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A Study of Vascular Relaxation Mechanism of GS— 389,
a New Potent Vasodilator

Myung Kul Yum, M.D., Ki Churl Chang, Ph.D.,* Yong Soo Yun, M.D.**

Institute of Biophysics for Medicine, Department of Pediatrics, Pharmacology,*
Gyeongsang National University, College of Medicine, Chinju, Korea
Department of Pediatrics, Seoul National University, College of Medicine**

Seoul, Korea

The mechanism of vasodilating effect of GS-389, 1-(4’ -methoxybenzyl)-6.7 -dimethoxy-
1,23 4-tetrhydroisoquinoline hydrochloride, a possible cyclic GMP specific phosphodieste-
rase inhibitor, on rat and mouse thoracic aorta ring has been investigated. GS-389 relaxed
rat and mouse thoracic aorta precontracted with phenylephrine and high K*(60mM) in
concentration dependent manner. Presence or absence of endothelium did not alter the
relaxing effects of it. GS-389 inhibited Ca2*-induced contraction of the high K* or 1 uM
phenylephrine. Initial phasic contraction induced by phenylephrine and caffeine in Ca?+
free solution was inhibited by GS-389. Methylene blue pretreatment suppressed relaxation
effect of GS-389. Relaxation by isoproterenol or sodium nitroprusside and by acetylcholine
in endotheilium preserved aorta was potentiated by concurrent administration of GS-389.
GS-389 inhibited phenylephrine-induced phosphatidylinositide hydrolysis. It is suggested
that inhibition of phosphoinositide turnover associated with elevated cyclic nucleotide by
GS-389 may be the possible vascular relaxation mechanism of it.
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C H N
Caculated 62.78 7.08 385
Found 62.60 7.10 396

Fig. 1. Chemical structure of GS-389, [1-(4 ‘-methox-
vbenzyl)-6, 7- dimethoxy-1, 2, 3, 4-tetrahydroisoqui-
noline hydrochloride].

- 1112 —



o2 ¢ g& FEH 4358, 4) EDRF
ko] &7, 5) phosphoinositides(PI) thAlel] v] 4]
T 9%S dgoEn ot F&UIAHE ¥

SR
of ety

¥ F4

g AF 2 7S AT AE R §F
€73 Balb/c Al mouse(20~25g) ¢} Sprague-
Dawley 7l Rat(250~300g) 8] F¥& et
AN 7 ds we] FF o) 9 (thoracic
aorta) S HE3H Krebs FH(ZAmM : NaCl
118.5, KCl4.74, NaHCOs 1.18, MgSO, 1.18, CaCly
2.5, glucose 10, EDTA 0.1) &A™ 95% 0y-5%
CO.7t & FYUHE 7Hed daFHY Jdx 2
ARG5S AANAL 53] WHAE} 48 ¢
A FEE 743 Fo3te tdFEUYL FF dF
B A7 ¥ 25mm X A712 A AHE
FUARE 5] 1¢E FHE AHE3IA AHA
AT dF A¥EdAE WHAEZE 493y A
Ast7] A3t Folu FAF vl 2 A WH S F
ARAL WM E7F A AL A=A 2 &1L Ace-
tylcholine 10°M ¥ & o olgko] dojubA] &
o JE3HoRE AAE AR o

[y

i)
flo o

olrt

3 F549 NE

A #5429 7152 10ml £0]9) 37°CE
H ¥ £ magnus chamber®l &5 %9 i1
(ring) & tngsten wire2 1 Z ¥ FX| o] &% £
IR HA GE & £-& wansducer (F-60 £ FT-
03)ol dd3tdqd T84 +%HE Physiograph
(Mark IV) 2 Grass Model 79E physiograph®] pen
recorder® AH§38te] 71538t <+ AE S 2!
% (resting tension) & 1g2. 2 3L & 9087t
BEol HES AT F AP

2.
7]

A
il

A

old

i 1]

2-1. TEAE T3 & 5 HE Gs-3869
a3

95% 0y~5% COy7t A& FYHE Krebs 8%

o] ¥AUE chamberdl al-adrenergic agonist3!

phenylephrine(PE) 106 M & #7}3lo E&

& ¥F3n Ho FHd =D Gs-3898

FHHoz F7IAA JEldes wrgoz R
log&#F-¥HE & IdY, o]FHez B
o) olghe] 50% & Vel FEE(1C50) T3
Wt}

2-2. GEF A3 & FZo o F Gs-3899]
ax
2-1 Fol A AT 87 FUd Yoz @
ZAE AFF F 95% 0,~5% CO.7F 94 F
Y= Krebs &H(Z4 mM : NaCl 118.5, KCl
4.74, NaHCO; 1.18, MgSO4 1.18, CaCly 2.5, glu-
cose 10, EDTA 0.1) ©] B4 & 10ml £ F 0] 9
magnus chamber®] 60mM$¢] KCI& A7}t &
FEE o711 Hd %0 =23 H GS-3898
TR0 g FIANA o2 BE logh e F
Mg i

2-3. Calcium free media®l Al Ca?* ol 93
F&o] N Gs-3899] AT

2-1 FollA d9gs vt} 2 Wioz @

Z23& U3 ¥ Ca?’-free medial A Ca2t &

7 A7IEA 3 9hE-& #1313 GS-389F Ca

2t A7} 7]

10220 £ 8o Caol 9B 55
Wl JFe

e

0

g e

2-4. Ca’*-Free media 14 PE 2 high potas-
siumol 9§ @ FEo) g Gs-3892)
a7

PEG & 22 al-agonsits & F3o glojA

AZU AR e cat &

o] 83} phasic contractions ¥27]3 HE W
9] 9] Ca?t o] Holo] YoJut= tonic contraction®]
#oHe Aoz A Aok A kel g%
FE5E AELgYe ca?trbE oj&3te o=
2HA glomz o9t ol ME TE Calt9
ALE o] dte 5 & dE Gs-3899 &
s A

2-5. Saponin * €]

st oz MESRS 3N 717] 918 sapo-
nin (25pg/mD < medium Woll 20% ol =&A]
Aok AEW AFAZ RE ca2t el A& Gs
3899] A#E B7] 938t Ca’* free &4l &
#HE 20~30%7t A AUNF 25mM 9 caffeine

- 1113 —



106 M9 PES H718l9 2 Gs-389(10° M, 3X10°
5 M)E SE AP 108 A AR A

3. EDRFE &4 57 % cyclic nucleotide? 7}
2y o g oo g3t GS-3869
aw

WM E7E BEHO e A WIHEE

B3 A7) ol disted Gs-3897F EDRFS &l
23 T EDRFY #EE& Z7F AlFIE7HE §d
37] leted &F-nkg FHE 739 1509
ol 7t X E gl =¥ EDRFE 8
71E &< acetycholine® FA] F9 EE GS-389
E g o Y& o 2 o|A4F{ L] T HEAE
gelstn o}&2 EDRFY HF 8L -GMPY
Z7td 93le FolER GMPE F7HAYE
SNPSIE 5280 o8 2 a7t FAHEAE
g gich ¥ .GMPE A2 H A -GMP inhi-
bited phosphodiesterase®l %83t c-AMPE T
7tA1 21tk aL 88§16 o] .GMP inhibited phospho-
diesterase= @RS ¥ 83t o8] Z3FHo| oF
5ol Ath?). waEd AMPE F7F AlFlE
A
Ach Ach.

' .

PE PE
Endothellum(+)  Endothellum(—) sg

GS-389

PE
Fig. 2. Effects of GS-389 in phenylephrine(PE. 1uM) induced contraction in mouse thoracic aorta. Absence
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or presence of endothelium can be assessed by acethycholine(Ach, 10uM) (A) and tracing of effect

of GS-389 on PE-induced contraction (B) Concentration response curves of GS-389 (@, O) and
papaverine ([J], ) on PE-induced contraction of rat and mouse thoracic aorta(C). Ecah point
represents the mean value of 3 different preparations. @———@ rat thoracic aorta. O———0
: mouse thoracic aorta. Jl———M : endothelium intact mouse thoracic aorta. [J———[] : endo-

thelium rubbed mouse thoracic aorta.
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3G H(Fig. 3). 60mM KCIZ FHA17]3 Hu)
F&d ol25& W verapamil 107 M, SNP 107
% GS-389 10° MS F3t] & H 3 verapamil 9]
olgh wrdo] 7Hg A& I thFo] SNP, GS-
389 &olAth. °] A& high potassiumol A& F
F2 AEH Y ca’t & o] &3 AE WYt
Ao 2A ca?* Z#AQ verapamilol 7HE 73t
Atk Gs-3899] o]t L futatn x4 A 7o)
0 Aol EAolrh.

GS-389
v
- VER
K+ v
I SNP
¢ -

s

K+ 10min
Fig. 3. Relaxation pattern of different type of agonist
on 60mM potassium chloride induced contra-

ction of rat thoracic aorta ring preparations.

100} —*
80
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40

% CONTRACTION

20

-8 -7 =6 =5
LOG(PE). M
Fig. 4. Effects of GS-389 10 uM(0), 30 uM(Q) on
phenylephrine(@) induced contraction in rat
thoracic aorta. Data represent mean of 7 to
10 preparations.

Ba FF UM M2 HGE 7, & F_AE
BAfdld £%& dode 3 FEAE AR
A G g BT & £F gk sl
GS-389 o A#HE FA3AH(Fig 4, 5). A
NZZA verapamil®] AF% FZdHATH
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Fo daf A dAse BE verapamilE =
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7 6 5 4 AbREt % WhEo] tid ca?te FFS U

-LOG(GS-389), M kAo (Fig. 6).

0.01lmM EGTA7} EY10E Ca’" free® Yl 30
Fig. 5. Concentration response curves of GS-389 on 27 RS F ppe M7 YA He 2z

. . N
e cvoked by 6‘1)‘“}’:4.‘)"(‘;5;‘”':‘)" D @go) wojkon Asste cat & Z7AIZ
or u enviephrine 5 mn - . - -
prem e . gt £25 271 HUo @8 kel gt

smooth muscle rings of rat thoracic aorta. o
ANHA 2L VA Fkou Ao

w
v
*2.5¢( mM)
A
10
K+
A
y =
K + 60mM ¥ a :—1 0 05
Ca?*-free Ca?t
EGTA
w
Py
Ca?*-free
+ lg
EGTA
2 107¢M :
PE 10min,

Fig. 6. Calcium induced contraction in potassium(66mM)-depolarized and phenylephrine(1 pM) induced
contraction on rat thoracic aorta ring. It is stressed that calcium induced contractions give greater
magnitude in tension devlopment than contractions evoked by potassium or phenylephrine in normal
Krebs’ solution. Phenylephrine not high K* caused phasic contraction in then absence of calcium
ion.
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Fig. 7. Effects of GS-389 10 pM(A), 30 uM(I), verapamil 30 nM(Q) and papaverine 3 yM([]) on
calcium induced contraction in potassium(60mM)-depolarized contraction and phenylephrine(1

uM)-induced contraction on rat thoracic aorta ring. Contractions evoked by high K*(60mM) or
PE(1 pM) in normal Krebs’ solution was taken as 100%. 30 uM of GS-389 completely abolished
PE-induced phasic contraction in the absence of calcium ion.

Ca’* & F7HA wet 5= F7HE A,

GS-3897F Ca?" influxd] FFE FE7HE S
#A3t7] A3t Ca’’-free £AA PE E KCl
A2 A ca?t Fvlol @& FFo it
Ca?* Z A2 verapamil® PDEIR papaverine=
22 & Gs-3899 AE ¥ XA (Fig. 7).
GS-389% &FAETHOE Ca¥tell A¥ FHE
A Al A .
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phrine Fr=oll &3 ca** F7tol] @& 5 v
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GS-3897F #% ¥hgol WY ca?t Y o] &2 ¥
e da2A YA 53] 3X10° M2 GS-
389 A 2]Al PESl 3 7] FFo] AP L Al
I AZE ca’t Y o8 EF A tsAHS
AA g}, @ o) 2ol i3t Gs-3899 po-
tency’t A7t e AL F5& o7& 713l

MEZ G2 FES AIERV diog F2dr

AEZH AZE cal* & ol £5& do
7Ie HFEZA caffeine®] o] o] &= gt Al
2 AZE ca?t o] 8-S 653897 A FG=AE
S 3] 3t7] 918t saponin 25ug/ml A2
HELGS FHANNE Ca?t free FH 2 WjUA S
it & 20~30% Fo caffeinedl 9% F&S
=3t tH(Fig. 8). ] FFo Wdtd Gs-389<]
RS A7) At Gs-3898 1087 HAA
3 3 PE 2 caffeined] 23 55 o}7] AlAS
o 1 FE 2Vt FEND 6s-3899 FE7H
F7HEFE A9 AT FEAAE JERA
o},

71 A A B ouhe}l o] Gs-389% Calt e
heomeostasisll A& Zefsld 1 o]¢ Lo
A< FAsRA Tt 22it ca?* 9] o] €] verapa-
mil 53 Zo] 1Az AY A & = Aoy
c-AMPY GMP7E 571 B2 2atFH o2 ca?t o
IS L F USS AAE o Gs-3899 F
|7179] o] g oA} J GG AT & glonz
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2.5li ‘2.5li

Ca?t Ca?*-free Ca?* Ca’*-free

2 —— _l\ _________ ——
1g
3
e U L S -t

]

1

Fig. 8. Effects of GS-389 1 uM, 10 pM on phenylephrine(A) and caffeine(B) induced contractions of
chemically skinned rat thoracic aorta in Ca -free solution containing 0,01mM EGTA. A-1. Phenyleph-
rine(1 pM) induced phasic contraction A-2 ; 1 pM of GS-389 pretreatment significantly inhibited

PE induced contraction.

A-3; 10pM of GS-389 pretreatment affected more. B-1 ; Caffeine(25mM)

also induced phasic contraction, which was abolished with pretreatment of GS-389 1uM(B-2) and

10 uM (B-3).

ISO 19~

PE 10-M

GS-389
1075M

0.5g ‘

10min

v

PE 10M

i CONTROL

Fig. 9. Effects of propranolol

M 150 10-4M
Z
PRO @)
| ] =
PE 107 M
GS-389
X 107°M r&j
R
PRO
PE 10-M

¥X RPOPRANOLOL
(1 pM) on isoproterenol(LSO, 100 pM)-induced relaxation and GS-389

(10pM) in duced relaxation on phenylephrine(PE 1uM) evoked contraction in mouse thoracic
aorta. Right side of tracing is summary of data, which represent mean = SEM of at least 3 prepara-

tions.
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Fig. 10. Effects of methylene blue (10 yM) on GS-389 (10 pM), isoproterenol (ISO, 100 uM)
and sodium nitroprusside (SNP, 10 nM) induced relaxation in mouse endoththelium

rubbed thoracic aorta.

PES o3 3o th3td B-agonistd isoprotere-
nol& 22 AH&-3t propranolol A x| o) 2] g
8 ol g Aol FTFol AeAE A AN (Fig
9). Isoproterenol 10* M2 <% 68% 9] °|¢h&
ER 21 propranol 100 M A X2 A3 1
olgho] oF 35% #AdATh Lt GS-389F pro-
pranolol®l ol3te] W& FFL WA Yokt ot
2HA Gs-389c Holkx MEIFEAE T U
e 840l obde ¢ # Utk

A
Ach GS-389
*PE ‘PE
1SO 1SO+
ﬂ fts-sw
*PE 1 PE

% RELAXATION

c-AMPE T 71Ho] old g &AL 1%
OA -GMPe] BEA S #R187] 93t meth-
ylene blue 10% M< HAX3tH Gs-389%
GMP$ #¥o] QI isoproterenol S ¥l HES}
o}, Fig. 10 ol X ¢} 0] methylene blue A 3] X o]
9l 5te] Gs-3899] ol¢ o] AAHR L SNP
10° M9 A= JA HJSY isoproterenoldl
o g ool W3} YIAT. o4} A& Gs-
3897} c-GMPS}t B¥o] UL AYS dAFe 2

B

1SO +

GS-389 ISO  (5S-389
20}~
40}~
60 |-
sot
100t

10min

Fig. 11. Potentiation effects of cyclic AMP mediated action of GS-389 in mouse thoracic aorta. A ; Tracing
of relaxation of GS-389(1 pM), isoproterenol(l pM) and simultaneous administration of both
agonists against phenylephrine(1 pM) induced contraction in mouse endothelium rubbed aorta.
B ; Simultaneous addition with GS-389 potentiated isoproterenol action of relaxation against phen-

ylephrine evoked contraction. Data represent mean + SEM of 6 preparations.
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c-AMPE %7} Al71E isoproterenol™ c-GMPE&
F7HA 71 sNPek Gs-3897F 35 FHEE o)
A g Y Batoh Fig 119148 2ol AMPE
5 A171 isoproterenol 106 M3 GS-389 106
ME BA] Fojajo] Z}zte] ojghe] Rt o 7
ol YEUTE. §H GMPE FSATIE
SNP 3X10° MF T4 FAAc= 2& ¥ &
4% JehAH(Fig. 12). EDRFE &3 AEW
-GMPERFSAIA & o|¢hg 8t Achd] &3 %
Gs-389° &) 2 3t=] A H(Table 1).

ol gell Aot 2ol Gs-3899 PEA & AE
Ca?™ ol 8 JA F cyclic nucleotide®tel 5 2
£%< PI wrnover?t #¥3A tj & 1 4§ 7]
Ag sk stod peol 2% PI wurnoverdl
GS-389% SNPS A¥E Rapoport'’® 59 el
oated AW E A Fig 139149 2ol GS-3899%
SNPE inositol monophophate®] &2 & 7HA v},
oldel AFE 683899 FHE V1A dFE A
°1% cyclic nucleotide® "172 & PI wrnover?

JAde ¢ FUrh

A
SNp ] _c53$-3s9
v v ‘4-5
PE
PE SNP+GS-389
v
1g
10min
PE

% RELAXATION

Table 1. Effects of GS-389 on endothelium depen-
dent relaxation on acetylcholine in rat
thoracic aorta

Treatment pIC50% SEM N
Control(Ach. alone) 7.171+0.21 3
Ach.+ GS-3892 7.28%0.08 3
Ach.+ GS-389® 7.47+ 0.06 3

*Sinificantly different from control(p<{0.05)
a:GS-389 1 uM, b: GS-389 10 uM

o}

il 2!

£ A7 1-(4"-methoxybenzyl)-6,7-dime-
thoxy-1,2,3,4- tetrahydroisoquinoline (GS-389) 9
g olgt 28 1AL Wel 7] st 2% £5 S
dodled 2 9FE FFdE ca?t Y 9l

& A2 deste 2 7HA S Az

ARE FEAE T FFL24 AEH HF
Ho] Qe Ca?tFH MEGAY ca’t & BF ol §
3l al-FE&AE PECE AFIY FF &S
do7ln IO FFo g Gs-3899 AHE &<
371 913t Gs-3898 FAHOZ JEAE W

80
60 -

40|

LOG(SNP), M

Fig. 12. Potentiation effects of cyclic GMP mediated action of GS-389 in rat thoracic aorta (A) and concent-

ration response curve of sodium nitroprusside (SNP) induced relaxation(B). Preincubation with

different concentration of GS-389(() . 10 pM, W : 30 uM) shifted the concentration response

curve of SNP to the left. Data represent mean of 5 to 6 different preparations.
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Fig. 13. Effects of GS-389 (30 uM) and sodium nitroprusside (0.1 pM) on phosphatidyl inositol hydrolysis
induced by phenylephrine (1 pM). Tissues were incubated in Krebs’ solution containg 8 uCi/ml
SH-inositol for 5 hrs. Values given are percent increase or decrease as taken basal level 100 %
and represent means £ SEM of 3 to 5 determinations.
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Cat g HAHoE F7AE | dolve FF9
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€ PEO 9% #%E non-competitive FF2E
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dutd oz AA YEFRTE GS-389, verapamil B
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71HE o AA3E] Lot B A5t Ca®t free
S o A pES] & 7] FFoll GS-3897F o] F Al
e E gldtd & A3 Gs-389% PEY
93 7] %& JA A (Fig. 8). ol AME-&
GS-3897F @ 71 A/ A= SFAA FAT A EW
9] cattol & Walgte AL YAFTTH

Y3 24E A caffeined] 93 27 #F
I A] Gs-389 AA A ol| o3t & 7t H At
ole} g At & GS-3897F Al E W A= o} 3l Ca
2t 9o g AA 9 7he A 28 OE 71HE F3tY
AEY AFE ca?t o o] 8 EE o= 7teA4
€ A7 B it ol AHE oS 3
HH o2 &A37] 938l saponine 2 A EZHE
FHANF Calt free 27300 caffeine] 2§
F& & =AY Gs-389% o BLoE caf
feinedl 213 271 &8 AA3ATE ol g A
A& Ho® Gs-3897F Ca?t o] &S Wi =
g AYL Y-S AT

£ PDEIE S HAYAENY Ee FEAE
5% Ca?” TR Z& AEU AZE ca?T e 7
AAE F; ca’t ol & & FAEATIEEZA 2§
olgtg doinn Yt ol AHE L GS-389
o] 8 7]do] PDEIY 7teAE oS A
o & Aok 53] B g ¥ 5ol4 pDEIY
papaverine® 1 FZ7} fFAHgH A3} Davis?® 5 0]
M3 B E 5= PDEI TAA & F3e v}
Zo] 6,7-dimethoxy 719 1-phenyl ¥ 1-benzyl
71 activiy®ll 8% 488 e 2 843t
#A (structure activity relationship) ¥4 %% 2
dx gt & F Yrh

Martin?"? 5-& W3 A £l & 222 EDRF7}
#2l5l™ PDEIGE ©] EDRFY Z§& 573AA
U A &EA o) S Y AAE A
olgti A&t At 2t B AP lA Gs-389
aEo] At W& YA &A Fuoh EF pa
paverine®™ "7IA 2 WIHAHE &Y ol
WA E ¥ &4 o]E 7EHE F A (Fig.
2). @A} o] Aol& HAEEY = AT o]E A
B 4 9e e AA £ HolE B
F A 152 Wister ratE AHE S HHE ARE
Spraque-DawleyE AH2-3t% 3 15X Rabbitol A
© PDEIY WIHAME &4 vjo&4 olgo]

THEEHE P& raaldthE FHL 53 isoburyl-
methylxanthine(IBMX) 25 WHAHE &4 £
Po AU £ Aok B ®= & I
o gMe Gs-3897F 11 o] Hig vt Zol
IBMXS 2 4E& zta Jouzg YIAAXE 9
E43% WIME &Y olgs 78T F S
7Fs A= Ak 2y F249) 7Hs AL gt
H3H papaverine &= FA E APAAE W
HAE o&A ol¢d, 182 TEsEsHL
A, v &Y olgE MET F AU

EDRFE o met zol7h gl #7t ohizt
2o Folgtx & TR wetMe 1 o] =
A 38 mouse®}t 2L AL FEQ FHE A
&3] #53 ol T WsE A
Hoze ol d7H AAT Mg WY
o2 dFE AL v =7d ole YF #ol
23 37 W] @ ARFe EAV A7
EA7E gk AL ol HE ALY
27 0.1mm FE9 7h=t}¥ tungsten wireE &
ol WAL &4glel e 71EE F Ae B
g At 4F3HoE A7 F UANL 9
g o] 83 racd] AR ER T 2ol v
oo Tx Ay dE" ¥ FE9 A7l
o] &" Flog ATt &£ 4E S EF Fur-
chgottV 5ol AFE Acetylcholined] <& F#
oj¢te WH MR ejEZolete 7Hd o] mouse
Yooz HEd F U S AT 5 AU ]
3 ApEA 259 M S B TR dda
g+ Ao

o] dYA Gs-389& AR tF A
%9 572 ax7t 18 e ol AMp
#Fa s AR I -GMPS} FHo| JTtE A&
orlst=d Gs-3899 ol ¢ &L TS &}
95t wlebxb A Q] propranolol & AHE-3HH Gs-
3899 Z &S 29 2 2 Gs-389° AT ol
282 mousett ratol AoIA propranolol®l 9
o] A3 JFS A FAch FH HE2 A iso-
proterenol®ll &3 o]¢h& oF 30~35% FE A
HAth o3 g W& Gs-389% Holx WEHE
448 5T FEo] o g ALHsE W&ol
%3k guanylate cyclase QA A ] methylene blueE
AHE-3He] Gs-3899) ol ¢ A& 71HE TS B3
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8Lzt Al=3tth. Methylene blue A X0 <
dtol Gs-3899) ol¢k Zgo] VA AP n
SNPE| ol¢t #H& HA AAHA2 Y isoprotere-
nololl & ol M FFo] Ut dFrhd
G$-389< isoproterenol (mouse)©ll 2} 3k o] ¢ho]r}
SNP(ran)oll 93t o]¢ke HAMA RS o F&
olg FEFH FAlo FAA] I o|¢ FL2 wfL-
72U o]y 3 AHE T Gs-3899) 2§ 71 o)
cyclic nucleotide $A £3%] GMpt ## o]
Atk AztEch of 7HHE o FwA e
W8 22X Acetylcholine®l 23 EDRF &2l
e Gs-3899] AAE AU o Wiy A E}
HES0} A+ mousett racd] oA Gs-389
(10uM°1’3) = Acetylcholinedl <j3 o] ¢t 282
HL F3AAL

2 Maurice'® 5 4% 7]% Ao ot
c-GMP9] &2} FEAM ] FRH4E B3}
Fed F -GMPE A HAA low Km -AMP
phosphodiesterase® A 22X . AMP7} &3]
He RAE dAlste 4do] dde AE 2RI
At #H low Km c-AMP phosphodiesterase:=
dae g3t o AT EABtE fholth
1D o]3 & 75 Aol mousedt rar® WM T
& 94 isoproterenoll & W AE -AMPE
GS-3897F 1 B3 & A st &S SHAE
A Aoz Addd 9 cycic nucleotides &
3ol 433 protein kinaseS 843IAI1A oW
54 @9dE 843 A7lEEA 1 gl 4
Ehdop?). mEky o] e AE HES] 98ty
PES] €@ PI wrnovers] ¥ Gs-389%% SNPE]
FEE AH EUth Gs-3899 SNPE PEC] 9§
Pl 7t E A A A (Fig. 13).

A Hiraa?® 2 rad HEdn 2o gjE
P& M EoMcyclic nucleotide53] -GMP7}
guanine nucleotide regulatory protein (G-protein)
o] 435 AA A7 22 B G-protein# pho-
spholipase Col 43 28 oA 2= pp 7}
37 AsE e Ao Hu FHHPow
GMPol 2% o] A %82 ATPS EAjol M4
o2 oE3tng 53 oo A3} rheAe
A sk & st weba B AfelAMe 2

Vo822 A cyclic nucleotide?t & 718 o]

3338 protein kinaseZt 843} H3 o] g4
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@A, o phospholipase C, G-protein E&
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60mM KCl ol o ca?* F7t WE 5
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6) GS-389% saponin M| ¥ rar @l w3l
phenvlephrine % caffeine®l & YAIH F5&
SFgEH R AA AT

7) GS-3899] A propranololdl &J3dtd A}
a5 2] gkt o} isoproterenol® EFHE A H
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o te FAHAD

9) Isoproterenol®] ©1¥ Z-&-& methylene
blueol 93t g o] YA GS-389% sodium
nitroprusside®] ©|¢ Z&-& A=A

10) Sodium nitroprusside®] ©] ¢+ Z-& & GS-389
o 9t o2 FFHUL

11) Phenylephrine®l €& phosphoinositide 7t
FEINE GS-3899 sodium nitroprussides A
SR

12) GS-389F WHAHAE7L HEH A
EDRFY #8&& ST

ol el A#e T & o Gs-3899 FHE7I
HE& AZ W9 ca?t ol &9 o] &S Al
ole1 g &8 cyclic nucleotide® 3 AEUZ
A8t 53] phosphoinositide turnover & ]9l
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wrnover?t BHE ojd ol A o] Qhikstel ofs}
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