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The Effect of Verapamil Administred before the
Reperfusion Insult in Isolated Preconditioned
Rat Heart on the Microsomal ATPase and
Mitochondrial Enzyme Activities
1

G.A. Kurian, J. Paddikkala

Abstract

Background: Calcium overload and free radical mediated
damage in the mitochondria is the most important pathological changes associated with myocardial ischemicreperfusion injury. The verapamil post-treatment has been
previously reported to prevent reperfusion-induced myocardial injury but functional recovery may be delayed due
to the drug's inherent direct myocardial depression effect.
In the present study the effect of verapamil on mitochondrial enzymes and sarcoplasmic ATPase system was examined during the myocardial preconditioning and ischemic
reperfusion in rat heart.
Methods: Four groups of isolated rat hearts were perfused
with KH buffer in a retrograde manner by Lagendroff apparatus. A time controlled ischemia, ischemic reperfusion and
classical precondition was produced by restoring the flow of
KH buffer in ischemic rat heart. The hearts were then processed to isolate the mitochondria and sarcoplasmic reticulum
for the biochemical estimation.
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Results: Mitochondrial enzyme and sarcoplasmic ATPase
activities were diminished in the ischemic period and further
decreased during reperfusion. However, preconditioning the
rat heart before the insult of ischemia and reperfusion improved the enzyme activities. The preconditioning procedure
consisted of 4 cycles of 4 min. short ischemic periods followed by 4 min. KH buffer perfusion applied before 30 min.
global ischemia and reperfusion caused an improvement in the
mitochondrial enzyme activities. On the other hand, sarcoplasmic ATPase enzymes required a precondition procedure
of 7 cycles of 2 min. short ischemic periods followed by 2
min. reperfusion. The activities of the above enzymes were
improved further when verapamil was administered before the
insult of ischemic reperfusion.
Conclusion: This study shows the beneficial effect of classical preconditioning with verapamil.
Iran J Med Sci 2007; 32(4): 227-233.
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Introduction

R

eperfusion of coronary flow is necessary to resuscitate the ischemic or
hypoxic myocardium. Mitochondrial
dysfunction is one of the cardinal features of
ischemic reperfusion, which leads to myocardial injury.1 Changes in mitochondrial function
have been described during ischemia,2 which
have been further exacerbated by reperfusion.3
In normal myocardium ATP synthesis and
maintenance for Ca2+ homeostasis are the two
essential roles of mitochondrial.4 The reduced
mitochondrial function and the amount of oxidative stress have an inverse correlation to the
functional myocardial impairment.5
Myocardium may be protected ischemic
reperfusion injury by administration of exogenous cardioprotective agents or by classical
ischemic preconditioning (1P).6 Verapamil, a
calcium channel blocker has been used widely
for the treatment of angina pectoris,7 and supra-ventricular
tachy-arrhythmia.
Calcium
channel antagonists exert their beneficial effects on the myocardium by inhibiting the action of slow Ca2+ inward current through L-type
Ca2+ channels into cardiac cells.8 There are
reports suggesting that verapamil posttreatment can prevent reperfusion-induced
myocardial injury but functional recovery may
be delayed.9 Moreover, although verapamil
could prevent episodes of acute ischemic ventricular fibrillation in certain patients, its beneficial effect on the overall mortality was not as
much as that of β-blockers and angiotensinconverting enzyme (ACE) inhibitors.10
Hausenloy and Yellon,11 proposed that
ischemic preconditioning acts to prevent the
opening of the mitochondrial permeability transition pore (MPT) during the reperfusion period. This large conductance pore, which spans
the inner and outer membranes of the mitochondria, forms in response to the elevated
calcium ion concentration, presence of oxidative stress or both, as occurs in reperfused
myocardium. Ischemic preconditioning can be
performed at the time of reperfusion, which
may be feasible in patients undergoing reperfusion by direct angioplasty. However, clinical
intervention of this procedure cannot be done
perfectly due to the complexity of the method.
Therefore, the present study was focused on
the possible synergic effects of classical pre
conditioning and post ischemic treatment of
verapamil in animal model of myocardial
ischemic reperfusion. This study also intended
to find the activities of mitochondrial and sarcoplsmic enzymes during myocardial ischemia
and reperfusion.
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Materials and Methods
Chemicals
DL isocitrate and N-phenyl-P-phenylenediamine were purchased from Acros Organics,
New Jersey USA. Cytochrome C and ATP were
purchased from Sigma Chemical Co. (St. Louis,
MO USA). All other chemicals used were of
analytical grade.
Animals
Adult Wistar male albino rats weighing between 250 to 280 g were obtained from King
Institute of Preventive Medicine (Chennai, India). They were acclimatized to animal - house
conditions and were fed on commercial pelleted
rat chow (Hindustan Lever Ltd., Bangalore, India). They had free access to water. This was
ethically approved by Ministry of social justices
and empowerment Government of India.
Experimental Protocol
The rats were divided into five groups each
consist of six animals except group 4 as follows: Group 1, the control group; group 2,
ischemic control; group 3, reperfusion, group 4,
precondition; and group 5 drug.
Group1
Hearts were perfused for 90 min. with KrebsHenseleit (KH) buffer.
Group 2
Were perfused with KH buffer for
20min.before insulting 30min. global ischemia.
Group 3
Animals were subdivided into three groups.
In IRC group, the 30min. ischemic hearts were
subjected to 15min. reperfusion (group 3.1),
30min. reperfusion (group 3.2) and 45min.
reperfusion (group 3.3) respectively.
Group 4
After the perfusion of heart with KH buffer
for 20 min., the animals in the precondition
group were subdivided into eight sub groups
(4.1- 4.8) each consisted of 6 animals.
Group 4.1: After equilibrating the heart by
20min. KH buffer perfusion, the heart was preconditioned with seven cycles of two min.
global ischemia followed by two min. reflow.
Then the heart was subjected to 30min. global
ischemia followed by 30min. reperfusion.
Group 4.2: Heart in this group was subjected to the same experimental procedure as
4.1 except that in the final stage, the heart was
induced with 45min. reperfusion.
Group 4.3: After equilibrating the heart by
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20min. KH buffer perfusion, the heart was preconditioned with five cycles of three min. global
ischemia followed by three min. reflow. Then,
the heart was subjected to 30min. global
ischemia followed by 30min. reperfusion.
Group 4.4: Heart in this group was subjected to the same experimental procedure as
4.3 except that in the final stage, the heart was
induced with 45min. reperfusion.
Group 4.5: After equilibrating the heart by
20min. KH buffer perfusion, the heart was preconditioned with four cycles of four min. global
ischemia followed by four min. reflow. Then, the
heart was subjected to 30min. of global ischemia followed by 30min. reperfusion.
Group 4.6: Heart in this group was subjected to the same experimental procedure as
4.5 except that in the final stage, the heart was
induced with 45min. reperfusion.
Group 4.7: After equilibrating the heart by
20min. KH buffer perfusion, the heart was preconditioned with three cycles of five min. global
ischemia followed by five min. reflow. Then, the
heart was subjected to 30min. of global ischemia followed by 30min. reperfusion.
Group 4.8: Heart in this group was subjected to the same experimental procedure as
4.7 except that in the final stage, the heart was
induced with 45min. reperfusion.
Group 5 Drug
A pilot study was conducted to determine the
effective dose of verapamil. Three different
doses of verapamil (i.e.0.1, 0.2, 0.3 mg/mL)
were administered 5min.before the insult of
ischemic reperfusion in rats. Since the 0.2
mg/mL dose showed a significant (P< 0.05) effect, we used this dose thereafter in the study.
After equilibrating the heart with KH buffer for
20 min., precondition group were randomly
divided into two groups
Group 5A-Ischemic precondition and verapamil administered before the insult of global
ischemia:
Hearts (n=6) were perfused with KH buffer
for 20min. and were preconditioned in the
same way as group 4.5. Hearts were infused
with 0.2 mg/mL verapamil for five min. and
subjected to 30min. of global ischemia followed
by 45min. reperfusion.
Group 5B- Ischemic precondition and verapamil administered before the insult of reperfusion.
Hearts (n=6) were perfused with KH buffer for
20min. and preconditioned in the same as group
4.5. Hearts were subjected to 30min. of global
ischemia. Verapamil 0.2 mg/mL for was administered for five min. followed by 45min. of reperfusion.

Heart Preparation
Wistar male rats weighing 250-280 g were
anesthetized with administration of 40 mg/kg
sodium pentobarbital. After an intravenous injection of 300 U heparin, the heart was rapidly
excised via a midsternal thoracotomy and kept
in the ice cold KH buffer containing NaCl 118
mM/L, KCl 4.7 mM/L, MgSO41.2 mM/L, KH2PO4
1.2 mM/L, CaCl2 1.8 mM/L, NaHCO3 25 mM/L
and 11 mM/L C6H12O6. The heart was attached
to a Lagendorff apparatus via its aorta for retrograde perfusion with KH buffer maintained at
37°C and pH 7.4 and saturated with a gas mixture of 95% O2 and 5% CO2. The coronary perfusion pressure was maintained at 80 mm Hg.
Tissue Preparation
The heart was excised, rinsed in ice cold
isotonic saline, blotted with filter paper,
weighed, homogenized in 0.25M sucrose at
4°C by a Polytran homogenizer for five sec. at
maximum power. The homogenate was centrifuged for 10 min and the nuclear and cytoskeletal fractions were then discarded. The
supernatant was used isolation of mitochondria,12 and microsomes.13 The supernatant was
centrifuged at 15000 × g for 20 min. The pellet
was taken as mitochondria. The mitochondria
were suspended in 0.25 M sucrose containing
10mM Tris–HCl and one mM EDTA to a known
volume of three mL.
The post mitochondrial fraction (supernatant)
was further centrifuged at 105000× g for 60 min.
The microsomal pellet was suspended in 50mM
Tris-HCl buffer (pH 7.5) containing KCl.
Biochemical assays
Assay of isocitrate dehydrogenase (ICDH),14
15
malate dehydrogenase (MDH), succinate de16
hydrogenase (SDH), α-ketoglutarate dehydro17
18
genase (α-KGDH), NADH dehydrogenase,
19
and cytochrome C oxidase, were carried out in
a UV-1601 Shimadzu spectrophotometer. Protein concentration was measured with Folin
phenol reagent, following the procedure de20
scribed by Lowry.
After isolating the sarcoplasmic reticulum,
Na+-K+-ATPase21,Ca2+-ATPase,22 Mg2+-ATPase, 23
and 5'-nucleotidase,24 were assayed.
Light microscopic study
Myocardial tissue was fixed in 10% formalin, routinely processed and embedded in paraffin. Three μm thick paraffin sections were cut
on glass slides and stained with hematoxylin
and eosin (H&E), and periodic acid Schiff
(PAS) reagent and were examined under a
light microscope.
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Statistical analysis
All statistics are reported as mean ± SD.
Results were analyzed by one-way analysis of
variance (ANOVA) by SPSS v 12.00. P< 0.05
was considered statistically significant.
Results
Table 1 shows the changes in mitochondrial enzymes activities during myocardial ischemia,
reperfusion and precondition during both the
classical and pharmacological preconditioning.
Mitochondrial enzymes activities were decreased
during ischemic stage as compared to the hearts
of normal control group. However, at first, reper-

fusion of ischemic heart further decreased activities of mitochondrial enzymes. The activities of
microsomal ATPase showed a similar pattern as
that observed in mitochondrial enzymes (table 2).
Decreased enzymatic activities were more pronounced in ischemic reperfusion stage.
A series of short period of occlusion of KH
buffer to the isolated heart before sustained
ischemia resulted in ischemic preconditioning of
the heart. The changes in the mitochondrial enzymes are depicted in table 1. It has been found
that a minimum of four min of ischemic preconditioning was required to make the activities of
mitochondrial enzyme to return back to a
nearly normal level. However, in the case of

Table 1: Activity of mitochondrial enzymes during ischemia, ischemic-reperfusion and classical preconditioning in isolated rat heart.
Group
ICDH
SDH
MDH
αKGDH
NADH dH
Cyt. C Oxidase
1
735.3 ± 22.1
244.1± 7.3
346.4± 10.3
73.3 ± 2.1
133.2 ± 3.9
30.1 ± 0.9
a
ns
2
655.6 ± 19.6
171.1 ± 6.2
327.6 ± 9.7
62.3 ± 1.5
130.5 ± 3.9
12.3 ± 0.3
3.1
*533.2 ± 15.9
*136.9 ± 4.8
*203.2 ±6.8
*20.1 ± 0.6
*94.2 ± 2.8
*19.1 ± 0.5
3.2
*571.2 ± 17.1
*110.4 ± 3.3
*212.9 ± 6.3
*28.0 ± 0.8
*88.0 ± 2.6
14.0 ± 0.4
3.3
*588.5 ± 17.6
*112.5 ± 3.3
*220.5 ± 6.6
*30.0 ± 0.9
*91.5 ± 2.7
*15.6 ± 0.4
a
a
a
a
4.1
169.1 ± 5.0
236.4 ± 7.0
20.0 ± 0.6
73.8 ± 2.2
27.8 ± 0.8
679.0 ± 20.3
a
a
ns
a
a
a
a
4.2
665.0 ± 19.9
167.1 ± 5.0
225.2 ± 6.7
17.0 ± 0.5
71.1 ± 2.1
22.2 ± 0.6
ns
a
a
ns
a
a
ns
a
a
4.3
599.3 ± 17.9
169.1 ± 5.0
201.9 ± 6.0
22.2 ± 0.6
94.2 ±2.8
25.3 ± 0.7
ns
a
a
ns
a
a
ns
a
a
4.4
582.3 ± 17.4
163.2 ± 4.8
200.3 ± 6.0
18.1 ± 0.5
90.3 ± 2.7
21.7 ± 0.6
4.5
700.3 ± 21.2
238.5 ± 7.1
326.4 ± 9.7
69.7 ± 2.0
121.1 ± 3.6
27.3 ± 0.8
a
a
a
ns
a
4.6
690.2 ± 20.2
171.2 ± 5.1
259.1 ± 7.7
41.2 ± 1.2
107.2 ± 2.2
15.2 ± 0.4
a
a
ns
a
a
a
4.7
697.2 ± 20.3
161.4 ± 4.8
254.4 ± 7.6
27.7 ±0.8
97.1 ± 2.9
19.1 ± 0.5
ns
a
a
a
a
ns
a
a
4.8
580.0 ± 17.1
169.3 ± 5.0
250.1 ± 7.7
26.2 ± 0.7
95.3 ± 2.8
12.2 ± 0.3
£
€
£
€
£
€
£
€
£
€
£
€a
115.0± 3.4
22.3± 0.6
5A
319.0± 9.5
210.0± 6.3
626.0± 18.7
57.6± 1.7
£
€
£
€
£
€
£
€
£
€
£
€
130.1± 3.9
28.2± 0.8
5B
349.2±10.4
240.2± 7.2
715.4± 21.4
63.7 ± 1.9
Results are mean±SD (n=6). Activity is expressed as nmol of NADP reduced per min per mg protein for ICDH, nmol of succinate oxidized per min per mg protein for SDH; nmol of NADH oxidized per min per mg proteins for MDH: nmol of α-ketoglutarate formed per hour per mg proteins for α-KGDH and nmol of NADH oxidized per min per mg protein for NADH dehydrogenase: Change in optical density per min per mg protein for cytochrome C oxidase.
Groups 2 vs 3.1; 2 vs 3.2 and 2 vs 3.3 are significantly (P <0.05)* different
Group 3.2 vs 4.1, 4.3, 4.5 and 4.7; 3.3 vs 4.2, 4.4, 4.6 and 4.8 are significantly (P <0.05)* different.
a
ns = not significant, Groups 1.0 vs 4.1, 4.2, 4.3, 4.4, 4.5, 4.6, 4.7, 4.8 are significantly (P <0.05) different.
£
Group 3.3 vs groups A and B are significantly (P <0.05) different.
€
Group 4.6 vs groups A and B are significantly (P <0.05) different.

Table 2: Activity of sarcoplasmic ATPase during classical preconditioning in isolated rat heart.
+
+
2+
2+
Group
Na -K -ATPase
Ca -ATPase
Mg -ATPase
5’ nucleotidase
1
0.557± 0.01
0.268 ± 0.01
0.469± 0.01
4.21± 0.12
2
0.526± 0.01
0.269 ± 0.02
0.393± 0.01
4.07± 0.12
3.1
*0.490 ± 0.01
* 0.219 ± 0.01
* 0.353 ± 0.02
* 3.90 ±0.11
3.2
0.500± 0.01
0.226± 0.01
0.361± 0.01
3.95± 0.15
3.3
0.525 ± 0.01
0.238 ± 0.01
0.379 ± 0.01
4.01 ± 0.13
*
*
4.1
0.529± 0.01
0.266 ± 0.01
0.455± 0.01
4.20 ± 0.17
a
*
4.2
0.568± 0.01
0.239 ± 0.01
0.453± 0.01
4.18± 0.13
*
*
a
a
4.3
0.560± 0.01
0.163 ± 0.01
0.386± 0.01
3.97± 0.11
a
a
4.4
0.566± 0.01
0.156 ± 0.01
0.399 ±0.01
3.96± 0.1 4
*
a
*
a
4.5
0.518 ± 0.01
0.185 ± 0.01
0.427 ± 0.01
4.04 ± 0.12
*
a
*
a
4.6
0.572 ± 0.01
0.143 ± 0.01
0.411 ± 0.01
4.06 ±0.16
*
a
*
a
*
4.7
0.676 ± 0.02
0.142± 0.01
0.490± 0.01
4.02± 0.13
*
*
a
*
4.8
0.594± 0.01
0.142 ± 0.01
0.476 ± 0.01
4.19 ± 0.15
£
€
£
€
£
€
£
€
5A
0.91± 0.01
0.69 ± 0.01
0.27± 0.01
4.48± 0.16
£
€
£
€
£
€
£
€
5B
0.94 ± 0.01
0.72 ± 0.01
0.28± 0.01
4.49± 0.11
+
+
Results are mean ± SD (n=6). Activity is expressed as µmol of phosphorus liberated per sec per g protein for Na -K -ATPase,
2+
+
Ca -ATPase and Mg2 -ATPase; mmol of phosphorus released per mg protein per hr for 5' nucleotidase.
Groups 2 vs 3.1; 2 vs 3.2 and 2 vs 3.3 are significantly (P <0.05)* different
Groups 3.2 vs 4.1, 4.3, 4.5 and 4.7; 3.3 vs 4.2, 4.4, 4.6 and 4.8 are significantly (P <0.05)* different.
a
ns = not significant, Groups 1.0 vs 4.1, 4.2, 4.3, 4.4, 4.5, 4.6, 4.7, 4.8 are significantly (P <0.05) different.
£
Groups 3.3 vs groups A and B are (P <0.05) different.
€
Groups 4.2 vs groups A and B are significantly (P <0.05) different.
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microsomal ATPase, two min of ischemic preconditioning cycle (table 2) was needed.
Tables 1 and 2 also show the synergic effects of verapamil and ischemic preconditioning on the mitochondrial and microsomal enzymes. A significant (P<0.05) improvement
was observed in the activities of both mitochondrial and sarcoplasmic ATPase as compared to reperfusion control and preconditioned groups. The histo-pathologic slides also
showed the improvement in the ultra-structure
of the reperfused myocardium when treated
with verapamil just before the re-flow of KH
buffer to the ischemic heart.
Protection against ischemic reperfusion injury in verapamil pre treated and post treated
rat heart was evident in histo-pathological
analysis (figure 1-4). Post treatment of verapamil preserves the ultrastructure of myocardium (figure 3 and 4) indicates the efficacy of
therapeutic intervention before the onset of
reperfusion.

Discussion
In the present study, we found that the mitochondrial enzymes and microsomal ATPase activities, in the rat hearts, were significantly
(P<0.05) decreased in ischemia and ischemia
reperfusion stage as compared to the normal
control rats. During the initial period of ischemia,
the utilization of ATP is increased in the cytosol.
This can reduce the ATP concentration in the
mitochondrial matrix which results in a decline in
ATP/ADP ratio. This, in turn, can disturb the
overall phosphorylation potential.25 On the other
hand, decrease in ATP can increase the Ca2+
level in cytosol and mitochondria with concomitant increase in cytosolic Mg2+ level.26
It is generally believed that a high Ca2+ influx
during the ischemia-reperfusion causes pathologic changes observed in the ischemiareperfusion injury.27 Therefore, the calciummediated inactivation may be one of the reasons
for the decreased activities of the mitochondrial

Cell swelling, striated muscles and blood vessels seen
Figure 1: Administration of verapamil before the insult of
30min.global ischemia in preconditioned heart followed by
45min. reperfusion.

Cell swelling and infiltration of esosinophils
Figure 2: Administration of verapamil before the insult of
30min. global ischemia in preconditioned heart followed by
30min. reperfusion.

Elongated and rod-shaped cells suggesting that the drug
was effective
Figure 3: Administration of verapamil after the insult of
30min. global ischemia in preconditioned heart followed by
30min. reperfusion.

The number of rod-shaped cells is decreased
Figure 4: Administration of verapamil after the insult of
30min. global ischemia in preconditioned heart followed
by 45min. reperfusion
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and sarcoplasmic enzymes during ischemiareperfusion observed in the present study. Moreover, re-administration of oxygen to the ischemic
myocardium triggers the Ca2+ entry into the cells,
and thus, increases the Ca2+ uptake by mitochondria. Since ATP store was depressed in the
ischemic myocardium, during reperfusion, sarcoplasmic reticulum is unable to uptake the increased Ca2+ load in the mitochondria.
Preconditioning the ischemic myocardium
with a series of short periods of ischemia followed by reperfusion (classical preconditioning) significantly restored the activities of the
mitochondrial respiratory and sarcoplasmic
enzymes back to a nearly normal levels (tables
1 and 2). The beneficial levels of preconditioning depend on several factors and the presence of numerous agents released from the
myocardium during preconditioning, including
bradykinin,28 opioids,29 norepinephrine,30 and
angiotensin,31 that can initiate one or more signal transduction pathways. It has also been
shown in various studies that brief episodes of
ischemia can release small amounts of calcium,32 and induce protein kinase (PKC- ) activity, and thus, induce cardio-protection. The
present study also showed an improvement in
5' nucleotidase activity—the enzyme for the
breakage of AMP—which releases adenosine
which is also a cardio-protective agent.
Although protection provided by ischemic
preconditioning appears to be robust, a drawback of the majority of preconditioning studies is
that protection is not absolute, and when ischemia is severe and prolonged, even those preconditioned areas of myocardium will go further
to develop complete infarction.33 Therefore, possibility of preconditioning the heart with an exogenous agent (e.g., verapamil), as was used in
the present study, may provide new avenues to
induce preconditioning for cardio-protection, by
an external pharmacological intervention. Administration of verapamil to preconditioned heart
before the insult of global ischemia produced
similar changes as classical preconditioning in
mitochondrial and sarcoplasmic enzymes activities. However, a significant improvement in the
above-mentioned enzymes activities were observed in the hearts pre-treated with verapamil
before the onset of reperfusion as compared to
the normal hearts.
The cardio-protective effect of verapamil
administration before the global ischemia, as
was shown in the present study, suggests the
2+
possible role of transient release of Ca in brief
episodes of ischemia during precondition
mechanism. As a calcium-channel blocker,
verapamil administered before the preconditioning,34 attenuates the cardio-protective effect
mediated by ischemic preconditioning. This em-
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phasizes the role of calcium-induced protein
kinase C (PKC) activation during ischemic preconditioning. Therefore, administration of verapamil before global ischemia blocks the release
of further Ca2+ from sarcoplasmic reticulum and
also uses the calcium which is transiently released during the precondition mechanism into
the cell for the activation of PKC. This might
explain the similarity of results observed in both
verapamil-treated heart (before the insult of
global ischemia) and preconditioned hearts.
Pre-treatment of myocardium with verapamil before the onset of reperfusion significantly
improved the mitochondrial respiratory and
sarcoplasmic ATPase enzymes activities (tables 1 and 2). This indicated that administration
of verapamil during the initial period of reperfusion significantly decreased the extent of calcium overload in the mitochondria. Nevertheless, the extent of cardio-protection mediated by
this synergic effect of ischemic-preconditioning
and verapamil has to be further studied. However, the exact source of Ca2+ release during
the initial stages of reperfusion may be of much
interest to therapeutic interventionists.
We finally, concluded that pre-treatment of
ischemic preconditioned rats with verapamil
before the onset of reperfusion with KH buffer
reduce the extent of mitochondrial and sarcoplasmic damage during ischemic-repefusion
and thereby reduces the oxidative stress associated with the ischemic-reperfusion injury.
References
1

2

3

4
5

6

Borutaite V, Mildaziene V, Brown GC,
Brand MD. Control and kinetic analysis of
ischemia-damaged heart mitochondria:
which parts of the oxidative phosphorylation system are affected by ischemia? Biochim Biophys Acta 1995; 1272: 154-8.
Kloner RA, Jennings RB. Consequences of
brief ischemia: stunning, preconditioning,
and their clinical implications: part 1. Circulation 2001; 104: 2981-9.
Ferrari R, Ceconi C, Curello S, et al. Protective effect of propionyl-L-carnitine against
ischaemia and reperfusion-damage. Mol
Cell Biochem 1989; 88: 161-8.
Bowles NE, Towbin JA. Molecular aspects
of myocarditis. Current Opinion in Cardiology 1998; 13: 179-84.
Ferrari R, Ceconi C, Curello S, et al. Occurrence of oxidative stress during myocardial reperfusion. Mol Cell Biochem
1992; 111: 61-9.
Murry CE, Jennings RB, Reimer KA. Preconditioning with ischemia: a delay of lethal cell injury in ischemic myocardium.
Circulation 1986; 74: 1124-36.

Effect of verapamil on reperfusion Insult in rat heart

7

8

9

10

11

12

13

14

15

16
17

18

19

20

Maulik SK, Seth SD, Manchanda SC, et al.
Effect of verapamil post-treatment in myocardial reperfusion injury. Indian J Exp Biol
1993; 31: 120-4.
Sandmann S, Claas R, Cleutjens JP et al.
Calcium channel blockade limits cardiac
remodeling and improves cardiac function
in myocardial infarction-induced heart failure in rats. J Cardiovasc Pharmacol 2001;
37: 64-77.
Maulik SK, Seth SD, Manchanda SC, et al.
Effect of verapamil post-treatment in myocardial reperfusion injury. Indian J Exp Biol
1993; 31: 120-4.
Timour Q, Aupetit JF, Freysz M, et al.
Possible prevention by amlodipine of ventricular fibrillation related to brief ischemia
episodes. Can J Physiol Pharmacol 1996;
74: 1308-14.
Hausenloy DJ, Tsang A, Mocanu MM, Yellon DM. Ischemic preconditioning protects
by activating prosurvival kinases at reperfusion. Am J Physiol Heart Circ Physiol
2005; 288: H971-6.
Johnson D, Lardy H. Isolation of liver or
kidney mitochondria. In: Estrabrook RW
(ed). Methods in enzymology. Academic
Press. London 1967; 10: 94-6.
Lee CY, McKinney JD. Identity of microsomal glutathione S-transferases. Mol Cell
Biochem 1982; 48: 91-6.
Bell JL, Baron DN. Subcellular distribution
of the isoenzymes of NADP isocitrate dehydrogenase in rat liver and heart. Enzymol Biol Clin (Basel) 1968; 9: 393-9.
Mehler AH, Kornberg A, Crisolia S, Ochoas
PJ. The enzymatic mechanism of oxidationreduction between malate or isocitrate or pyruvate. J Biol Chem 1948; 174: 961-77.
Slater EC, Bonner WD. The effect of fluoride on the succinic oxidase system. Biochem J 1952; 52:185-96.
Reed DJ, Savage MK. Influence of metabolic inhibitors on mitochondrial permeability transition and glutathione status. Biochim Biophys Acta 1995; 1271: 43-50.
Minakami S, Ringler RL, Singer TP. Studies on the respiratory chain-linked dihydrodiphosphopyridine nucleotide dehydrogenase. I. Assay of the enzyme in particulate and in soluble preparations. J Biol
Chem 1962; 237: 569-76.
Pearl W, Cascarino J, Zweifach BW. Microdetermination of cytochrome oxidase in
rat tissues by the oxidation of N-phenyl-£phenylenediamine or ascorbic acid. J Histochem Cytochem 1963; 11: 102-6.
Lowry OH, Rosebrough MJ, Farr AL, Randall
RJ. Protein measurement with Folin-phenol
reagent. J Biol Chem 1951; 193: 265-75.

21 Fujita M, Nagano K, Mizuno N, et al. Ouabain-sensitive Mg++-ATPase, K+-ATPase
and Na+-ATPase activities accompanying
a highly specific Na+-K+-ATPase preparation. J Biochem 1967; 61: 473-7.
22 Narayanan N. Comparison of ATPdependent calcium transport and calciumactivated ATPase activities of cardiac sarcoplasmic reticulum and sarcolemma from
rats of various ages. Mech Ageing Dev
1987; 38: 127-43.
23 Hidalgo C, Gonzalez ME, Lagos R. Characterization of the Ca2+- or Mg2+-ATPase
of transverse tubule membranes isolated
from rabbit skeletal muscle. J Biol Chem
1983; 258: 1393-45.
24 Smith K, Varon HH, Race GJ, et al. Serum
5'-nucleotidase in patients with tumor in
the liver. Cancer 1966; 19: 1281-5.
25 Rousou AJ, Ericsson M, Federman M, et al.
Opening of mitochondrial KATP channels
enhances cardioprotection through the
modulation of mitochondrial matrix volume,
calcium accumulation, and respiration. Am
J Physiol Heart Circ Physiol 2004; 287:
H1967-76.
26 Skárka L, Ostádal B. Mitochondrial Membrane Potential in Cardiac Myocytes.
Physiol Res 2002; 51: 425-34.
27 Nosova IM. Effect of ATP and cocarboxylase on the activity of malate dehydrogenase and its isoenzymes in the blood
serum and myocardium. Biull Eksp Biol
Med 1975; 80: 48-50.
28 Martorana PA, Kettenbach B, Breipohl G,
et al. Reduction of infarct size by local angiotensin-converting enzyme inhibition is
abolished by a bradykinin antagonist. Eur J
Pharmacol 1990; 182: 395-6.
29 Schultz JE, Rose E, Yao Z, Gross GJ. Evidence for involvement of opioid receptors
in ischemic preconditioning in rat hearts.
Am J Physiol 1995; 268: H2157-61.
30 Schomig A. Catecholamines in myocardial
ischemia, systemic and cardiac release.
Circulation 1990; 82: 13-22.
31 Brodde OE, Michel MC. Adrenergic and
muscarinic receptors in the human heart.
Pharmacol Rev 1999; 51: 651-90.
32 Karin P, Katsuya H, Robert AK. Is Calcium
a Mediator of Infarct Size Reduction With
Preconditioning in Canine Myocardium?
Circulation 1997; 96: 1305-12.
33 Walker DM, Yellon DM. Ischaemic preconditioning-from mechanisms to exploitation.
Cardiovasc Res 1992; 26: 734-9.
34 Xu M, Wang Y, Hirai K, et al. Calcium preconditioning inhibits mitochondrial permeability transition and apoptosis. Am J Physiol
Heart Circ Physiol 2001; 280: H899-908.

Iran J Med Sci December 2007; Vol 32 No 4 233

