Experimental model of acute myocardial infarction for evaluation of prevention and
rehabilitation strategies in cardiovascular diseases – a pilot study
BOARESCU Paul-Mihai1,2, BOARESCU Ioana3, BOCȘAN Ioana Corina4, POP Raluca Maria4, GHEBAN Dan5,
BULBOACĂ Adriana Elena1, DOGARU Gabriela6 , BOLBOACĂ Sorana D.2
Corresponding Author: Dan GHEBAN, E-mail: dgheban@gmail.com
Balneo Research Journal

DOI: http://dx.doi.org/10.12680/balneo.2019.270

Vol.10, No.3, September 2019

p: 288–293

1. "Iuliu-Hațieganu" University of Medicine and Pharmacy, Department of Pathophysiology, Cluj-Napoca, Romania
2. Iuliu-Hațieganu" University of Medicine and Pharmacy, Department of Medical Informatics and Biostatistic, Cluj-Napoca, Romania
3. County Clinical Emergency Hospital, Department of Neurology, Cluj-Napoca, Romania
4. "Iuliu-Hațieganu" University of Medicine and Pharmacy, Department of Pharmacology, Toxicology and Clinical Pharmacology,
Cluj-Napoca, Romania
5. Iuliu-Hațieganu" University of Medicine and Pharmacy, Department of Pathological Anatomy, Cluj-Napoca, Romania
6. Iuliu-Hațieganu" University of Medicine and Pharmacy, Department of Medical Rehabilitation, Cluj-Napoca, Romania

Abstract

Introduction: Acute myocardial infarction (AMI) is an important acute disease of myocardial tissue, that occurs as a

result of an imbalance between coronary blood supply and myocardial demand. Isoproterenol (ISO) is a synthetic
catecholamine, a beta-adrenergic agonist that produces extensive biochemical, functional, and histological alterations
in the heart, characteristic for AMI. The present study has been designed to identify the best dose of ISO that induces
electrocardiogram (ECG) alterations, enzymatic reaction, and histopathological changes characteristic of AMI.
Material and method: AMI was induced to Wistar-Bratislava white male rats, using three different subcutaneous
doses of ISO (85 mg/kg bw, 100 mg/kg bw, and 150 mg/kg bw). ISO was administrated twice, with the second dose at
24h after the initial one. The ECGs were recorded at 24 hours after the last dose of ISO. Blood samples were collected
for measurement of creatine kinase (CK), and CK-MB serum levels, and the hearts were excised and prepared for
histopathologic examination. Results and discussions: All doses of ISO induced alterations in the ECG patterns such
as increased heart rate and prolongation of QT and QTc intervals. Depression of the ST segment coupled with marked
T wave inversion were observed at the doses of 100 mg/kg bw and 150 mg/kg bw of ISO. All doses of ISO induced an
elevation of CK and CK-MB with highest levels observed for the dose of 150 mg/kg bw. Histopathologic examination
revealed subendocardial AMI lesions for all doses tested. Conclusions: ISO in doses of 100 mg/kg and 150 mg/kg is
useful for induction of infarct-like lesion on ECG, increased levels of myocardial necrosis enzymes and morphological
changes characteristic for AMI.
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Introduction
Cardiovascular diseases are the leading cause of
deaths in many parts of the world, although modern
drug therapies and strategies to both primary and
secondary preventions are available for reducing
their morbidity and mortality (1). Acute myocardial
infarction (AMI) is an important acute disease of
myocardial tissue, that occurs as a result of an
imbalance between coronary blood supply and
myocardial demand (2). This prolonged imbalance
leads to cardiac ischemia, degeneration of
cardiomyocytes, and eventually irreversible cardiac
injury or death (3).
Catecholamines at low concentrations are
considered to have a beneficial effect in regulating
the heart function since they exert a positive
inotropic effect, but their excess release from the
endogenous stores or administration in high doses

may deplete the energy reserve of cardiomyocytes,
resulting in biochemical and structural changes and
eventually development of irreversible cardiac
damage (4).
Isoproterenol
[1-(3,
4-dihydroxyphenyl)-2isopropylamino ethanol hydrochloride] (ISO) is a
synthetic catecholamine. It is widely known as a
potent beta-adrenergic agonist that in high doses
produces extensive biochemical, functional, and
histological alterations in the heart, due to the
production of substantially toxic free radicals and
lipid peroxidation via an auto-oxidation process (2,
3).
ISO-induced myocardial necrosis is associated with
alterations in membrane permeability as oxidative
products of catecholamines stimulate lipid
peroxidation and cause irreversible damage to the
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myocardial membrane, leading to a loss of function
and integrity of cardiomyocytes’ membranes (5).
This will cause increased release of cardiac marker
enzymes into the bloodstream, alternated ischemic
electrocardiograph changes, accumulated lipid
peroxides, and damaged cardiac function (6,7).
Apart from oxidative stress, inflammation also plays
an important role in the pathophysiology of AMI
(8,9,10).
The pathophysiological and morphologic alterations
in the heart tissues of this drug-induced AMI
experimental model are comparable with those
taking place in human myocardial infarction (11,12).
The standard model to study the beneficial effects of
many drugs on cardiac function in AMI is a wellknown (10).
The present study has been designed to identify the
best dose of ISO that induces ECG alterations,
enzymatic reaction and histopathological changes
characteristic of AMI in rats.
2. Material and methods
2.1 Ethics statement
The experimental protocol was approved by the
Ethics Committee of the „Iuliu Hațieganu”
University of Medicine and Pharmacy Cluj-Napoca
(53/22.01.2018) and followed the Helsinki
Declaration on Animal Studies.
2.2 Drugs
Isoprenaline hydrochloride (ISO) for AMI induction
was purchased from Sigma–Aldrich (St. Louis,
USA).
2.3 Experimental model
Four Wistar-Bratislava white male rats, with weights
between 250 and 300 grams, from the Animal
Department of the Faculty of Medicine, Iuliu
Haţieganu University Cluj-Napoca, were housed in
polypropylene cages, acclimated under a 12h/12h
light/dark cycle at 22-24˚C at the Department of
Pathophysiology. Animals were provided with free
access to water and standard pellets (Cantacuzino
Institute, Bucharest, Romania) ad libitum. To induce
AMI, three different doses of ISO (85 mg/kg body
weight (bw), 100 mg/kg bw, and 150 mg/kg bw)
were administrated subcutaneously for two days at
24h interval. Rat 2 received the dose of 85 mg/kg
bw, rat 3 received 100 mg/kg bw, and rat 3 received
150 mg/kg bw of ISO. Rat 1 received
subcutaneously saline solution following the
schedule of the rats with ISO.

2.4. Electrocardiography
Electrocardiography (ECG) was recorded 24h after
the last injection of ISO or saline, using a Biopac
MP36 system (Goleta, CA, USA) after the method
described by Balea et al. (13). The rats were
anesthetized with an intraperitoneal injection of
ketamine (26 mg/kg bw) and xylazine (2.6 mg
kg/bw). Fifteen minutes after anesthesia, electrodes
were attached to the paw pads of each rat, and ECG
was recorded in the lead II. RR and QT intervals
(ms), PR segment (ms), QRS complex duration
(ms), ST-segment changes (mV) were calculated
from ECG recordings using the Biopac Student Lab
3.7.7 software (Goleta, CA, USA). Heart rates (HR,
beats/min), were calculated from the RR intervals
according to the following formula: HR =
60,000/RR (14). Corrected QT intervals (QTc) (ms)
were calculated according to Bazett formula (14).
2.4 Biochemical tests
After ECG monitoring, while the rats were still
under general anesthesia with ketamine and
xylazine, blood samples were taken from the retroorbital plexus. The creatine kinase (CK) and creatine
kinase MB fraction (CK-MB) levels were measured
by a Jasco V-530 UV-Vis spectrophotometer (Jasco
International Co. Ltd., Tokyo, Japan) using
commercially available kits.
2.5 Histopathological changes
The animals were sacrificed by administering an
overdose of anesthetics. Hearts were excised and
tissue was fixed in 10% formalin prepared in saline.
After fixation, the heart tissues were embedded in
paraffin. Sections were deparaffinized and stained
by hematoxylin and eosin (H&E) for histopathologic
examination using an electric light microscope.
3. Results
Isoproterenol in doses of 100 mg/kg bw and 150
mg/kg bw induced significant alterations in ECG
recordings, such as decreased RR intervals,
increased HR, prolonged QT, and QTc intervals and
depression of the ST-segment associated with
marked T wave inversion (Figure 1, Table 1), which
are characteristic for ISO-induced infarct-like lesion
on ECG. Even more, these doses of ISO also
prolonged the QRS complex (Figure 1, Table 1).
Deepest ST-segment depression was obtained for the
dose of 150 mg/kg bw (Figure 1, Table 1). The dose
of 85 mg/kg bw of ISO decreased the RR interval
and therefore increased HR, prolonged the QT and
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QTc intervals but did not affect the QRS duration
and ST-segment. ISO did not influence the PR
segment. Our results showed increased serum levels
CK and CK-MB after the ISO administration, in all
doses (Table 2). Histopathological examinations
revealed normal architecture of myocardial tissue of
the rat 1, localized subendocardial myocytolysis
with inflammatory infiltration in rat 2, diffuse
subendocardial myocytolysis with inflammatory
infiltration in rat 3 and extended subendocardial
necrosis associated with diffuse infiltration with
leukocytes in rat 4 (Figure 2).
Table 1. ECG characteristics
Rat+ISO
1
2+ISO85
3+ISO100
4+ISO150

RR
(ms)
190
182
170
165

HR
(b/min)
316
329
352
363

PR
(ms)
49
48
46
48

QRS
(ms)
39
35
42
45

QT
(ms)
63
109
115
130

a)

QTc
(ms)
56
92
98
104

RR = RR interval; HR = heart rate; PR = PR interval; QRS =
QRS complex, QT = QT interval; QTc = corrected QT interval;
ST = ST segment; ISO = isoproterenol.

b)

a)

b)

c)
c)

d)
Fig. 1. ECGs after ISO administration. Decreased RR interval
(black arrow), enlargement of the QRS complex (orange
arrow), increased QT interval (red arrow), ST-segment
depression (green arrow), T wave inversion (yellow arrow). (a)
Control; (b) ISO in dose of 85 mg/kg bw; (c) ISO in dose of
100 mg/kg bw, (d) ISO in dose of 150 mg/kg bw; ISO =
isoproterenol.

Table 2. Serum levels of cardiac enzymes

Rat+ISO
1
2+ISO85
3+ISO100
4+ISO150

CK (U/L)
78
114
129
130

CK = Creatine kinase; ISO = isoproterenol

CK-MB (U/L)
10
30
34
38

d)

Fig. 2. Histopathology changes. (a) Rat1 - normal cardiac
tissue; (b) Rat2+ISO85 (isoproterenol – ISO 85 mg/kg bw) localised subendocardial myocytolysis with inflammatory
tissue infiltration (yellow arrow); (c) Rat2+ISO100 (ISO 100
mg/kg bw) - diffuse subendocardial myocytolysis with
inflammatory tissue infiltration (orange arrow); (d)
Rat2+ISO150 (ISO 150 mg/kg bw) extensive sub-endocardial
necrosis associated with diffuse infiltration with leukocytes
(red arrow).
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4. Discussion
ECG is a useful tool to assist in the diagnosis of
AMI. After ISO administration in all doses, a
reduction of RR interval and increased HR were
observed on the ECG recordings (Table 1, Figure1).
ISO is a beta-adrenoreceptor agonist, and the
activation of beta-adrenergic receptors increases not
only the HR but also the force of contraction of the
left ventricle, stimulating the activity of the heart
(13). By accelerating the heart rate, ISO induces
impairment in perfusion of the subendocardial
myocardium of the left ventricle with secondary
subendocardial ischemia, necrosis, and associated
ST depression on the ECG (15). In our study high
doses of ISO (100 and 150 mg/kg bw) induced STsegment depression coupled with marked T wave
inversion, prolonged the QRS complex, increased
QT and QTc intervals (Table 1, Figure 1). T-wave
inversion was reported to be secondary to changes in
action potential duration in cardiomyocytes after
ISO administration (16). Slow ventricular
conduction, due to ISO cardiotoxic effect, can
explain the prolongation of the QRS complex and
QT, QTc intervals after ISO administration (15). It
is well known that ST-segment elevation and STsegment depression are suggestive of AMI. None of
the doses of ISO influenced the PR interval (Table
1). All ISO-induced ECG AMI-like alterations
mentioned above could be due to the secondary loss
of action potential in the cardyomyocites, as a result
of oxidative stress (13). Oxidative stress plays an
important role not only in AMI but also in many
other cardiovascular disorders (17-19). Younis et al.
reported that ISO in a dose of 85 mg/kg bw
decreased in P wave, QRS complex, PR segment,
and RR intervals and increased in the QT interval
duration and ST-segment deviation, in comparison
with the control rats (20). According to results of
Soraya et al. rats from AMI group treated with ISO
in a dose of 100 mg/kg bw showed a marked
decrease in R-amplitude, a significant decrease in
the RR interval and therefore, a significant increase
in the heart rate (21). The same dose was reported
by Sudha et al. to induce EKG abnormalities such as
ST elevation in the ST segment, a higher heart rate,
T wave inversion, prolonged QRS complex, and
prolonged QT interval when compared to normal
rats (22). Balea et al. reported that ISO in a dose of
150 mg/kg bw was observed to induce significant
alterations in ECG patterns such as decreased HR,

increased RR, QT, and QTc intervals, and ST
segment depression coupled with marked T wave
inversion, changes that reflect ISO-induced AMIlike lesions (13).
Rats with ISO-induced AMI had higher levels of
CK, CK-MB, (Table 2) compared to normal rat. CK
and CK-MB have an increased plasma level within 6
hours after the onset of AMI, a peak level at 24
hours and returns to normal within 2-3 days (23).
The quantity of these cellular enzymes existing in
plasma reflects changes in membrane integrity
and/or permeability (24). When the cell membrane
becomes permeable or in case of rupture, CK spread
out from the damaged tissues into the bloodstream,
serving as diagnostic markers of myocardial tissue
injury (25, 26).
All rats with ISO had histological changes
characteristic for AMI. Our study results reveal
subendocardial AMI lesions for all doses: localized
for the dose of 85 mg/kg bw, diffuse for the dose of
100 mg/kg bw and extensive for the dose of 150
mg/kg. Myocardial cells lesions vary from localized
subendocardial myocytolysis with inflammatory
tissue infiltration to necrosis associated with diffuse
infiltration with leukocytes. Hassan et al. reported
that histopathological evaluation of H&E stained
sections of myocardial tissue from ISO-induced
AMI group using a dose of 85 mg/kg bw, showed
extensive loss of muscle fibers, several
inflammatory cells and undamaged muscle fibers in
the surrounding area (26). Soraya et al. observed that
heart tissue of the rats treated with ISO in a dose of
100mg/kg
showed
intensive
necrosis
of
cardiomyocytes
and
increased
edematous
intramuscular space (21). Similar results were also
obtained by Reddy et al., who identified local
confluent necrosis of muscle fibers edema and
inflammatory cells infiltration for the same dose of
ISO (27). Acikel at al. observed large areas of
myofibrillary degeneration, related to marked
infiltration with neutrophil granulocytes and severe
interstitial edema in myocardial tissue for the dose
of 150 mg/kg bw of ISO (28). The dose of 85 mg/kg
bw of ISO was associated with a mortality of 7.69%
(29). Filho et al. reported a mortality of 25% for the
dose of 150 mg/kg bw (30), while 33% was reported
by Acikel et al. (28).
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5. Conclusion
ISO in doses of 100 mg/kg and 150 mg/kg is useful
for induction of AMI since leads to infarct-like
lesions on ECG, increased levels of myocardial
necrosis enzymes and morphological changes
characteristic for acute myocardial infarction. The
use of these two ISO doses provide a useful
experimental model of AMI for evaluating the
antidoxidative and antinflamatory effects of
differerent drugs or natural compounds. Moreover it
can be used in evaluating different prevention and
rehabilitation strategies in cardiovascular diseases.
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