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ROLE OF VERAPAMIL (CALCIUM CHANNEL
BLOCKER) AND LISINOPRIL (ANGIOTENSIN
CONVERTING ENZYME INHIBITOR) ON
MYOCARDIAL TOLERANCE TO
ACUTE ISCHAEMIA

Hanaa G. Serougy, Gad El. Abd Aziz,
Soheir F. Bassiony, Sabry M. Gad
and Ahmed A. Gendy

From
Department of Physiology, Facuity of Medicine, Mansoura University

ABSTRACT

This work aims to clarify the role of
calcium channel blocker (verapamil)
and angiotensin-converting enzyme
inhibitor (lisinopril) on myocardial is-
chaemia reperfusion injury. The study
was done using isolated rabbits
hearts and Langendroffs apparatus
for recording myocardial contractility,
heart rate and coronary flow, also glu-
cose uptake by coronary slices was
estimated by glucose enzymatic kit.
The work included 4 groups; Group A
to study effect of ischaemia and re-
perfusion on mentioned parameters,
Group B to study effect of verapamil
and lisinopril on tested parameters,
Group C to study the effect of 5 min-

121

utes preischaemia administration of
verapamil and lisinopril on tested pa-
rameters and Group D to study the ef-
fects of administration of verapamil
and lisinopril with reperfusion on pa-
rameters mentioned before. Results
concluded that global ischaemia de-
creased the myocardial contractility
and heart rate but increases glucose
uptake, verapamil is a potent drug
used to decrease myocardial contrac-
tility, heart rate and increase coronary
flow in ischaemic hearts. Lisinopril is
a drug of choice to improve contractil-
ity and heart rate when administered
preischaemic or with reperfusion. Ve-
rapamil is a drug of choice to improve
coronary flow when administered pre-
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122 ROLE OF VERAPAMIL (CALCIUM CHANNEL BLOCKER,) etc..

ischaemic or with reperfusion. There
is no preference between tthe 2 drugs
when given preischaemic on increas-
ing glucose uptake. So calcium, an-
giotensin and O2 free radicals are im-
portant mediators of ischaemic
reperfusion injury as their modulation
by the verapamil and lisinopril signifi-
cantly improve ischaemia reperfusion
induced changes in myocardial con-
tractility, heart rate, coronary flow and
glucose uptake.

INTRODUCTION
Acute myocardial ischaemia ini-
tiates a complex series of metabolic
changes that lead to structural chang-
es in myofibrils which are associated
with depletion of high energy nucleo-
tides and the onset of cell death (34),
Zaloga, 1992 (66) claimed that sarco-
lemmal disruption has been implicat-
ed due to disturbance in calcium me-
tabolism since calcium is an essential
ion for union of actin and myosin. The
depletion of ATP, alteration of AT-
Pase system and delayed calcium
pump account for intracellular calcium
ions overload (66), However, the alter-
ation in myocardial calcium metabo-
lism can be modified by the use of

calcium channel blockers (39),
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In myocardial ischaemia, both the
circulating renin-angiotensin system
(RAS) and local tissue ACE (angio-
tensin converting enzyme) can be ac-
tivated (14), suppose that ACE inhibi-
tors decrease the frequency of
ischaemic events and improve the
outcome of ischaemia-reperfusion in-

jury.

In this work, we try to clarify the ef-
fect of calcium channel blocker (ve-
rapamil) and ACE inhibitor (lisinopril)
as a suggestive line for protection
against myocardial injury.

MATERIALS AND METHODS

The present work was designed to
study the effect of calcium channel
blocker (verapamil) and angiotensin
converting enzyme inhibitor (lisinopril)
on myocardial ischaemia-reperfusion
injury.

* Experimental Plan :

Group (A) non ischaemic control
group, included 14 rabbit's hearts di-
vided into 2 subgroups (A1 & A2)
each included 7 rabbit's hearts to
study the effect of calcium channel
blocker (Verapamil) (A1), angioten-
sin-converting enzyme inhibitor (Lisin-
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oprilf (A2) on heart rate (beat/
minutes), myocardial contractility (cm)
and coronary blood flow (ml/min) after
5 minutes of administration of the
drug. Measurement of glucose uptake
was also recorded after perfusion of
myocardial slices with the drug.

Group (B), included 7 rabbit's
hearts to study the effects of ischae-
mia and reperfusion on the tested pa-
rameters (myocardial contractility,
heart rate and coronary blood flow)
before ischaemia (preischaemia), 5
minutes after ischaemia and 5, 15
minutes after reperfusion. The dura-
tion between induction of ischaemia
and stoppage of the heart was also
recorded. The global ischaemia was
induced by stopping delivery of the
perfusion fluid mechanically by
clamping the rubber tube which leads
to cannula for 30 minutes, then the
coronary artery perfusion was reini-
tiated for another 30 minutes. The
glucose uptake by myocardial slices
was also estimated 5, 15 minutes of
ischaemia and 5, 15 minutes of reper-
fusion.

Group (C), included 14 rabbit's
hearts subdivided into 2 subgroups

(C1 & C2) each include 7 rabbit's
hearts to study the effect of 5 minutes
preischaemic administration of the re-
ported drugs on the tested parame-
ters during ischaemia and reperfu-
sion. Also, the duration till stoppage
of the ischaemic heart was recorded.

Group (D), included 14 rabbit's
hearts subdivided into 2 subgroups
(D1 & D2) each included 7 rabbit's
hearts to study the effects of adminis-
tration of the tested drugs with reper-
fusion on the tested parameters of is-
chaemia and reperfusion.

* Animal preparation :

Experiments were done on healthy
rabbits of both sexes, each weighing
about 1.5-2 kilograms. These animals
were allowed free access of food and
water. The rabbit was sacrificed; its
chest wall was opened. The heart
was dissected and the fat and con-
nective tissue wcre removed. The
heart was excised along with an at-
tached length of at least 1 cm aorta
and then rapidly removed and placed
in dish containing mammalian Ringer-
Locke’s solution which has the follow-
ing composition in gm/L (sodium chlo-
ride 9.0 potassium chioride 0.42, cal-
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cium chloride 0.24, sodium bicarbo-
nate 0.5 and dextrose 1.0).The tem-
perature was adjusted at 370C and
PH at 7.4. The heart was then gently
squeezed several times so as to ex-
pel as much blood as possible. The
aorta was dissected free and cut just
below the point where it divides. The
heart was then transferred to the La-
gendroff perfusion apparatus where
the aorta was cannulated to 5 ml can-
nula. The cannula was then connect-
ed to a reservoir delivery oxygenated
mammalian Ringer-Locke’s solution
at a thermostatically constant temper-
ature (37°C). A hook was then
passed through the verntricular wall
and was attached to a lever for re-
cording (a) ventricular (myocardial)
contractions (cm) and (b) heart rate
(beats/minute), on a slowly moving
smoked drum. Reperfusion of the iso-
iated rabbit's heart was done at a
constant flow rate of 11-17 ml/minute.
With gentle tension, pull the heart
slightly to one side. The fluid leaving
the heart now follows the threads and
is easily collected in a measuring cyl-
inder to estimate coronary blood flow
(The heart was allowed to equilibrate
for 15-30 minutes (8).

Vol. 37, No.1&2 Jan., & April, 2006

* Drugs used :

1- Verapamil (Isoptin): It is supplied in
the form of ampoules (5 mg/2 mi).
This calcium channel blocker is
used in a concentration of (0.18
mg/mi) (44),

Lisinopril: It is supplied in the form
of white powder by Sedico compa-
ny (A.R.E.).It was dissolved in dis-
tilled water immediately prior to its
use. This angiotensin-converting
enzyme inhibitor was used in a
concentration of 2.33 ug/m (25),

n
'

STATISTICAL METHODS

Data were processed and statis-
tics were carried out using the "t* test
for unpaired comparison and “t*
paired test for paired comparison.

* Limits of significance (3) :

- Non-significant (N.S.) at P> 0.05.

- Significant (*) at P < 0.05.

- Highly significant: at P < 0.01.

- Very highly significant: at P <
0.001.

RESULTS
The effect of ischaemia and reper-
fusion on myocardial contractility,
heart rate, coronary flow and glucose
uptake :
From table (1) and fig. (1) it can be
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observed that there was a significant
decrease in the height of myocardial
contractility at 5 minutes ischaemia
(84.91%), S minutes reperfusion
(84.9) and 15 minutes reperfusion
(27%). It has to be noted that there
was no significant change between
the heights of myocardial contractility
at 5 and 15 minutes of reperfusion.

There was a significant decrease
of heart rate at 5 minutes ischaemia
(73.3%), 5 minutes reperfusion
(20.9%) and 15 minutes reperfusion
(15%). Also it has to be noted that
there was insignificant change in
heart rate between 5 & 15 minutes of
reperfusion.

There was insignificant decrease
of coronary flow at 5 min reperfusion
(16%), there was also a decrease in
coronary flow at 15 min reperfusion
(24.3%). A significant increase in glu-
cose uptake at 5 minutes ischaemia
(100.8%) and 5 minutes reperfusion
(35.8%). There was also a significant
decrease in glucose uptake at 15 min
reperfusion (34.2%).

The effect of Verapamil and Lisin-
opril on myocardial contractility, heart

rate, coronary flow and glucose up-
take in non ischaemic control group :
From table (2) it was observed
that Verapamil caused significant de-
crease (65.1%) in the height of myo-
cardial contractility and significant de-
crease (49.9%) in heart rate while
significant increase (152.3%) in coro-
nary flow. There was insignificant de-
crease (10.37%) in glucose uptake.

From table (3) it was observed
that lisinopril caused insignificant de-
crease (24.5%) of the height of myo-
cardial contraction and decrease
(2.3%) of heart rate while significant
increase (87.1%) of coronary flow
and a significant increase (120.7%) of
glucose uptake.

The effect of 5 minutes preis-
chaemic administration of the drugs
on the tested parameters during is-
chaemia and reperfusion :

Table (2) and figure (2) showed
that the preischaemic administration
of verapamil caused a significant de-
crease (88.5%) in the height of myo-
cardial contractility at 5 min ischae-
mia, 15 min reperfusion(16.8%) while
insignificant decrease (28.4%) at 5
min reperfusion.

MANSOURA MEDICAL JOURNAL
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The preischaemic administration
of verapamil caused significant de-
crease in heart rate at 5 min ischae-
mia (85.5%) and at 5 min reperfusion
(60.7%) and 15 min reperfusion
(28.4%) as compared with control
group.

There was significant increase of
coronary flow at 5 min reperfusion
(62.5%) and at 15 min reperfusion
(119.9%) from control values. Verap-
amil caused significant increase
(144.9%) in glucose uptake.

The preischaemic administration
of lisinopril (fig. 3) caused non-
significant decrease (39%) in the
height of myocardial contractility at 5
minutes ischaemia from control value,
while a significant increase in height
of myocardial contractility at 5 min-
utes (20.5%) and 15 minutes (65.5%)
reperfusion. A significant increase in
height of myocardial contractility at 15
minutes reperfusion as compared
with 5 minutes reperfusion was ob-
served.

A significant decrease in heart rate
at 5 minutes ischaemia (63.8%) 5
minutes reperfusion(17.1%) and 15

Vol. 37, No. 1 &2 Jan., & April, 2006

minutes reperfusion(11.5%). An insig-
nificant increase in heart rate at 15
minutes reperfusion as compared
with 5 minutes reperfusion was re-
corded.

There was non-significant in-
crease in coronary flow at 5 minutes
reperfusion (25.1%) from control val-
ue. Also, a significant increase
(59.7%) in coronary flow at 15 min-
utes reperfusion.

Lisinopril caused an insignificant
increase in glucose uptake at 5 min-
utes ischaemia (8.3t 0.9) as com-
pared with 5 minutes ischaemia with-
out Lisinopril (7.4£0.6 mg/gm tissue/
hour).

The effect of the Verapamil and
Lisnopril administered during early re-
perfusion on the tested parameters :

From table (4) and figures (4 & 5)
it can be observed that a significant
decrease in myocardial contractility at
5 minute ischaemia (84.3%) and 5
minutes reperfusion (76.7%) as com-
pared with control group while an in-
significant decrease in height of myo-
cardial contractility at 15 minutes



Hanaa G. Serougy etal .... 127

reperfusion (53.5%) during early re-
perfusion with verapamil.

Thara wae a significant decrease
in heart rate at 5 minutes ischaemia
(71.7%), 5& 15 minutes reperfusion
with verapamil (78.9% and 83% re-
spectively) as compared with control

group.

A non-significant increase (16.8%)
of coronary flow at 5 minutes reperfu-
sion as compared with control group.
However, there was a significant in-
crease (66.4%) of coronary flow at 15
minutes reperfusion. There was insig-
nificant decrease (78.9% and 12.8%)
in glucose uptake at 5 and 15 min-
utes reperfusion when verapamil ad-
ministered with reperfusion as com-
pared with control group without
verapamil at 5 and 15 minutes reper-
fusion.

From table (5) there was signifi-
cant decrease (84.9%) in height of
myocardial contractility at 5 minutes
ischaemia as compared with control.

However, non-significant decrease in
height of myocardial contractility at
Sminutes (7.0%) and 15 minutes
(2.0%) reperfusion with lisinopril. 5
minutes reperfusion with lisinopril
caused significant decrease (73.6%)
in heart rate as compared with control
group. Also A significant decrease
(28.2%) in heart rate at 15 minutes
reperfusion with lisinoprii as com-
pared with control one was observed.
There was non-significant increase
(12.0%) in coronary flow at 5 minutes
reperfusion with lisinoprii as com-
pared with control group while there
was a significant increase (29.3%) in
coronary flow at 15 minutes reperfu-
sion with lisinopril. There was signifi-
cant increase (27.7%) in glucose up-
take at 5 minutes reperfusion with
lisinopril as compared with 5 minutes
reperfusion without lisinopril. While
there was significant increase
(69.1%) in glucose uptake at 15 min-
utes reperfusion with lisinopril as
compared with 15 minutes reperfu-
sion without lisinopril.

MANSOURA MEDICAL JOURNAL
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Table (1). Effect of Ischaemia and Reperfusion on Myocardial Contractility, Heart Rate,
Coronary Flow, and Myocardial Glucose Uptake.

Control Ischaemia Reperfusion
5 minutes 5 min 15 min
Myocardial 0.52+0.0 2.210.3 252403
410,
contractility A 184.9% 136.3+ 127.0
39.7+5.8 117.7£6.9 126.6+1.6
Heart Rate 148.9+6.2 173.3% 120.9% 115.0%
5.9+1.3 5.4£0.8
Coronary Flow = ) - L16% 1243+
Myocardial Glucose 3.6+0.4 7.510.6 5.0+0.6 24+0.5
Uptake e 1100.8% 135.8% 134.2%
Fig.(1): Effect of Ischaemia and Reperfusion on Myocardial Contractility and Heart
Rate:

Reperia

=’ conrrol

Table (2). Effect of Preischaemic Administration of Verapamil on Mpyocardial
Contractility, Heart Rate, Coronary Flow, and Myocardial Glucose Uptake.
: ;| Ischaemia Reperfusion
Control | Preischaemic e Sin i
Myocardial 2.6+0.7 0.9+0.2 0.3+0.1 1.9+0.3 2.2+0.4
Contractility " $65.1% +88.5% $28.4+ $16.8%
71.6£7.0 20.7+4.7 56.3£4.3 102.0+12.1
untbate | WIRLS | L Lisev 1855% | 1607% | 128.5%
Coronary 23.2+3.3 14.9+1.3 20.2+2.1
Flow S |- i ; 162.5% | T119.9%
. Ischaemia with
Control Ischaemia verapamil
: 7.9+0.6 7.5507
Myocardial Glucose Uptake 3.5£0.5 1124.3% 1144.9%
Fig. (2): Effect of Preischaemic Administration of Verapamil on Myocardial
Contractility and Heart Rate:
s LAY
-
S
41 1 t
7 8 H Reperfusion
i 1
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Table (3). Effect of Preischaemic Administration of Lisinopril on Myocardial

Contractility, Heart Rate, Coronary Flow, and Myocardial Glucose Uptake.

) : Ischaemia Reperfusion
Control Preischaemic -
5 minutes 5 min 15min
Myocardial 1.5+0.6 1.2+0.2 24403 3.3+0.5
W 2.0+0.7
Contractility 124.5% 139.0% 120.5% 165.5%
136.7+8.7 50.615.8 116.0+3.6 | 123.9489
Heart R 140.0+9.8
i e g 12.3% l63s: | 41712 | d115%
Coronary 8.0+1.0 14.2+1.8 10.0+1.2 12.711.6
Flow i 178.1+ 125.1% 159.7%
I ia with
Control Ischaemia SCh‘?e,mla ‘?ﬂ
Lisinopril
Myocardial Glucose 7.4£0.6 8.3+0.9
3.510.5
Uptake 1120.7% 1153.0%

Fig. (3): Effect of Preischaemic Administration of Lisinopril on Myocardial
Contractility and Heart Rate:

‘
|

ACTE-1
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Table (4). Effect of Verapamil Administration with Reperfusion on Mpyocardial
Contractility, Heart Rate, Coronary Flow, and Myocardial Glucose Uptake.

Ischaemia Reperfusion

i 5 minutes 5 min 15min
Myocar2.9+0.3dial 29403 0.5+0.1 0.7£0.1 1.3+0.2
Contractility o 184.3% 176.7% 153.5%
40.7£5.4 30.4+3.3 24.4+29
144.0£2.3 144.0£2.3 1717% 178.9% 183.0%
Coronary Flow 7.4x14 - 8.6x1.5 12.242.0
116.8% 166.4%

5 min Reperfusion 15 min Reperfusion

Control Verapamil Control Verapamil

Myocardial 4.7+0.6 1.9+0.4

Glucose Uptake 4305 178.9% 41 H0.4 112.8%

Fig. (4): Effect of Verapamil Administered with Reperfusion on Myocardial
Contractility and Heart Rate.

il f
P .y
¥k ccB

Table (5). Effect of Lisinopril Administrated with Reperfusion on Myocardial
Contractility, Heart Rate, Coronary Flow, and Myocardial Glucose Uptake.

Contiol Ischaemia Reperfusion
- - 5 rnmgt?s S min 15min
yocardia EEZIN 33104 3.520.4
Contractility 3.6+04 La9% 17.0% 12.0%
O+4, 81.3+9.1 111.339.8
Heart Rate 155.%8.4 *L73-6% i’487‘?(¥§ ¢28.2%
8+, 10.3+13
Coronary Flow 8.0+1.2 - 12.0% 139,39,
S min Reperfusion 15 min Reperfusion
- - Control Léssini%pnl Control Lisinopril
ocardia 50,7 9+0.7
Glucose Uptake 3.120.3 127.7% 2.3:04 69.1%

Fig. (5): Effect of Lisinopril Administered with Reperfusion on Myocardial Contractility
and Heart Rate.

omtra)
Lichemis —4
{ *
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DISCUSSION

The ischaemic myocardium of dif-
ferent aetiology is characterized by a
reduced availability of oxygen and
substrates for metabolism with accu-
mulation of end products (28). Reper-
fusion usually precipitates more injury
to myocardium and acceleration of
cell damage caused by the preceding
ischaemic episodes (58),

Our research aimed to study the
role of calcium ions and angiotensin-I|
on myocardial tolerance to acute is-
chaemia. The study comprised four
groups to evaluate the effect of is-
chaemia and reperfusion on myocar-
dial contractility, heart rate, coronary
flow and glucose uptake by myocar-
dial muscle, also to evaluate the ef-
fect of calcium channel blockers (ve-
rapamil) and the effect of angiotensin
converting enzyme inhibitor (lisinopril)
administered preischaemic and dur-
ing reperfusion on the same tested
parameters.

The results of the present work re-
garding the effects of ischaemia and
reperfusion, showed deleterious ef-
fects on myocardial contractility and
heart rate during ischaemia and re-

perfusion can be explained by de-
crease intra-cellular ATP and calcium
overload: the rapid transition from
aerobic to anaerobic metabolism
causing an accumulation of protons,
lactate and inorganic phosphate (31),
depletion of ATP and phosphocrea-
tine (PC) (84), loss of potassium ions
to extra cellular fluids, retention of
Na+ and depletion of glycogen (2).
The accumulation of Ca2* is due to
impaired pump activity of sarcoplas-
mic reticulum (54). This Ca2+ over-
load is considered to be a primary
contributor to ischaemic reperfusion
injury (43), Alterations in calcium ho-
meostasis may be responsible for
myocardial dysfunction (30), arrhyth-
mias resulting from after depolariza-
tion (7), uncoupling of mitochondrial
oxidative phosphorylation (18), activa-
tion of enzymes such as Ca - ATPase
of sarcoplasmic reticulum exhausting
ATP stores, xanthine oxidase produc-
ing super-oxide radicals, modulation
of Ca-sensitive nitric oxide synthase
activity and phospholipases involved
in ‘membrane degradation. Also, the
Ca2+ overload leads to inhibition of
calcium release channels in the sar-
colemma and sarcoplasmic reticulum
by calcium - calmodulin (31), inhibition

MANSOURA MEDICAL JOURNAL
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of ATP synthesis and irreversible mit-
ochondrial damage (40) and further-
more, Ca2+ overload leads to phos-
phorylation of cardiac troponin
inhibitory subunit (troponin-l) and tro-
pomyosin binding subunit (troponin-T)
by cardiac phospholipids sensitive
Ca2+ dependent protein kinase (29),

Also our results showed de-
creased coronary flow during reperfu-
sion which may be due to increased
secretion of angiotensin-ll and endo-
thelin during the period of ischaemia
leading to coronary vasoconstriction
(20), Increased oxygen free radicals
with decrease nitric oxide - depen-
dent smooth muscle relaxation con-
tributes also to the vasoconstrictor ef-
fect of ischaemia and reperfusion on
coronary arteries (6).

As regards, the effect of ischaemia
and reperfusion on glucose uptake by
myocardium, the increased uptake
during ischaemia could be explained
by increase rate of glycolysis during
period of ischaemia and 5 minute re-
perfusion due to rapid shift of metabo-
lism towards anaerobic side and in-
crease expression of GLUT4
transporters (4). While the decreased

Vol. 37, No. 1 &2 Jan., & April, 2006

rate of glucose uptake during 15 min-
utes reperfusion was due to inhibition
of glycolysis by the more increased
levels of Ca2+ and free radicals (55)
which exert deleterious effects on en-
zymes responsible for glycolytic path-
way (22),

In the present work, we study the
role of calcium in ischaemia and re-
perfusion by using the calcium chan-
nel blocker (verapamil). There was
significant decrease (65%) in myocar-
dial contractility which is attributed to
its direct effect on voltage dependent
Ca2+ channels, decrease movement
of Ca2+ in slow Ca2* channels inside
myocytes (23), also it blocks Na+
channels (10).It was noted that preis-
chaemic administration of verapamil
leads to functional recovery of con-
tractility at 5 & 15 minutes reperfusion
as detected by non-significant de-
crease of contractility (28 & 17% re-
spectively). This was attributed to its
protective effect on ATP stores by a
reduced ATP use due to lowering of
intracellular calcium levels (32), inhib-
iting generation of protons which de-
crease ATP hydrolysis in acute is-
chaemia (15). Moreover, it decreases
injury and myocardial cell necrosis so



Hanaa G. Serougy etal .... 133

considered a contributing factor to
protect myocardium against injurious
effect of increased Ca2+ (1), Verapa-
mil also caused significant decrease
in the heart rate; this is attributed to
its direct negative chronotropic effect
(7). The rise in extra cellular potas-
sium and slowed conduction through
ischaemic tissue have been implicat-
ed as an important arrhythmogenic
factors (52). The ability of verapamil
to slow the rise in potassium, by de-
creasing events of injury, keeping in-
tegrity of cell membranes and slowing
the development intracellular acidosis
provided an antiarrhythmic effect (45).

However Horton, 1980 (26) be-
lieved that the ventricular arrhythmias
resulted from calcium channel block-
ers may be due to blocking effect on
potassium channels prolonging pla-
teau phase of action potential and
causing instability of resting mem-
brane potential of ventricular muscle
leading to generation of after depola-
rization. It was also observed that the
calcium channel blocker (verapamil)
is significantly more effective in inhib-
iting contraction of coronary vessels
with increasing coronary flow (200%)
than inhibiting myocardial contractility

(65%). This is because the contrac-
tion of vascular smooth muscle, such
as that found in the coronary arteries,
is slightly different from the contrac-
tion of cardiac and skeletal muscles.
Myosin must be phosphorylated and
calmodulinis regulatory protein to
which calcium binds (40). In addition,
vascular smooth muscle cells have
significantly less intra cellular calcium
stores than do so rely more heavily
on the influx of extra cellular calcium
(S6). Verapamil, in addition to reduc-
ing the entry of calcium into the cells
and therefore inhibiting vascular wall
contraction (12), it facilitates effects of
endothelial derived relaxing factor
(EDRF) and prevents effects of endo-
thelial derived vasoconstrictor sub-
stances (24). It is noted in the present
work that the preischaemic adminis-
tration of verapamil is more effective
than verapamil administered with re-
perfusion on improving coronary flow
i.e. verapamil inhibits the occurrence
of the deleterious effects of ischaemia
rat_her than decreasing them. These
effects include decrease nitric oxide;
increase Ca2+ level, increase free
radicals, increase endothelins and in-
creased angiotensin Il.

MANSOURA MEDICAL JOURNAL
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Verapamil exerts non-significant
direct effect on glucose uptake by
cardiac muscle. However, in vivo
studies claimed that calcium channel
blockers decrease glucose uptake by
myocardial muscle secondary to in-
crease coronary flow rate what is
called washing out phenomenon of
glucose (38). The increased glucose
uptake (145%) in 5 minutes ischae-
mia is possibly due to accelerating ef-
fect of glycolysis rather than effect of
verapamil.

In this study, we examined the role
of angiotensin-ll (All) in ischaemia
and reperfusion by using the angio-
tensin-converting enzyme inhibitor
(ACE-I), lisinopril, the results showed
that lisinopril has direct mild inhibitofy
effect on myocardial contractility
(27%). This direct negative isotropic
effect on isolated perfused heart can
be explained by inhibition of local car-
diac ACE (62), and consequent de-
crease of A-ll which is known to stim-
ulate cardiac contractility (61). Also,
ACE-l exerted this negative inotropic
effect by increase the activity of sar-
coplasmic reticulum Ca2+ ATPase
enzyme (57), and can not be ex-
plained by a decrease in Ca2+ entry
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through voltage Ca2+ channels (49).
On the other hand, ACE-I (lisinopril),
when administered preischaemic and
during reperfusion, improved the
myocardial contractility, this can be
attributed to the decrease of the dele-
terious effects of ischaemia and re-
perfusion by decrease All (48), de-
crease oxygen free radicals, OFRs,
increase bradykinin levels (51) and
decrease cytosolic Ca2+ (16), So lisin-
opril can suppress ischaemic injury.
Moreover, it is noted that preischaem-
ic administration of lisinopril gives a
significant improvement of myocardial
contractility than when given with re-
perfusion indicating the protective ef-
fect of lisinopril against ischaemic in-

jury.

Lisinopril also has antiarrhythmic
effect, this is in agreement with (37),
And this effect is attributed to de-
creasing angiotensin-ll when is impli-
cated in the genesis of arrhythmia (4),
activaiton of bradykinin receptor-2
(BK2) increasing nitric oxide produc-
tion and prostaglandins which antago-
nize the effect of All (13). Also ACE-I
decreased incidence of arrhythmias
by decreasing endothelin secretion
and action on cardiac myocytes.
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Moreover, it decreases production of
free radicals (46). The antiarrhythmic
effect of lisinoprii was clearly ob-
served when given preischaemic rath-
er than if given with reperfusion.

As regard coronary flow, it was ob-
served that lisinopril improved coro-
nary flow in normal hearts as well as
in ischaemic heart when it was ad-
ministered preischaemic or with re-
perfusion. This vasodilating effect of
lisinoprii may be attributed to de-
creased vasoconstrictor effect of All,
decreased OFRs generation by All (5)
increased level of bradykinin resulting
in increase the production of nitric ox-
ide (17), decrease degradation of ni-
tric oxide by OFRs with consequent
improvement of endothelial depen-
dent vascular relaxation (50),

ACE inhibitor can also lower vas-
cular OFRs production even insinua-
tions in which angiotensin Il is not ele-
vated (68), This may contribute to the
beneficial effect of ACE inhibitors on
outcome after myocardial infarction or
in heart failure (33). inhibition of kinin
degradation by the use of ACE inhibi-
tors with increase in nitric oxide for-
mation is important in the control of

cardiac O2 consumption. Vasodilata-
tion and control of myocardial O2
consumption may contribute impor-
tantly to the therapeutic actions of
ACE inhibitors in cardiac diseases
(65). ACE inhibitors can significantly
suppress myocardial O2 consumption
via stimulation of nitric oxide produc-
tion from endothelial calls(41).Also
ACE-|, by decreasing All, inhibits the
increased myocardialO2 demand by
All (which is due to increased con-
tractility, after load and decreased
coronary supply) (11),

The effect of lisinopril on glucose
uptake revealed a significant direct
increase in glucose uptake as lisino-
prii promoted more expression of
GLUT4 transporter via nitric oxide
mediated mechanism and help more
glucose uptake (59). Preischaemic
administration of lisinopril or its ad-
ministration with reperfusion poten-
tiates the increase of glucose uptake.
This is because ischaemia also re-
sulted in greater expression of
GLUT4 transporter proteins with facili-

tation of glucose entry and glycolysis
(60).

It can be concluded that the global
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ischaemia decreased the myocardial
contractility and heart rate but in-
creased glucose uptake and these
parameters do not return to control
levels on reperfusion. Also, Lisinopril
proved contractility of myocardium
and heart rate but verapamil im-
proved coronary blood flow whether
both drugs administered preischaem-
ic or with reperfusion. There is no
preference between 2 drugs when
given preischaemic on increasing glu-
cose uptake. While lisinopril in-
creased glucose uptake more when
administered with reperfusion. Finally,
calcium and angiotenin Il are impor-
tant mediators of ischaemic reperfu-
sion injury, as their modulation by the
calcium channel blocker (verapamil),
angiotensin converting enzyme inhibi-
tor (lisinopril) significantly improved
ischaemic-reperfusion induced
changes in myocardial contractility,
heart rate, coronary flow and glucose
uptake.
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