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ABSTRACT

BACKGROUND: Myocardial infarc�on is largely driven by oxida�ve stress-mediated cellular and mitochondrial dysfunc�on. 
Isoproterenol-based experimental models closely mimic these pathological mechanisms, while plant-derived an�oxidants have 
gained recogni�on as poten�al cardioprotec�ve agents against oxida�ve injury.

OBJECTIVE : This study aimed to inves�gate the cardioprotec�ve effects of methanolic extract from Convolvulus arvensis against 
Isoproterenol-induced cardiotoxicity in rats, focusing on myocyte injury markers and histopathological changes.

METHODOLOGY The experimental study was carried out in the Department of Pharmacology at Khyber Medical College and Khyber 
Medical University, Peshawar, Pakistan, between August 2022 and April 2023. Female Sprague Dawley rats were randomly allocated 
into three main groups: a posi�ve control, a nega�ve control, and treatment groups receiving Convolvulus arvensis extract at doses of 
50 mg/kg, 150 mg/kg, and 300 mg/kg orally for 14 days. Myocardial infarc�on was induced in rats by administering Isoproterenol 
(100mg/kg SC) on the 13th and 14th days. Biochemical and histopathological assessments were conducted on the 15th day.

RESULTS :Administra�on of Isoproterenol led to changes in serum levels of cardiac injury markers (CK-MB and LDH) and 
histopathological altera�ons. Pre-treatment with Convolvulus arvensis extract prevented all parameters of Isoproterenol-induced 
myocardial infarc�on in rats, as confirmed by histopathological examina�on. The study findings suggest that Convolvulus arvensis 
exerts significant protec�ve effects on the heart against Isoproterenol-induced myocardial infarc�on by maintaining endogenous 
an�oxidant enzyme ac�vi�es.                                                                            

CONCLUSION: Convolvulus arvensis extract significantly lowered serum CK-MB levels and mi�gated histopathological damage in 
isoproterenol-treated rats, refelec�ng its poten�al as a cardioprotec�ve agent.
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Myocardial infarc�on is a prevalent medical emergency 
associated with high morbidity and mortality. It results from 
ischemia-induced necrosis of the cardiac muscle, ul�mately 

1leading to impaired cardiac func�on.  Reac�ve oxygen species 
2(ROS), chemically unstable molecules with an unpaired electron,  

3are produced as byproducts of normal cellular metabolism.  At 
elevated levels, ROS play a central role in the pathogenesis of 
various age-related degenera�ve diseases. They ac�vely trigger 
biological processes such as cellular injury, energy deple�on, and 
func�onal impairment, while also promo�ng apoptosis and 

4necrosis, ul�mately leading to cell death.  

Several pharmaceu�cal agents are known to induce ROS 
forma�on and oxida�ve stress during different stages of drug 
metabolism. Among them, isoproterenol (ISO) has been 

5iden�fied as a potent inducer of highly cytotoxic ROS.  ISO is a 
synthe�c catecholamine with non-selec�ve β-adrenergic agonist 
ac�vity. At low doses, it is clinically u�lized in condi�ons such as 
heart block and cardiac arrest. In contrast, chronic exposure or 
administra�on of high doses of ISO results in irreversible 

myocardial membrane injury, ul�mately leading to infarct-like 
6necrosis of cardiac muscle.  This phenomenon occurs because the 

oxida�ve metabolism of catecholamines generates quinones, 
which subsequently react with oxygen to produce ROS. The 
excessive ROS burden ini�ates a cascade of altera�ons in 

7myocardial structure, func�on, and biochemical parameters.  

Counterac�ng such oxida�ve stress is therefore fundamental to 
preven�ng cardiac injury. This can be accomplished either by 
suppressing ROS produc�on or by enhancing endogenous 
an�oxidant defenses. An�oxidants, in par�cular, play a vital role 
by delaying or preven�ng oxida�ve processes, neutralizing stress, 

8and scavenging ROS, thereby mi�ga�ng their harmful effects.  
Although isoproterenol serves as a valuable experimental tool for 
inves�ga�ng cardiac dysfunc�on, its pronounced cardiotoxic 
effects underscore the importance of cau�ous dosing and the 
explora�on of protec�ve strategies in clinical prac�ce. 

Extensive research has focused on the cardioprotec�ve poten�al 
of medicinal plants and plant-derived compounds against 
isoproterenol-induced toxicity. Several agents, including Ferulic 
acid, Emblica officinalis, and Fumaria indica have shown 
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protec�ve effects by restoring cardiac biomarkers and allevia�ng 
9-11oxida�ve stress.  Polyherbal formula�ons such as Arogh, DHC-1, 

and Marutham have likewise demonstrated protec�ve effects 
against isoproterenol-induced myocardial injury in rat models. 
Their cardioprotec�ve ac�on is a�ributed to favorable 
modula�on of key enzyma�c systems, including cardiac 
biomarkers (CK-MB, LDH, AST) and an�oxidant defense 

12mechanisms.

Convolvulus arvensis, a member of the Convolvulaceae family 
and the genus Convolvulus, has been phytochemically 
characterized to contain flavonoids, saponins, caffeic acid 
deriva�ves, lipids, alkaloids, and δ-aminolevulinic acid. Several 
studies have highlighted a direct correla�on between its phenolic 

13, 14cons�tuents and notable an�oxidant ac�vity.

Isoproterenol is widely used to induce myocardial necrosis in rats, 
serving as a well-established experimental model for 
inves�ga�ng various types of cardiac dysfunc�on. In this context, 
various approaches have been reported, such as inducing cardiac 
fibrosis with a single high-dose ISO injec�on or using lower doses 
administered repeatedly over several days. These varia�ons in 
dosing regimens highlight the flexibility of the ISO model and its 

15adaptability to different research objec�ves.

The current study aimed to evaluate the cardio-protec�ve 
poten�al of C. arvensis extract in Isoproterenol-induced 
cardiotoxicity, leveraging its experimentally proven an�oxidant 
proper�es and scavenging ac�vi�es as demonstrated through a 

16, 17well-designed study protocol.

METHODOLOGY

Prepara�on of plant extract and extract solu�ons

The experimental study was carried out in the Department of 
Pharmacology at Khyber Medical College and Khyber Medical 
University, Peshawar, Pakistan, between August 2022 and April 
2023. Convolvulus arvensis was collected, washed, air-dried, 
crushed, and macerated in 80% methanol with con�nuous 
shaking, followed by filtra�on. The filtrate was concentrated 
under reduced pressure and at  a high temperature 
(approximately 42°C) using a rotary evaporator, resul�ng in a 
dark, chocolate-brown paste, which was subsequently stored in a 
refrigerator. From this plant extract,  three different 
concentra�ons were prepared: 50 mg/mL, 150 mg/mL, and 300 
mg/mL.

The ethical approval number 441/DME/KMC was obtained from 
the Ins�tu�onal Review Board of Khyber Medical College on 
30/06/2022.

Chemicals and drugs

The experimental ingredients were sourced according to 
interna�onal standards and were of analy�cal grade, prepared on 
the day the research commenced. Isoproterenol was obtained 
from TCI Chemicals, an Indian company. The planned dosage of 

the drug for the experiment was 100 mg/kg of body weight, 
administered via subcutaneous injec�on. The storage condi�ons 
for the drug were strictly adhered to as specified in the brochure 
included with the drug packaging.

Procurement and placement of Animals

Healthy Sprague Dawley rats, aged 8-9 weeks with normal ac�vity 
and stable weight, were acclima�zed to ambient condi�ons for 7 
to 10 days before the experiment. Animals showing illness, 
pregnancy, abnormal behavior, or significant weight changes 
during acclima�za�on were excluded. They were kept in a 
regulated room where temperature and air pressure were 
carefully monitored and maintained at designated levels. The rats 
were fed approved Rodent Chow Purina and had access to water 
as per normal requirements. The research protocol received 
approval from the ins�tute, and animal care procedures followed 
the 1996 ILAR Guide for the Care and Use of Laboratory Animals 
(Na�onal Research Council, 1996).

Grouping of rats and dosing of isoproterenol with and without 
plant extract

The rats were divided into three main groups (the third group had 
three further divisions), with four animals in each subgroup, 
making a total of 20 rats used in the study. Sample size was 
determined using the resource equa�on method (E = N–G), 
where N represents the total number of animals and G the 
number of groups. This yielded E = 15, which lies within the 
recommended range of 10–20, ensuring sta�s�cal reliability 
while minimizing animal use.

Group 1 (Nega�ve control) rats received dis�lled water (1ml/kg 
PO) daily for 14 days. Addi�onally, on the 13th and 14th days, they 
received dis�lled water (1ml/kg SC) with a 24-hour interval 
between doses.

Group 2 (Posi�ve control) rats received dis�lled water (1ml/kg 
PO) daily for 14 days. On the 13th and 14th days, they received 
Isoproterenol (100mg/kg SC) with a 24-hour interval between 

18
doses to induce cardiotoxicity .

Group 3 rats were treated with Convolvulus arvensis extract in 
three sub-groups, each receiving the plant extract at doses of 
50mg/kg, 150mg/kg, and 300mg/kg SC daily for 14 days. 
Addi�onally, on the 13th and 14th days, Isoproterenol (100mg/kg 
SC) was administered. The administra�on of the extract was 
scheduled before the start of the research, and a strict �metable 
was followed throughout the study period.

Blood sampling

At the end of the experiment, blood was collected from the rats, 
and serum samples were stored at –20 °C. The levels of CK-MB 
and LDH were measured 48 hours a�er isoproterenol 
administra�on to provide an accurate assessment of myocardial 

19injury.  CK-MB is recognized as a gold standard marker for 
assessing the degree of cardiac muscle injury due to oxida�ve 
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stress.

Histo-pathological examina�on

Whole rat heart �ssues obtained through dissec�on were sliced 
and processed by dehydra�on with alcohol to remove any 
residual moisture, followed by treatment with xylene. These 
�ssue sec�ons were embedded in paraffin wax and cut into 5-
micrometer-thick blocks. Subsequently, the sec�ons were 
stained with hematoxylin and eosin dye. The obtained slices were 
thoroughly examined under light microscopy to assess histo-
morphological changes. These included gross features such as 
color and texture of the heart, histological features of muscle 
fibers (such as disrup�on of branching pa�ern, necro�c changes 
like swelling, nuclear changes, and vacuoles in the cytoplasm), 
histological features of the inters��um (such as cellular 
infiltra�on and fibrosis), and histological features of blood vessels 
(including conges�on and extravasa�on of blood).

RESULTS

Effects of Isoproterenol and Convolvulus arvensis extract on 
cardiac markers 

In the current study, the effects of C. arvensis extract on serum 
levels of LDH (Lactate dehydrogenase) and CK-MB (Crea�ne 
Kinase-MB) in rats were inves�gated and compared to a posi�ve 
control using t-tests. The findings did not show significant 
evidence that any of the tested doses of C. arvensis extract had a 
notable impact on serum LDH levels compared to the posi�ve 
control group (p-value 0.18). However, there was a significant 
difference in CK-MB levels between the posi�ve control group, 
which received only isoproterenol, and the groups treated with 
various doses of C. arvensis extract (p-value 0.0003). This 
suggests that the extract, at the tested doses, may exert a 
protec�ve or mi�ga�ng effect against the rise in CK-MB levels 
induced by isoproterenol.

RESULTS

Effects of Isoproterenol and Convolvulus arvensis extract on 
cardiac muscles
According to Table 1 and Figure 3, neither the control groups nor 
the group treated with the extract showed any gross 
morphological abnormali�es in the color and texture of the heart. 
Similarly, the histological examina�on of cardiac muscle in the 
nega�ve control group did not reveal any abnormali�es. The 
architecture of muscle fibers, inters��um, and blood vessels 

appeared normal. In contrast, microscopic examina�on of heart 
�ssue from the Isoproterenol-only group showed abnormal 
architecture of muscle fibers, cellular infiltra�on of the 
inters��um, as well as vessel conges�on and extravasa�on of 
blood.
Histological analysis of heart �ssue from the group treated with C. 
arvensis extract at a dose of 50mg/kg showed a no�ceable 
reduc�on in focal disrup�ons of muscle fibers and slight 



40NJMS   Vol. 4 Issue No. 3 July - September,  2025

CARDIOPROTECTIVE POTENTIAL OF CONVOLVULUS ARVENSIS AGAINST ISOPROTERENOL-INDUCED CARDIOTOXICITY

DOI: 10.69723/njms.04.02.0613

mi�ga�on of necro�c changes. However, there were no 
significant protec�ve effects observed in terms of inters��al 
cellular infiltra�ons or vessel conges�on and extravasa�on of 
blood. Heart �ssue from the groups treated with C. arvensis 
extract at doses of 150mg/kg and 300mg/kg demonstrated the 

most pronounced cardioprotec�ve effects. These groups showed 
diminished damage to muscle fiber architecture, fewer 
inflammatory cells spreading in the inters��um, and reduced 
necro�c and conges�ve changes in blood vessels (Table 1).
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mi�ga�on of necro�c changes. However, there were no 
significant protec�ve effects observed in terms of inters��al 
cellular infiltra�ons or vessel conges�on and extravasa�on of 
blood. Heart �ssue from the groups treated with C. arvensis 
extract at doses of 150mg/kg and 300mg/kg demonstrated the 

most pronounced cardioprotec�ve effects. These groups showed 
diminished damage to muscle fiber architecture, fewer 
inflammatory cells spreading in the inters��um, and reduced 
necro�c and conges�ve changes in blood vessels (Table 1).

Heart muscle metabolism and contrac�lity are intricately 
regulated by various catecholamines. Excessive levels of 
catecholamines, such as those induced by Isoproterenol, can lead 
to myocardial �ssue damage, resul�ng in a spectrum of heart-
related pathologies (e.g., anginal episodes, acute coronary 
insufficiency, and myocardial infarc�on) and transient myocardial 

20hypoxia.  Isoproterenol, a potent synthe�c catecholamine, is 
known to cause �ssue damage and necro�c lesions upon 
injec�on into experimental rats.
Histomorphological lesions observed in heart �ssue following 
Isoproterenol injec�on resemble myofibrillar degenera�on and 
disrup�on of specialized cardiac cellular networks, which are 
among the pathophysiological bases described for acute 

21myocardial infarc�on and cardiac arrest in humans.  Various 
pathways contribu�ng to Isoproterenol-induced toxic damage 
include non-selec�ve beta agonism, resul�ng in potent 
chronotropic and inotropic ac�ons. Isoproterenol also induces 
moderate ischemia due to coronary hypotension from increased 
heart muscle ac�vity. Other proposed mechanisms include 
calcium overload, increased cAMP levels, deple�on of cellular 

22energy, and oxida�ve stress from toxic free radicals.  The auto-
oxida�on of isoproterenol generates intermediate compounds 
that, upon interac�ng with oxygen, produce highly reac�ve 
oxygen species such as hydroxyl radicals (OH) and hydrogen 
peroxide (H₂O₂). These reac�ve species play a pivotal role in 
myocardial injury by causing extensive cellular damage and 
promo�ng the release of myocardial enzymes, which serve as key 

DISCUSSION
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and �ssue damage, including necrosis, disrupted inters��al 
branching pa�erns, and inflammatory cell infiltra�on. However, 
rats pre-treated with Convolvulus arvensis extract demonstrated 
reduced inflammatory cell infiltra�on and preserved structural 
integrity of cardiac muscle fibers, sugges�ng poten�al 
cardioprotec�ve effects of the extract. This aligns with previous 
research on plant extracts like Ginkgo Biloba and mangiferin, 

24which have also shown cardioprotec�ve proper�es.
Histologically, vacuola�on of cardiomyocytes, characterized by 
the accumula�on of small, clear vacuoles, is indica�ve of 
degenera�ve processes associated with cardiotoxicity. Addi�onal 
features of cardiotoxicity include loss of myocardial basement 
membranes in necro�c areas and hypercontrac�on bands in 

25affected myocytes.  The levels of CK-MB and LDH enzymes 
correlate with the degree of histomorphological changes 
observed in heart �ssue slides. In this study, CK-MB levels showed 
a stronger correla�on with histomorphological parameters of 
cardiotoxicity compared to LDH levels. The posi�ve control group 
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cardiotoxicity at both histomorphological and biochemical levels. 
In contrast, the group treated with Convolvulus arvensis extract 
showed a�enuated signs of Isoproterenol-induced damage, 
further suppor�ng the extract's poten�al as an an�oxidant and 
cardioprotec�ve agent.

Conclusion
The current study demonstrates that Convolvulus arvensis extract 
may protect against isoproterenol-induced cardiotoxicity in rats 
by reducing serum CK-MB levels and improving histopathological 
outcomes. Further studies with larger cohorts and addi�onal 
biomarkers, including cardiac troponins, are warranted to 
validate its cardioprotec�ve poten�al.
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