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Action of Angiotensin II on the Vascular Smooth
Muscle in Isolated Rabbit Aorta

Aedda ga9 et o aay

(Rzz$:

=

&, Az Ag Y Al A “—i‘?_“ﬂ o 23 7—‘}%"
2 A 5 Y2 olE 7 F42 Ay Fo @
= A APAAEo] gedal 9o

S A L7 3 9329 A7 Hield £290 q
e FARE 2B A A o AlF 2w
ol @ & pg-adA 2 WEla] oo (Palic and Le
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TH5E doylEs Ao (Sakurai and Hashimoto,
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e FAE  gleh(Distler et al., 1965; Zimmerman,
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and Somlyo, 1970; Riegg, 1971).
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<8 ZolgdE AL 2T A 29 Catoln EA
L e £ Az £32F (sarcoplasmic
reticulum}, BB Exzlol o] 9l A2 Cato] &
&FFUer F LY (Prosser, 1974; Kuriyama,
1977). dat FA7E F2A72 Yo ErAe A
2 & el Sled A AEstd 437 FEA
rez F&o 39§ Ca* (activator Ca®)o] =3
R fEEe] 50 Qojit 73 (electrical activati-
on; EC Coupling)s} &4 $ERA<te] glo] 24
(norepinephrine, angiotensin [, histamine, vasopre-
ssin agonists)o] o] dle] F&o] Qo ki We] 9
“{non-electrical ~ activation; pharmaco-mechanical
coupling) (Haeusler, 1972; Mekata and Niw, 1972;
Bohr, 1973; Fleckenstein, 1977).
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Glucose 5.5, Tris 10mM, pH 7.30~7.35)¢] &
Q= Zu) 47 WelA AdFH 23& AR v
5 @aAAE fo) Fd §% FTL FAN2 Fe
wia] 45° wegre 2 Aer JAEe 7l AHE wEY
t} (helical strip), Z¢] 10~12mm, v} 1~2mm3] 7
o Bo] FGmAsle FHE ol9d AR mAE A
Aol A 147 71 FEF 9] 100% 0% T4
HA | EAZ e

28 35°CAA 3% CO0:-97% 08 EFAAZR
g2 o] & HCOs - 943 Tyrodedo (NaCl 148, KCl
4.0, CaCly 2.0, MgCl; 1.0, NaHCO; 13, NaH.PO.
0.42, Glucose 5.5mM, pH 7.30~7.35)2.2 95L&
AF 87 (L% 50ml)e] £A4, 24247 55
#7](Grass FT-03)8 A A7 2 7157 (Deviced PE
17 5te] 544 42 (isometric contraction) 5414 7]
2g 4 d5% FAsteeh APE] dda Aol
A7z Ao 147 ol 4 &3 ola® YR T3
or 208wt A 2e $er FebFHA AEE F

A,

5] & 2] (passive tension} 0.5~1. g% HeolFe

AN AYe A8 § U=5  #g e (Furchgott and
Bhadrakom, 1953).

K-7 & (K-contracture) £ 2 2% 44 Tyroded i+
o] Natg K+geolutd Zd4 A44qd 544 £92
2 u5o] Adstgx, Latt4ge = 35°CelA 100%
0,2 B8 A7 Tris-94% Tyroded A&3te] HCOs™
s Adex 47 IAUSE A9

Age] AL 2L &3 2. Angiotensin 1
(Hypertensin, CIBA); Norepinephrine (Arterenol,
Hoechs+AG); Verapamil (Isoptin, Knoll AG); FPhen-
tolamine (Regitin, CIBA)
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Rabbit acrtic helical strip
Temperature 35 °¢C

pH 7.35
Wet wt. 8.1mg
. A (M)
ax10? g7
| 10 mi
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f—NT ——«{ L_ __1

Wachout with NT

Fig. 1. Dose-dependent contractile responses to angiotensin [[. A. [ was administered cumulative-
ly to bathing Tyrode solution. Wet weight of helical strip was 8. 1 mg.
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Rabbit aortic h!licll'ltfipl
Temparature 35 C
H 735
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100 .

Isometric tension
w
=3
1

o
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1x107?

Conceriration of angictensin I
Fig. 2. Dose-dependency of A, [ -induced contraction
in rabbit aorta. Developed tension was exp-
ressed as a percentage of maximum response
induced at the concentration of 10-"M A. .
Each point shows the mean+S.E.M. for
pooled data from 15 preparations.
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WA o2 ue verapamil (Kohlhardt, 1972)% 78]/’9.'
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A% 28 5o 2elv. K-7F &) 2mg/l verapamil 2
AAE Agdsezg of Ao Hxre A4 Tyroded
9l (Ca*, 2mM)o] 4} 4 T 29] Ca*H 9% A9 oA
3 AEdglicz & £ ovh 2822 2 mg/l verapa-
mil® A H stz 1080 A ‘+~'?1°ﬂ 10°M A 1% %
dstal S As] YA FEuEE vehllz gl ol
g AN A7 24 ’%3__8.7& Ca'g A zw}to] v}
Az Agazis 95 F38& A= e
vehd i gleh ol 8 & 7‘%"] a-Z A EA 5]
Az g WA g 2 Mot ndud xe F
FAASE & 744 —‘4' AL 23 6o Bale,
K- 2 (K*, 100mM)& el regitine(2mg/l)
3} verapamil(Zmg/l) AA AR gAE AHY F
da sk AdEle] ARFEoR gH ol gtd Al
107*M A T & Fo8 Ast S302] ZH3 F348
Rolz gloH, Cﬂ"‘Tﬂ el 2 F5a7 7 Wike v
Bl 2 e

Axd Catypre] il A [ 28 o F& o
Az Qdenz, s Calyrg Wi 4 %
azE & Aol 29 7,80 et ad#.  Cafree
Tyrode& ol A= 10°M A. 1o 23t 239 26
+5.5(%) (mean+S.E.: o]} &) £&A7 & Holr}
ALH o FEANE FARIN2 #& gasa 9
o 7)) F7R Cats Foidtd Ca' FrFatel o

Rabbit aortic hvllcal strlp

Temperature C

pH Hf,

Wet wt 71 mg
19

Washout with
NT { W/NT)

W/NT W/NT

Fig. 3. Perfect reproducibility of contractile responses to A. [ (no tachyphylaxis). Amplitude
of A. Il -induced contraction was not altered, when the strip was exposed repeatedly to
A. T for 6 minutes cvery 30 minutes. Wet weight was 7.1 mg.
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Rabbit aortic helical strips

Temperature 1s'c
pH 735
Wet wt_7.2mg Wet wt. 67mg
AT ATl -
108 168
. i i0Qmin &
10 min % [ —
—
Isometric -
tension J/ 119 ' ]19 N
Normal —+p—K-Tyrode— Normal —f—K- Tyrodc
Tyrcde { K, 30mM) Tyrode {K,100 mM)

Fig. 4. A. 1 -induced contractions on K-contracture. A. ]| developed an additional contraction

even on the contracture induced by K-depolarization.

Rabbit aortic helical strips

Temperature 35°C
pH 738
Wet wt. 72 mg Wet wt. 9.9 mg
Verapamil Verapamil Al
2 mgsl 2 /L M
emin 9 mesL 10 10 min
[ — ) | —
Isometyic E
tension o D) ]0'59
—_— P
NT—+h—K-Tyrode (K, 30 mM}— —Normal Tyrode
[NT) Washout with NT

Fig. 5. Contractile responses to A. I, even in verapamil-containing medium. It is well known

that verapamil is a Ca-antagonist to block transmembrane Ca influx.

Rabbit aortic helical strip

Temperature 35°c
pH 7.35
Wet wt 5.8 mg
Regitine Verapamil AT Extra-Ca i
2 mg/L 2mg/t 1578 4 8 mM

\4( N O

Isometric
tension

i ]Dsg

Norrnll—+—K Tyrodn (K 100 mM)—mﬁ
min

Tyrode
Fig. 6. Contractile responses to A. 1, unaffected by verapamil and regitine (a-blocker). Wet
weight of helical strip was 5.8 mg.
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Fig. 7. Effect of external Ca* on A. I -induced contractions. Even in Ca

A. I induced contraction, but it was

Rabbit aortic helical strips
Temperature 35 C
pH 73%

(%)

100 \
i=4
E=4
W
c
L]
2 S0
g
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£
=]
8 } f
0 L L 1

0 a1 03 1

Concentration of Ca**(mM)

. Effect of external Ca* on A. [ -induced con-
tractions in aorta. The concentration of A.
[ was 108M. The amplitude of contraction
increased dose-dependently, but above 2mM
Ca®, it decreased.

2

#-free Tyrode solution,
not sustained and decreased gradually.

A 2o Cat-fglol Hadejof ALHo]lm 2
o 4 ALE Az g

La*& J 39 Mzdeler 22 dlzdas o
7tA ¢kew (Langer, 1976), A Z9& 38 Ca* 29
T 2F 7t Ao 2 4 3)v}(van Breeman,1969).
La**e] ol2) g 54 & ol &l A [ $39%d =
2= Ca*-Td9 & & 9 AEHe B2 250z
La®* (0.2mM)ZA ] 8] A 18] % uge] W
£ Aol 23 9019, K-74(K*¥, 100mM)o] 0.2
mM La®*Fe o ol3te] Aald] dase] 147 H=
A dAEA 2 H 10M A [ 5 Bdaid 2=
% FHE £ENS) Yt e Cat 351 Bodae £
Far]d e HEs vold g

olAL A Tl f3te] AEdelA 19 Cato] &
Fol & AHAER ALH F50] FAH 2 glon, 4
Erpe] Eeol Ca¥ 98¢ <z )& Ladt W Fd Ca*
F7F Foo e E FHar g WsE gl Aen
a4 g ek

i3

Rabbit aortic helical strip
Temperature 35 C

pH 735
Wet wt. 5.5 mg
La¥ AT Extra-Ca
. 0.2mM WEM 4 BmM
10 min
— Y
Isometric o
tension ]19
N |~ k- : |
?;Tozz K-Tyrode { K, 100 mM) |

Fig. 9. A. I -induced contraction in the presence of lanthanum (La*). Tt is known for La®* to
block both transmembrane Ca* influx and eux. Wet weight of helical strip was 5.5mg.
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Rabbit aortic helical strip

Temperature 35 °C
pH 735
Wet wit. 1oy

Noradrenaline{ g/L)

1w’ wB oot

Sh

14 107

e

¥

10 min
1
s

/ . ’
—Normal Tyrode ——si I J

Washout with normal Tyrode

5x1073
5

lsormetric
tension

was added

Fig. 10. Dosc-dependent sustained contractions induced by norepinephrine. Norepinephrine
developed

cumulatively to the bathing normal Tyrode solution. Maximum contraction was
at the concentration of 5mg/1 norepinephrine.

Rabbit aortic helical strips
Temperature 35 C
pH 7.35

v zdlor g #5E A5H TEH
Gl S eEstel vhek FE Al AR A
Tyrode % o2 Mol = FulelE st Fo] <t
g gy Aeldlo} A4FFe Foigw AR
#4929 10,116) 2. &L 1077~107%g/19
A A=z 107%/1(1mg/Del A 2 A (10mg/1°1 A
A e A7)0 0440.9(%) =2z, HAA9
50%9) =@A dtE wEE 10%/1 A el gl

A T8 #3u$3 23474 2t FEed ko
A zd 422 2RAeE Al ol JEy /A%
Ag ®olE Aol 2 1201+
a-34A) (regitine) 7} 2mg/lol=d 8| Hol 4 el &

I

(%)
100

50

3
1

-

Isometric tension

L_./ | i 1 L
107 108 105 10% 107
Concentration of norepinephrine

I

Fig. 11. Cumulative dose-response curve to exogen-
ous norepinephrine in rabbit aorta. Develo-
ped isometric tension was expressed as a
percentage of the maximal contraction to

102 g/t

Img/l =l 2xle] F5usE Sl 44T & 2
orz 244 FEZ 449 1M A 2 A44
22 907 H 2mg/le o-ARAT FAF AH
&8 = NBAE Fade Ao Hof #4449
AAAL B 244 FFH3E A 19 X5
Afd Age Adstz Yag vkle g
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e
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5mg/1 norepinephrine. Data were shown as

means+S.E.M. for 9 preparations.

Wet wt 6.2 mg
Al Regitine
10°M 2 mg/l
lsometric .
tension _/\—l 0.5g
t—Normal
Wmin yrode

Rabbit aortic helical strips
Temperature 35 C
pH 135

Wel wt. 11 mg

Moradrenaline  Regitine

2 mg/L

é

1mg/L

&

R

"‘- 7 Normal Ty.'odo——ﬂ

100ain

Fig. 12. Partial inhibition of A. [-induced contraction by a-blocker in rabbit aorta. The sustained contraction
induced by 107*M A. | was suppressed significantly by the addition of a-receptor blocker,

—
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UG 4T A2 45 BEAGer 3o
Aty & §5-4% o (excitation-contraction coup-
ling, EC-coupling, electrical activation) 4& %3
o $&HEAY §2 BFALGUTE FEd g3 =
AW B4 Ca* (activator Ca®) 527t F71E o 55
W Qo] 24 25 ¥ (pharmacomechanical coupling,
nonelectrical activation)2 2 $&& Qe 4 ot
(Bohr, 1973). T8-4% Ao 93t +3¢ de
e Az dters F9-471 AYEE
2 E T e ol AETE AWy HEAGE
WA A AN R F4 Catd Fukdld F&HE de
#1 v} (Holman et al., 1968; Ito and Kuriyama, 1971).
oo wisted el T FHAEY HgdAe A
A ol HolAl Gz old] wet EE HFAYE ¥
4 %} (Somlyo and Somlyo, 1968).

534 K-Tyrodefd o2 d3 JALTL 44 €&
A7 Aeld o) =] =9 (norepinephrine, NE) &
st &L dedlch o g A4 NE/ %A
gtel Walglol £ £5E don) F A5 E dFHE
# Aol t}{Su et al., 1964; Mekata and Niu, 1972;
Mekata, 1974; Casteels et al., 1877). £ A oA =
A48 100mM Krez A%d F£5& 74 ﬁ’i K-
73*31‘"9‘ dog A atdAl 10°M AT 2 spe]
A& 5SS doss Ao E Mo, A]].‘_F £
o 5 °ﬂ"ﬂ oA gke] WEglel = A & 34y Catg

947 A8E A2 LS o+ Aot A
oA ALY d:EFa FBo] BF oled #HFAG

o} shdgtel Wagle) elheA & FEA
AGHE E-4% Q40 0% FRIE m:
o go] 41 AeldEAE olAwenit o + i
ol o] of.

3 FgEo] A4 PAAFE ez NE 7o
3% & AYEe o8 &AL el glue
gl v dA=R APFHE Bolm et A Wz
Fel HsledE A2 e APAAA A F B
7 A Ed A sAATE £2 10°M NEE 5o
shel WA gl FF 15mV A X pashd A FFe) o
oyt AP B2y givd(Haeusler, 1972; Haeusler,
1978). ofe] Wit Ex FATH AGE o] & A
ol vhzw AFxd NEZ =halgte] walglel 43
o] 4le]yto u] (Mckata and Niu, 1972), BE# d 5

A e e APAAL nastgcr (Mekata, 1974).
E7 A8 FH49-g o437 Agd ojs4d NE 10°
~107M F= WedAE A Wae A8 adl
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3l 289 & 1078~107"Mel Al & Hrasts] HEE de
1A G%kert 10°™ oj Bl A= Fx Fole vt &
-rq—] A x5 AZ F{Droogmans et al., 1977).
Szro] YA ZAE GAg Ha f5el datd o

:1’"?‘]‘3}' 2 F 5] =k Aol Qo NEA 54
g4s AN Fevdedde A4A%] dXH
ﬁlﬁ’r ez NES el Add 48 All=x
FEAdy wggel ¥4 Ca'g AxzE FRAA
TEE doglvin Wetel g Aol
FEol = HkeA Ca""] ol A A
% o} 7§} Cato]l Aadtz =g -
2 Ca* $EAA F&ol Jdefinzg #4 Cate F3J
A3 Ca* F871A-2 @3le Aol FEAA A7 F
2% & 244 2 S AL 43 A0E
4 Ca*d TFUEL 2F70F 95 F Azde &
Adeozslsd Axat guid =&F EAdE AE X
Fa Az Catst 2o e & As 242 E,
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EFFdez 2Z83% ) (Bohr, 1973; Prosser, 1974; Kuri-
yama, 1977). A. 17} % B 93 34 Ca*e A x
WE F83 e e AS F2 YA SAE dof
Byl f3te 2 A ’-éﬁ?mﬂdﬁ'}"ﬂ*i A TY ¥ a3
Z syl Axg 538 Cat-fd & Adg ez
2}t verapamil (Fleckenstein, 1964; Fleckenstein
et al, 1969; Kohlhardt, 1972)&¢ 33 A 5te] Al £.9]
Ca*sl Alz 29 #4¢ AALIAA 2 A 19
ol B2AE 2 A YA 50 0——% Byd(z
7 5), olg Az AT 54 Axul A
Anz Ry #4 Ca's FAAE “]'ku“?-: Az 9l
% A ol A& La* & AAAGF Aol
Cat-free media WolAle F&Hul&-& BHoldx ¢ &
o] 4 stgicl. Caf-free Tyrode & A9 A T 4
Zut-2o] FHEt A3 FE5E FARTFL A7
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ol (27,8 A. 19 Ca* T9& %9 2o & A
2 Catg FhA72A FA Cat gz EA4 7
= Aoz g7,

A.T9 g F9 Astads T A2 iz A
1-482) (A. -receptor) g}z Az 4 2= e 4

H o m—i
oo rH

4

— 287 —




—pAah: g HB2 @ AR ey 19 Ad—

HAH %77} 3= (Page and Bumpus, 1961; Khairallah
et al., 1966; Devynck et al, 1973; LeMorvan and
Palaic, 1975; Altura and Altura, 1977; Zimmerman,
1978), A2V 9 A7l RES ol A [7F FEF
+ ot 4844w 9ol (Baudouin et al,, 1972).
2v g4 A e stelal A T5 Azg 55
g F duRe ofd ol % JAdE g A
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v 2AddEez e 448 F e w, AA
Afo A& APH TAE B F A 19 F59
& a F& p-aAdA el 3l WA o, reser
pined A A2 A3 NEE 2 2AAS F5L3dE ¥
g7 gdeh =g AT AgAd 93t & 554
% (NE, histamine, serotonin®)8] $&ul&9 =ar]:
3515 A =t} (Sakurai and Hashimoto, 1965; Palaic
and LeMorvan, 1971; Regoli et al., 1974;Edvinsson
et al,, 1979). A. N9 =ZAAA) 3 F-Loz 74
Aoz ¥AZLE dodles APAAE Yeormz
(Shepherd, 1978; Zimmerman, 1978), £ A fddx
A TY 528 & TAHAALE FEe] ¢ Az 7
e A% dotrr] e 10°M A2 geo7
A&5Yd FEAH FEF FEY a-334 Cmg/l
phentolamine) & Fojdle] 2 A, ££9 =77 30
% A% ZaHE Aoz wol FAE Er REHd
Ax aZARE 53 28HQ £F718] Age
o etz &g el g

2 B

2y FRAEYE A Eee YUY 249 g
35°C A4 TyrodefRed A 147F o4 3]%8A7
0.56~1g9 H573HE 2=z A¥L g} A [ 3
HBFZ AF FEHAE el ns] H5d ot
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Aoz, wtA st A& AR e 2L
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1. 8#F22 10°M A, 194 ez, 1007Me]
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o] ghdld] A= el e A (108 M)& datg

¢
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6. A I Q0*M)= eyl %54 F52 a3 ¢A
of 9dte] | #atA sl
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2dZ e 59 2R A& 37 GHIT
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Ca' #91& =% FAA7% 7142 B3 5 &

ol Aoz Azdc
—ABSTRACT-—

Action of angiotensin II on the vascular
smooth muscle in isolated rabbit aorta

Sung Wha Hong
Department of Surgery, College of Medicine
Kyung Hee University, Seoul, Korea
(Directed by Professor Kee Yong Nam)

The activation mechanism of vascular smooth mus-
cle by angiotensin II (A. II) was studied in isolated
aorta. Helical strips of arterial muscle were prepared
from the descending thoracic aorta of rabbit. All
experiments were performed in HCO 3-buffered Tyr-
ode solution which was aerated with 3% CO,-97%
0O, mixed gas and kept at 35°C. In the experiment
for the effect of La® on the A. Ii-induced contraction,
however, tris-buffered Tyrode solution aerated wih
100% O, was used.

Contractile response appeared from the concentra-
tion of 10~°M A. II, and reached a maximum level at
10-™ A. 11. The amplitude of contraction was not
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altered, if helical strips were exposed repeatedly to
A, II for 6 minutes every 30 minutes, showing that
there was no tachyphylaxis for the action of angio-
tensin .

A. II produced a contraction even on the contrac-
ture induced by K-depolarization, and also in K-
Tyrode solution pretreated with verapamil or La*.

In Ca*-free Tyrode solution, A. II induced a contr-
action, but the contraction was not sustained and
decreased gradually, The amplitude of A. [ -induced
contraction was dependent on external bathing Ca*:
The contraction increased dose-dependently, up to 2
wM Ca*, but above that the amplitude was dccrea-
sing.

The sustained contraction induced by 10°M A. 1I
was suppressed significantly by the addition of a-blo-
cker.

The results of this experiment suggest that A. II-
induced contraction was developed by its direct ac-
tion on the smooth muscle and also the indirect
action mediated through the adrenergic endings, and
that A. II action is independent of changes in trans-
membrane potential and associated with promoting
both transmembrane Ca*-influx and the mobilization

of cellular Ca*.
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