Experimental Study on Ischemic Myocardium
-Protective Effect of Nitroglycerin and
Prostacyclin-
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Abbreviations: Ao, aorta; CPK, creatine phosphokinase; CS, coronary sinus: CSF,
coronary sinus flow ; HR, heart rate ; IS, infarct size ; LCX, left circumflex branch : LDH,
lactate dehydrogenase; LER, lactate extraction rate; LV, left ventricule ; LVEDP, left
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Fig. 1. Schematic representation of the positions
of the catheters in the canine heart.
Ao, aorta; CS, coronary sinus; LAD, left
anterior descending branch; LCX, left
circumflex branch; LV, left ventricle; SVC,
superior vena cava.

ventricular end-diastolic pressure ; mBP, mean blood pressure ; NBT, nitroblue tetrazolium ;
PGI,, prostacyclin; SVC, superior vena cava; TNG, nitroglycerin.
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Table 1. Hemodynamics in control and nitroglycerin-treated groups

control nitroglycerin
before 5 min 15 min before 5 min 15 min
HR (beats/min) 1T1£22  169+22 169+17 164+20 172+22° 171425
mBP (mmHg) 105+14  101+£12  104=+13 105+£11 90410** 894 3%+
LVEDP (mmHg)(n=4) 3+1 442 4+1 2+2 3=+1 341
CSF (ml/100g/min) 49+11 4149 44 +7 45+9 38+9 41£11

HR, heart rate; mBP, mean blood pressure; LVEDP, left ventricuiar end-diastolic pressure; CSF,
coronary sinus flow; * p<0.05; ** p<0.02 compared with values of the same time of control group
(paired t-test); a, p<0.01; b, p<0.005 compared with “before” values of the same group (paired
t-test). Each value represents mean+SD (n=8).
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Fig.2. Effect of nitroglycerin on ST-segment
elevation during 15 minutes occlusion of left
anterior descending branch.
®, Control; 0, TNG; *, p<0.05; **, p<0.01
(paired t-test) Each bar represents mean+SEM
(n=38).

Table 2. Effects of nitroglycerin on ST-segment elevation and lactate extraction rate

control nitroglycerin
before 5 mim 15 min before 5 min 15 min
SIST (mV) 0 1.74£0.8  1.9=+1.0 0 1.1£09%*  {24+1.0*
LER (%) 44+5 25+9° 22+9° 45+4 30x10° 30+13°

SIST, sum of precordial ST-segment elevation; LER, lactate extraction rate; *, p<0.05; *¥ p<0.01
compared with values of the same time of control group (paired t-test); a, p<0.005 compared with
“before” values of the same group (paired t-test). Each vaiue represents mean®SD (n=8).

Table 3. Hemodynamics in control and prostacyclin-treated groups

control prostacyclin
before 5 min 15 min before 5 min 15 min
HR (beats/min) 161£12  159x17 159%*16 15710 156+16 158+16
mBP (mmHg) 98+5 9549 95+10 9944  87£9*¥*  gT+10*°
LVEDP (mmHg)(n=4) 1£2 2+2 3+2 1+£1 2x2 2£2
CSF (ml/100g/min) 48410 39413 42415 45+11  36+£14° 40413

* p<0.05; ** p<0.02 compared with values of the same time of control group (paired t-test); a,
p<0.02; b, p<0.005 compared with “before” values of the same group (paired t-test). Each value
represents mean+SD (n=38).
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Fig.3. Effect of prostacyclin on ST -segment
elevation during 15 minutes occlusion of left
anterior descending branch.
®, Control; A, PGlL,; *, p<0.02 (paired t-test).
Each bar represents mean+SEM (n=8).

Table 4. Effects of prostacyclin on ST-segment elevation and lactate extraction rate

control prostacyclin
before 5 min 15 min before 5 min 15 min
28T (mV) 0 1.9£04 23%09 0 2.9+1.5* 3.3x14*
LER (%) 4544 26110 27%11° 45+3 23+11° 23+10°

* p<0.02; compared with values of the same time of control group (paired t-test); a, p<0.01; b,
p<0.005 compared with “before” values of the same group (paired t-test). Each value represents

mean+SD (n=8).
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Table 5. Characteristics in control, nitroglycerin-treated and prostacyclin-treated groups

control TNG PGL
No. of cases 7 7 6
Body weight (kg) 174+2.8 15.8+24 15.6+4.0
Heart weight (g) 141x£22 124438 125432
38T (mV) 2.942.0 3.2+0.9 3.0+£1.2

S1ST, sum of precordial ST elevation at 5 minutes after coronary occlusion; TNG,
nitroglycerin ; PGI,, prostacyclin. Each value represonts mean=£SD.

Table 6. Effects of nitroglycerin and prostacyclin on hemodynamic variables

Group before 2 hr 5hr Thr
control 173£20 17334 178429 174+34
HR (beats/min) TNG 173+28 171+20 168+16 161£22
PGL 17517 169=29 165+41 16037
control 108+10 105£9 10012 97 +11

mBP (mmHg) TNG 105+13 93+£5% 933 9246
PG, 102+7 89+ 8** 879" 868"

control 38+11 27x10 28438 28+8

CSF (ml/100g/min) TNG 39+14 30+14 28+12 24+9
PGI, 37+8 319 3113 29+14

* p<0.01 compared with values of the same time of control group (ANOVA followed
by Scehffé’s multiple comparison); a, p<0.05; b, p<<0.01 compared with “before” values
of the same group (paired t-test). Each value represents mean=SD.
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Fig. 4. Effects of nitroglycerin and prostacyclin on
myocardial lactate extraction rate.
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6); *p<0.05 (ANOVA followed by Scheffé’s
multiple comparison). Each bar represents
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Table 7. Effects of nitroglycerin and prostacyclin on myocardial lactate extraction rate

before (%) 2hr (%) 5hr (%) Thr (%) 8hr (%)
control 46+6 37+6° 32+9° 27+£12° 23+9°
TNG 44+12 28+12° 184-8%* 17+9 16+8°
PGl 4547 31+13° 18£9%* 9 5% 20470

*, p<0.05 compared with values of the same time of control group (ANOVA followed
by Scheffé’s multiple comparison); a, p<0.05; b, p<0,01 compared with “before” values
of the same group (paired t-test). Each value represents mean=+SD.

Table 8. Serum enzyme activities in control, nitroglycerin-treated and prostacyclin-treated

groups
Group before 5hr Thr T.5hr 8 hr
control 19046 312+78 387498 1042+404 13794635
LDH (ID/1) TNG 167448 221£66* 282£111*  3TTH15T*F 5394 237%*
PGIL, 196+£58 323£75 468226 T719£492 877 +666
control 38+7 77428 134453 4684203 6934251
LDH, (TU/1) TNG 38+20 69+17 103+34 176 £89** 268 +134%*
PGI, 33+25 87+30 172+£144 325308 407401
control 40+20 113428 226+52 540483 8214147
CPK (1U/1 TNG 35+19 106 +35 20187 3674189 528 +236*
PGI, 38+T 11639 303+196 506314 687 £407

*, p<0.05; ** p<0.01 compared with values of the same time of control group
(ANOVA followed by Scheffé’s multiple comparison). Each value represents
mean=£SD.




size) in control, nitroglycerin and prostacyclin
groups.

®, Control (n=7); ¢, TNG (n=7); &, PGl, (n=
6); *, p<0.05; **, p<0.01 (ANOVA followed by
Scheffé’s multiple comparison). Each bar
represents mean+ SEM.
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Table 9. Effects of nitroglycerin and prostacyclin on myocardial infarct size
control group TNG group PG, group
Exp. No. 1S (%) Exp. No. IS (%) Exp. No. IS (%)
1 30 1 15 1 6
2 29 2 2 4
3 16 3 3 8
4 18 4 9 4 19
5 22 5 23 5 8
6 10 6 5 6 9
7 31 7 7
mean=+SD 22+8 106* 9+ 5%
*  p<0.01 compared with control group (ANOVA followed by Scheffé’s multiple
comparison).
Table 10. Serum enzyme activities and myocardial infarct size in control, nitroglycerin
-treated and prostacyclin-treated groups
Groups 5hr Thr T.5hr 8 hr
control 9+2 11£2 30£11 41+13
LDH/IS (IU/g) TNG 22=+11 28+ 14 35+11 48+14
PGI, 38416 49+12 7010 9017
control 341 4+x1 1445 205
LDH,/IS (IU/g) TNG T+3 11+6 16£5 2446
PGl 10+3 16+3 28+6 42413
control 3+1 T+1 163 23+6
CPK/IS (IU/g) TNG 116 2013 34+15 48+19
PG, 1445 30+13 49+19 68128
IS, infarct size (g). Each value represents mean=+SD.
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Fig.5. Serum LDH and infarct size (LDH/infarct Fig. 6. Serum LDH isozyme -1 and infarct size

(LDH isozyme- I /infarct size) in control, nitro-
glycerin and prostacyclin groups.

@, Control (n=7); 0, TNG (n=7); 4, PGL,(n=
6); *,p<0.05; ** p<0.0l (ANOVA followed by
Scheffé’s multiple comparison). Each bar
represents mean+SEM.
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Fig. 7. Serum CPK and infarct size (CPK/infarct
size) in control, nitroglycerin and prostacyclin
groups.
e, Control (n=7); ¢, TNG (n=7); &, PGl (n=
6); * p<0.05; **, p<0.01 (ANOVA followed by
Scheffé’s multiple comparison). Each bar
represents mean+ SEM.
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Abstract

This study was performed to examine the effects of nitroglycerin (TNG) and prostacyclin
(PGI,) on the severity of myocardial ischemia. The left anterior descending coronary artery was
occluded by balloon catheter in 36 anesthetized dogs under closed-chest and fluoroscopic control.
The severity of myocardial ischemia was estimated by precordial ST-segment elevation (SST) and
myocardial lactate extraction rate (LER). Serum enzymes (LDH, LDH isozyme-] and CPK)
were also determined. Infarct size was measured by planimetry of weighed rings of the heart. 1)
Experiment of short-term myocardial ischemia for 15 minutes: Soon after coronary occlusion, the
animals received an intravenous injection of 300 #8 TNG and then a continuous infusion of 1.5
4#g/kg/min, or an intravenous continuous infusion of 20-40 (33+10) ng/kg/min of PGI,. Mean
blood pressure (mBP) in treated groups decreased significantly (TNG, 14-15%; PGI,, 12%).
However, there were no changes in heart rate (HR) and left ventricular end-diastolic pressure
(LVEDP). The decrease in coronary sinus flow (CSF) was 10-16% in TNG group and 12-21%
in PGI, group which were not significant between treated groups and control group. The
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elevation of =ST and the decrease in LER were improved by the infusion of TNG, suggesting the
myocardial protection by TNG infusion. However, the improvement was not observed with PGI,
infusion.  2) Experiment of long-term myocardial ischemia for 7 hours: The same doses of TNG
and PGI, were administered. Although mBP was significantly decreased in treated groups
(TNG, 11-12% ; PGl,, 12-15%), the changes of HR and CSF showed no significant differences
between treated groups and control group. The dogs were sacrificed after 8 hours and the infarct
size (IS) was estimated morphologically. IS was significantly decreased in TNG (10+6%) and
PGl, (9£5%) groups, compared with control (22+8%). LER was significantly reduced in treated
groups, compared with control group. Serum LDH, LDH isozyme- I, CPK in TNG group were
significantly reduced, but not in PGI, group. However, in PGI, group the rapid increase
(washout effect) of serum enzymes was dominant, compared with control and TNG groups.
These results suggest that both TNG ane PGI, have beneficial effects on myocardial ischemia, and
each mechanism is different. TNG appears to have a direct vasodilatory effect on the coronary
artery, and PGI, appears to improve microcirculation and have a direct cytoprotective effect.



