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Cardiovascular Effects of the Bradycardic Agent Alinidine
and Its Pharmacological Profile

Yasuhiro OGIWARA
Department of Pharmacology, Shinshu University School of Medicine
(Director : Prof. Shigetoshi CHIBA)

Cardiovascular effects of the bradycardic agents alinidine and AQ-A 39, and effects of alini-
dine on the autonomic nervous system were investigated in isolated dog heart preparations which
were cross-perfused with blood fed from anesthetized donor dogs. Intravenous administration
of alinidine or AQ-A 39 into the donor dog induced dose-dependent decreases in heart rate and
small changes in arterial blood pressure of the donor dog. In the isolated, perfused atrium, 1.5
min later, alinidine induced dose-dependent negative chronotropic and inotropic effects, whereas
AQ-A 39 induced dose-dependent negative chronotropic effects and small positive inotropic ones.
Alinidine- and AQ-A 39-induced bradycardic effects were predominant and the AQ-A 39-induced
bradycardia was greater than that produced by alinidine. Their negative cardiac effects were
not modified by atropine.

In the isolated preparation, alinidine significantly decreases the positive chronotropic, but
not the inotropic effects of norepinephrine, isoproterenol or dibutyryl cyclic AMP. Alinidine
inhibited the negative chronotropic and inotropic effects of vagal nerve stimulation, acetylcho-
line or carbachol at 1/100 of the potency of atropine but not those of adenosine.

From these results, it is concluded that (1) alinidine has a direct predominant bradycardic
effect with a mild negative inotropic effect, (2) it selectively attenuates the cyclic AMP-depen-
dent positive chronotropic effect and (3) alinidine has an anti-muscarinic property which may
modify the cardiovascular system. Shinshu Med. J., 85 :761—781, 1987
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Fig. 1 Chemical structures of alinidine,
clonidine, AQ-A 39 and verapamil.
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Fig, 2 Diagram of perfusion system of the isolated dog atrial preparation (left panel)
and schema of the preparation (right panel). RCA : right coronary artery, SNA :
sinus node artery, SVC: superior vena cava, RA :right auricle, ER : electrode,

RT : rubber tube, PC: polyethylene cannula.
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Fig. 3 Effects of alinidine at a dose of 300 pg/kg injected into the jugular
vein of an anesthetized donor dog on heart rate and blood pressure
(upper panel) and on atrial rate and developed tension in an isolated,
blood-perfused dog atrial preparation (lower panel).
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Fig. 4 Alinidine-induced dose-response curves for percent changes in heart rate and
mean arterial blood pressure (MABP) of the anesthetized donor dog (left panel),
and in atrial rate and developed tension of the isolated, blood-perfused dog
atrium (right panel) in 4-6 experiments. Alinidine was injected intravenously to
the donor dog at doses of 10-1000 pg/kg. The control levels of heart rate and
MABP were 13711 0 (mean=®S. E, M., ) beats/min and 88+11.2 mmHg, respecti-
vely, and the control levels of atrial rate and developed tension on isolated
atria were 95:5,2 beats/min and 1.44-0.18g,  respectively. Vertical bars show
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Fig. 5 Effects of AQ-A 39 at a dose of 300 ng/kg injected into the
jugular vein of an anesthetized donor dog'on heart rate and
blood pressure (upper panel) and on atrial rate and developed
tension in an isolated, blood-perfused dog atrial preparation.
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Fig. 6 AQ-A 39-induced dose-response curves for percent changes in heart rate and
mean arterial blood pressure (MABP) of the anesthetized donor dog (left panel),
and in atrial rate and developed tension of the isolated, blood-perfused dog
atrium (right panel) in 6 experiments. AQ-A 39 was injected intravenously to
the donor dog at doses of 10-1000 pg/kg. The control levels of heart rate and
MABP were 134%11. 0 (mean=S. E. M.) beats/min and 85+12.5 mmHg, respecti-
vely, and the control levels of atrial rate and developed tension on isolated
atria were 9229, 3 beats/min and 1.8+0.20g, respectively. Vertical bars show
S.E.M. See text for explanation of ph 1 and 2.
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Fig. 7 Changes in atrial rate and developed tension by alinidine at doses of 10 and
100 eg injected directly into the sinus node artery of the isolated, blood-perfused

dog atrial preparation.
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Fig. 8 Dose-response curves for mean percent changes in atrial rate and developed
tension by direct injection of alinidine into the sinus node artery of the isolated,
blood-perfused dog atrium. The control levels of atrial rate and developed tension
were 99+6. 4 (mean+S.E. M.} beats/min and 1,7=0.26g, respectively., Vertical

bars show S.E. M.
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Fig. 9 Changes in atrial rate and developed tension by AQ-A 39 at doses of 10 and
100 g injected directly into the sinus node artery of the isolated, blood-perfused
dog atrial preparation.

50 = Atrial rate [~ Developed tension o
40 - - '
ao0 - . -

20 - -

10 |- .

Response, %

-40 L L
L1 1 & 1y T WO R T B

1 3 10 30 100 300 1 3 10 30 100 300

Dose of AQ-A 39 (ug) n:=5-6

Iig. 10 Dose-response curves for mean percent changes in atrial rate and developed
tension by direct injection of AQ-A 39 into the sinus node artery of the isolated,
blood-perfused dog atrium. The control levels of atrial rate and developed
tension were 9946.4 (mean=+S.E.M.) beats/min and 1.9-0. 26g, respectively,
Vertical bars show S.E.M. See text for explanation of ph 1 and 2,
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Fig. 11 Effects of alinidine (300 pg) on changes in atrial rate and developed tension
to norepinephrine (NE) at doses of 0.03 and 0.1 gg, and to isoproterenol (ISP)at
doses of 0.01 and 0.03 pg in an isolated, blood-perfused dog atrial preparation.
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Fig. 12 Effects of alinidine (300 pg) on the changes in atrial rate (upper panel) and
developed tension (lower pamel) to isoproterenol and norepinephrine at low or
high doses in the isolated, blood-perfused dog atrial preparations. Comparisons
are with control values (paired ¢-test); *p<{0.01. Vertical bars show S.E.M.

5B EH BiE 6 ~7HliconT & Ldich 0N Fig, 8 CH D,
7Y =2 v ELEEAR OSSR B S BeRTie 7 ) = o i EREH IR EREZER: - 25
T5 &, LDEHBES X ODLERERIL E Ll TR %R Uhedd, 20 - NIRRT DRk
ENic, 7V =2 V10K LT 100pg BEED 1 Hl % RIGD A= v FEEL TS 5 &, 3ug ¥ I
Fig. 7 icifd, 1~300pg ©7 ¥ = v v o FREF G EREER O AL, Ehll Lo B CiagmzE e
No. 6, 1987 769



infusion

=z
M

(/min)
0 p—

1
—d
(=]

i

Decrease in atrial rate
to alinidine
1
)
o
1

DBcAMP

(/min)
0

1
—
o

Decrease in atrial rate
to alinidine
]
(X3
o

Decrease in developed tension

Decrease in developed tension

(g)
o —
205 -
£
£
©
[+
2

-2 e
(g)
0
~0.5
[+}]
(™
e | T
c
5 -1
o [ Control

After NE infusion
After DBCAMP

Fig. 13 Effects of alinidine (300 pg) on the decreases in atrial rate and developed
tension before and after norepinephrine (NE) infusion or DBcAMP administration
in isolated, blood-perfused dog atrial preparations. Comparisons are with control
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Fig. 14 The effects of cumulative doses of alinidine (30, 100 and 300 pg) on changes
in atrial rate (AR) and developed tension (DT) of an isolated, blood-perfused dog
atrial preparation evoked by A) intramural vagal nerve stimulation at frequencies
of 5, 10 and 30 Hz, B) injections of carbachol at doses of 0.01, 0.03 and 0.1 pg
and C) injections of acetylcholine at deoses of 0.03, 0.1 and 0.3 pg into the sinus

node artery.
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Fig. 15 The effects of cumulative doses of alinidine on the maximum percent changes
in the atrial rate (upper panel) and developed tension (lower panel) to vagal
nerve stimulation at frequencies of 5, 10 and 30 Hz (left), carbachol (CCh) at
doses of 0.01, 0.03 and 0.1 pg (center) and acetylcholine (ACh) of 0.03, 0.1 and
0.8 pg (right) in the isolated, blood-perfused atrial preparations (n=6). Vertical
bars show S.E.M. Open circles with the dotted line show control changes to
vagal stimulation, CCh and ACh. Solid lines with circles (30 pg), triangles (100
#g) and squares (300 ;g) show changes after alinidine treatment. Closed symbols
show significant (p<{0.05) suppression from control, Open symbols mean no
significant (p>0. 05) difference from control.
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Fig. 16 The effects of cumulative doses of atropine on the maximum percent changes
in the atrial rate (upper panel) and developed tension (lower panel) to vagal
stimulation at frequencies of 5, 10 and 30 Hz (left), carbachol (CCh) at doses of
0.01, 0.03 and 0.1 gg (center) and acetylcholine (ACh) at doses 0.03, 0.1 and 0.3

pg (right) in isolated, blood-perfused atrial preparations (n=5-6).

Vertical bars

show S.E.M. Open circles with dotted lines show control changes to cholinergic

interventions.

Solid lines with circles,
after atropine treatment at doses of 0.3,

triangles, and squares show changes
1 and 3 pg, respectively., See the

legend to Fig. 15 for explanation of open or closed symbols with solid lines.

Fig. 14 A OEMEARC R 5 Rl R
W, hnAa— (CChY BLIO7Fay v(ACh)
OIEMEN « B HERET5 7 ) =2 v oo
WTHT o 12RO LHITH B, BOLFHHEER D REPF
RS 5, 10, 30 Hz OFIECRAMIMT 2 & W)
WIS ARTF L CUDEREMECS KO R4 R 2 L
oo Ffe= ) IR CHS CCh (0. 01~0. 1ug)
I LT ACh (0.03~0. 318) % A5 DB A ORI
R ZhThie 545 &, MEERFENROERHEI
c REFNOWPIEE EN 2, THBLORIGE 2 v
PR=VELTT Y =2V 30~300pg RAETS &,
7Y = U VOHBKRFEL T TROBIER « 25
fER S F S i, Dbk 6 flicovnTE &bl o
% Fig, 16 wWRT, BlsRm@Ellg, CCh it
ACh 1 1% AN « ZBAEMET Y = v v Ol
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WARTE L CHE (p<0.05) Ml E hice, 7Y =2 v
XA 2 bOREITERE, 300pg AMEHICE X220
43 ¥R L,

CoTY =P vOIfERAO X E LT, RFENT
HaAn) VEERIETHD 7 + v vk HbCHEE
DFERBEFT > T HOFEWEAOFFEHMIRE7 b e
€y (0.3~1pg) REEHE LB D ERE -
R O e 2 LR BB e h > o, BIZZERME
Jli & CCh &Lt ACh o¥biz X 5.0BEHENE -
RAERNOWAET b v €K X BREKHFH
MR Nt (Fig. 18)e Bpg DT bR EVILLB IO
PR PR30 PSR L.

B a4, CCh % X 08 ACh DFRMEDEN: « 45
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Fig. 17 Percent inhibitory effects of alinidine (upper panel) and atropine {(lower panel)
on the negative chronotropic and inotropic responses to vagal stimulation (ES,
left), injections of carbachol (CCh, center) and acetylcholine (ACh, right) in
isolated, blood-perfused atrial preparations. Data were obtained from experi-
ments in Figs. 15 and 16. Vertical bars show S.E.M. Circles and triangles show
effects on atrial rate (AR) and developed tension (DT), respectively. C : control.

Table 1 Fifty percent inhibition doses (IDs) of alinidine and atropine to cho-
linergic interventions. IDj values were evaluated from each dose-inhi-
bition curve for alinidine or atropine to vagal stimulation (ES, 5 to 30 Hz),
an injection of carbachol (CCh, 0.0l to 0.1 pg) or acetylcholine (ACh
0.03 to 0.3 pg) AR :atrial rate. DT : developed tension.

Alinidine (pg) Atropine (pg)
AR DT AR DT

ES 51.8+12.3 65.6+11.3 0.4440.04 0.3440.33

CCh 64,9115, 1 130. 4429, 1 0, 330, 04 0.28240. 04

ACh 3.0+ 6.5 82.0+17.6 0.20240.01 0. 30+0. 04

774

BMERE  Vol, 35



7V = 2 v oCIRE R

A} Before alinidine

ES (Hz) ACh
5 10 30 W ug
o

Isolated atrium
120

(beats/mln) 80

Donor dog 180
HR 140

CCh ACh CCh 1 min
.03 g 3 ug g
®

1
or ;
E

(beats/min) 100

120 Shdbne
BP BOE

(mmHg) 40

B) After alinidine (1 mg/kg i.v.)

] ES (Hz) ACh(ug) CCh () ES
Isolated atrium 5 10 30 .03 1 v 30 Hz
120 s o o ° ° ° -
AR 100 ———

(beats/min} 80

2
DT 1 E | i
(9) 0 o

_—v——v-—f'——-—v—vww ' }l

Donor dog 140

HR 100 E
(beats/min) 60

120 i hidd,
BP BOE oy
(mmHg) 49

Fig. 18 Effects of intramural vagal nerve stimulation (ES; 5,

- A
20 min

10 and

30 Hz) and injections of carbachol (CCh; 0,03 and 0.1 zg) and
acetylcholine (ACh ;0.1 and 0.3 pg) in the isolated atrial prepa-
ration perfused with arterial blood fed from donor dog A) before
and B) after alinidine (1 mg/kg) injected intravenously into the
donor dog. AR :atrial rate, DT : developed tension, HR : heart

rate, BP : systemic arterial blood pressure.

BAVERCH T 508 L b & BRI 230
FloFRREGORFL, 7 e CALRIERBED
AER L, UL, BIZCRAMRINLE 2 v v IED)
WEHORDBOOFUSIHT ST v = & v OfflfE
RO RE LB o, TV =2 vl
RES0Z I A (IDs) CHETBE, ThrEY
DH}N0FETH - 72 (Table 1),
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THAELE %%$V77///m%i03wg#&
b33 E HERTEWNCOORERBIE - REEIORSE
HECl, 7V = v 300ug WEHLCREE © 77 2
yyk&%Lf%ﬂEmkm&erB#kw?mm
»ihhlshotz (n=6), ;

PEIMR O M CHTE S h T LB TR RIZ
g (5, 10, 30 Hz), CCh (0.03, 0.1lug),

i
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Table 2 Effects of alinidine injected intravenously into the donor dog on negative
chrono- and inotropic responses to intramural vagal nerve stimulation, CCh and
ACh injections in four isolated dog atria perfused with arterial blood {rom donor

dogs.
Control Alinidine treatment
0.3 mg/kg i. v, 1mg/kg i.v.
% decrease in % decrease in 9% decrease in
AR DT AR DT AR DT
Vagal stim, 5 5.421.86 11.54+ 1.72 2,841, 02 5.8z 3.94%%* 0,320, 30 0*
(Hz) 10 10.2#42.54 20.6% 3.17 8.5+2.26 13.8z% 3.39%* 2.1%0.77% 5, 122, 01
30 29.447.48 53.3z% 6,07 23.3:£5.86 38,62:10.33 7,842, 06% 13,644, 97%*
CCh (ug) 0.03 6,0-:0.43 68.4% 5.29 4,5%1.18 56.24 6.73 1.340.81*% 21,18, 20%
0.1 11.543.32 87.2:4 4,92 7.6£3.73 77.3% 8.17 1.6-£1.63*% 42,879, 29%*
ACh (pg) 0.1 3.92%1.75 (63.2:+15.69 3,5:£2.81  43,8--20.0 0.9-40. 90 27,514, 02%*
0.3 13.3k6.62 79.6+ 8.65 8.9745.49 74.8% 9.51% 1,5+1.54 53,9413, 7%

AR ' atrial rate, DT : developed tension, CCh : carbachol, ACh : acetylcholine.
Significantly different from control, *: p<{0.05, **:p<0.01, ***: p<70.001.
Control atrial rate was 104+46. 1 beats/min, and control developed tension was 1. 7-:0. 08g

in 4 atria,

ACh (0.1, 0.3ug) 12 & B &M 25 J/ERIL, 7V
=2 v (Img/kg) OEMANDOWIEL X » T b I
Bhite, £ 1% Fig. 18 1C5Fk¥, Table 2 &30, 3
FIU Img/kg D7V =2 VIR X B BEY 4 4]
12T E & e b O RRT. BIZRMREN] & CCh
X BDEEHETEN - ZEIER, % X0 ACh © X Bk
EBREMT7 Y =2 v (Img/kg) 8 X v EE
(p<C0.05) Ml B hfc, ACh V= X 4 Bt demsfE it
TETI VI S ho s B d - 7,

v % &=

O TR ST R LT LR WA e 3
MR B DL ORH B, fok ziE = ) VIETEIEY,
FRIENRFD, o v oy MEEYIHITE K03 5 CH B b%,
T BRI T 5 &AM DI (Ei:,
gt 2 bIHT 5 = EAEmbRTW5, &A%
CHWRET Y =22 vk AQ-A 39 i, KO BB
EEHIH U CRIRE &£ 500 DI K exT
5 VE A DURISIOFE & 5 S B o% I specific
bradycardic agent &I TV BD-E), .:,?’L bo
AT X B BIRIEAILOIED & A% ) v S oMK
RRIEIRE B RBOWEWHT X o THEPFBDTIL 7
VI EBE AT, FOROFHEARC 5\ TS
RTHBRDO, FOIEH 2 5 = X 2 LT it ok
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79 = 2 vOLRBERC TR Ly ool
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A TUZTLLOLEER

TV = O v E o L D s TR
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= o v EIRNE ST 5 & RREER D
H & KBBBIRIME OB &t Uty £ OB B D
BODRIED S — v VLTS 5 &, Hikiy e M
BD Img/kg CREVMEMEM %L T, 300pg/
kg FTROPBDOWANEBLCTH > W1 2K
DEEEARC T b AR R ka2 - Bhie
BEL U, TORER 100pg/keg T 1128
L <, 300pg/kg LA LCRAMELETITER OIS CH
o, =, IEHIEIRE 79 = o v A EERE L
B b (B CURiR IE 4 U BRI « R %R
Lichs, MR CREHEE IR OTHMEMTH - o,
[ U 1 2 G DEMIEEA S B\ M85 HORE
CHEWT, 7TEFay ik, <3583 1D, 75
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