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Response of large and small coronary arteries of pigs
to intracoronary injection of acetylcholine:
angiographic and histologic analysis
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Kawamura A, Fupwara H. Onodera T. Wu D-). Matsuda M. [shida M. Takemura G, Fupwara Y. Kaw
C. Response of large and smull coronary arteries of pigs to intracoronary injection of acetvlcholine:
angiographic and histologic analvsis, Int J Cardiol 1989:23:289 302,

With coronary arteriography we examined the effect of acetyvicholine tACh) on large and small coronan
arteries. ACh (12,5 to 200 pg) was injected into the right coronary arteries of 10 pigs during left ventricular
pacing. The percentage of narrowing of the epicardial major coronary artery was used as an indicator of the
consiriction of the large coronary arteries, and the fime reguired for the contrast medium 1o reach the
posterior descending coronary artery from the ostium of the right coronary artery (bleod-flow delay) was
used us an indicator of the constriction of the small coronary arteries. A smull dose of ACh (12.5 to 104 pyp)
induced mild narrowing (14 to 41%} ol the epicardial major coronary artery and a marked blood-flow delay
of over 7.0 sec (control: < 1.8 sec) in all 10 pigs. A large dose of ACh (100 to 200 pg) caused over 75%
narrowing of the epicardial major coronany artery and a marked blood-flow delay in 4 of the 10 pigs. When
the marked blood-flow delay appeared. the perfused right ventricular mmocardium became macroscopically
anemic (ischemic). The consiriction of large and small coronary arteries was not prevented by diphen-
hydramine (H1 blocker: 100 mg i), but was prevented by pretreatment with atropine (1.0 mg i.v.). The
intracoronary injection of histamine (1.5 mg) in 5 pigs constricted the epicardial major coronary artery over
75% in 2 pigs. 30 1o 75% in 1 pig. and 25 to 50% in 2 pigs, but there was no evidence of blood-flow delay.
Neither methoxamine nor norepinephrine caused any significant coronary artery narrowing. The histology of
the large and small coronary arteries was examined quantitatively with an image analyzer. The coronary
artery showed no intimal thickening, and the endothelium was intact on light microscopic examination. The
% area of the smooth muscle laver (media) to the calculated total vascular avea, and the ratio of the
calculated medial thickness to the caleulated inner radius (h / Ri) were 64 + 7% (mean + SD) and 0,69 + 0.16,
respectively, in the small coronary arteries less than 100 pm in external diameter, 47 + 9% and 0.39 + 0.12
in the small coronary arteries 100 to 2000 pm in external diameter, and 34 + 4% and 0.24 + 0.03 in the large
right coronary arteries over 2000 pm in external diameter: the % area of the media and the h / Ri showed a
negative correlation with the size of the coronary arteries. These lindings indicate that ACh constricts
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Protective effects of nipradilol, isosorbide dinitrate, and
bunazosin on coronary artery constriction induced by
intracoronary injection of acetylcholine in pigs

Atsushi Kammun Hisayoshi Fujiwara, Moriharu Ishida, Genzou Takemura, Mitsugu Kida,
Takashi Uegaito, Masahiro Tanaka, Chuichi Kawai

Abstract
Study objective - Protective effects of nipradilol, s

newly synthesised vasodilating B adrenoceptor anta-
gonist, isosorbide dinitrate, and bunazosin on coron-

time required for the contrast medium to reach the

posterior descending coronary artery from the

ostium of the right coronary artery (blood flow delay)

was used as an indicator of constriction of the small
arteries.

coronary
Subjects - 15 farm pigs weighing 80 to 90 kg were

Measurements and main results — A marked blood
h-dnlqofm'!&n(mﬂnh <1.8 &) with less
than 34% narrowing of the epicardial major coronary
artery was observed in 13 of 15 pigs with 12.5-50 ug
of acetylcholine, and In the other two pigs with 100
ue of acetvicholine. When marked blood flow delay



occuned'iﬁepufuudﬂihtmtﬁcuiumyomdium
became macroscopically anacmic (ischaemic), Over
75% narrowing of the major coronary
’ aﬁmmhdnmdh:hof&eﬁpﬂp,nndwm
narrowing in 12, with marked blood flow delay with
IOU:oZMpgofmtrlch&lhc However, affer
tylcholineindueed mgmﬁw' jor '
DAITo e major
coronary artery was significantly reduced
79%incomoltal9-3’.’%dupite200uost‘lulylcho»
line, though the time delay in coronary blood flow
did not change significantly. By pretreatment with
intracardiac isosorbide dinitrate (2.5 mg), the per-
cent narrowing of the large coronary artery and the
time delay in coronary blood flow were significantly
reduced (narrowing from 32-84% to 10-27%; time
delay from 7.6-41.6 s to 2,7-22.7 s). Pretreatment
with litracardiac bunazosin, an o 1 sdrenoceptor
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Theeﬁecﬁmmofﬂndrmmpmwm
effort angina and hypertension has been well
established.’® However, treatment with B adreno-
“owmmmlhnotdmbemﬁud because
they induce coronary artery spasm* * and some cases of

benzopyran (fig 1), bas been newly synthesised at the
Tokyo Research tories of Kowa Co, Japan

action, and nitroester group u:tmty N‘md;m di-
lates coronary arteries in vitro.” However, its preven-
ﬁncﬁ‘monthemmcdmofmmmm
not been examined in vivo, since no good animal model
of large and small coronary artery constriction has been
found. The response of human large coronary arteries
to acetylcholine is variable, ranging fram dilatation to

ing that it constricts porcine large and small cororiary
minv:vo ulnthcmtmdy’matham
pig model, we examined angiographically whether
nipradilol prevented the constriction of the large and
small coronary arteries induced by acetylcholine. The
:ﬁmo{hmhddedmimumdbunm,mal
antagonist,’® were slso examined for comparison,

Métllods'

ANIMAL PREPARATION .

‘Fifteen farm pigs, weighing 80 to 90 kg were
snaesthetised  with  “intramuscular ~ ketamine
hydrochloride (12.5 mg-kg™), followed by intravenous
sodium pentobarbitone (20 mg'kg™), and ventilated
with a volume limited ventilator, To exclude coronary
artery spasm caused by hypervenilation,' the
ventilatory rate and inspired oxygen concentration
were controlled to maintain arterial pH between 7.35
'nd7-4sapﬁmllarteﬂaloxygmmrebetwemlos
and 16.0 kPa (80-120 mm Hg), and partial arterial
carbon dioxide pressure between 4.7 and 6.0 kPs
(3545 mm Hg). Limb leads of the electrocardiogram
and arterjal blood pressure were monitored
mmwdudnltheexpedmmt. '

EXPERIMENTAL PROTOCOL

’I‘hepia-wmdwmdmonipmnol isosarbide

by
medmmmmyudmmmhm
in the left ventricular free wall. After administration of
20000 units heparin intravenously, selective
arteriography was performed by injecting manually
about 10 ‘ml of warmed (36-37°C) contrast medium
(Iopamiron® 370, Nihon Schering KK) through an 8F
Sones catheter, Acetylcholine dissolved in 5 ml of



. warmed 0.9% saline solution was injected at increasing
doses of 12.5, 25, 50, 100 and 200 ug into the right
coronary artery every 10 min. Right coronary
arteriography was performed within 3 s after each
» acetylcholine injection. When the degree of narrowing
ofthemimepurdhlnghtmmymwuom
75%, the administration of acetylcholine was stopped.
Fifteen minutes later, when the effects of myocardial
ischaemia induced by acetylcholine infusion, such as
munlcmlmuanddylhnedcmmtmthcnght
ventricular wall, had disappeared completely, the
drugs were then given into the right coronary artery. In
the nipradilol group, 10 ug of nipradilol (Kowa Co,
Tokyo), and in the bunazosin group, 100 ug of
bunszosin (Eisai Co, Tokyo), dissolved in § ml of
warmed 0.5% saline solution, were given into the right
coronary artery. Inthehowhidedmimtepwp,ZS
mg of isosorbide dinitrate (Risai Co, Takyo) was
mlmdinmthemteomm;muy Abamaoshm-
the same dose of acetylcholine was injected aguin into
the right coropary artery, and right coronary
menosr:phy was performed. To avoid brady-
archythmiss and hypotmon during intracoronary
mjecﬁondmylchuﬂne, coronary arteriography was
peifarmed “while the heart rate  was kept
phynolosw-ﬂymtxntbyle&mtdwhrp.dng



“and
dhnlutdufthenshtep&mdiﬂm}nr artery
mmmhedmddiumlicfnmu Thenmowinchdxe

jor coronary artery was calculated as
[(dmuhd«ein;mofh&minmdnmem .
after injection of ACh) + diameter before injection of
AUCh] % 100. The maximum value among the above
three sites was used as an indicator of large coronary

- artery constricdon. The time réquired for the contrast

‘medium 1o reach the posterior descending coronsry
artery from the ostium of the right coronary artery was
measured and classified into three grades: marked
delay: >7.0 s; slight delay: 1.8-7.0 's; and normal
1.8 5. Markéd delay was defined as the time delay
when myocardial ischaemia, such as anaemic colour
change and dyskinetic wall motion in the right
ventricle, appeared. Blood flow delay was used as an
index of small coronary artery constriction, when the
m&w«mmmmm

:S the section of animal model in

To determine interobserver varishility,
mmmmmwmm
conducting this study, using the video st different
times. The variability between the two observers was
. +5% for the narrowing of the epicardial major

g:mrymy,mdiossﬁortheumeefumdﬂow
¥

STATISTICAL ANALYSIS
Haemodynamic dats for' control and safter ad-
ministration of scetylcholine with or without each
amtmaampamdbymmmnlyﬁwﬁm
with multple compsrisons using s Bonferonni
correction . in each group (p<0.05; significant). The
data on the coronary artery narrowing and on the time .
ofbloodﬂowddnyinuchmpmnmhmdbythe
pdrdtmmwngmﬁmm) me
as mean values (SD).’

Results

did not change significantly after the injection of
acetylcholine with or without nipradilol; isosorbide
dmmw,orbummdn(ublel)
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EFFECTS OF NIPRADILOL, ISOSORBIDE DINITRATE
AND BUNAZOSIN ON LARGE AND SMALL CORONARY
ARTERY CONSTRICTION INDUCED BY ACETYLCHOLINE
Inanpip,addayincomrybhodﬂowmda
nan'owins the ' epicardial major coronary artery
dose dependently after injections of
mkhoﬁmnnﬁu&mllSwlﬂOu(ﬁpza,B,

tables I1-IV), and they subsided spantaneously within
5 min. However, a marked delsy in coronary blood
flow was noted in each pig when the narrowing of the
icardial major coronary artery was slight (34% or

, the myocardium (right ventricular

mll) mpphcd by the right coronary artery became
anaemic (ischaemic) and was clearly demarkated from

the arca supplied by the left coronary artery, when a
mukeddday(th:dmeddaynfbloodﬂnw>70|)in
right coronary arterial flow was noted (fig 3). After the
administration of 10 ug of nipradilal into the right
coronary artery, nerrowing of the epicardial major

administration
nlpndilal,w19-37“fo(p<0m ﬁglC) The ratio of
percent narrowing following pretreatment with
nipredilol to that of control without nipradilol at a

mmnumduenfzoo,uwequchohncpe:mt
constricion of the large

coronary

nipradilol) was 49(8)% (38-56%)@«:001) Hmmet
thmmmnmﬁnmdzﬁmoemtbctﬁmdehym
coronary blood flow with or without nipradilol; the
ndonfthedmeddzyinmmblmdﬂowfnﬂom

10-27%(p<‘0 01),th=pa'eentoann:icduno{thehm
coronary artery with isosorbide dinitrate was 28(4)%
(21~32$G) (p=<0.01). With isosorbide dinitrate

' pretreatment, the time delay in coronary bicod flow

was significantly reduced to $3(21)% (26-76%) of the
control value when acetylcholine was given without
hqaaﬂdedimmw.tb:p&m:mdm

eormlrymerymrhmrbude dinitrate was
53(21)%(;74:005)

In each pig.of the bunszosin grouw dapm:
mumwhhinwdlwbummdn(lwm,
same dose of intracardia¢ scetylcholine (200 ug)
inducadlmﬂa:mmahhemxinrepw
coronary artery and similar blood flow delay as the
control without bunazosin pretreatment (fig 4).
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Discussion

ANIMAL MODEL

Injection of acetylcholine into the left coronary artery
almost ‘always induced ventricular fibrillation and
dudninpip Thm:fme,mtyl:holincwasuleemdy
given into the right coronary arteries. To avoid
bradyarrhythmiss and hypotension after the
intracoronary injection, a pacemaker was implanted
in the left veatricular wall. As 4 result, the
hmdymhmmdmvddgniﬁun&ybyme
administration of acetylcholine, with or without
nipradilol, jsosorbide dinitrate, or bunazosin. We do
not know whether the present data from the right
maryumymapplydkecdytotbeldtmuy

In the present study, we used angiographic
narrowing of the msjor epicardial coronury artery as an.
hdmurut’eonmoﬁnxemmwma,md
delay in the coronary blood flow without &i
(methan%)mmxdthcm}ur
coronary artery as an indicator of constriction of small
coronary arteries. The time delay as an index of small
coronary artery constriction is influenced by large
COronATy artery responses, when severe narrowing
occurs in s large coronary artery. In our previous
study, intracoronary injection of histamine did not
induce any time delay in coronary blood flow despite
75-9056mmw1ngofth¢:epmrdmlmiotmomry
artery. In the present study, small doses of
acetylcholine induced a marked delay in coronary
blood flow despite mild narrowing (34%) in the
epicardial major coronary artery, and even at large
doses of acetylcholine (100.or 200 ug), 2 marked delay
in coronary blood flow was seen with Jess than 84%
epicardial major coronary srtery narrowing. The time
dﬁyhmy&md%h&m'm

_ therefore reflects small curopary artery constriction.

Although the reproducibility of the appearance times is
good, the methods in the present study are not
quanuuuvewnhmwdmthemhummpbetwm

medium-alone, and with srteriograms using contrust

medium with or without each agent after injection of

CNMDPADTEALT AT wemem———-



COMPARISON OF EFFECTS OF NIPRADILOL,
ISOSORBIDE DINITRATE AND BUNAZOSIN ON
consmcnoummnnmm
CORONARY ARTERIES
In previous human and snimal studies, the doses of
vasoactive drugs which were given info the right
coronary artery in the present study were sufficient to.
produce responses in the coronary arteries without
mm““wThcprmtdmmeﬂmt
pretreatment of nipradilol reduces large coronary
artery constriction induced by acetylcholine. It has
beenmportedthatmpndﬂolposmaml
- trinitrate  like vasodiliting ection and weak a
adrenoceptor  blocking action, in addition to a
non-selective B adrenoceptor blocking action.® It is
knmmp;dmoeepmwrdnpmm
coronary arteries and 9Admoc=ptnt|nhgonhn
eonstric:thuninvim" 1 At present, the effects of «
mmmumdmmmmthewry
artery are controversial.®* The present study
revealed that bunazosin, @ an ol adrenoceptor
antagonist,'® did not prévent pascine coronary artery
constriction induced by acetylcholine. These data are.
consistent with the view that methoxamine (al
adrenoceptor agonist) has no effect on relaxing porcine
coronary artery in vitro,®® It is well known that
isosorbide dinitrate, a long acting nitrate, prevents the
constriction of coronary artery in humans.'® '° In the
present in vivo study, both isosorbide dinitrate and
nipradilol prevented the constriction of porcine large
coronary artery induced by ucetylcholine. This
suggests that the preventive effects of nipradilol on
large coronary artery constriction in swine are not due
'mammorﬁldrmmepwblochngm,_
but to nitrate like vasodilating actions. However, the
protective effects of nipradilol and isosorbide dinitrate
were different; isosorbide dinitrate prevented the
constriction of large and small coronary arteries
induced by scetylcholine, but nipradilol prevented
only the constriction of the large coronary artery.
. Nipradilol has not only a nitrate like vasodilating
action but ﬂoo an “effect as a non-selective P

omummdnehmmdmnmqmn
butzhgmmlikznwdﬂmngmngpmm
‘mﬂ?hmﬂmthmmthemmW
arterics.® As a result, nipradilol may not have
protective cﬁecn on small coronary - grtery



CLINICAL IMPLICATIONS

The administration of adrenoceptor antagonists is
known to be effective in cases of effort anging, because
they reduce cardiac contractility and cardiac work.!
In addition, they sre known to be the ranges of first
choice in the treatment of hypertension.” However,-
mmcﬁmaﬁmwc?mmmhumh

spasm, because these are y detrimental
in angina. 3 The results of the present
mmmwmm&

more useful in the treatments of angina pectords and
hypertension with or without coronary artery spesm
than other § adrenoceptor antagonists.

" ‘Thanksare due to Mr D Mrozek for review of the manuscript,

and Miss M Jinnal end Miss S Tomim for secretarial
mmmmwwwaam.
Japan) and Eisai Co (Tokyo, Japan).
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Tabls I Haemodynamic changes. Daia ars meant (5D)

(a) Niprodill group
Comzrol ACh Nip+ACk . :
Ao 1141 1161 11401 :
FER. W W W
HR (bears-min™') 104(11 106(1 104{15
(b) ISDN grosp
Comerol ACh ISDN+ACh
X g 170 1;%}% 122%
% w) xdn?} 107{1 10811
(¢) Bumasesin group
Comeral ACK Buw+ACh
weatp, 8 A S
mm 10 11 1
HR 112(13 1 1
ACh=maximum dose of 100 or 200
Nip+ACh=ACh with nipradilol (10 pg); +ACh=ACh
isosorbide dinitrate (2,5 mg); Bun+ACh=ACh with bunazosin (}00
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% Coronary artry warrouwing (Controlm0%)+ grude of blood flow dalay"

ACh ;\-Gidﬂ
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1 WN(L 7 12.9) sy 19.13
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;oon 78 ::%g)
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Grade of blood flow delay was s follows: Ne=within normal limits (<1.8 £); S=slight blood flow délay (1.8-7.0 8); M=marked blood flow deiay
(>7.0 3); iewintracardiac, - SRR el S :
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acetylcholine (Ack) . : : !

% Coronary artery arrowing (Controlm0%)-+the grads of blood flow delay®
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r ) 17,
13

1) Wi(s)
z_)” SUM(17. SO/M39, — )
gﬂgz 13) 3 1.-% 7 7‘3 SAM(41 7z
1%12.0) 4/MU. amise s 1MQs
17/53.5) .0) 28/M(7.5) ) 10/5Q.7F

mmmummmwiwmummmmummﬂm
hhmmmmummemwmﬁmmMm.

s

5

‘ A A B
53522

i
o

i
£

muumn-m'wmccx.l 8); S==alight blood flow delay (1.8-7.0 2); M=marked blood flow delay
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ACh

Control 23 30 ) 200
N W %W Wi Lo o)
1 77 6.9} 4 3 ¥
} % s, M4 3 ¥
3 8 X )
4 l 5 4 14
5 10,1 11.4
% calculated from the measured huninal dlmn:t the s the control 0%. '
e e e e el e
gﬁiﬂ i ddrywnﬂhm N=within normal limm(‘l.h); S-diﬂthbd%&hy(l.&?.ﬂn}.m-mmwm&y
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