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— Abstract —

Prevention of Ischemic Damage in Working Rat Hearts by Calcium
Channel Blocker and Calmodulin Inhibitors

Sung Si Chan, M.D."

This study was investigated under the postulation that activation of intracellular calcium-
calmodulin complex during ischemia-reperfusion leads to myocardial injury. The protective
effects of calcium channel blocker, diltiazem and calmodulin inhibitors, trifluoperazine, flunar-
izine and calmidazolium from ischemic injury in rat hearts were observed by using Langendorff
apparatus when the antagonists were infused for 3 min in the begining of ischemia. Thereby, an
increase in resting tension developed during 30-min ischemia was analyzed with regard to (1)
the degree of cardiac functional recovery following 60-min reperfusion, (2) changes in bioche-
mical variables evoked during 30-min ischemia.

The results obtained were as follows:

1. In the ischemic group, the resting tension was increased by 4.1+0.2 g at 30-min ischemia.
However, the increase in resting tension was markedly reduced not only by pretreatment
with diltiazem (3.3 #M) but also with calmodulin inhibitors, trifluoperazine (3.3 ¢ M),
flunarizine (0.5 #M) and calmidazolium (0.5 4 M), respectively.

2. Recovery of myocardial contractility, £dF /dt and coronary flow were much reduced when
evoked by reperfusion in the ischemic group. These variables were significantly improved
either by pretreatment with diltiazem or with calmodulin inhibitors.

3. The resting tension increment evoked during ischemia was significantly inversely correlated
with the degree of cardiac function recovered during reperfusion.

4. Following 30-min ischemia, the production of malondialdehyde and release of lysosomal
enzyme were much increased in association with a decrease in creatine kinase activity.

5. The increases in malondialdehyde production and release of free lysosomal enzyme were
suppressed by pretreatment with calmodulin inhibitors as well as diltiazem. Likewise, the
decrease of creatine kinase activities was prevented by these calcium antagonists.

With these results, it is indicated that a increase in resting tension observed during ischemia

has an inverse relationship to the cardiac function recovered following reperfusion, and
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further, the latters may be significantly dependent on the degree of biochemical alterations

occurred during ischemia such as decrease in creatine kinase activity, increased production

of malondialdehyde and increased release of free lysosomal enzyme. Thus it is concluded

that calmodulin plays a pivotal role in the process of ischemic injury.
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Table 1. Effects of calcium channel blocker and calmodulin inhibitors on the cardiac functions.

Control Diltiazem Control TEP Control Flunarizine Control CMz

(3.3 p M) (3.3 M) (33 M) (3.3 uM)

Tension 85+11 52+ 06 90+ 04 92+ 02 100%x 04 65+ 09 85x 05 58* 06
development(g) (—39) (+2) (—35) (—32)

+dF/dt(g/sec) 142.5+7.5 835+ 941620+ 20151.0+11.81650+11.9 110.3+£14.0 155.0+13.2 9951143
—41) (=7 (—33) (—36)

—dF/dt(g/sec) 168.8+9.7 93.01+16.32030+13.01785+139217.5+26.6 1155+21.4 1725+160 555£19.6
(—45) (—12) (—47) (—68)

Coronary flow 114404 151+ 13 103+ 0.1 1484+ 02 115+ 0.7 140+ 14 84+ 07 70+ 15
(ml/min) (+33) (+44) (+22) (—17)

Heart Rate 2175+481825+13.1235.0+ 5021002002425t 6.3 195.0%£185 2375+ 7.5 160.0+16.8
(beats/min) (—16) (—11) (—20) (—30)

Numbers in parentheses represent percent changes in each variable.

The drugs were administered through aortic perfusate by means of infusion pump during cardiac
movement in Langendorff apparatus.

CMZ, calmidazolium
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Table 2. Recovery(%) of cardiac functions upon 30-min reperfusion after 30 min ischemia.

Non-Tx Diltiazem TFP Flunarizine CMZ
Tension development 14.9+45 59.6+4.2" 52.0+3.7"7 435+3.3" 43.5+586"
+dF/dt 18.3+4.2 60.3+3.6" 50.0+3.9" 46.7+4.17 46.7+6.97
~dF/dt 17.9+45 65.0%5.7" 56.6+3.7" 55.5+4.2" 56.0+6.17
Coronary flow 84.5+89 1129+45° 1146+127 12544113 124.3+45

*, p<0.05; **, p<0.001: Significantly different from Non-Tx group.

Non-Tx, non-treatment; CMZ, calmidazolium.
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Table 3. Functional recovery following 30-min reperfusion was plotted against resting tension developed after 30-min

of ischemia

Regression Line Correlation Significance
coefficients
Tension development Y=-—132X+727 r=—0.98 p<0.01
+dF/dt Y=—122X+70.9 r=—0.99 p<0.01
—dF/dt Y=-—133X+80.9 r=—091 p<0.05
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Table 4. Activities of acid phosphatase in the myocardium

Acid Phosphatase(units/mg protein)

N S N/N+S(%)
Non- [ 200+1.6 10.1+£0.7 66.210.7"
Non-Tx 231%1.2 85109 73714
Diltiazem 18.2+0.8 95+0.4 65.6+1.2"
TFP 16.9+0.6 95+05 64.1+1.3"
Flunarizine 198+1.2 10.7£0.4 6461157
Calmidazolium 22108 10.2+0.5 675+1.3"

Values are meansS.E.M. of eight experiments.

**. p<0.01: Significantly different from Non-Tx group.

Non- I . non-ischemia; Non-Tx, non-treatment.

N: non-sedimentable enzyme activity, S: Sedimentable enzyme activity.

Table 5. Activities of N-acetyl—

8 —D—glucosaminidase (NDGA) in the myocardium

NDGA (units/mg protein)

N S N/N+S(%)
Non- [ 49404 4.4+0.3 52.8+25"
Non-Tx 122+14 51+0.7 702+35
Diltiazem 57402 74101 4351077
TFP 7001 87404 448+1.3"
Flunarizine 9.3+0.6 57+0.9 63.4%3.4
Calmidazolium 7606 7.2+05 51.2+22"

**, p<0.01: Significantly different from Non-Tx group.

Others are the same &% in Table 4.
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