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A B S T R A C T

Background: Myocardial injury (MI) is an important heart condition and a major cause of morbidity
and mortality worldwide. The current study was designed to investigate the cardioprotective effects
of cerebrolysin (CLY) on the lesion severity and inflammatory factors in male rats using isoproterenol
(ISO)-induced MI model.
Methods: MI in rats was induced by injecting ISO (100 mg/kg) subcutaneously (sc) on the first 2 days.
Then, CLY (5 ml/kg) was injected intraperitoneally (ip) post-treatment for 7 days. On the 3rd day, creatine
phosphokinase (CK-MB) and cardiac troponin I (cTnI) levels in serum and, on the 10th day, the TNF-α and
IL6 levels in serum and heart tissue were measured by enzyme-linked immunosorbent assay (ELISA).
Finally, the heart of each rat was dissected out and stained for histopathological examination.
Results: On the 3rd day, the serum CK-MB and cTnI levels in the ISO and CLY + ISO groups were
significantly increased compared with that in the control and CLY + Sal groups. One week after the
induction of MI, ISO administration showed a significant increase in the serum level of TNF-α in the ISO
group compared with that in the control and CLY + Sal groups. Also, our findings showed only a moderate
reduction in inflammatory cell infiltration and extent of edema following CLY treatment in the CLY + ISO
group. Also, CLY induced vascular proliferation in the heart tissue.
Conclusions: We conclude that the severity of pathological changes induced by ISO in MI (e.g.
inflammation and edema) can be limited by CLY treatment.
© 2019 Maj Institute of Pharmacology, Polish Academy of Sciences. Published by Elsevier B.V. All rights

reserved.
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Introduction

Myocardial injury (MI), an important heart condition, is one of
the major causes of morbidity and mortality worldwide [1,2].
According to the World Health Organization report, 12 million
deaths due to MI occur throughout the world each year. Despite the
progress made over the last few decades in the treatment of MI
with the introduction of pharmacological and mechanical inter-
ventions, MI remains a major cause of death [3,4]. It has been
established that the limitation of the extent of the injury is an
important factor in reducing the consequences of MI [3,4].
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MI occurs when there is an imbalance between the coronary
blood supply and myocardial demand [1]. Serum levels of creatine
phosphokinase (CK-MB) and cardiac troponins (cTnI) are consid-
ered as sensitive and specific diagnostic markers of MI [1].
Increased levels of cTnI and inflammation-related proteins are
frequently associated with MI [5].

Oxidative stress is caused by an imbalance in the body's redox
condition, in which the increased free radicals in the body result in
tissue damage [6]. Studies have shown that there is increased
production of reactive oxygen species (ROS) in myocardial
ischemia and MI [7]. Research evidence suggests that ROS plays
a key role in the development of MI [8]. Some studies have shown
that oxidative stress can activate the production of proinflamma-
tory cytokines, e.g., tumor necrosis factor alpha (TNF-α), interleu-
kin-1β (IL1β), and interleukin 6 (IL6) [9]. In fact, accumulation and
d by Elsevier B.V. All rights reserved.
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activation of monocytes and macrophages in the area of necrosis
cause release of the cytokines [9].

Isoproterenol (ISO) is a synthetic catecholamine and
β-adrenergic receptor agonist [1]. It has been known that ISO in
supramaximal doses has deleterious effects on the heart [1,10]. ISO
causes complex biochemical and structural changes leading to cell
damage and necrosis via the induction of oxidative stress,
myocardial damage, and depletion of the energy reserve of cardiac
muscle cells [10,11]. The pathophysiological changes following ISO
administration are comparable to those occurring in human
myocardial pathologies [12].

Cerebrolysin (CLY), a peptide derivative, acts as a growth and
neurotrophic factor in the brain [13,14]. It is a mixture of different
neurotrophic factors, e.g., brain-derived neurotrophic factor, glial
cell line-derived neurotrophic factor, nerve growth factor, ciliary
neurotrophic factor, and other peptide fragments [15]. It has been
suggested that CLY exerts its effect by the inhibition of apoptosis
and production of ROS and, also, lipid peroxidation products,
which can contribute to the inhibition of neuronal death and
neuroinflammation [13,14]. Moreover, it has been reported that
CLY can promote neuronal survival and stimulate neurogenesis
[13,14].

Therefore, the important question that remains unanswered is
whether CLY can improve the myocardial function, promote
myocyte survival, and increase cardiac blood flow. Hence, the
present study was designed to investigate the cardioprotective
effects of CLY on the lesion severity and inflammatory factors in a
rat model of ISO-induced MI.

Materials and methods

Animals

Thirty-two adult male Wistar rats (150–200 g), supplied by
Physiology Research Center, Kashan University of Medical Sciences
(KAUMS) (Kashan, Iran), were used for the study. The animals were
kept in standard cages under a 12 h light–dark cycle at 22 �C–24 �C
with 50% humidity for one week before the experiment. The rats
had free access to food and water. All the experimental procedures
used in this study were performed in accordance with the ethical
guidelines of KAUMS, and the study was approved by the Ethics
Committee of KAUMS and registered under the code IR.KAUMS.
MEDNT.REC.1396.8.

Drugs

ISO was purchased from Merck (Germany). CLY was obtained
from EVER Neuro Pharma GmbH (Austria) (5 ml vial, 1 ml contains
215.2 mg of CLY).

Induction of myocardial injury

ISO was dissolved in physiological saline and injected subcuta-
neously (sc) to rats (100 mg/kg/day) at an interval of 24 h for 2 days
(days 1 and 2) to induce experimental MI [10,16,17].

Experimental protocols

After acclimatization, the rats were divided into 4 groups of 8
rats each. Group 1 (control) was given saline (sc) for 2 days (days 1
and 2), and then, saline intraperitoneally (ip) for 7 days (days 3–9);
Group 2 (ISO) was given ISO (100 mg/kg/day, sc) for 2 consecutive
days (days 1 and 2), and then, saline (ip) for 7 days (days 3–9);
Group 3 (CLY + ISO) was given ISO (100 mg/kg/day, sc) for 2
consecutive days (days 1 and 2), and then, CLY (5 ml/kg, ip) [14] for
7 days (days 3–9); Group 4 (CLY + Sal) was given saline (sc) for 2
days (days 1 and 2), and then, CLY (5 ml/kg, ip) for 7 days (days 3–
9).

Serum biochemical assays

Blood samples were taken via tail vein on the 3rd day (24 h after
the second injection of ISO to measure CK-MB, cTnI, and confirm
the induction of MI) and also on the 10th day (24 h after the last
injection of CLY) via cardiac puncture before sacrificing. Blood
samples were centrifuged, and the prepared serum was used for
the biochemical analysis. Also, on the 10th day, the heart of each rat
was excised and washed with phosphate buffer saline [10,14]. The
apex of the heart samples was fixed in 10% buffered formaldehyde
for histopathological evaluation, and the remaining tissue was
stored at �70 �C for further analyses.

Biomarker analyses

I Cardiac biomarkers

The serum levels of CK-MB and cTnI were measured as markers
for cardiac damage. The serum levels of CK-MB and cTnI were
determined spectrophotometrically at 450 nm using commercially
available kits (Zellbio, Germany) and enzyme-linked immunosor-
bent assay (ELISA) (Mybiosourc, USA) [14], respectively.

II Inflammatory markers

On the 10th day and before sacrificing, the blood samples were
collected by cardiac puncture. After leaving the samples for 30 min
at room temperature and allowing them to clot, the samples were
centrifuged, and the serum was collected. The TNF-α and IL6 levels
in serum and heart tissue were measured by ELISA kit (East-
biopharm, China) according to the manufacturer’s instructions.

Histopathological examination

After the completion of the behavioral experiments and sacrificing
the animals, the heart of each rat was immediately dissected out and
washed with phosphate buffer saline [10,14]. The cardiac apex of the
samples was excised and fixed in buffered formaldehyde solution
(10%). The apex of the samples was embedded in paraffin. Then, the
sectioned tissues were stainedwith hematoxylin andeosin to evaluate
the necrosis histologically. The prepared slides were examined under
light microscopy, and the histopathological photomicrographs
(thickness 4 mm) were prepared [7,10,12]. The histological findings
were reported in the order of severity and extent of myocardial
necrosis for each specimen. Two blinded pathologists separately
examined the photomicrographs. Based on a minimum of 10 fields for
each specimen, the slides were evaluated for myocardial necrosis,
inflammatory cell infiltration, and edema and scored accordingly on a
scale of severe (+++), moderate (++), mild (+), and nothing (_) [8,18,19].

Statistical analyses

All data were presented as mean � SEM and analyzed using
one-way analysis of variance (ANOVA) followed by Tukey's post hoc
test. A p < 0.05 was considered as statistically significant.

Results

Cardiac biomarkers

Fig. 1 shows the CK-MB level in serum on the 3rd day (24 h after
the second injection of ISO) in all groups. The one-way ANOVA
showed a significant difference between the groups (p < 0.05).



Fig. 1. Serum level of CK-MB (ng/ml) on the 3rd (24 h after the second injection of
ISO) in four groups (number of 8 in each group). CON, control; ISO, Isoproterenol;
(CLY + ISO), Cerebrolysin + Isoproterenol; (CLY + Sal), Cerebrolysin + Saline. Data are
expressed as mean � SEM. * indicates significant difference compared to Control
group (p < 0.05). # indicates significant difference compared to (CLY+Sal) group
(p < 0.05).

Fig. 3. Serum level of TNF-α (ng/L), one week after the induction of MI in four
groups (number of 8 in each group). CON, control; ISO, Isoproterenol; (CLY + ISO),
Cerebrolysin + Isoproterenol; (CLY + Sal), Cerebrolysin + Saline. Data are expressed
as mean � SEM. * indicates significant difference compared to Control group (p <
0.05). ## indicates significant difference compared to (CLY + Sal) group (p < 0.01).

Fig. 4. Serum level of IL6 (ng/L), one week after the induction of MI in four groups
(number of 8 in each group). CON, control; ISO, Isoproterenol; (CLY + ISO),
Cerebrolysin + Isoproterenol; (CLY + Sal), Cerebrolysin + Saline. Data are expressed
as mean � SEM.
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Also, Tukey's post hoc test showed a significant difference between
the ISO, control and CLY + Sal groups (p < 0.05); CLY + ISO, control
and CLY + Sal groups (p < 0.05).

Fig. 2 shows the cTnI level in serum on the 3rd day (24 h after the
second injection of ISO) in all groups. The ANOVA showed a
significant difference between the groups (p < 0.01). Also, Tukey's
post hoc test showed a significant difference between the ISO and
control groups (p < 0.01); ISO and CLY + Sal groups (p < 0.01);
CLY + ISO, control and CLY + Sal groups (p < 0.05).

Inflammatory biomarkers

Serum level of TNF-α
Fig. 3 shows the TNF-α level in serum on the 10th day (24 h after

the last injection of CLY) in all groups. The ANOVA showed a
significant difference between the groups (p < 0.01). Also, Tukey's
post hoc test showed a significant difference between the ISO and
control groups (p < 0.05) and ISO and CLY + Sal groups (p < 0.01).

Serum level of IL6
Fig. 4 shows the IL6 level in serum on the 10th day in all groups

(24 h after the last injection of CLY). The serum level of IL6 did not
show a significant difference between the groups.

TNF-α level in heart tissue
Fig. 5 shows the TNF-α level in heart tissue on the 10th day in all

groups (24 h after the last injection of CLY). The tissue level of TNF-
α did not show a significant difference between the groups.
Fig. 2. Serum level of cTnI (pg/ml) on the 3rd (24 h after the second injection of ISO)
in four groups (number of 8 in each group). CON, control; ISO, Isoproterenol;
(CLY + ISO), Cerebrolysin + Isoproterenol; (CLY + Sal), Cerebrolysin + Saline. Data are
expressed as mean � SEM. * indicates significant difference compared to Control
group (p < 0.05). # indicates significant difference compared to (CLY+Sal) group
(p < 0.05).
IL6 level in heart tissue
Fig. 6 shows the IL6 level in heart tissue on the 10th day in all

groups (24 h after the last injection of CLY). The tissue level of IL6
did not show a significant difference between the groups.

Histopathological study

Histopathological examination of the tissue sections in the
control and CLY + Sal groups showed no evidence of microscopic
changes (Fig. 7, Table 1). In the ISO group, the heart tissue showed
focal confluent necrosis of muscle fibers with inflammatory cell
infiltration, edema, and fibroblastic proliferation, confirming ISO-
induced MI. The CLY + ISO group showed moderate infiltration of
Fig. 5. TNF-α tissue level (ng/100 mg tissue) one week after the induction of MI in
four groups (number of 8 in each group). CON, control; ISO, Isoproterenol;
(CLY + ISO), Cerebrolysin + Isoproterenol; (CLY + Sal), Cerebrolysin + Saline. Data are
expressed as mean � SEM.



Fig. 6. IL6 (ng/ml) tissue level (ng/100 mg tissue) one week after the induction of MI
in four groups (number of 8 in each group). CON, control; ISO, Isoproterenol;
(CLY + ISO), Cerebrolysin + Isoproterenol; (CLY + Sal), Cerebrolysin + Saline. Data are
expressed as mean � SEM.

Table 1
Effect of CLY on histopathological changes in the ISO-induced MI in rats. ISO,
Isoproterenol: CON, Control; CLY, Cerebrolysin; Sal, saline. CON: received 2 days
injections of saline (sc) and 7 days injections of saline (ip); ISO: received 2 days
injections of isoproterenol (100 mg/kg/sc) and 7 days injections of saline (ip);
CLY + ISO: received 2 days injections of isoproterenol (100 mg/kg/sc) and 7 days
injections of CLY (5 ml/kg/ip). CLY + Sal: received 2 days injections of saline (sc) and
7 days injections of CLY (5 ml/kg/ip).

Group Myonecrosis Inflammation Edema

CON � � �
ISO +++ +++ +++
CLY + ISO +++ ++ ++
CLY + Sal � � �
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inflammatory cells and edema (Fig. 7, Table 1). The CLY + ISO group
also showed vascular proliferation (Fig. 7).

Discussion

This study was designed to investigate the effect of CLY on ISO-
induced MI, MI markers, and inflammatory factors (TNF-α and IL6)
in male rats.

Our results showed that on the 3rd day, the serum CK-MB and
cTnI levels in the ISO and CLY + ISO groups were significantly
increased compared with that in the control and CLY + Sal groups.
However, the CLY + Sal group showed no difference compared with
the control group. For one week after MI (10th day), the ISO
administration resulted in a significant increase in serum level of
TNF-α in ISO group compared with that in the control and CLY + Sal
groups. Also, our findings showed only a moderate reduction in
inflammatory cell infiltration and extent of edema following CLY
treatment in the CLY + ISO group. Also, CLY induced vascular
proliferation in the heart tissue.

Catecholamines play an important role in the regulation of
myocardial contractility and metabolism [18]. Diverse mechanisms
for ISO-induced MI have been reported by researchers. For
example, ISO acting on β- adrenoceptors results in positive
inotropic and chronotropic effects. Thus, ISO produces partial
Fig. 7. Effect of Cerebrolysin on the rat heart histopathology in the ISO-induced MI in rat
�400); (B) ISO group shows cell necrosis (arrow) and infiltration of inflammatory cells 

proliferation (arrow) and cell necrosis (asterisks) with less edema (H&E; original magnific
magnification �400); CON, control; ISO, Isoproterenol; (CLY + ISO), Cerebrolysin + Isopr
ischemia or hypoxia due to myocardial hyperactivity and coronary
hypotension [2]. Other probable mechanisms may include the
increased cyclic adenosine monophosphate level, increased
intracellular Ca2+ overload, depletion of high-energy phosphate
stores, and oxidative stress [2]. Increased generation of cytotoxic
free radicals due to the autoxidation of metabolic products of ISO is
one of the well-known mechanisms of ISO-induced myocardial
necrosis. Following ISO administration, the heart weight increases
significantly, with the body weight relatively unchanged [2,11].

Previous studies have shown that the use of other animal
models for the induction of experimental MI (e.g. banding, β-
adrenergic agonist microinfusion, and ligation) have some
disadvantages, such as infection, other post-injury complications,
and high morbidity and mortality [20]. However, the ISO-induced
MI model, as reported by some researchers, is a reproducible [21],
rapid, simple, and non-invasive method, mimicking the acute type
of clinical MI [20]. Reportedly, in ISO-induced MI model, the injury
occurs in the subendocardium of the left ventricle with acute
extensive myofibrillary degeneration [22].

As previously reported, the serum levels of CK-MB and cTnI are
very sensitive and specific diagnostic markers for MI [1]. Our
results on the 3rd day confirmed the findings of the previous
studies that ISO-induced significant increases in serum CK-MB and
cTnI levels which are considered as the reason for the severe
damage of heart tissue [23,24].

Various factors, such as inflammation and oxidative stress, are
involved in the pathogenesis of MI. It is reported that the plasma
s. (A) Control group shows normal histological pattern (H&E; original magnification
(asterisks) (H&E; original magnification �400); (C) CLY + ISO group shows vascular
ation �400); (D) (CLY + Sal) group shows normal histological pattern (H&E; original
oterenol; (CLY + Sal), Cerebrolysin + Saline.
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levels of TNF-α and IL6 increase immediately after an acute MI [9].
However, our results showed that one week after the induction of
MI, there was a significant increase only in the TNF-α serum level in
the ISO group compared with the level in the control group.
Nonetheless, IL6 serum level did not show a significant increase
compared with that in the control group. According to previous
studies, while 2–3 days after the induction of MI the concentration
of IL6 in serum increases, its concentration reduces gradually in the
following days [25,26]. The possible explanation for the discrep-
ancy seen is that in our study, the IL6 concentration was high on the
first day after the induction of MI, but because the subsequent
measurement was done one week later, we could not detect the
elevated IL6 concentration. Therefore, we suggest that the serum
level of IL6 be checked daily for one week after the induction of MI.
In addition, we observed an elevated TNF-α level, one week after
the induction of MI, due to its higher stability [27].

Earlier studies have suggested several mechanisms for CLY
activity, such as the inhibition of apoptosis, production of free
radicals, and lipid peroxidation [28]. All these pathways contribute
to the inhibition of neuronal death and inflammation in
neurodegenerative diseases [28–30]. As an example, in a study
using the focal ischemic stroke model in rats, it has been reported
that CLY administered 24 or 48 h after the stroke onset resulted in a
decrease in the extent of the infarct [31].

Our study result also showed that the serum level of TNF-α in
the CLY + ISO group was reduced, but not significantly, in
comparison with that in the ISO group. It is suggested that if
the dose or duration of the CLY treatment is increased, the serum
level of TNF-α will significantly be reduced in the CLY + ISO group
compared with that in the ISO group.

Also, the results showed a slight, but non-significant, increase in
tissue TNF-α level one week after MI between the ISO and CLY + ISO
groups in comparison with the control group. Similarly, Deten et al.
reported that there was only a slight, but non-significant, increase
in IL6 expression in myocardium 12 weeks after MI [26]. On the
other hand, Prabhu et al. showed a prominent increase in IL6
expression in myocardium 12 weeks after MI [32]. Also, the results
of Ono et al. showed an increase in IL6 expression 8 and 20 weeks
after MI [33]. However, we did not observe a significant difference
in heart tissue levels of IL6 between the 4 groups for one week after
MI. One possible reason for the observed effect is that, in our study,
the IL6 and TNF-α may have been expressed at the genomic level
but did not result in a product. Otherwise, in the case of a gene
product, the alternative reason might be that the concentration of
the product was far less than the sensitivity of the ELISA kits.

In contrast, since ISO produces partial ischemia or hypoxia due
to myocardial hyperactivity and coronary hypotension [2], one
may suggest that due to the fewer accumulation of leukocytes and
macrophages in cardiac ischemia resulting from reduced blood
flow, the TNF-α and IL6 levels in the heart tissue would be low.

To the best of our knowledge, there is only one study that shows
the ameliorative effect of CLY on heart ischemia. Boshra et al.
reported that pretreatment with CLY could protect myocardium
against ischemia in rats. In that study, the observed effect was
attributed to the antioxidant and anti-apoptotic properties of CLY
[14]. This ameliorative effect of CLY on heart tissue suggests its
possible use in the experimental treatment of heart disorders, such
as myocardial infarction [14]. Nonetheless, our findings showed
that CLY post-treatment did not have a significant effect on MI and
only moderately reduced the inflammation and tissue edema.

In addition, in our study, the histopathological examination of
the ISO-injected heart tissue showed an abnormal histological
structure of the myocardial bundle with inflammatory cell
infiltration, edema, and fragmentation of muscle fibers, which
indicates the involvement of oxidative stress and inflammatory
processes in ISO-induced MI. However, CLY treatment in
ISO-injected rats resulted in a moderate histopathological change,
confirmed by a reduction in inflammatory cell infiltration and
edema in the CLY + ISO group. Furthermore, in our study, CLY
induced vascular proliferation in the heart tissue. It is likely that
the vascular proliferation results in a better blood supply to the
heart, thereby, reducing the inflammation and extent of edema.

In summary, based on the findings of the present study, we
conclude that administration of CLY, after the induction of
experimental MI in rats, produces only a non-significant reduction
in inflammation and extent of tissue edema which may be due to
the induction of vascular proliferation in the heart tissue.
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