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ABSTRACT

Delaying the formation of atherosclerosis and reducing
cardiac ischemia-reperfusion injury remain pressing
issues. Melatonin (MLT) possesses anti-inflammatory and
antioxidant properties, rendering it a promising candidate
for clinical application in coronary artery disease (CAD)
patients. While numerous in vivo experiments have
elucidated the regulatory mechanisms of MLT in animal
models and clinical trials have preliminarily demonstrated
the excellent therapeutic potential of MLT in CAD, several
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INTRODUCTION

Cardiovascular disease (CVD) is a leading cause of death
and morbidity worldwide.! In 2019, there were approximately
5.8 million new cases of ischemic heart disease reported in
the European Society of Cardiology (ESC) member states;?
CVD continues to be the leading cause of death in ESC

key questions remain unanswered. In this review, the
authors elucidate the mechanisms underlying CAD’s
occurrence, progression, and prognosis; delineate the
pathways through which MLT exerts its effects; and
present compelling evidence supporting its efficacy in
CAD. In addition, the authors also describe unresolved
issues in the treatment of CAD with MLT, thus providing
scholars with directions for future research. (Altern Ther
Health Med. [E-pub ahead of print.])

member countries, with ischemic heart disease (IHD) being
the most prevalent condition. The occurrence of IHD is
primarily due to coronary artery stenosis or obstruction
caused by coronary atherosclerosis (CA). Currently, the main
treatment options for coronary artery disease (CAD) include
drug therapy, percutaneous coronary intervention (PCI), and
coronary artery bypass grafting (CABG).

Melatonin (MLT) is a ubiquitous molecule with a simple
structure. Its primary function is to regulate behavioral and
physiological adaptations in response to the environmental
and geophysical day and season;® its production decreases
with age.* Over the past 30 years, numerous studies have
consistently demonstrated significantly lower levels of MLT
and its metabolites in patients with CAD compared to
individuals without CAD.>* Additionally, the level of MLT in
the bloodstream is significantly associated with disease
severity, and individuals at a higher risk of experiencing
myocardial infarction and sudden death tend to exhibit lower
MLT levels.’

These findings suggest that the level of MLT decreases in
CAD patients and progressively declines as the disease
develops. Additionally, patients with acute coronary
syndrome (ACS) experience increased tissue damage
following revascularization, known as ischemia-reperfusion
injury (IRI), which typically leads to adverse consequences
such as no-reflow phenomenon, myocardial stunning, and
arrhythmia events.' In recent years, numerous studies have
demonstrated that drug therapy can be an effective manner
to intervene in IRL'""” Among several drugs, MLT has
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garnered increasing attention due to its anti-inflammatory
and antioxidant properties. Specifically, MLT can reduce the
severity of IRI and inhibit the progression of atherosclerosis
and vascular calcification.**"’

So far, MLT has shown promising potential in treating
CAD in clinical practice. Its effects include delaying the
progression of CAD, reducing IRI, and slowing myocardial
remodeling. However, research has primarily focused on IR,
and a comprehensive summary of the effects of MLT on CAD
is still lacking. Therefore, this review aims to clarify the
association between them from the aspects of inflammation,
oxidative stress, and activation of signaling pathways. The
authors describe the onset, progression, and ischemic injury
in CAD and the pathophysiology changes of ischemia-
reperfusion (IR). Additionally, the authors discuss MLT’s
mechanisms, role, and current application in these processes.

FROM CA TO IRI: INFLAMMATION AND OXIDATION
The primary pathological mechanism underlying
myocardial ischemic injury involves inadequate blood supply
resulting from luminal stenosis following coronary
atherosclerosis (CAS), which also includes myocardial
ischemia (MI) and hypoxia caused by coronary thrombosis
after plaque rupture. Atherosclerosis (AS) is a lipid-induced,
multi-focal, sedimentary, and immune-inflammatory disease
that affects the middle and large arteries. The involvement of
various cells (vascular endothelial cells, smooth muscle cells,
inflammatory cells, etc.), activation of pro-inflammatory
signaling pathways (NF-xB, JAK-STAT, TLR, and NLRP3,
etc.), cytokine/chemokine expression, and oxidative stress
are primarily responsible for the progression of the disease.'s°
There is now substantial experimental and clinical evidence
suggesting that inflammation plays a significant role in the
pathophysiology of AS and ischemic events.”

Reactive Oxygen Species Participate in the Oxidation of
Low-Density Lipoprotein

The conversion of low-density lipoprotein (LDL)
particles into oxidized low-density lipoprotein (OxLDL) in
the subendothelium is closely associated with reactive oxygen
species (ROS).*” Under normal physiological conditions,
appropriate levels of ROS play a role in maintaining signaling
pathways that regulate processes such as inflammation, cell
differentiation, proliferation, and apoptosis. However, ROS
production can excessively activate these pathways and
contribute to disease progression when it becomes
dysregulated.”? Excessive ROS production can further
stimulate ROS generation, leading to oxidative stress and
promoting disease progression.”? In addition to LDL
oxidation, ROS can induce oxidative modifications in
mitochondrial DNA, consequently leading to endothelial
dysfunction and inflammation.

The primary sources of vascular ROS include the
mitochondrial electron transport chain (ETC), NADPH
oxidase (NOX), xanthine oxidase (XO), and endothelial
nitric oxide synthase (eNOS).” Numerous studies have

demonstrated that increased expression of ETC, NOX, XO,
and ROS accumulation caused by these elevated enzymes can
promote AS progression.?*?* However, the role of eNOS in
AS remains controversial. A previous study demonstrated
that enhanced eNOS activity in Apolipoprotein E-deficient
mice exerted beneficial effects in preventing AS,* but another
study published in the same year arrived at the opposite
conclusion.” Additionally, studies focused on the relationship
between decreased eNOS expression and AS development
have also yielded conflicting conclusions.”** The possible
reasons for this discrepancy are that the disease stages and
vascular endothelial states differed in these studies.

OxLDL is Associated with Inflammation.

OxLDL induces inflammatory responses by modulating
both innate and acquired immune responses.”’ In
macrophages, OxLDL binds to pattern recognition receptors
(PRRs) such as scavengers or toll-like receptors (TLRs),
leading to foam cell formation and secretion of inflammatory
factors like interleukin-1f (IL-1p), interleukin-6 (IL-6), and
tumor necrosis factor a (TNF-a) in an NF-kB-dependent
pathway.*>” Numerous studies have demonstrated that
OxLDL-specific T cells are involved in inflammation related
to AS.3%

Additionally, several studies have found that the anti-
OxLDL IgG secreted by B cells also contributes to
inflammation in AS, while anti-OxLDL IgM exhibited
protective effects.’® Ait-Oufella et al. discovered that after
using anti-CD20 to remove mature B cells from circulation in
Ldlr -/- and Apoe -/- mice, levels of anti-OxLDL IgG
significantly decreased. Still, anti-OxLDL IgM only showed a
slight decrease. Furthermore, AS progression was delayed.*
Kyaw et al. conducted a study transferring IgM-secreting Bla
B cells or conventional IgG-secreting B2 B cells to Apoe-/-
Rag2-/-Gamma(c)-/- mice, as well as transferring B2 B cells
to Apoe-/-uMT-/- mice. They found that transferring Bla B
cells resulted in the elimination of AS, whereas transferring
B2 B cells led to over 300% increase in lesion size.”

Inflammation and Oxidation in Reperfusion

Plaque rupture is a leading cause of coronary thrombosis,
which clinically presents as ACS.** ACS can lead to ischemic
injury and necrosis in the myocardial region controlled by
culprit vessels. If coronary artery perfusion is not restored
early, it can lead to myocardial remodeling and heart failure,
with the most serious complications being non-fatal
myocardial infarction and cardiac death.” Therefore, it is
particularly urgent to perform early vascular reconstruction
on culprit vessels.

The revascularization techniques commonly employed in
clinical practice include thrombolysis, PCI, and CABG. Recent
research shows revascularization commonly leads to IRL' IRI
accelerates and exacerbates myocardial damage, contradicting
the primary objective of vascular recanalization. During
myocardial ischemia, organelles generate significant ROS and
pro-apoptotic signals, which are pivotal in initiating and
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maintaining the inflammatory phase of IRL Restoration of
blood flow may exacerbate tissue damage by reoxygenation,
generating additional ROS, and activating complementary
pathways. Subsequently, damaged cardiomyocytes and
interstitial cells bind to PRRs on parenchymal cells such as
cardiac fibroblasts, resident macrophages, and infiltrating
leukocytes through danger-associated molecular patterns.
NF-kB is a prominent signaling pathway driving the expression
of numerous pro-inflammatory genes, instigating and
amplifying inflammatory response.”” Moreover, macrophages
play a crucial role in IRI pathogenesis. Functional M1
macrophages promote inflammation development.** During
myocardial infarction, monocytes are recruited to the
infarction site and differentiate into pro-inflammatory M1
macrophages.* In cardiomyocytes, mitochondria play a crucial
role in IRI pathogenesis. Ischemia and hypoxia-induced
perturbation of intracellular milieu disrupt mitochondrial
structure and function, impairing the electron transport chain,
increasing mitochondrial permeability transition pore (mPTP)
opening, and mitophagy induction, culminating in oxidative
stress.” Upon sudden reperfusion of ischemic cardiomyocytes,
ROS concentration significantly increases, leading to
pronounced mPTP opening.* This event causes an osmotic
pressure imbalance across the organelle membrane, resulting
in mitochondrial swelling, rupture, and cellular demise.*
Additionally, inflammasome activation is also associated with
IRI. Well-characterized NLRP3 inflammasomes, a type of
cytoplasmic PRRs, are predominantly present in leukocyte
cytoplasm.*® Animal studies have demonstrated that inhibiting
the NLRP3 receptor could attenuate myocardial cell death and
delay myocardial remodeling in a mouse acute myocardial
infarction (AMI) model by mediating inflammasome
activation.”

Inflammation and oxidative stress are pivotal in AS,
AMI, and myocardial IRT pathogenesis. Targeted interventions
on identified pathways involved in these processes could
improve CAD patient prognosis and reduce the incidence of
major adverse cardiovascular events. Despite using various
drugs like statins, antiplatelet agents, and hypoglycemic
medications to mitigate AS progression,*® current methods
may not completely halt its advancement.* In recent decades,
numerous drugs exhibiting antioxidant and anti-
inflammatory properties have been investigated for potential
therapeutic benefits in cardiovascular diseases. MLT has
emerged as a promising candidate.

Mechanisms of MLT in CAD: Focusing on the Plaque
Phase and IR Phase

MLT is an indoleamine synthesized by the pineal gland,
exhibiting a circadian rhythm with higher nocturnal levels.
Its primary role is regulating sleep patterns.®*** MLT exerts
diverse anti-inflammatory, antioxidant, metabolic, and
vasomotor effects.”> Some tissues, in addition to the pineal
gland, also express key MLT synthesis enzymes, indicating
they can independently synthesize MLT.> This MLT does not
exhibit circadian rhythms and works locally, protecting cells

from oxidative and inflammatory damage.”* MLT exerts
anti-inflammatory and antioxidant functions through
receptor-dependent signaling pathways and chemical
reactions with free radicals, providing electrons to neutralize
them.>>* Receptors for MLT primarily consist of MT1, MT2,
MT?3, and retinoid-related orphan receptors, which can play
a role in the heart and blood vessels upon activation.”>
Notably, MT3 is not a true MLT receptor in the strict sense;
it is an enzyme called quinone reductase-2.

Protective Role of MLT in AS

Previous studies showed MLT could potentially protect
against AS development by inhibiting LDL oxidation.®
Subsequent studies have demonstrated MLT’s role in AS and
elucidated potential mechanisms. It can prevent endothelial
adhesion molecule formation, decrease arterial wall fat
accumulation, neutralize free radicals, lower lipid
peroxidation levels, enhance endogenous cholesterol
clearance, and safeguard mitochondrial ETC function.”*
Additionally, several studies have utilized MLT to target
crucial AS signaling pathways and consistently demonstrated
notable AS progression reduction.®*® The main pathways
include toll-like receptors, NOD-like receptor protein 3
(NLRP3), proprotein convertase subtilisin/kexin type 9
(PCSK9), Notch, Wnt, and others.

Hu et al. conducted a study applying MLT in rabbits fed a
high-fat diet and discovered MLT can improve vascular
endothelial dysfunction, inflammation, and AS by inhibiting
the TLR4/NF-kB system.®* Additionally, a recent study revealed
that MLT exerts an anti-atherosclerotic effect by effectively
suppressing the S100a9/NF-kB pathway® Zhang et al.
conducted a study using ApoE-/- mice fed a high-fat diet as an
AS animal model to investigate MLT’s effects on arteries.®®
They discovered treating mice with MLT for 12 weeks reduced
aortic atherosclerotic plaque development and prevented
endothelial pyroptosis by regulating the long non-coding RNA
MEG3/miR-223/NLRP3 axis. Ma et al. investigated cigarette
smoke extracts (CSE) impact on HepG2 cell PCSK9 and its
molecular mechanism regulating low LDL receptor (LDLR).*
They discovered CSE exposure significantly increased PCSK9
expression and inhibited LDLR expression. Moreover, CSE
triggered ROS and NF-kB generation and activation.
Remarkably, MLT treatment effectively attenuated CSE’s
regulatory effects on PCSK9 and LDLR in HepG2 cells by
modulating the ROS/NF-«B signaling pathway. Furthermore,
Ren et al. discovered MLT can improve oxidative stress injury
and apoptosis in diabetic rat aortas induced by streptozotocin
by activating the Notch1/Hes1 signaling pathway.””

Recently, studies have focused on other pathways to
clarify MLT’s effects. Having previously identified MLT’s role
in the TLR pathway, Hu et al. further investigated whether
MLT’s anti-AS properties were associated with upregulating
the anti-inflammatory hepatocyte growth factor/
mesenchymal-epithelial transformation factor system, and
their findings confirmed this relationship.*® Additionally, the
Wnt signaling pathway has been identified as a critical AS
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factor. However, no studies have investigated MLT’s impact
on AS in the Wnt pathway. Meanwhile, most of the above
studies focused on AS rather than CAS. The researchers
eagerly anticipate future research to enhance and refine MLT
application in cardiovascular health.

Mechanisms of Action of MLT in IRI

MLT’s role and mechanism in animal IRT models have
been extensively studied. MLT can effectively enhance
cardiomyocyte survival after IR by activating critical signaling
pathways like reperfusion injury salvage kinase (RISK),
survivor activating factor enhancement (SAFE), Notch, and
others®”* (Figure 1). MLT acts on G protein-coupled
receptors to activate PI3K, which phosphorylates downstream
Akt and ERK. Phosphorylated Akt and ERK inhibit mPTP
opening, reducing myocardial cell apoptosis after IR.”> MLT
can also activate cGMP and enhance anti-oxidative stress
ability through the KG1a-Nrf2/HO-1 pathway.”* MLT acts on
the Toll4 and TNF receptors for the SAFE pathway, leading
to JAK phosphorylation. Subsequently, p-JAK phosphorylates
STAT. Dimercized STAT translocates into the nucleus to
facilitate antioxidant gene expression, thereby reducing
oxidative stress and IRI. Meanwhile, STAT inhibits pro-
apoptotic protein Bax transfer and enhances anti-apoptotic
Bcl2 expression, suppressing mPTP opening and mitigating
oxidative stress and IRL7®"" For the Notch pathway, MLT
activates the Notch/Hes1 pathway and improves Akt function,
resulting in reduced pro-apoptotic proteins and increased
anti-apoptotic protein production.”

Recently, MLT was found to act on other pathways. Zhou
et al. found MLT exerts a direct protective effect on cardiac
microcirculating endothelial cells against IR injury by
inhibiting the mitochondrial fission-VDACI1-HK2-mPTP
mitophagy axis, thereby safeguarding cardiomyocytes.”” Yu et
al. showed MLT leads to antioxidant upregulation by activating
the SIRT1/FoxO pathway, thereby mitigating oxidative stress.”
Additionally, by binding to the nuclear RORa receptor or
through PKB/Akt, the MLT molecule exerts regulatory effects
on genes, which is crucial in inhibiting oxidative stress.”*”” Due
to its lipophilic characteristics, MLT can penetrate
mitochondria and exhibit antioxidant properties, reducing
oxidative stress and apoptosis potential helping protect
mitochondrial function.” Furthermore, several MLT receptor
agonists, including Ramelteon, Piromelatine, Agomelatine,
and other documented MLT receptor agonists like Tasimelteon,
have been studied in animal models and shown beneficial
effects in safeguarding the heart during IR but have not yet
been studied in humans.”® Thus, further investigation into
MLT and MT receptor agonist clinical application in coronary
heart disease (CHD) patients is needed.

CLINICAL RESEARCH OF MLT ON IR AND AS

As a safe drug, MLT has gained widespread clinical
acceptance.® Numerous clinical studies have investigated
MLT’ cardiac effects on IR using various administration
methods. Table 1 shows the major clinical research studies.

Figure 1. Melatonin acts on cardiomyocytes during the IR
phase by activating multiple pathways.
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Note: Melatonin acts on cardiomyocytes during the IR phase by activating
multiple pathways: (1) MLT activates PI3K after binding to MT receptor,
which activates the RISK pathway, and phosphorylates the ERK and AKt.
On one hand, Akt inhibits the opening of mPTP by stimulating eNOS and
promoting NO production. Conversely, ERK and AKt activation leads to an
upregulation of p9ORSK and p70S6K, respectively, resulting in increased
phosphorylation of pGSK-3p, which subsequently inhibits mPTP opening.
(2) The combination of MLT with TNFR2 and TLR4 triggers JAK
phosphorylation, thereby activating the SAFE pathway and subsequently
inducing STAT3 activation. Nuclear translocation of STAT3 stimulates the
expression of antioxidant and anti-apoptotic genes while suppressing
apoptotic gene expression, ultimately mitigating injury and death in
cardiomyocytes following IRI. Additionally, STAT inhibits ROS generation
within mitochondria, thereby mitigating oxidative stress. Moreover, STAT3
promotes phosphorylation of pGSK-33 and suppresses the opening of
mPTP. (3) MLT binds to MT receptor and activates the Notch pathway.
Subsequently, NICD increases and acts in the nucleus to increase Hes
expression, thereby inhibiting PTEN production and increasing AKt. On the
one hand, it regulates genes and reduces cell apoptosis, on the other hand, it
increases pGSK-3p and inhibits mPTP opening. (4) MLT also inhibits the
opening of mPTP through the PLC/PKC pathway and AMPKa/PGC-1a
pathway. Moreover, it increases SOD by augmenting respiratory chain
complex levels, thus restraining mPTP opening. Additionally, the Nrf2/Sirt3
pathway suppresses Bax translocation to mitochondria, thereby mitigating
cellular damage. (5) Mst1 and Nrfl translocate into the nucleus to modulate
the expression of antioxidant factors, thereby exerting a pivotal role in
combating oxidative stress. Moreover, MLT exhibits its inhibitory effect on
cytochrome C and autophagy by binding to nuclear RORa receptors.
Furthermore, MLT directly penetrate mitochondria and suppress both
cytochrome C release and ROS generation. Abbreviation: MLT: melatonin;
IR: ischemia-reperfusion; IRI: ischemia-reperfusion injury; RISK:
reperfusion injury salvage kinase; SAFE: survivor activating factor
enhancement; ROS: reactive oxygen species; mPTP: Reactive oxygen
species; eNOS: endothelial nitric oxide synthase; VDAC-HK: voltage-
dependent anion channel (VDAC)-hexokinase (HK).

Employ MLT Through Oral Administration

Based on MLT’s beneficial effect of inducing nuclear
factor-erythroid 2-related factor 2 (Nrf2) activation against
oxidative stress, Haghjooy et al. investigated potential
protective effects of MLT on IRI during the CABG by
activating Nrf2 as a critical transcription factor involved in
cellular antioxidant defense.®’ The study revealed patients
undergoing CABG receiving 10mg oral MLT starting one
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Table 1. Major Randomized Controlled Studies of Clinical Research on the Effects of Melatonin on the Ischemia-Reperfusion

Phase
Study
(Author) Admin. Surgical |Participants Male IR Follow-up Outcome
(Year) Country | Diagnosis | methods Grouping dosage, and timing approach (N) Age (y) (%) | duration duration measure Conclusion
Haghjooy Iran HD Ora.l 10 mg MLT or placebo once daily for 1 month CABG 30 591+94 | 867 NA 45 min NRE2 Positive
2013 admin before surgery effects

. 3 mg MLT with usual care or only usual care .
Ghaeli Oral . X N hs-TNT and Positive
2015 Iran STEMI admin starting the mghF af.ter surgery during pPCI 40 584 +12.2| 75.0 NA 6h CK-MB effects

hospitalization
Dwaich K Oral |10 mg or 20 mg MLT or placebo once daily for 5 9 cTn-1, IL-1B, and | Positive
2016 [raq IHD admin days before surgery CABG 4 52953 800 NA 1 day iNOS effects
5 mg MLT starting from 24 h before surgery for

. 3 times and a single dose with 200 cc water 1 Troponin I, .
Shafiei B Iran THD Ora.l hour before surgery; 600 mg NAC for 2 days CABG 86 60.4+9.4 | 54.6 NA After recovery MDA, and Positive
2018 admin d R . at the ICU effects

before surgery for 3 times daily and a single dose TNF-a
in the morning of the surgery; or placebo
Dominguez- - ; . ) LVEE LVSDV, -
Rodriguez A | Spain STEMI Inject¥on 12 mg MLT or placebo 1.v._before surgery and 2 pPCI 125 578497 | sgg | 2083 * 71.0 7 days LVEDV, and total Positive
admin mg MLT or placebo i.c. after surgery (min) effects
2017 LV mass
Ekeloef S Injection 1 mg MLT or placebo i.c. as soon as a LZ\]/E}?!’;ZEEHV’ Positive
Denmark | STEMI Ject reperfusion visible and 49 mg MLT or placebo pPCI 48 62.8+12.8| 79.2 [3.4+0.8(h)| 4+1days . ’ . v
2017 admin . X . risk, Infarct size, effects
i.v. was started immediately after pPCI and MSI

Abbreviation: IR, ischemia-reperfusion; MLT, melatonin; CABG, coronary artery bypass grafting; NRF2, nuclear erythroid 2-related factor 2; IHD, ischemic
heart disease; STEMI, ST-segment elevation myocardial infarction; pPCI, primary percutaneous coronary intervention; i.c., intracoronary injection; i.v.,
intravenous injection; ICU, intensive care unit; hs-TnT, high-sensitive troponin T; CK-MB, creatinine kinase myocardial band; ¢Tn-I, cardiac troponin I;
IL-1B, interleukine-1f; iNOS, inducible nitric oxide synthase; MDA, malondialdehyde; LV, left ventricular; LVEEF, left ventricular ejection fraction; LVESV,
left ventricular end-systolic volume; LVEDYV, left ventricular end-diastolic volume; MSI, myocardial salvage index.

month before surgery exhibited significantly increased Nrf2
concentration compared to placebo, indicating reduced
oxidative stress. However, this study did not assess
perioperative differences beyond Nrf2 levels, making
myocardial injury level evaluation challenging.

Subsequently, Ghaeli et al. investigated the effect of
postoperative oral MLT on hs-TNT and CK-MB in STEMI
patients undergoing primary PCL.** One group received 3 mg
oral MLT nightly after PCI until discharge, while the control
group only received usual care during hospitalization. Blood
hs-TnT and CK-MB concentrations were measured before
and 6 hours after surgery. Results demonstrated MLT
administration significantly reduced CK-MB serum levels
without significantly changing hs-TnT levels between groups.
Therefore, they suggested MLT can serve as adjunctive
therapy alongside conventional treatment after initial PCI,
leading to reduced cardiovascular events.

In contrast to Ghaeli et al’s postoperative administration,
Dwaich et al. employed preoperative oral MLT to investigate
potential cardioprotective effects in CABG patients and the
dose-dependent relationship between MLT and cardiac injury
reduction extent.*> Subjects were randomly assigned to receive a
placebo, 10 mg/day MLT, or 20 mg/day MLT for 5 days before
surgery. Both MLT groups exhibited significantly increased
ejection fraction and decreased heart rate compared to controls.
Furthermore, plasma cTnl, interleukin-1p, inducible nitric
oxide synthase, and caspase-3 levels significantly reduced the
MLT groups. Meanwhile, the high-dose group changes were
more pronounced than the low-dose group.

Additionally, Shafiei et al. investigated N-acetylcysteine
(NAC) and MLT’s effects on early reperfusion injury and
acute oxidative stress in CABG patients. They measured pre-
and post-treatment serum cardiac cTnl, lactate, MDA, and
TNF-a levels with oral placebo, MLT, or NAC. Eighty-eight
patients were included.** After surgery, MLT and NAC

groups had significantly lower levels of all four biomarkers
versus controls. They also found significant differences in
mean ICU stay time between groups. In summary, oral MLT,
whether pre- or post-operatively administered, may reduce
myocardial injury after PCI and CABG.

Employ MLT Through Injection

Dominguez-Rodriguez et al. explored different MLT
administration timing efficacy in STEMI patients using
intravenous or intracoronary injection.*® STEMI patients
undergoing primary PCI were randomly assigned to
intravenous, intracoronary MLT, or placebo. Time from
symptom onset to PCI was divided into tertiles, with
subsequent infarct size assessment via magnetic resonance
imaging within one week.

Results indicated MLT effectively reduced infarct size
when administered within 136 minutes of symptom onset to
balloon dilatation, likely due to the absence of oxidative
stress at this stage. However, when administered beyond 294
minutes, MLT did not significantly reduce infarct size as
irreversible oxidative stress had already occurred. Therefore,
early MLT application possesses anti-IRI effects and better
protects the heart.

Nevertheless, contrasting Dominguez-Rodriguez, Ekeloef
et al. found no association between MLT usage during cardiac
reperfusion and myocardial salvage index.*® Intravenous and
intracoronary 50 mg MLT or placebo were initiated at IR onset.
However, between groups, no significant myocardial salvage
index differences were observed via cardiac magnetic resonance
imaging after 4+1 day. MLT did not affect left ventricular
function, infarct size, or cardiac biomarkers. Additionally, at 90
days, no discernible difference in clinical event incidence was
observed between groups. However, the ischemia to reperfusion
duration was approximately 3.1 hours in the MLT group,
compared to 3.7 hours in placebo, potentially explaining the
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differing conclusions, as irreversible oxidative stress damage
may have occurred from the relatively prolonged ML Integrating
both studies, early reperfusion may enhance MLT efficacy in
mitigating IRL. Currently, more precise medicine remains
paramount, an inevitable and prevailing trend.

Employ MLT Through Oral Administration Combined
with Injections

Previous research has shown that oral or injection MLT
administration reduces IRI. However, few clinical studies have
used combined administration in CAD patients. Gogenur et al.
investigated perioperative MLT treatment effects on perioperative
IR, clinical cardiac morbidity, and ischemic events in elective
abdominal aortic aneurysm repair.*” They administered 50 mg
intravenous MLT within 2 hours of surgery, followed by 10 mg
oral MLT nightly for 3 days after. Blood samples were collected
up to 96 hours post-reperfusion, and Holter monitoring assessed
postoperative cardiac morbidity. Results demonstrated
perioperative MLT significantly reduced clinical heart disease
incidence, myocardial injury marker levels, and MI occurrence.®®
Although fewer abnormal ECG ST-segment changes occurred
in the MLT versus control group, this difference was not
statistically significant. Insummary, perioperatively administered
oral and intravenous MLT could reduce IRI extent and eftectively
decrease clinical heart disease incidence and cardiac ischemic
events after abdominal aortic aneurysm repair. The authors
hypothesize that combined oral and intravenous MLT could
also reduce IRI in CAD patients, but there is currently minimal
research comparing the efficacy of different administration
methods. Further research is imperative to determine optimal
preoperative, postoperative, or perioperative administration and
oral versus intravenous versus combined MLT.

Furthermore, MLT administration timing plays a crucial
role, with efficacy influenced by timing. A secondary study
evaluating MLT administration efficacy and optimal route
and timing found intravenous and intracoronary MLT
improved left ventricular ejection fraction within 3.5 hours
of MI to reperfusion.®® Infarct size reduction was observed
within 2.5 hours, with these positive effects absent beyond
3.5 hours. Based on these conclusions, MLT injection
treatment in early MI stages is suggested. However, due to
limited clinical studies, accurately defining these stages
remains uncertain, necessitating further research to
determine the optimal administration route and deadline.

As previously stated, animal experiments have shown
that MLT can improve atherosclerosis through receptor-
mediated and non-receptor pathways. However, published
clinical studies investigating MLT treatment for AS and the
potential to delay CAS progression are currently lacking.
However, Zaslavskaia et al. found adding MLT to conventional
treatment produced significant anti-ischemic and anti-
anginal effects in CHD patients, suggesting MLT may have a
clinical role in controlling CAS progression.” Therefore,
more human RCTs are crucial to provide insights into disease
progression, treatment efficacy, hospitalization outcomes,
and long-term prognosis.

SUMMARY

Melatonin, a well-established sleep regulator, has been
scientifically proven to possess antioxidant and anti-
inflammatory properties and the ability to safeguard the
cardiovascular system through various mechanisms.
Although substantial research has yielded valuable insights
into oxidative stress and inflammation mechanisms in CAD,
further comprehensive investigation and existing knowledge
refinement are warranted. Currently, there is a limited
number of published clinical studies on MLT treatment for
coronary atherosclerosis and IRI. However, overall findings
demonstrate positive results, encouraging further exploring
MLT as an adjunctive CAD therapy and offering hope in
reducing arteriosclerotic cardiovascular disease incidence
and improving prognosis. Additionally, numerous studies
have investigated MT receptor application. The primary
challenge is determining optimal timing, route, and dosage,
necessitating extensive clinical studies to obtain robust
evidence. In the future, these drugs are anticipated to be
recommended as standard adjunctive CHD treatment
options in guidelines.
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