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ABSTRACT

Cardioprotective agents are compounds that provide heart protection and decrease cardiotoxicity
incidence. Cardiotoxicity is a serious condition that results in diminishing the heart's ability to pump
blood throughout the body and can be developed into heart failure. Oxidative stress is an important
pathogenic event in cardiotoxicity where the generated reactive oxygen species (ROS) cause myocardial
cellular destruction. Moreover, apoptosis, fibrosis, and inflammatory cascades play major roles in
cardiotoxicity pathogenesis. Recently, much attention has been paid to the cardioprotective effects of
natural products. Methyl palmitate (MP) is a naturally occurring methyl ester that can be also synthesized.
This review article aimed to elucidate the potential cardioprotective effects of MP as well as the
underlying possible mechanisms. Indeed, MP showed effective cytoprotective roles in various
experimental models. In this regard, MP showed potent antioxidant activity which was proven by the
decreased production of oxidative stress markers and the increased activity of the endogenous antioxidant
enzymes. It also exhibited anti-inflammatory activity which was evidenced by the reduced expression of
the pro-inflammatory cytokines and the elevated expression of the anti-inflammatory cytokines.
Moreover, MP showed anti-apoptotic activity evidenced by the elevated anti-apoptotic protein expression
and the mitigated pro-apoptotic protein expression. Besides, further studies proved the anti-fibrotic and
vasodilatation activities of MP. Thus, MP could provide major cardioprotective activities through its
antioxidant, anti-inflammatory, anti-apoptotic, anti-fibrotic, and vasodilatation properties.
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1. INTRODUCTION Cardiotoxicity is a critical condition that is
characterized by cardiac electrophysiological
dysfunction or cardiac muscle damage. It may
result in the weakening of the cardiac muscle and
diminishing of blood pumping efficacy which

Cardioprotective agents are compounds that
protect cardiac muscle by reducing or even
preventing  cardiotoxicity = occurrence  [1].
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may progress into heart failure [2]. Cardiotoxicity
may result from different factors such as
chemotherapy  treatment, chronic  alcohol
consumption, smoking, or as an adverse effect of
heavy metals intake [3]. Accordingly, there is a
massive need for exploring natural products with
promising cardioprotective effects [4].

Methyl palmitate (MP; Hexadecanoate methyl
ester; Methyl ester of palmitic acid) is a naturally
occurring fatty acid ester [5]. It has a polar
carboxylate group and nonpolar aliphatic radical
with the empirical formula Cy;H3,0, and a
molecular weight of 270.45. Besides, MP is a
white crystalline water-insoluble powder that can
be readily soluble in oil [6]. It was proven that
MP is released in the superior cervical ganglion
[7] and the retina [8] of rats. Moreover, MP is a
naturally occurring botanical compound that can
be found in many plants, such as the bark of
Tonka bean and Dipteryx odorata aubl and fruits
of Ficus carica L. [9]. Additionally, it can be also
found in the leaves of Daphne genkwa sieb. et
zucc, mangrove and Salvadora persica L.,
flowers of mangrove and Salvadora persica L.
and stems of the Chateau and Delavaya
yunnanensis Franch [10]. Furthermore, MP can
be easily synthesized via a condensation reaction
between methyl alcohol and palmitic acid [11]. It
is known that MP is safe for vertebrates, as
reflected by being widely used in food,
pharmaceuticals, industrial applications, and
cosmetics [10].

Most importantly, MP has been recently
reported to have cytoprotective roles in various
experimental models [12, 13]. These
cytoprotective effects mainly attributed to its
potent antioxidant, anti-inflammatory, anti-
apoptotic, anti-fibrotic, and vasodilatation
activities [14, 15]. Thus, the present article aims
to elucidate the possible cardioprotective
activities of MP as well as the underlying
molecular mechanisms.

2. CARDIOTOXICITY RISK FACTORS
2.1. Chemotherapy treatment

Chemotherapy treatment is considered a
major causative factor of cardiotoxicity which
can be early or lately appeared during the
treatment. Subclinical myocardial dysfunction,
irreversible heart failure, or even death are the
major outcomes of chemotherapy treatment [16].

Doxorubicin (DOX) is one of the most
effective chemotherapeutic agents that have dose-
dependent cardiotoxic effects. Indeed, DOX can
induce either acute cardiotoxicity, shortly after
treatment initiation, or late-onset chronic
cardiotoxicity [17]. Myocardial oxidative stress
plays a major role in DOX-induced
cardiotoxicity. In this context, DOX is reported to
produce massive amounts of reactive oxygen
species (ROS) within the myocardium, resulting
in  increased  lipid  peroxidation  and
cardiomyocytes damage. Besides, it also induces
both the intrinsic and the extrinsic apoptotic
pathways within the myocardium [18].

Moreover, calcium homeostasis dysregulation
has a chief role in DOX-induced cardiotoxicity. It
was stated that the metabolism of DOX results in
the formation of the toxic metabolite,
doxorubicinol, which affects the
sodium/potassium pump of the sarcolemma
disrupting the sodium gradient needed for
calcium to flow into the sarcolemma of the
cardiomyocytes, resulting in a critical imbalance
in the myocardial energetics and diminished
systolic functions [17].

2.2. Ischemic heart disease

Ischemic heart disease, also called coronary
arteries disease, is referred to the condition of the
critical imbalance between myocardial blood
supply and demand which is mainly resulted
from the narrowing of the coronary arteries [19].
Although the narrowing can be caused by a blood
clot or by constriction of the coronaries, most
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often it is caused by building up plaques, which
is called atherosclerosis. Prolonged myocardial
ischemia causes left ventricle enlargement,
dilatation, and weakening resulting in the
inhibition of the heart's ability for proper blood
pumping. It also leads to a serious condition of
cardiomyocytes death which is called myocardial
infarction [4].

The dimeric protein complex, hypoxia-
inducible factor 1 (HIF-1), is the transcription
factor of several target genes. It plays a major
role in the body's compensation to hypoxic
conditions and is considered as a main
physiological regulator of vascularization,
homeostasis, and anaerobic metabolism. It
consists of an oxygen-regulated subunit, HIF-1
alpha, and a constitutively expressed subunit,
HIF-1 beta [20].

Most importantly, hypoxia and inflammation
have been sequentially bridged in ischemic heart
disease. There is extensive crosstalk between the
main hypoxic mediator, HIF-1, and the main
inflammatory mediator, nuclear factor kappa B
(NF-xB), including common activating stimuli,
regulators, and targets. For instance, hypoxia has
been identified as a common activator for both
HIF-1 and NF-xB. It activates NF-xB rapidly,
within 5 to 30 min, through the activation of the
inhibitory kappa B kinase (IkK) protein which
phosphorylates the inhibitory kappa B (IkB)
protein resulting in the activation of NF-xB [21].
Moreover, it was reported that some toll-like
receptors (TLRs) are activated by the HIF-1
alpha subunit, resulting in the activation of NF-
kB and increased pro-inflammatory cytokines
production [22].

2.3. Uncontrolled diabetes mellitus

Uncontrolled diabetes mellitus leads to
serious vascular disorders such as coronary
arteries disease [23]. Several mechanisms
influence the increased risk of cardiotoxicity

development in diabetics, including changes in
endothelial functions and the release of
inflammatory mediators [24]. It was reported that
type 2 diabetes mellitus, which is often
associated with obesity, results in myocardial
lipotoxicity that contributes to cardiomyocytes
death and thus to cardiac dysfunction.
Additionally, the heart biopsies of diabetic
patients showed increased collagen depositions
around intramural vessels and  between
myofibers, suggesting a mechanistic role for
myocardial fibrosis in diabetic cardiotoxicity
[25].

2.4. Chronic alcohol consumption

Long-term alcohol consumption is associated
with the development of severe myocardial
oxidative stress through the generation of huge
amounts of free radicals resulting in severe
cardiomyocytes damage [26]. Since mitochondria
are major targets for free-radicals injury, chronic
alcohol consumption leads to mitochondrial
dysfunction  either by  disrupting  the
mitochondrial ultrastructure and/or depressing
the indices of bioenergetics and oxidative
phosphorylation.  However, the damaged
mitochondria are not only less bio energetically
efficient, but they can also produce elevated
amounts of ROS and initiate apoptotic
degradation of the cardiomyocytes [27].

2.5. Heavy metals intake

Heavy metals such as arsenic, mercury, lead,
cadmium, nickel, and aluminum are present at
high concentrations in the earth's crust while they
are present at very low concentrations in the
human body [28]. Their major deleterious effects
on humans are mainly through their accumulation
in food, chiefly in vegetables that are grown on
contaminated  soil, resulting in  chronic
degenerative changes including cardiotoxicity,
hepatotoxicity, and nervous system damage [29].
Heavy metals were reported to induce
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cardiotoxicity through the production of profuse
amounts of free radicals within the myocardium,
resulting in DNA damage, lipid peroxidation, and
depletion of the cardiac antioxidant enzymes
[30].

2.6. Smoking

Smoking is considered as a major risk factor
for cardiovascular diseases [31]. It markedly
upsurges the risk of acute cerebrovascular and
coronary events, including stroke, myocardial
infarction, and sudden cardiac death. It
accelerates atherogenesis in the aorta, coronary
arteries, carotid, and cerebral arteries, as well as
peripheral circulation [32]. Furthermore, it was
reported that smoking develops severe
myocardial  oxidative stress through the
production of profuse amounts of ROS resulting
in the damage of the cardiomyocytes and
triggering the inflammatory and the apoptotic
pathways [33].

3. CARDIOTOXICITY COMPLICATIONS
3.1. Left ventricular failure

A major predictor of mortality following
cardiotoxicity is left ventricular dysfunction, as it
results in pulmonary venous hypertension and
pulmonary congestion [34]. The regulation of the
ventricular shape, size, and function by
neurohormonal, genetic, and mechanical factors
is known as the ventricular remodeling process. It
may be a physiological process that occurs during
normal growth or pathological process due to
cardiotoxicity [35].

Acute cardiac injury leads to a sudden
elevation of the loading conditions that induce a
unique remodeling pattern including the border
zone of the damaged myocytes and then remotes
to the non-damaged myocytes [36]. A cascade of
biochemical intracellular signaling processes is
triggered by the necrotic cardiomyocytes and the
increased loading conditions resulting in the
initiation and modulation of reparative changes

such as cardiac hypertrophy and discrete collagen
scars formation. Until the counterbalancing of
distending forces by the tensile strength of the
collagen scars occurs, ventricular remodeling
may persist for weeks or months [34].

Furthermore, cardiotoxicity may result in
major left ventricular abnormalities including left
ventricular aneurysm, ventricular arrhythmia,
ventricular septal defect, ventricular free wall
rupture, and ventricular thrombus [37]. It is worth
mentioning that as the extent of the left ventricle
injury increases, the clinical manifestations of left
ventricular failure becomes more common. Left
ventricular ~ failure  commonly results in
deleterious adverse outcomes including cardiac
arrest and cardiac rupture [38].

3.2. Cardiogenic shock

Cardiogenic shock is considered as a low
cardiac output state. It is the most severe clinical
indication of left wventricular failure. The
characteristic features of the low cardiac output
state are the increased ventricular filling
pressures, hypoperfusion of the vital organs,
systemic hypotension, and cool extremities [39].
In this context, it was reported that more than
80% of myocardial ischemic patients are
suffering from severe damage to the left
ventricular myocardium in association with
cardiogenic shock [40].

3.3. Heart failure (HF)

Heart failure (HF) is considered as a fatal
outcome of cardiotoxicity. It is a state of
compromised heart’s ability to pump the blood
throughout the body [41]. According to the
affected part of the myocardium, there are
different types of HF including left-sided, right-
sided, and bilateral HF which may occur [42].
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4. CARDIOTOXICITY PATHOGENESIS
AND MP CARDIOPROTECTIVE ROLES

During the cardiac stressful conditions,
sympathetic overactivation is considered as a
crucial mechanism for providing short-term
adaptation [43]. It results in catecholamine's
excessive release, which in turn may affect the
myocardial energy metabolism resulting in
cardiotoxicity [44].

4.1, Oxidative stress role

Catecholamines produce excessive amounts of
free radicals inducing myocardial damage,
mainly due to their transformation into
monochromes, which undergo redox cycling in
mitochondria resulting in the production of
profuse amounts of oxygen-derived free radicals
[45]. Additionally, catecholamines-induced p1-
adrenoceptors activation has a predominant role
in triggering oxidative stress through the
production of free radicals [46]. The generated
ROS in the myocardial tissue cause oxidative
damage of membrane lipids, proteins, and
deoxyribonucleic acid (DNA) leading to loss of
myocardial membranes function and integrity. In
this regard, the increased free radicals production
in the myocardium results in increased levels of
heart lipid peroxidation [4].

Lipid peroxidation is considered as a type of
free radicals-mediated spreading of oxidative
damage to the polyunsaturated fatty acid (PUFA)
and this process comes to end through free
radicals scavenging by antioxidants. It is
considered as an important pathogenic event in
cardiotoxicity. The accumulation of lipid
hydroperoxides reflects the myocardial cellular
damage and the lipid hydroperoxides can be used
as oxidative stress biomarkers [47]. It was proven
that the lipid peroxidation process results in the
production of different stable compounds
including a, p-unsaturated aldehydes such as
malondialdehyde (MDA) [48]. Moreover, the

increased ROS production has been shown to
initiate  several processes that involved in
atherogenesis, which is the main cause of
myocardial tissue ischemic damage, including
increased adhesion  molecules  expression,
stimulated vascular smooth muscles proliferation,
apoptosis  within  the endothelium, matrix
metalloproteinases activation, and alteration of
the vasomotor activity [49].

Endogenous antioxidants have a critical role
in providing cytoprotective activities and
preserving optimal cellular functions [50].
However, during severe cardiac oxidative stress
conditions, endogenous antioxidants may be
insufficient for providing appropriate cellular
protection and maintenance of the appropriate
functions of the cells [51]. The most effective
antioxidant proteins include the antioxidant
enzymes such as glutathione peroxidase (GPx),
superoxide dismutase (SOD), and catalase (CAT)
in addition to the non-enzymatic molecules such
as reduced glutathione (GSH). The protection
mechanisms of the antioxidant molecules include
the prevention of oxidants generation, scavenging
the free radicals, and inhibiting oxidant reactivity
[50].

4.2. Antioxidant activities of MP

The antioxidant activity of MP has been
investigated in several in-vivo models of
chemical-induced toxicities. It has been verified
against cyclophosphamide-induced cardiotoxicity
in rats [14], lipopolysaccharide-induced acute
lung injury in rats [52] and isoniazid and
rifampicin-induced oxidative liver damage in
mice [12] Collectively, MP antioxidant activity
has been evidenced by the reduction of MDA and
the raised enzymatic activities of GPx, SOD, and

CAT, as summarized in Fig. 1.
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Fig. 1. Antioxidant activities of MP

MP, Methyl palmitate; MDA, Malondialdehyde; GSH,
Reduced glutathione; GPx, Glutathione peroxidase; SOD,
Superoxide dismutase; CAT, Catalase.

4.3. Inflammatory cytokines role

Inflammation is considered a key process in
cardiotoxicity and various anti-inflammatory
drugs proved a marked role in attenuating
cardiotoxicity [53]. Inflammatory cytokines are
considered fundamental mediators molecules for
the inflammatory process. Generally, they are not
expressed at a basal level within the myocardium,
while their gene expression is elevated during
myocardial injury [54].

In the case of cardiotoxicity, there are
numerous harm signals which are known as
damage-associated molecular patterns (DAMPS).
They are considered as host-derived danger
signals, that released in cases of tissue damage or
metabolic disturbances [55]. As illustrated in Fig.
2, the release of DAMPs is known to activate
inflammatory cascades initiated by toll-like
receptors which in turn, activate intracellular
adaptor proteins resulting in the activation of
nuclear translocation of NF-kB leading to
elevated transcription of pro-inflammatory genes
and pro-inflammatory cytokines production [56].
Several studies proved the excessive release of
pro-inflammatory cytokines such as interleukin 6
(IL-6), interleukin 1 (IL-1), tumor necrosis
factor-alpha (TNF-a) and cyclooxygenase-2
(COX-2) enzyme in case of cardiotoxicity, which
is mainly depending on NF-xB activation [53,
57].
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Fig. 2. Pro-inflammatory cytokines production in response
to DAMPs
(DAMPs, Damage-associated molecular patterns; TLR, Toll

like receptor; NF-«xB, Nuclear factor kappa B).

The transcriptional factor NF-kB consists of
p65 and p50 subunits of the Rel protein family
and is considered as a ubiquitous transcriptional
factor that regulates the expression of numerous
pro-inflammatory cytokines [58]. In quiescent
cells, NF-xB is prevented from activation by
interacting with IkB in the cytoplasm.
Stimulation of NF-«B is considered as a response
to various stimuli such as ROS, bacterial/viral
antigens, and heavy metals [59]. In response to
these stimuli, IxB is phosphorylated by IkK
resulting in NF-xB activation and then its
transportation from the cytoplasm into the
nucleus, where it increases the expression of
several pro-inflammatory cytokines such as IL-1,
TNF-0, and IL-6. Thus, NF-xB activation
appears to play a critical role in the
pathophysiology of endothelial dysfunction and
cardiotoxicity [60].
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4.4. Anti-inflammatory activities of MP

As illustrated in Fig. 3, the anti-inflammatory
activities of MP were proven through the
inhibition of the transcription factor NF-xB and
prevention of its translocation into the nucleus
resulting in the reduced production of pro-
inflammatory cytokines such as IL-1, TNF-a, and
IL-6 in addition to the elevated production of
anti-inflammatory cytokines such as interleukin
10 (IL-10) [14].
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Fig. 3. Anti-inflammatory activities of MP

MP, Methyl palmitate; NF-xB, Nuclear factor kappa B;
TNF-a, Tumor necrosis factor alpha;
IL-1, Interleukin 1; IL-6, Interleukin 6; IL-10, Interleukin 10

Moreover, MP is also known to be one of the
tolls like receptor 4 (TLR-4) antagonists, which
were reported to be effective in the in-vivo
murine model of transverse aortic constriction-
induced cardiac hypertrophy, as evidenced by the
reduced production of  pro-inflammatory
cytokines and the augmented anti-inflammatory
cytokines production [61]. It was stated that
stimulation of TLR-4 leads to the recruitment of
intracellular adaptor proteins to a signaling
complex resulting in the activation of NF-xB
which elevates the of pro-inflammatory cytokines
expression [56]. In this context, MP showed a
cardioprotective effect against
cyclophosphamide-induced cardiotoxicity in rats
through the inhibition of the TLR-4/NF-«xB
inflammatory pathway [14].

Additionally, MP also showed a major
gastroprotective effect against ethanol-induced
gastric mucosal injury due to its anti-
inflammatory activities evidenced by the

inhibition of NF-xB and mitogen-activated
protein  kinases (MAPKs) pathways [62].
Furthermore, MP exhibited anti-inflammatory
effects against the lipopolysaccharide-stimulated
phagocytic activity of rat peritoneal macrophages
[63] and carrageenan-induced and croton oil-
induced inflammation [13]. These anti-
inflammatory activities were mainly attributed to
NF-xB inhibition as MP reduced the
phosphorylation of IkB protein keeping NF-«xB
inhibited [64]. Also, MP showed robust
neuroprotection in rat models of focal and global
cerebral ischemia [65].

4.5. Role of apoptosis

Apoptosis is considered as a major
determinant of the cardiomyocytes damage [66].
It is an energy-dependent, tightly regulated, and
highly conserved form of cell death. Cell

shrinkage, membrane  blabbing, nuclear
chromatin condensation, and chromosomal DNA
fragmentation are the characteristic

morphological changes of the apoptotic cells
[67].

As shown in Fig. 4, initiation of apoptosis
depends on two accepted and linked signaling
pathways, the intrinsic and the extrinsic
pathways, both converge on the same terminal or
execution pathway [68].

As illustrated in Table 1, caspases are a
family of protease enzymes that are considered as
crucial apoptotic mediators. Caspase 3 is a
frequently activated death protease that catalyzes
the specific cleavage of many key cellular
proteins [69]. The execution pathway starts with
cleavage of caspase 3 resulting in degradation of
cytoskeletal and nuclear proteins, DNA
fragmentation, the formation of apoptotic bodies,
expression of ligands for phagocytic cell
receptors and finally uptake by phagocytic cells
[67].
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Table 1. Roles of different caspases

Caspase Role

Caspase 3 Initiate apoptotic degradation

Caspase 8 Activation of caspase 3 in the extrinsic
apoptotic pathway

Caspase 9 Activation of caspase 3 in the intrinsic

apoptotic pathway

Extrinsic pathway

Eextracellular ligand (7)

Death receptor

N

DISC formation

b5 4

Caspase 8 activation

AV 4

ApOptOSiS {——— (Caspase 3 activation

Fig. 4. Apoptotic pathways

Intrinsic pathway

& Bak

Creation of pores
on mitochondrial
membrane

Mitochondria

& Bax

Cytochrome c I
release

AV 4

Apoptosome formation

AV 4

<:1 Caspase 9 activation

Bak, Bcl-2 antagonist killer; Bax, Bcl-2-associated X; DISC, Death-inducing signaling complex

In the case of cardiotoxicity, as a result of the
significantly elevated oxidative stress due to the
massive ROS production, mitochondrial Ca®*
level upsurges beyond a threshold [70]. This
mitochondrial ca™ overload triggers
mitochondrial permeability transition, leading to
mitochondrial swelling, loss of mitochondrial
membrane potential and rupture of the outer
membrane, and consequently, the release of
cytochrome ¢ which is normally located in the
mitochondrion intermembrane space [71]. In the
cytosol, cytochrome c¢ binds further with the
adaptor protein, apoptosis protease activation

factor-1 (Apaf-1), forming apoptosome that
recruits and activates the initiator caspase 9,
which in turn activates caspase 3 that initiates the
apoptotic degradation phase [72].

Most importantly, members of the B-cell
lymphoma 2 (Bcl-2) family of proteins are the
major regulators of the mitochondrial membrane
potential including the pro-apoptotic proteins
such as Bcl-2-associated X (Bax) and Bcl-2
antagonist killer (Bak) and the anti-apoptotic
proteins such as Bcl-2 [73]. Cardiotoxicity is
characterized by the elevated expression of the
pro-apoptotic proteins and the reduced expression
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of anti-apoptotic proteins [74]. Translocation of
the pro-apoptotic proteins to the outer
mitochondrial membrane is believed to open the
mitochondrial voltage-dependent anion channel
leading to an increase of mitochondrial
permeability. Besides, Bcl-2 has a major role in
the maintenance of mitochondrial membrane
integrity and stability [73].

On the other hand, it was reported that the
binding of the extracellular ligands to cell-surface
death receptors results in the formation of the
death-inducing  signaling complex (DISC)
resulting in the activation of the extrinsic
apoptotic pathway[75]. Members of tumor
necrosis factor superfamily such as TNF-a have a
predominant apoptotic role as their binding to
TNF receptors initiates the extrinsic apoptotic
pathway through the activation and cleavage of
the initiator caspases such as caspase 8. Activated
caspase 8 then directly cleaves and activates the
effector caspases such as caspase 3. Effector
caspases, in turn, cleave some different target
proteins that play major roles in mediating
apoptotic degradation [76].

4.6. Anti-apoptotic activities of MP

Indeed, MP exhibited anti-apoptotic activities
against ethanol-induced gastric mucosal injury in
rats [62] and against cyclophosphamide-induced
cardiotoxicity in rats [14] as evidenced by the
inhibited expression of the pro-apoptotic markers
Bax and caspase 3 in addition to the increased
expression of the anti-apoptotic protein Bcl-2 in
both experimental models.

4.7. Role of fibrosis

Cardiac fibrosis is a common finding in many
cases of cardiotoxicity. It is an irreversible
process that is recognized as a major cause of
morbidity and mortality [77]. Characteristics of
cardiac fibrosis include the net accumulation of
extracellular matrix within the myocardium
which is considered as an integral component of

cardiotoxicity conditions [78]. Upon cardiac
damage and stress conditions, various substances
activate the fibroblasts and transdifferentiate
them into myofibroblasts, which elevate the
production of proteins that are deposited in the
extracellular matrix making the myocardium
stiffer [79]. These pathological changes result in
cardiac electrical and structural abnormalities in
addition to diminished cardiac functions that
predispose patients to heart failure [80].

4.8. Anti-fibrotic activities of MP

As well, MP was further reported to have anti-
fibrotic activities as evidenced by its ability of
protection against carbon tetrachloride-induced
liver fibrosis. It inhibited the expression of the
fibrotic markers hydroxyproline and alpha-
smooth muscle actin (a-SMA) in carbon
tetrachloride-induced liver fibrosis in rats [81].
Besides, the epidural fibrosis formation was
decreased by MP through diminishing the
functions of inflammatory cells such as
fibroblasts, macrophages, and neutrophils [15].
Furthermore, MP showed anti-fibrotic activity in
a rat model of silica-induced lung fibrosis [82].
The anti-fibrotic activities of MP in these
experimental models potentiate that it can
possess a cardioprotective activity through the
prevention of cardiac fibrosis.

4.9. Vasodilatation activity of MP

Previous studies stated that there are identical
chemical and pharmacological properties
between MP and the endogenous perivascular
adipose tissue-releasing factor (PVATRF) which
regulates the vascular tone, suggesting that the
PVATRF is MP, which plays a crucial role in
regulating the vascular tone through opening the
potassium channels (Kv) on the vascular smooth
muscle to induce vasodilatation.  [83].
Additionally, it was reported that MP induces
endothelium-independent ~ aortic  relaxation
through its action on Kv of the smooth muscle
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cells inducing vasodilatation. This was proven by
using a superfusion bioassay cascade technique
with rat isolated retina as a donor tissue and rat
aortic ring as a detector tissue [8]. In this regard,
it was stated that vasodilating compounds have a
beneficial role in various cardiovascular diseases
by decreasing cardiac load preventing further
cardiotoxicity [84].

4.10. Miscellaneous cytoprotective activities of
MP

Furthermore, MP  also  proved a
reduction/inhibition against chemically-induced
hepatotoxicity in rats, which can be induced by
1,2 dichlorobenzene, monoethyl hexyl phthalate,
and 4-chloro-6-(2,3-xylidino) pyrimidinylthio-
acetic acid [85-87]. Additionally, pretreatment
with MP prevented graft failure and elevated the
survival of orthotopic liver transplantation in rats
[88]. These therapeutic effects are based on the
MP-inhibitory effect on kupffer cell functions
[89]. As well, the protective effect of MP had
been also proven against non-alcoholic
steatohepatitis  through the induction of
peroxisome proliferator-activated receptor alpha
(PPAR-0) pathway in a mice model of
methionine choline-deficient  diet-induced
steatohepatitis [5]. In addition, MP showed major
protection against sepsis in mice [90]. Finally,
these different cytoprotective activities of MP
potentiate that it can possess a cardioprotective
role.

Antioxidant Anti-inflammatory

MP

Anti-apoptotic Anti-fibrotic

Vasodilator

Fig. 5. Cardioprotective activities of MP
MP, Methyl palmitate.

CONCLUSION

This  review article  highlights  the
cardioprotective activities of MP. The main
mechanisms underlying these activities mainly
attributed to the antioxidant, anti-inflammatory,
anti-apoptotic, anti-fibrotic, and vasodilatation
properties of MP, as depicted in Fig. 5.

DECLARATIONS

Ethics approval and consent to participate
Not applicable.

Consent to publish

Not applicable.

Availability of data and materials

All data generated or analyzed during this
study are included in this published article in the
main manuscript.

Competing interests

The authors declare that no competing
interests exist.

Funding statement
No funding source was received.
Authors’ contributions

The manuscript was drafted and written by
A.B.H. The other authors: E.M.M., W.M.E, Y.A.,
and S.S.A. have provided comments and
contributed to revising the manuscript. All
authors have read and approved the final
manuscript.

Acknowledgment

The authors would like to acknowledge all
colleagues in the Pharmacology and Toxicology
Department, Faculty of Pharmacy, Ain Shams
University, and Pharmacology, Toxicology and
Biochemistry Department, Faculty of
Pharmaceutical Sciences, and Pharmaceutical
Industries, Future University in Egypt.



Methyl palmitate: the naturally occurring cardioprotective agent 57

List of abbreviations

Apaf-1, Apoptosis protease activation factor-
1; Bak, Bcl-2 antagonist Kkiller; Bax, Bcl-2-
associated X; Bcl-2, B-cell lymphoma 2; CAT,
Catalase; COX 2, cyclooxygenase-2; DAMPs,
Damage-associated molecular patterns; DISC,
Death-inducing  signaling complex; DNA,
Deoxyribonucleic acid; Doxorubicin, DOX; GPx,
Glutathione  peroxidase; GSH,  Reduced
glutathione; HIF-1, Hypoxia-inducible factor 1;
IxB, Inhibitory kappa B; IkK, Inhibitory kappa B
kinase; IL-1, Interleukin 1; IL-6, Interleukin 6;
IL-10, Interleukin 10; Kv, Potassium channels;
MAPKSs, Mitogen-activated protein kinases;
MDA, Malondialdehyde; MP, Methyl palmitate;
NF-«xB, Nuclear factor-kappa B; PPAR-q,
Peroxisome proliferator-activated receptor alpha;
PUFA, Polyunsaturated fatty acid; PVATRF,
Perivascular adipose tissue-releasing factor;
ROS, Reactive oxygen species; a-SMA, Alpha-
smooth muscle actin, SOD, Superoxide
dismutase; TLR-4, Toll-like receptor 4; TNF-q,
Tumor necrosis factor-alpha.
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