphatidylinositol X EEHDIMFARE L TwD I ERTES hiz, HERMAKE
BLUBMERICE a-adrenaline REGNEMHMBEIGEFRANTTEL TWH I EH
L. FREERFICIE, cyclic GMP HIEAERTH HRIMEM MRS hiz,

2—2) Cyclic GMP 0%k, B-adrenaline BAGNEUO MEHBEFA L. BREKEN
WHBTHI R RVEL L, T OMBRISDE®IE, cyclic GMP K& % cyclic
GMP-inhibitable cyclic AMP phosphodiesterase (Type I PDE) FRE{FAKEEAEL T
WHHRHEATRR E hiz, BRARKELUCENEERCE B-adrenaline BEANE
HEMERBEADIRIE L T0DZ Ens, JRERICI, cyclic GHP EMEMRFRATH
DAREMEN R & hi,

2—3) Cyclic GMP 3#hnZ&iX. phorbol ester W& % protein kinase C JreEtE B INKE(E
RERERFHCIFMTIZERPROVEL L, ZOEIHOA D= XLETHTH S
B, RIS L OF MR (& protein kinase C AZEtEME UEIERMTTEL T
WHIZ EdH, FREERFICIE, cyclic GMP MEABRTH D AEEEMNTR Ehiz,
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HEDZ EHS cyclic GMP HEMMZEL, WEBCEDShEEBEREPRET IERYAELTY
e ThHDERE, REALOERBHIRETH I IL Y Y ARRABCR2ED SR WER
THYH, cyclic GMP EMBOMEFHBHF W B 2BRNRERTHIZ EMVALhER - (R
m, ¥,
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Blood vessels in diabetes

Vascular Smooth Muscle

A

Y

voc|a-adrenoceptor|iroc| | Kare channel
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Ca PJP K
PIP2
GTP
IP3 DG :
i I vc;c e
Ca itore PKC cGMP ‘
Relaxation+ Ca\ i Relaxation +
)\ Contraction
cAMP (E-é-ATP
A
B-adrenoceptor /

VDC : voltage-dependent Ca channel
ROC : receptor-operated Ca channel

K ATP channel : ATP-sensitive K channel
Pl : phosphatidylinositol

PIP : phosphatidylinositol monophosphate

PIP2: phophgatidylinosito! 4,5 bisphosphate

IP3 : inositol trisphosphate
DG : diacylglycerol

PKC: protein kinase C

ATP : adenosine triphosphate
GTP : guanosine triphosphate
AC : adenylate cyclase

GC : guanylate cyclase

CAMP : adenosine 3'5' cyclic monophosphate

¢GMP : guanosine 3'5' cyclic monophosphate
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Blood vessels in hypertension
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VDC ; voltage-dependent Ca channe!
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AChR: acetylcholine receptor
UC : unidentified Ca channel
NO: nitric oxide

NOS : nitric oxide synthase
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Role of cGMP in vascular smooth muscle
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