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Protective Action of Purinergic and Cholinergic Agonists on the
Ischemic Myocardium in the Rat
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ABSTRACT

BackgroundJ Purinergic and cholinergic agonists elicit negative-inotropic and chronotropic effects, anticipating
their protective action from the damage of overloaded myocardium. However, the actions of the agents during the
ischemic insults are not yet clearly informed. The aim of this study was to investigate the role of the purinergic and
cholinergic agonists on the simulated ischemic myocardium of the rat atrial fiber preparations. Method[J Various
action potential parameters (maximum diastolic potential MDPO action potential amplitude APAO velocity of
phase 0 depolarization dV/dt,,,s[J action potential duration APDy;) were measured and compared in electrically
paced, normal (NPSS) and modified physiological salt solution (MPSS) superfused rat atrial fibers in vitro, using
conventional 3M-KCI microelectrode technique. Ischemia-simulated modified physiologic solutions were prepared
by changing the solution’s composition. Results[] Hypoxic-and/or hyperkalemic-MPSS decreased all the action
potential (AP) variables. However, no significant changes of the AP variables were developed by the acidicor
glucose-free MPSS. Adenosine (Ado) and cyclopentyladenosine (CPA) only decreased the APDy, in a dose-
dependent manner. Acetylcholine (Ach) and carbachol (Cch) hyperpolarized the MDP, increased the dV/dt,,, with
certain doses, and decreased the APDgy,dose-dependently. The potency for APDgy-decrease was greater in order,
CPA=Cch=Ach=Ado. Ado and CPA did not affect the hypoxic, hypokalemic MPSS-induced dV/dt,,-decrease.
On the other hand, Ach and Cch significantly inhibited the dV/dt,,, -decrease by the hypoxic hypokalemic-MPSS.
Ado, CPA, Ach and Cch significantly augmented the hypoxic, hypokalemic MPSS-induced APDgy,-decrease. The
inhibition by the Ach and Cch on the MPSS-induced dV/dt,,.c-decrease was not affected by DPCPX, but atropine
significantly attenuated the inhibition by the cholinergic agonists. DPCPX inhibited the augmentation by the Ado
and CPA on the MPSS induced APDgyj-decrease, andatropine inhibited the effect of the cholinergic agonists.
Conclusion[] Both purinergic and cholinergic agonists not only shorten the AP duration by themselves but also
enhance the AP-shortening effect elicited by the ischemia, and therefore, it is inferred that both agonists prevent
further tissue damage from the ischemic insults. (Korean Circulation J 1998;28(7):1141-1153)
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000 OO0 Tyrode O(OO0ONaCl 131mM, Na
HCO® 18 mM, KCl 54 mM, NaH,PO; 1.8 mM,
MgCl; 1.0 mM, CaCl, 1.8 mM, Dextrose 5.5 mM,
95% 0,—5% CO, 00000 bubblingdd pHO7.4
0000 0ooo 0ob boooo goooo 37od d
0)O 7 m/min0 OO0 0OOO0O0O bathD OO OO
0 0 1000 0000 000 0000 ooooo
ooooo.

0000, microelectrode puller(Stoelting Co.)O
0000 OO0 00 0oooo 3aMKelo ooo(@oe
000 10030 MQO O) OO0 micromanipulator
(Brinkmann 3 axis)J 0000 O0O0O0O 0OO0OO,
electrometer(WPI, S7071A)0 OO0 O0O0O OO
O oscilloscope(Tektronix 5113)0 physiological
recorder(Gould 2400)0 OOOO polaroid OO0
0 0000 00000 (Figs. 1 and 2).

00000 0000 00 000 000 ooooo
(Grass S48)0 O OO bipolar silver electrode(C O

Oscilloscope

Differentiator
dV/dtnx

Stimulator

Fig. 1. Block diagram of the experimental system used
in the present study.

I2O mV

4 20 msec

¢ l 100 V/sec
20 msec

Fig. 2. Action potential characteristics evoked at a
stimulation rate 1.5 Hz in rat atrial fibers (upper
frace). Lower frace shows the dV/dt of the upper
frace and the apparant vertical bar is the dV/dtmax
indicating the maximum velocity of the phase 0

01 mm)O OO0 OO0 OO0 OO0O0OOO 15 Hz
00,1msec 000 OO0 O0O0O0O OOOOO OO O
0O 0000 000 00000 oo ooooooo.

0o00o0ooo 000 Oooo, 0o Oooo oo
(maximum diastolic potentiald MDP, mV), 0000
O D00 (action potential amplitude O APA, mV),
90% 00000 OOO0OO0 OO (action potential du—
rationd APDgo, msec), OO0 phase 0 OOO0O O
O00D0D0@V/dtnax O V/sec) OOOO. dV/dtmaO
electrometerD] OO0 OO 0000 OO0 differ—
entiator amplifier(CO00O0O OO)O O0O0O0O OO
OO0 00 oscilloscopedd OO0 OO 0OOOOO
(Figs. 1 and 2).
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00 OO0 00O 0oo0 OO0 ooo oooo oo
Tyrode’s00 OO0 OO0 OO0OOO(modified ph—
ysiologic salt solution MPSS)O 00 bathD OO
ooo.

000 MPsSSOOO Tyrode’sO0 95% NoO5%
CO, OO0 bubblingd O pO,0 50 mmHg OOOO
00 pHO 740 OOO0O OOO.

OO0 MPSSO OO Tyrode’'sdO 60% O.04%
CO, 00O bubblingd O pO,0 600, pCO.0 O 200
mmHgO 00 00 pHO 6.80 OO O0OO.

0000 MpPsSSOO0O Tyrode'sd OOO0O glu—
cosel] 0OOO 90% O’05% CO, OO0 bubbling
00 pO.0d O 600 mmHg, OO0 pHO 740 OO
ooo.

000 MPSSOOO Tyrode’sd OOOO OO0
OO0 10 mMO O0OOOO 95% O.05% CO, OO
bubblingd O pO,0 O 600 mmHg, 00O pHO
740 00O 000

OO0 MPSSOODO Tyrode'sDO O0OOO glu—
cosel 0O0O0OO OOOOO 10 mMO OOOOO
60% N04% CO, OO0 bubblingDO pO,0 50
mmHg OO0 0000 pCo.0 O 200 mmHg, O
00 pHO 680 OOOOO.

MPSSO peristaltic pump(Gilson)d OOOO 7
mi/mind0 OO0 OO0 000000 000 00 0
000 00000 0000 ooooo.

000 000 000 00000, adenosine(Sig—
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ma), acetylcholine chloride(Sigma), N6—cyclopen—
tyladenosine(CPA, RBI) OO0 carbamylcholine ch—
loride(carbachol, Sigma)J 00 OOOOOO atro—
pine sulfate(Sigma)d 8-—2—p—(2—carboxylethyl)
phenthylamino—5’ —N—8—cyclopentyl—1,3—dipro—
pylxanthine(DPCPX, RBI)J O O. CPAO DPCPXO
dimethylsul—foxide(DMSO, Sigma)J 0O0O0O0O O
00 000 0000 00 00oo ooo ooo o
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000 000 000 OoOoO0o OO oooooo
0000 ooooo.
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0 00000 000 Ooooo oooo ooo ooo
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0 00000 0oOoO0O0o Oooo ooo ooo
unpaired Student’s t—testd] OO0O0 OOOOO.

2 3

MPSS ZtFoloM2 &5 S4o HE

00 00000 (hormal physiologic salt solution O
NPSS) 0000 0000000 OO 00000 O O
000, 00000 DOO(maximum diastolic potenti—
alsOMDP)O —80+ 1.2mV, phase 0 0000 OOOO
00 @V/dtne)O 260+ 239 V/sec, 00OOO O(ac—
tion potential amplituded APA) 108+ 3.9 mV, 90%
0000000 000000 (action potential dura—

tiond APDg)0 76+ 5.2 msO 00 (Fig. 2, Table 1).

00 000000 000 0000 MPSSOOOO
0 00 000 00000 0000 0000 000
000 000 0000 00000 000 000 O
0 MPSSOOO 10000 0000 OO0 000 0O
000 0O 00000 MPSSOOO 100 0000 O
000 0000 00000.

O000-MPSS 0000 MDPO —69+ 21 mV,
dV/dtyed 135+ 14.2 V/sec, APAD 84+ 2.0 mV [
00 APDgl 34+ 3.9 msO 00000 000 O
0 000000 00 dV/dted OOOO0O0 OO0
48%, APDed 55%0 OO0 OO0 000. 000
00 OO0-MPSSO O OO0OO0-MPSS 0000 O
0000 000000 0000 000 000 0Oo0.
0 OO00-MPSS 0000 MDPO —67+ 11 mv,
dv/dt maxd 209+ 15.6 V/sec, APAD 79+ 2.4 mV
000 APDed 60+ 39 msOO 0OOO0O0O 0OOO
00 0000 000000 O0O0-MPSS 0000
000 000 00 0 000 000 O 000.00
00 00 00000 O OO0 MPSS (mixed
MPSS)DO00 000 D000 00000 0000
000 DO0000 O 00 00 O 00-MPSS O
0 0000 0000 OO0 000 0000 (Table 1).
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00 000000 000 0000 adenosined 0O
000 000 100 oOoOooO MDPO OOO OO O
00 0000 OOoOo0O0O Ooo ooo ooao, APD
900 adenosine 10° M 0000 OODOOO0O O
00000 0O 000 000 10°M OO0 60+ 4.2

Table 1. Effects of 10 min superfusion with various modified physiologic salt solution on action potential characteristics

in the rat atrium

MDP (mV) dV/dtmax (V/sec) APA (mV) APDgo (ms)
1. Control —-80+ 1.2 260+ 23.9 108+ 3.9 76 52
2. Hypoxic —69+ 2.1* 135+ 14.2* 84+ 2.0* 34+ 3.9*
3. Acidic —78+ 1.5 247+ 16.7 104+ 2.7 79+ 4.2
4. Glucose(-) -81+ 1.4 258+ 17.2 110+ 4.1 71+ 4.9
5. Hyperkalemic —67+ 1.1* 209+ 15.6* 79+ 2.4* 60+ 3.9*
6. Mixed (20 30 40 5) — 66+ 1.4* 131+ 22.3* 80+ 1.9% 37+ 3.6*

Numerals are meanz SEM of 5 to 6 experiment 10 min supefused with the above modified PSS

MDPO maximal diastolic potential
APADO action potential amplitude
*p<0.05, by Student’s t-test as compared to the control
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dv/dtmaxd maximum upstroke velocity of phase 0 depolarization
APDyolI action potential duration at 90% repolarization
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msO0 O0O00O0 OO0 O 20%, 10°M 000 44
+37ms00 O 40%, 10° M 000 32+ 3.2 msl
0 0 60%0 000@0O p<0.05) OOO(Fg. 3) O
000 0000 ODUOO@APA O dVidte)d 0O0O0O
000 ODO(Table 2).

000 000 0000 cyclopentyladenosine(CPA)
0 0000 000 100 0000 o000 oooo
0 adenosinel OO0 0000 OO OOOOOO
000000 00000 00000 (Table 3) APDgy
000 0000 000 adenosinel OO0 OOO

Log M (Dose)
-8 -7 -6 -5 -4 -3
T

—o— Adenosine
~ 80 _a Acetylcholine
—e— Carbachol
—O— CPA

A% APDy, from the normal control

Fig. 3. Percent changes (A %) from the control APDyo
against doses of various purinergic and cholinergic
agonists at 10 min after superfusion of the agonists.
Each point is the mean of observations from 5 to 6
experiments. Vertcal bars indicate standard error of
the mean value (SEM). CPAO cyclopentyladenosine.

O0.0 CPA10° M OOODOO 55+ 49 ms OO
00000 000 27%, 107 M 000 43+ 64 ms
00 42%, 10°°M 000 21+ 3.1 msOO 72%, O
00 10° M 000 16+ 29 msOO 79%0 OO0
000 D000 (Fig. 3).

00000000 OO0 0000 acetylcholined
0000 000 100 0000 MDPO, acetylcholine
2x 10°° M 0000 -83+ 06 mvdD OOOOO
000 0000000 (p<0.05), dv/dt maxd 107°,
5x 10°° M 0000 OO0 277+ 104, 281+ 115
V/secl 00000 (p<0.05), APD 900 00O OO
00 00000 00000 0000 000 00 O
000000 Oooogd. Od, acetylcholine 2x 1077
M 0000 67+29 msOO 00000 OO0 O
15% 00000 2x 10°° M 00000 32+ 3.1 ms
00 O 75%0 000 00O p<0.05)0 OO0
(Table 4, Fig. 3).

000 000 0000 carbachol 0OOO OO
000, MDPO carbachol 10°° M 0000 0O0O0O
0 000 0000 0000000 (P<0.05) dV/dtme
0 10°° MOO 270+ 11.8, 10™° MO O 288+ 125,
107" MO O 279+ 16.4 V/sec 00000 APDgld
acetylcholineDl 000000 OOOOOOO DOO
000 carbachol 107" M OO0 62+ 2.7 msOO
22%, 10°°M 000 38+ 3.3 msOO 52%, 10™° M

Table 2. Effects of adenosine on action potential characteristics of the rat atrium

Adenosine Conc.(M)

Control
1076 10” % 1074 1073
MDP (mV) —-80+ 1.2 —-82+ 2.9 —80+ 2.3 —-82+ 1.6 -83+ 1.2
dV/dtmax (V/sec) 252+ 11.9 267+ 8.9 262+ 9.5 249+ 12.1 259+ 14.4
APA (mV) 08+ 3.9 113+ 4.9 111+ 4.3 104+ 5.4 107+ 2.4
APDso(ms) 76 5.2 73+ 8.1 60+ 4.2* 44+ 3.7* 32+ 3.2%

Numerals are meanz SEM of 5 to 6 experiments. Other legends are the same as in Table 1

Table 3. Effects of adenosine on action potential characteristics of the rat atrium

Cyclopentyladenosine Conc.(M)

Control
10”8 1077 107¢ 1075
MDP (mV) —-80+ 1.4 -81+ 3.2 —80+ 2.8 -79+ 2.3 —-82+ 2.1
dV/dfmax (V/sec) 249+ 13.9 257+ 10.9 260+ 8.9 259+ 11.4 261+ 12.9
APA (mV) 106+ 2.9 109+ 3.2 107+ 3.8 105+ 3.1 107+ 2.9
APDgo(ms) 75+ 4.7 55+ 4.9* 43+ 6.4* 21+ 3.0* 16+ 2.9*

Numerals are meant SEM of 5 to 6 experiments. Other legends are the same as in Table 1
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Table 4. Effects of acetylcholine on action potential characteristics of the rat atrium

Acetylcholine Conc.(M)

Control
2x 1077 107¢ 5% 107¢ 2% 1075
MDP (mV) —-79x 1.6 -82+ 0.9 —-82+ 0.8 -81x 0.6 —83x 0.6*
dV/dtmax (V/sec) 246% 9.2 262+ 11.4 277+ 10.4* 281+ 11.5* 265+ 14.2
APA (mV) 106+ 2.9 104+ 3.1 105+ 1.2 104+ 2.5 102+ 4.1
APDso(ms) 78+ 3.2 67+ 2.9* 53+ 3.1* 38+ 2.6* 32+ 3.0*
Numerals are mean+ SEM of 5 to 6 experiments. Other legends are the same as in Table 1
Table 5. Effects of acetylcholine on action potential characteristics of the rat atrium
Carbachol Conc.(M)
Confrol
2x 1077 107¢ 5x 107¢ 2x 1075
MDP (mV) —-80x 1.2 -82+ 1.6 —-83+ 1.4 —-86+ 1.1* -85+ 0.9*
dV/dtmax (V/sec) 246+ 9.2 262+ 11.4 270+ 11.8* 288+ 12.5* 279+ 16.4
APA (mV) 106+ 2.9 104+ 3.1 105+ 1.2 104+ 2.5 102+ 4.1
APDso(ms) 80+ 3.5 62+ 2.7* 3.8+ 3.3* 28+ 2.5* 21+ 3.0*

Numerals are meanx SEM of 5 to 6 experiments. Other legends are the same as in Table 1

000 28+ 25 msO0 65% 000 10° M OO0
21+ 3.1 msdO 74%0 000 OO0 OO OO0
0000 acetylcholineOOOOO OO0 OO0 OO
(Table 5, Fig. 3).

00 000 O 000 0000 00 APDgO0OO
000 0O 000 O00-00 000000 0O EDsd
adenosined OO 7.6x 10~* M, acetylch—olineD 2.2
x 10™ M, carbachold 1.7x 10™° M OO0 CPAD
9.7x 10° MOO O 000 APDe OO OO0 CPA>
carbachol>=acetyicholine=adenosine 0 000 (Fig. 3).

000 Ooogooo ooo MessO OO OOOO
0 0bobob 0o0b oobdo oboo obo oo
0,000 0 000oooo oobo oo ooooo
00000 D000 000 OO APDg O dV/dtmax
0 000 000 000 oboooo o obooo
00000 0000 000 OoOO00 APDg O dv/
dtnex 0000 OO0 OO0 O OO00O OOOO0O
dooo ooood.

Tty

MPSSHEAIL dV/dtn, HE0 DIRlE F2Y %
Uy ZEH 9y

000 0000 adenosine 107*M 0000 O O
0000 dVidtn OO0 OO0 OO0 000 OO0
00 000-MPSSO adenosine 107 MO 0000
00000 000 00 oOoo-MPSsO0O OOOO
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Fig. 4. Influences of adenosine and acetylcholine on
the MPSS-induced decrease of dV/dimax from the
confrol at 10 min after superfusion of the MPSS co-
ntaining the agonists. Each column with bar is the
meanz SEM from 5 to 6 experiments. *p<0.05 by Stud-
ent’s t-test as compared with the MPSS conftrol.

0000 0000 dVidtnx 000 OO0 OO0 O
00 000. 00 0000 0000 OO0-MPssO
adenosine 107 MO 0000 00000 adenosine
0O 0000 OO0 O0O0-MPSS 0000 dv/dt max
000 000 000 OO0 ooodFg. 4). 000
000 OO00 acetylcholine 5x 10°° M 0000
O 0 0000 O 15%0 dv/dt maxd OO0 OO
00 000 00 000-MPSSO acetylcholine 5x
10° MO 0000 00000 000 OO0 000-
MPSSOO 0000 0000 0000 dv/dt max
00000 OOOoO 0000Od(@e<o.05). 0O OO

Korean Circulation J 1998;28(7):1141-1153



00 0000 O00-MPSSO acetylcholine 5x 107°
MO OOCOO ODO0OO0O00 acetylcholineD OOOOO
0O 00-MPSSOO0OO dvidt max OOOOO OO
00 00000 (p<0.05)(Fig. 4).

000 000 0000 CPA10*M OODOO O
0O 000 0000 adenosinel 00000 OOOO
00 00000 dv/dt maxd OO0 OO0 OO O
00 000 OO0 DO0O0-MPSSO CPA 107 MO
0000 00000 000 00 O0O-MPssOO
00 0000 0000 dvidtne OO0 OO0 OO
0O 000 0OoOO. oo Oooo oooo oo-
MPSSO CPA 107 MO 0000 00000 CPAD
0000 00 O0-MPSS 0000 dV/dtmex 00O
000 000 OO0 OOO(Fg. 5. 000 00O
0000 carbachol 5%x 10°° M 00000 acetyl—
cholineD 0O0O0OOO OOOOO O OOOO O
17%0 dv/dt maxO 000 0O0O0O0 OO0 OO O
00-MPSSO carbachol 5x 10° MO 0000 OO
000 000 00 O00-MPSS OO OOO0O OO0

00 dV/dtye 00000 D000 00000 (p<005).

00 0000 0000 O0O0-MPSSO carbachol 5x
10°° MO 0DO0D0 00000 acetylcholineD OO0
000 0d-MPSSOO0O0 dV/dtne 0O0O0O OO
00 00000 (p<0.05)(Fig. 5).

MPSSEEAIS| APDy, HSU DR Faly ¥ 22y
ssHol 43
o -l oo

000 0000 adenosine 10°M 0000 O O

Control Hypoxic (1) Hyperkalemic (2) (1)+(2)

= 20
2
8 g
TETS 0 - 11111
2 z2
2 2
< -204
% K]
£ £ 7
= £
o T
® © - .
~ - 60

I MPSS Control MPSS+CPA  EZ MPSS+Carbachol

Fig. 5. Influences of cyclopentyladenosine (CPA) and
carbachol on the MPSS-induced decrease of dV/
dtmax from the control at 10 min after superfusion of the
MPSS containing the agonists. The other legends are
the same as in Fig. 4.

000 O 20%0 APDg DODD OOOO OOOOO
adenosine 10° MO 0000 00000 OO0-
MPSSOO 0OOOO 0000 OOO0O0O APDg OO
000 0000 00000(e<0.05). 000 —-MPSS
0 adenosine 10° MO 0000 OOOO APDg O
0000 0D00-MPSSOO 0O0O0O0O OO OO ad—
enosined] 0 0000 OOOO OO0 000 OOO
0 0000 0000 OO-MPSSO adenosine 10™°
MO 0000 0000 APDy O0O000 aden—
osinel] O0O0O0O OO OO-MPSS OOOO OOO
0000 00000(Fg. 6). 00O O0O0OO ace—
tylcholine 10°° M 00000 O 0O0O O 28%0
APDy 000 0000 OO0 OO0 000O-MPSSO
acetylcholine 107 MO 0000 0000 APDg O
O000O000D 00O gog-MPssO0O OOOO O
000 000 0000 000 oooo ooo oo
O 000. 000 0000 0000 OO0-MPSsO
acetylcholine 10°°MO 0000 00000 acety—
Icholined 000000 O00-MPSSOOOO APDg
00000 0000 00000 (p<0.05)(Fig. 6).

0 00 000 0000 CPA10'M O0O0 O
0000OD 40%0 APD 90 OO0 OODOOO OOO-
MPSSO CPA 107'MO 0000 D000 APDg O
0000 Ooo-MPSSOO O0O0O0O OOO0O OO
0O 0000 0OOO0OOoO(e<0.05). 000-MPSSO
CPA 107'MO 0000 D000 APDeOOODOO
O00-MPSSOO O00O0O0O OO OO CPADO O

Control Hypoxic (1) Hyperkalemic (2) (1)+(2)

A
?
/
g

|
o
(=]

1

| |
o] S
o o
! 1

Adenosine 10°M
Acetylcholine 10°M

|
o
o

1

T O

A% APDy, from the normal control

-100 A
3 MPSS Control MPSS+Adenosine B MPSS+Acetylcholine

Fig. 6. Influences of adenosine and acetylcholine on
the MPSS-induced decrease of APDgo from the control
at 10 min after superfusion of the MPSS containing the
agonists. Each column with bar is the mean+ SEM from
5 to 6 experiments. *p<0.05 by Student’s t-test as com-
pared with the MPSS control.
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(p<0.05)(Fig. 7). OO0 OOOO carbachol 10°°
M OO0OOO O 0000 O 48%0 APDg OO0
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00 0000 0000 000 oooo ooooo
(p<0.05). 000 —MPSSO carbachol 10™® MO O
000 0000 APDg DO0OOO OOO-MPSSO
0 0000 OO0 00 carbacholDO OOO0OO OO
00 000 000 000 O0oo oooo ooo
0 OO-MPSSO carbachol 10°° MO 0000 OO
00 APDg OOOOO carbachold OO0 OO
O0-MPSS 0OO0O0O 000 OOOO OOOOO
(p<0.05)(Fig. 7).

000 00 OO0 oooO 000 MpPssOOOO
000 0 000000000 dV/dtnex 00 APDg
00000 00 0 000 ooo oo oo o
000 0000 OO0 0000 Ooo 00O oo
0O 0000 DPCPX OOO OOO OOOO atr—
opinel O U000 O0O0OOO OO0 OO0 OO
ooo.

MPSS ZRAl2l FEY I 5
HEEL Dlxl= FEY ¥ 22Y ZYHo ¥

0000000 DPCPX 2x 10° M 00 0000

Control

=20

,40_

-60

-80 1

A% APDy, from the normal control

Carbachol 10°M

=100

[ MPSS Control MPSS+CPA  E&8 MPSS+Carbachol

Fig. 7. Influences of cyclopentyladenosine (CPA) and
carbachol on the MPSS-induced decrease of APDso
from the control at 10 min after superfusion of the
MPSS containing the agonists. The other legends are
the same as in Fig. 6.
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000 atropine 107° MO 00 00000000 O
000 000 dVidtneD OO0 4%000 OO0 O
0O 00 000 OoooOO. bPCPX OO atropined O
00 0D000 o000 oo-MPSsS OO s0000
O adenosine 10 M, acetylcholine 5x 107 M,
CPA 107" M 00O carbachol 5x 10° MO 00 O
0 0000 0000 100 000 dV/dtwxD 000
oooo ooooo.

Atropined adenosined CPAO MPSSO OO dv/
dtnx 00000 OO OO0 OO0 OOO. 000
acetylcholined carbacholD 00O OO -MPSSOOO
O dV/dtnax OO0 0000 (Figs. 4 and 5)0 atropine
0000000 oDooo ooo(Fig. 8). Atropined
Oo000o00 00, DPCPXO adenosinel CPAO
MPSSO OO0 dV/dt. 00000 000 000 000
OO0 000 acetylcholined carbacholD OO O0O-—
MPSSO OO0 dV/dtnx 00 O0O0O0O (Figs. 4 and 5)
0O DPCPX DOOOO0OO OO0 0000 (Fig. 8).

MPSS ZFAI2l FEly R ZEUYEHSH APDy, 3
g0 0[xle Felg & STy 2N Y
DPCPX 2x 10°° M OO atropine 10™® MO OO
00000000 0000 000 APDgd OO0 5%
000 000 000 0OO0OO0O0. DPCPX OO atr—
opined 000 0000 0000 OO-MPSS OO
500000 adenosine 10™* M, acetylcholine 5x

N
o

| mDPCPX 2x10° M 3 Atropine 10° M

+Atropine +DPCPX

|
N
(=)

1

|
P
o
I

A% dV/dt... from the normal control

|
D
(=)

L

[ Adenosine 10 M Acetylcholine 5x10° M

B3 CPA 10" M =] Carbachol 5x10° M

Fig. 8. Influences of atropine and DPCPX on the various
agonists-containing MPSS-induced decrease of dV/
dtmax from the conftrol at 10 min after superfusion of
the MPSS in the presence of the antagonists. The ant-
agonists were pretreated 5 min before the superfu-
sion of each MPSS superfusion. Each column with bar
is the mean+ SEM from 5 to 6 experiments. *p<0.05 by
Student’s t-test as compared with the MPSS control.
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10° M, CPA 10™* M 00D carbachol 5x 10° M
0 00 OO 0000 0000 100 00O APDg
0000 000D oooog.

Atropinel] adenosined CPAO MPSSOOO APDg
00000 00 000 000 0OO0d. 000 acetyle—
holined carbacholO OO OO-MPSSOOOO APDg
00 0000 (Figs. 6 and 7)0 atropine OOOO0O
00 D000 OO0-MPSSOO DOODODOO APDg
00000 ooo ooodFig. 9). Atropined 00O
o000 OO0, DPCPXO acetylcholined carba—
chol0 MPSSO OO APDg O0OOOO OO OOO
000 0000, adenosinedl CPAOOO OO-MP—
SSOO00 APDg OO OO0OO(Figs. 6 and 7)0
DPCPX OO0O0OOOO OOOO OO-MPSSOO O

00000 APDg OO0OO0 OO0 0000 (Fig. 9).

a o

000 ODO0opooOOoo oooo ooo oooo o
000 (electrical derangements)] OO0O0 O0OO
0 0000 000000, OO0(actate)d OO0 O
0, 000 OO0 (metabolic acidosis), 0000 (hy—
poxia), 000 OO OOO catecholamined OO0
00000 000 007 0 000 000 00
0 000 000000 oboo Oobo oo boo o

N
(=}
1

[ DPCPX 2x10° M [ Atropine 10° M

Control +Atropine +DPCPX

A% APDs, from the normal control

AHIIITNNNN

| | | |

] =N} P N

(=] o o (=} o
1 L N 1

[J Adenosine 10° M Acetylcholine 10° M
E& CPA 107 M [ Carbachol 10° M

Fig. 9. Influence of atropine and DPCPX on the various
agonists-containing MPSS-induced decrease of APDso
from the control at 10 min after superfusion of the
MPSS in the presence of the antagonists. The antag-
onists were pretreated 5 min before the superfusion of
each MPSS superfusion. The other legends are the
same as in Fig. 8.

0000 00000 000000 000 00000
00 000 00 00D 0000 000 00.0 O
00000 000 O 00 00 00 000 000
000 OO0 0000000 00 0O 000 0000
000 00 00 0000 0000 0 00 0000
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