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A B S T R A C T

Modern medicine has been used to treat myocardial infarction, a subset of cardiovascular diseases, and
have been relatively effective but not without adverse effects. Consequently, this issue has stimulated
interest in the use of natural products, which may be equally effective and better tolerated. Many studies
have investigated the cardioprotective effect of natural products, such as plant-derived phytochemicals,
against isoproterenol (ISO)-induced myocardial damage; these have produced promising results on the
basis of their antioxidant, anti-atherosclerotic, anti-apoptotic and anti-inflammatory activities. This
review briefly introduces the pathophysiology of myocardial infarction (MI) and then addresses the
progress of natural product research towards its treatment. We highlight the promising applications and
mechanisms of action of plant extracts, phytochemicals and polyherbal formulations towards the
treatment of ISO-induced myocardial damage. Most of the products displayed elevated antioxidant levels
with decreased oxidative stress and lipid peroxidation, along with restoration of ionic balance and
lowered expression of myocardial injury markers, pro-inflammatory cytokines, and apoptotic
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parameters. Likewise, lipid profiles were positively altered and histopathological improvements could be
seen from, for example, the better membrane integrity, decreased necrosis, edema, infarct size, and
leukocyte infiltration. This review highlights promising results towards the amelioration of ISO-induced
myocardial damage, which suggest the direction for future research on natural products that could be
used to treat MI.

© 2017 Elsevier Masson SAS. All rights reserved.
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1. Introduction

Cardiovascular diseases (CVDs) are the major cause of mortality
around the world. These diseases comprise a range of disorders
within the heart and blood vessels, including coronary heart
diseases, cerebrovascular diseases, peripheral arterial and rheu-
matic heart diseases, pulmonary embolism, deep vein thrombosis.
In 2004, WHO estimated 17.1 million deaths were due to CVDs,
which accounts for at least 29% of global deaths. It has been
predicted that 23.6 million people will be diagnosed with CVDs
annually by 2030 [1]. CVDs are also the leading cause of death in
Malaysia and this is shown from the increasing trend of
hospitalization and death records through the decade [1]. Based
on the records from Ministry of Health (MOH), 6.91% of total
admissions to government hospitals in 2009 and 24.5% of deaths in
government hospitals in 2010 were CVD-related [2].

Risk factors for CVDs can be classified into modifiable and non-
modifiable risk factors. The modifiable risk factors concern the
lifestyle and behavior of the individual, including smoking, obesity,
stress, unhealthy diet, sedentary lifestyle, and diseases such as
hypertension, dyslipidemias, diabetes mellitus, and hypercholes-
terolemia [1–3]. The Fourth National Health and Morbidity survey
in 2011 suggested that hypertension was the prime risk factor
(32.7% prevalence rate), followed by diabetes mellitus (24.8%), and
obesity (15.1%) [1]. On the other hand, non-modifiable risk factors
include age, gender, family history, as well as ethnicity [1,2].

Currently, there have been improvements in cardiovascular
health with the introduction of individual and population-focused
strategies, as well as a developed healthcare system [3]. The
establishment of a primary healthcare system or coronary care unit
has reduced the mortality of patients in hospitals by half [4].
Cardiovascular research and translation have progressed with
discovering treatments acting through different targets including
chemokines, microRNAs, high-density lipoproteins (HDL), and the
regeneration process [5]. In Malaysia, health campaigns and
screenings are implemented by the Malaysian Ministry of Health to
not only increase public awareness on healthy lifestyles but also to
treat modifiable risk factors with anti-hypertensives, lipid-
modifying drugs and diabetic medicines [1].

Myocardial infarction (MI) can be defined as necrosis of the
heart muscle emerging from continuous acute myocardial ische-
mia [6]. MI falls into different types; these are spontaneous MI (MI

type 1), MI secondary to an ischemic imbalance (MI type 2), cardiac
death due to MI (MI type 3), and MI associated with revasculari-
zation procedures (MI type 4 and 5). Abnormalities in the ECG are
detected during infarctions [6]. MI leads to tissue damage
involving both necrosis and apoptosis, with distinctive morpho-
logical changes and alterations in basic cardiovascular function [7].
Furthermore, MI causes ventricular remodeling as an adaptive
response, because ventricular function is highly regulated by
mechanical and neurohormonal means [8]. Ventricular remodel-
ing begins with the expansion of the infarct area, followed by
ventricular rupture and formation of an aneurysm, as a result of
localized inflammatory response and migration of macrophages,
monocytes and neutrophils to the infarcted region. In the late
phases of remodeling, the ventricle dilates with distortion of its
shape, stimulates both the sympathetic nervous system and the
renin-angiotensin-aldosterone system, releases natriuretic pep-
tides, and associates with mural hypertrophy [8].

Previous reviews have addressed the roles of natural products
particularly phytochemicals, against isoproterenol-induced myo-
cardial damage [9,10]. However, the present review not only
includes the results of previous studies investigating the effects of
phytochemicals, but also covers the effects of plant extracts, plant
derivatives/analogues, polyherbal, and herbo-mineral formula-
tions on MI. The studies were selected based on the method of
inducing myocardial damage solely via isoproterenol (ISO)
administration.

2. Isoproterenol-induced myocardial damage

The induction of myocardial damage was previously performed
through surgical procedures such as aorta banding, infusion of
b-adrenegic agonists via implanted osmotic mini-pumps, and
coronary artery ligation; these procedures produce a high
incidence of morbidity and mortality, not only from the procedures
themselves, but also from infections and complications such as
pneumothorax [11,12]. The administration of isoproterenol (ISO) in
animals provided a rapid, simple and non-invasive method,
producing myocardial damage similar to that seen in acute MI
in humans [11,12]. The low mortality, high reproducibility and
validity compared with other animal models make it more suitable
for the evaluation of cardioprotective agents [12,13]. ISO or 4-[1-
hydroxy-2-(propan-2-ylamino) ethyl] benzene-1, 2-diol, is a
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