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Responses of coronary smooth muscle to acetylcholine
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a4 A, AA4AA D Ay dAz HEE il
we, 22 Egd QA HEAH AFLES
ATEzoz Q¥ Wi gurgel Yol AA BN
o BAT UFF AL o A I o 4%
QRSN FrAse Asdez H4T F Pch(Berne
et Levy, 1977).

dEg o8 AAF AAE FH 24F84E 4719
sel o9 T AL AFHA TAAAFZ AT
& HASE v YA dgeze AFAEEL A
AREE ASEA (A FTA motEd d)IT F
Qshe Y MHE wAY, F& mFAACIH
HpANAE AAATEHe] 2 BT FAGE o1E
A3Se nr G4 Wy sy A A€

AR Ed & AdezE REAE AFse ot

A% AAE Aol AYEA AF PSR E S
24 AAL g 23048 Y+ deh
AAFAl £ ZHAA N FaFAA] ol Fo2 &
5o} 9o AxdHoz FHsie] gdlevt (Denn
and Stone, 1976), ©1 £ ATT FErAl Haks
ol wrt A g EAE dFAET A EF
AAL ATad D 4FE Fgel deid
g »zst o (Feigl, 1969) ¢ Az we 44
o Agez Az AN A YA AYIALE
2 de BE A4Y AR Faz 449 FEAR
2ol ofdA B FEFrel uld el o] FTHE
wzs 9oH(Toda, 1974). =22t vhabzhal A g ¥
oz P35 AReA EY FHTANAE ofFel oF

TP E LR S R
o AFE Aedd AFuUE FAHgL
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Vet 2384 &2 st Aude gERAE Rele
227t 9oh(Norton, 1972). o] stelx =} 3 Aol Al
] FA4 ¢ A5t AAEFE W AAsgev
sz Wzt gdalches Aulsly B2 s g (Schrein-
er et al., 1957; Wang et al., 1960).
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445 443 A FAFAL sHF EHF
A A& Aezd = A Aol ot
oAl 1% sAEY F¢ e g A4 A
of dg A4Fge B Y AZEAE 100%
02 BE L ol & Tris-4 344 (E 1-A)¢] &9 Y&
2ewo] Y3 AP F3 slxAds URAFHA
o A3te] Y H AR AA L FeEd EF B
A7 Z B 457z Fe 7 H49E v
Z 9]t} (helical strip). AR89 A7 & di7h 1~2x6~
lmme 25 2427 $5 8 ojdd 4z =
A% 3 ALo A 1A F wA st ARt =
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fHew A T AFEA(EF stml)e) A T
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Table 1. Composition of Tyrode Solution for Prepar-

ation and Experiment (mM)

A. Norml Tyrode for preparation(22°C) and experi-

ment(35°C) aecrated with 100% 0O,

NaCl 158

KCl 4.0
CaCl, 2.0
MgClp 1.0
Tris 10

pH 7.30-7.35

B. K-Tyrode for experiment(35°C) aerated with 100
%02

NaCl 122

KCl 40.0
CaCl; 2.0
MgCly 1.0
Tris 10

pH 7.30-7.35

$247 9 T4E W] (Grass FT 03)2 447
3 71 %7} (Deviceal )<l 17 3ta) %24 4% (isometric
contraction) F 42 71 5% & d=& FX 89t

A G WA Adgel AFE 7] Aol 90~120% 3
E 3 o1 g® Aeld A 3Bl of gt of
208wt A2 B4 Tyrodefdog zolFel 34
£ FAAZ . Sl §A3] 14d HeoAA <k 2
ALAE £33 8¢ A7 F Ag4de L4
#HA 7 o] (optimal length) & 271513t A3 &7)tHo)
TEZES HPor FAYF AFE Fote AR
(Field stimulation, A.C., 60Hz, '5.5V/cm, =) 3%}
=} 15&4 )¢ st A4 43 (phasic contraction)3}
A% zedA dAA ez Aol E o 3L g
Pate 273 & ARGk HH Aod e S zay
(resting tenmsion)& 300~500mge] vt K-7 &(K-
contracture) £ ¢ =& F 4 TyrodeL Al e Na+ts 36
mMZ ] 5 A A K' g %o KYS 40mMe & K-Tyr-
ode &9 (£ 1-B)& wHEe] AL43tgd e, o]l Fale
AE whEe FHEIHe]l A4 S8 2o 58z
EAd A A4 Tyrodedd oz Hogled 10
Lottt A4 TyrodefN o2 Aoz 3085 A of
AAZA] ZEE =FA7 8 89 27 Fp9
etz z ol wle sz Ay A A

Ago] A8d e gt 7o

Acetylcholine chloride

Atropine Sulfate
Eserine

Verapamil
SEEEES

ORMEERIN oiE BMSY W2 £&us
28 1ol AFH REIYE 2edFm Yeh. S A
FEA oA dds] 29 FAEH T A
HA 10°M oA A EQAe Feldtd wlE £28 Qo)
AR 22t 49e 4474 29
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Fig. 1. Perfect reproducibility of contractile respon-
ses of acetylcholine(ACh)

T HAE A2E Hadd. oya REE& ofadl
Tl :ZAZe 5802 W 10%uis A4
Tyrode®< o 2 4 o]l o (washout with normel Ty-
rode) 30¢Fol A WgAsE o azE
Rl AP 5 dgich. o sppe P o) ge}
of ofAlAEe Fre wWE 4z AAE B Ay
28 290 vEddd. g ¥E(10 %, 107™M)el A =

|~}

Pig coronaty helical strip

Temperatre 3% °C
P 115
Wet weight 18y
ACh ACh ACh ACh
108M 167M 198M 1 t'r5M

. r
isetnetric
tensrion 10 min
—
e

PR
Yrasheut with normal Jyrode solution

Fig. 2. Dose-dependent responses to acetylcholine
(ACh).
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Pig coronary artery
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Fig. 3. Dose-dependency of contraction induced by
acetlycholine in pig coronary artery. (N=9,
Mean£5.E.)
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Fig. 4. Complete suppression of acetylcholine(ACh)
-induced contraction by atropine.
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AL FAEr] g8 F 5FH] 2x107°M Eserine
o2 AANAE A =29 # F4 AxL4Et &
7b Z7tshg on] 76 kA gy 107 M P iE
AW AR A arle Azev A2AES Zo] o
48 FHE f7 23z gadtd A4 FEETE
d43 Vel =t (=" 5).

Pig coronary halichl strip
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Fig. 5. Effect of eserine on acetylcholine (ACh)-ind
uced contraction.
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Az A gy sabd 4lF 20l 3 gl (Fleckenstein,
1977), Verapamil Img/l€ % 10¥Ad HAAEH
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Fig. 6. Contractile responses to acetylcholine (ACh)
even in verapamil containing medium,
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Brt ol gs & 457 Verapamil@ 43 2 7435 o
e HejAe F4e A4 (2 6). o dF 4o
59 2719 B € CaFF4e Azryg mo:
Axe A= A 1"}] Ca-AZmz Y H4H+ A
°f Fa%tx, ololM Az FgFe] Az 2 F035 ]
S44d A4 FEFAE Jd e g Yok
Ca-free TyrodeZ W0 Ao ot HEB2Y wHEt

+RUE

@elA £ AYAFE G4 Felstr] et =210
2l EGTA 0.1mM2 & Ca-free Tyrode§o o
AeldH ol AT 10ME w8 e A7 AL 297
of BelEdh e FEFAG astd Ay B
A9 2Ae Fgle elgne $usb ad FAd

N

o P
T
I Zometric
Tenyit

PR R to
Washuut witn Tyrode
Tatrae Tyrode
+EGTA 01mM
Fig. 7. Contractile responses to acetylcholine {(ACh)
even in Ca-free Tyrode solution.
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Fig. 8. Dose-dependency of K-contracture in pig cor
onary artery.(N=15 Mean+S.E.)
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Fig. 9. Acetylcholine (ACh)-induced contraction on
the K-contrature.
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Fig. 10. Contractile responses to acetylcholine(ACh)
in Ca-free and La%* -containing Tyrode

solution.
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A 2938 ub glcH(Berne, 1964; Feigl, 1968; Mark
et al., 1972; Zuberbuhler et al., 1965). =&} 4 <
A & & de mFAAedd ZATHY 447
o] AFEHAE gv A e A4 E A2 (Fo
lkon et al., 1949) HA 7R ole] g o}Fel FAE
o1 o (Feigl, 1967).

B FA7AE 5 9544 374 Bt =
stz Ag4 FA7 doh. F AFA2 A 2
ol A A e dodlx & A5 FEE MAE
2% EHFAss A4Ed FHgl Fastdz o
Y 2L olxzy HAAZ A= ¢l (Brown, 1968;
Blumenthal et al., 1968; Blesa and Ross, 1970). ¢}

it Ao A AdA BAEHd 4T
& F ol gHAdAT ABHA . vIFAAE
A7 ATed AAEDR FiFe] G 3 SRt 2
a2z 9 eh(Feigl, 1969). 9] o)pk& APALEE
HaRde Aoz A A4EAE A2 A Ed
A AT = 45 F8T 442 4874
o ol A EFA F=F Eoled we vH gt o] 45
Aeon old g ez el FpHgle
1} g-AebA ol propranololel &l d & o el flhet
(Toda, 1974). o]l d APAAL oAA Tl 9T
oy ML FAEAAY FEIF AFed delF e o
Az gt 28w ol daxdez By F4F
W AHe o8 AYdAE 2 AYelAS 2ol
10°M (1pM)ohAl A Eal Fol 2 AFH 5% a‘
t} (Norton et al, 1972). |8 % E&&o) =&
o g dete ARAE ofE wrb gl

W E e dFAEge] R4 244 A4
A7 Aol dA 4 247A wopE ze & 9F
iz dA e 22 Age wA T2 AR
of AAg Aolmy A4 A Aefol A FFA
&g Belxe RAL hf Jf g Aol HA S
HAAFH L o] 43 E A A= A EA T F
7hol wld st Erel A8 whRIA 2 R} LA 5
o] dojyfor oA owlal Lo ZL FrFdd A%
wkg9 A7 st 7F4A3E tachyphylaxisd 42 glsli=l.
ol g3 103MoA 4 o] Aoixken], FEFI
wret 277 AARA A4 FHe] obd 44 F
FF4E (a9 12,3,

oz gt &S olEzy AR A AA
S Aoz nmol FelEH4 487 (cholinergic mu-
scarinic receptor)® E¥ Lo A A A
$ wolmaale] ofd P o] hgol BAEFY 27

A Z
%%»

ol

of wet 2h2d F2 AL AFPdelA e mot=dld
Aoz g ¥ A4S ADF B2 o] hnk-Eel
e & @49 Ffel e AE RV ATH
o} Wat4Zo] 1}etr}r] = &r} (Zuberbuhler and Bohr,
1965). & AHAAE AT 2 ATl HEA F
o 4 %4 (extra -and intramural coronary arteries)
23 4 A& o s 2gtet S
Aol 7t gl 10MetE 2 Ao 2 %A 3] 30 &
He dor wel #4544 $89 ATl 4F
%9 A7 ez gAd=h 2 ol @i a-FE
weobe S48

e e

7] A AAR 9 AFE
Aol bRl FHE Aok
Verapamil(Isoptin)-& Cae] & 7 & (Ca-antagonist)
24 THH AFZ Axdged 2A e Cacld EE
ARH ez o} TP-55 43
2 AFAA FEEL dojmy FA HAAAA L2 4
Fd e g4z de] o] &5 3 9l vt (Fleckenstein,
1964; Kohlhardt et al., 1972). ¢] <& AAZTE &
AT, 423 J&Z, ¢ BT FlAE Cacl 2
9 4 (Carinflux)-& *d@*—?ii gtel ¢&HAH& Wel
waes FALol 9 8e] &ea 3o} (Fleckenstein and
Griin, 1969; Bohr, 1973; Fleckenstein, 1977). £ 4
ol A B9 Verapamil{lmg/l) ¢ 108H e} AR e
AEde Cadlg F4% & Al oA ZS
Fa sty £59 AZis 47 gLt A9 v sdA
55 gz dte A AEel mEegids =2
Yol ul k] F3] o] AF glet(zd 6).
old g Az oA AEd 9% £ LE 25
Az WA AL Ca-AFdnc]A Cat 4
F2&& AN E Aoz A= FA3 °]%}5]

AL Az 29 Caolg F4ol At Aol 4

2 A49d, o 2o ¥ 9% FHE7 SHT‘}“]
Ca-free Tyroder} La%to] 715 Ca—free Tyroded] =
A4S 10E7 22 F oMAAENE 3 Ag (=2
g 7,104 2= HE Aol glv AeE Hot 4
& 27d FYHE Ca-FF9 L F2 Az v
Ax A2 Ca-Agzeld] Lgel FeEss Aoz
bkl o

Aoz A& dAqAY R & ATy KHE 15mMe] 3
¥old A%4d F59d 73 FK-contracture)e] deofrt
£ el L Az giFer Arwg i Catt
o] Fxlgeo] defrdet (Bohr, 1973; Kuriyama,
19770, A AATY WL o] 43 2 A=
Azt Kty w7t 15mMe] Aol 4 K- 30] dojiden

(slow Ca channel) &
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40mMA = A9 Ao gl o] 25eH(2d 8). AlZ
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o Al A7 B Cacl £ Y& JuAxE FAAH
& AAd 3 ez 4 ZPEH_‘“'}-
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—ABSTRACT—

Responses of coronary smooth muscle to
acetyleholine

Ki-Whan KIM, Chong-Whan KIM*

Department of Physiology, College of Medicine

Seoul National University

Responses to acetylcholine were studied in isolated

coronary helical muscle strips of intramural and extr:
amural vessels. Helical strips of arterial muscle were
prepared from pig coronary arteries. All experiments
were performed in Tris-buffered Tyrode solution whi
ch was aerated with 100% 0z and kept at 35°C.

Acetylcholine(107*M~10"M) caused dose-depend-
ently a phasic contraction of both extramural large
and intramural small arteries. The contraction was
blocked by atropine. Even on K-contracture (40 mM
K*) and in Ca*-free Tyrode and also in the La%*-con-
taining Ca*-free Tyrode solution, acetylcholine {1078
M) still produced a characteristic small phasic cont-
raction.

The contractions in the Tyrode solution pretreated
with verapamil (1 mg/1) and in Ca%-free Tyrode
solution decreased from peak tensions more rapidly
than in those of normal Tyrode solution.

The results of this experiment suggest that acetyl-
choline promoted both the mobilization of cellular
Ca" and transmembrane Ca*-influx through the stim-

ulation of cholinergic receptor.

REFERENCES

Berne, R.M.: Regulation of Coronary Blood Flow.
Physiol. Rev. 44(1):1, 1964.

Berne, R.M., and M.N. Levy: Coronary circulation and
cardiac metabolism. In Cardiovascular physiology.
pp. 221-2382. The C.V. Mosby Co., 1977.

Blesa, M.L., and G. Ross: Cholinergic mechanisms on
the heart and coronary circulation. Brit. J. Pharm-
acol. 38:93, 1970.

Blumenthal, M.R., HH. Wang, 5. Markee, and S.C.
Wang: Effects of acetylcholine on the heart. Am. J.
Physiol. 214:1280, 1968.

Bohr, D.F.: Vascular smooth muscle updated. Circ.Res.
82:665, 1973.

Brown, A.M.: Motor innervation of the coronary
arteries of the cat. J. Physiol.(Lendon) 198:811,
1968.

Denn, M.]., and H.L. Stone: Autonomic innervation
of dog coronary arteries. J. Appl. Physiol. 41(1):

* Depart ment of Thoracic Surgery, College of
Medicine, Seoul National University

— 203 —



=A% AFH AL FL] RAFY HEZ FF AL 9%

80, 1976.

Feigl, E.Q.: Sympathetic control of coromary circula-
tion. Circ. Res. 20:262, 1967,

Feigl, E.Q.: Carotid sinus reflex conirol of coromary
blood flow. Circ. Res. 23:223, 1968.

Feigl, E.Q.: Parasympathetic Contrel of Coronary
Blood Flow in Dogs. Circ. Res. 15(5): 509, 1969.

Fleckenstein, A.: Die Bedeutung der energiereichen
Phosphate fiir Kontractilitit und Tonus des Myoka-
rds. Verh. Disch. Ges. Inn. Med. 70:81, 1964.

Fleckenstein, A.: Specific pharmacology of calcium in
myocardium, cardiac pacemakers, and vascular
smooth muscle. Ann. Rev. Pharmacol. Toxicol. 17:
149, 1977.

Fleckenstein, A., and G. Griin: Reversible blockade of
excitation-contraction coupling in rat’s uterine smooth
muscle by means of organic calcium antagonists.
Pfisigers Arch. ges. Physiol 307(R.26), 1969.

Folkow, B., J. Frost, K. Halger, and B. Uvnis:
Cholinergic fibers in the sympathetic outflow to the
heart in the dog and cat. Acta Physiol. Scand. 17:
201, 1949.

Kohlhardt, M., P. Bauer, H. Krause, and A. Flecke-
nstein: Differentiation of the transmembrane Na and
Ca channel in mammalian cardiac fibers by the use
of specific inhibitors. Pfligers Arch. ges. Physiol.
Menschen Tiere. 335: 309, 1972.

Kuriyama, H., Y. Ito, and H. Suzuki: Effects of me-

mbrane potential on activation of contraction in var-
ious smaoth muscle. In Excitation-Contraction Coup-
ling in Smooth Muscle. Casteels, R. et al. eds. pp.25-
35. Elsevier North-Holland Biomedical Press, 1977.

Mark, A.L., Abbond F.M., and P.G. Schmid: Differe
nces in direct effects of adrenergic stimuli on coron-
ary, cutaneous and muscular vessels. J. Clin, Invest.
51:279, 1972.

Norton, J.M., and R. Detar: Potassium and isolated
coronary vascular smooth muscle. Am.J. Physiol.
299(2): 474, 1972.

Norton, J.M., M. Gellai, and R. Detar: Effects of
Adenosine on Isolated Coronary Vascular Smooth
Muscle. Pfitigers Arch. 3351279, 1972.

Schreiner, G.L., E. Berglund, H.G. Borst, and R.G.
Monroe: Effects of vagus stimulation and of acetyl-
choline on myocardial contractility, O; consumption
and coronary flow in dogs. Circ. Res. 5:562, 1957.

Toda, N.: The action of vasodilating drugs on iselated
basilar, coronary and mesenteric arteries of the dog.
J. Pharmacol. Exp. Ther. 191(1):139, 1974.

Wang, H.H., M.R. Blumenthal, and 5.C. Wang:Effect
of efferent vagal stimulation on coronary sinus outfl
ow and cardiac work in the anesthetized dog. Circ.
Res. 8:271, 1960.

Zuberbuhler, R.C., and D.F.Bohr: Responses of Coro-
nary Smooth Muscle to Catecholamines. Circ. Res. 16
(5):431, 1965.

— 204 —






