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Abstract

Trimetazidine, a piperazine derivative, has been in use for a long time as a safe drug in the long-term treatment of chronic
ischemic disorders. The mechanism of action is basically that it partially inhibits mitochondrial fatty acid (3-oxidation by
blocking long-chain 3-ketoacyl-CoA thiolase and simultaneously enhances glucose oxidation, which means less oxygen
consumption and increased mitochondrial efficiency by producing more adenosine triphosphate per mole of oxygen through
glucose oxidation. However, as a metabolic modulator, the potency of trimetazidine has been studied to treat several diseases
or disorders, which are considered to be caused by metabolic disorders. In this review, we highlight some of the studies that
aimed to investigate the role of trimetazidine in treating some of these diseases, namely amyotrophic lateral sclerosis, statin-

induced skeletal muscle damage, and cardiomyopathy and peripheral arterial diseases, namely amyotrophic lateral sclerosis,

statin-induced skeletal muscle damage, and cardiomyopathy and peripheral arterial disease associated with diabetes.
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Trimetazidine: An Antianginal Drug and Not Only!

Introduction

In 1969, trimetazidine (TMD), a piperazine derivative,
was synthesized in Servier Laboratories (France) [1].
Since 1978 TMD has become, due to its significant anti-
ischemic properties, a standard treatment for ischemic
cardiomyopathy (ICM) as monotherapy or adjuvant therapy
[2]. For the time being, TMD is prescribed as a long-term
treatment for angina in more than 90 countries around
the world. Disturbances in myocardial energy metabolism
precede the morphological changes typical of ventricular
hypertrophy. As cardiac hypertrophy develops, energy
metabolism in hypertrophied cardiomyocytes changes from
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aerobic oxidation to anaerobic fermentation [3]. Metabolic
therapy aims to improve energy metabolism so that cardiac
muscle cells can obtain more energy [4].

TMD is a metabolic factor that has protective effects
on cardiac myocytes. It improves energy utilization by
cardiomyocytes and maintains adequate energy supply
during ischemia. There are several proposed mechanisms
of action of TMD mainly involving cardioprotection by
inhibiting oxidative stress, scavenging oxygen free radicals,
improving lipid metabolism and mitochondrial function,
and maintaining reperfusion. Myocardial ischemia and
ventricular dysfunction lead to significant changes in
mitochondrial oxidative metabolism, including an increase
in the rate of cytoplasmic anaerobic glycolysis to compensate
for the decrease in mitochondrial adenosine triphosphate
(ATP) production. The remainder of mitochondrial oxidative
metabolism results mainly from the oxidation of free fatty
acids, resulting from glucose oxidation.

TMD partially inhibits mitochondrial fatty acid
oxidation by blocking long-chain 3-ketoacyl-CoA thiolase
and simultaneously enhances glucose oxidation, increasing
mitochondrial efficiency by producing more ATP per mole of
oxygen through glucose oxidation [5]. This reduces the side
effects of oxidative stress associated with free fatty acids [6]. It
also directs free fatty acids to the synthesis of phospholipids,
which are involved in building the cell membrane [7]. In
addition, TMD improves insulin sensitivity, increasing
myocardial glucose uptake and promoting glucose oxidation
[8]. Furthermore, TMD supports the contractile function
of the myocardium, ensuring the operation of ionic pumps
and the flux of sodium and potassium across the membrane,
while maintaining cellular homeostasis [9]. Thus, TMD may
protect myocardial ultrastructure and potentially prevent
cardiac hypertrophy by improving the cell environment and
promoting membrane synthesis [10].

However, being a nonspecific metabolic agent, TMD
has been the subject of many studies to investigate its
potential effects and prospects for use in the treatment
of various diseases or disorders associated with energy
imbalance or metabolic disorders. In this review, we would
like to summarize some of these studies, namely studies
examining the role of TMD in the treatment or prevention of
amyotrophic lateral sclerosis, statin-induced skeletal muscle
damage, diabetic cardiomyopathy, and diabetes-related
peripheral arterial disease. The research methods used in
these studies were briefly reviewed and the results were
represented, which were consistent with the hypothesis or
purpose of the study related to the role of TMD in treating
the aforementioned diseases. In addition, the promising role
of TMD in the treatment of COVID-19 was briefly discussed.
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Amyotrophic Lateral Sclerosis (ALS)

ALS is a neurodegenerative disease clinically
characterized by the loss of upper and lower motor neurons,
which has long been associated with metabolic dysfunction.
Overall, these metabolic disturbances likely promote the
use of fat as a primary energy source to protect against
protein catabolism, which causes a depletion of energy
reserves, loss of body fat mass and a decrease in body mass
index [11]. Interest in targeting metabolic dysfunction as a
therapeutic approach has only recently increased. In 2021,
a study was conducted by Scaricamazza, et al. to evaluate
the therapeutic potential of TMD in the SOD1%3* mouse
model of ALS, where mice were treated orally with drinking
water-soluble TMD at a dose of 20 mg/kg from the onset
of disease. The effect of TMD on disease progressing was
evaluated examining metabolic parameters, histological
changes and grip strength in skeletal muscles, spinal cord,
and peripheral nerves [12].

The study showed that oral administration of TMD at
the onset of ALS improved muscle performance and energy
metabolism, and increased survival in mice. Moreover, the
study showed that TMD protects neuromuscular junctions
(NM]Js), preserves spinal motor neurons, and reduces
neuroinflammation. These benefits of TMD can be attributed
to improved mitochondrial function and ultimately ATP
production. The ability of TMD to improve energy metabolism
provides new evidence for a therapeutic approach to the
treatment of ALS. The study provided evidence that TMD can,
in addition to the metabolic effects, provide neuroprotection
through other mechanisms.

Scaricamazza study results are consistent with the
results of other studies, where it was observed that TMD
protects against the dismantlement of NMJs, an event that
typically occurs in the early phase of disease in SOD1%34
mice [13]. It has also been suggested that NM] abnormalities
predict degeneration of both distal axons and spinal motor
neurons in SOD1%3A mice [14]. Thus, the beneficial effects
of TMD may arise from a delay in NM] disassembly, which
is considered the initial event of the death phenomenon
underlying motor neuron degeneration in ALS [15]. In this
consistent, TMD exerted a protective effect on peripheral
nerves of SOD1%3 mice, inhibiting the degeneration of
Wallerian-like neurons and attenuating the loss of spinal
motor neurons. The activation state of astrocytes and
microglia in the spinal cord and the infiltration of CD68+
macrophages in the sciatic nerve, which were shown to be
increased during the course of the disease in SOD1%%3*A mice,
were attenuated by TMD treatment [16].
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Statin-Induced Skeletal Muscle Damage

Statins, as the main cholesterol-lowering drug in
coronary heart disease, induce skeletal muscle injury and
impair adaptation to exercise [17]. The proposed mechanism
is dysfunction of energy metabolism [18]. Exercise
rehabilitation has been shown to improve cardiorespiratory
fitness parameters and exercise capacity in patients with
coronary heart disease (CHD) [19]. In a study conducted
by Song, et al. and published in 2018, the effect of TMD
as a metabolic modulator on skeletal muscle energy
metabolism and exercise intolerance associated with statins
was investigated [20]. To get the aim of the study, a murine
model of skeletal muscle injury induced by statin E knockout
(ApoE-/-) was constructed, then it was clarified whether
TMD could improve statin-associated exercise intolerance
through modulation of skeletal muscle energy metabolism.
High-fat fed apolipoprotein mice were randomly devided
into five groups: sedentary, exercise, exercise + simvastatin,
exercise + TMD, and exercise + simvastatin + TMD. The last
three groups were trained for 8 weeks, in which exercise +
simvastatin group and exercise + simvastatin + TMD group
recieved gavage of 20mg/kg/day of simvastatin, while TMD
was given by gavage at a dose of 30mg/kg/day to exercise
+TMD group, and exercise + simvastatin + TMD group.
Exercise capacity was assessed at the end of the treatment
using forelimb grip strength, hanging grid test, and a running
tolerance test. At the end of treatment, plasma glucose,
creatine kinase, and lipid concentrations were measured.
After sacrifice, gastrocnemius muscles were preserved to
assess muscle morphology and fiber type. Energy metabolism
was evaluated by plasma lactic acid concentration, ragged
red fibers, and glycogen stores. To assess the mitochondrial
function, mitochondrial complex III activity, membrane
potential, and citrate synthase activity were measured.
Oxidative stress was also assessed by superoxide dismutase
activity, superoxide in mitochondria, and the redox state of
glutathione.

It turned out that exercise training had no effect on
lipid concentrations in high-fat fed ApoE-/- mice while
decreased lipid concentrations and increased creatine
kinase have been observed with additional treatment with
simvastatin. Exercise training alone increased exercise
capacity, but the addition of simvastatin caused this capacity
to decrease. Likewise, muscle fiber cross-sectional area and
the proportion of slow-twitch fibers increased in the exercise
group but decreased in the simvastatin plus exercise group.
In addition, simvastatin increased centronuclear fibers and
caused an imbalance in energy metabolism by inhibiting
complex III activity and thus promoting oxidative stress in
the stomach. It was demonstrated in this study that TMD
can reverse simvastatin-induced exercise intolerance and
muscle damage, and that it was able to restore muscle fiber
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hypertrophy and facilitate the fast-to-slow transition. Also,
TMD rescued energy metabolism dysfunction and gastric
oxidative stress.

TMD induced recovery of the oxidative phenotype and
increased fiber cross-sectional areas in response to training
exercise leading to attenuation of statin-associated skeletal
muscle injury. On the other hand, adaptation to exercise
training was improved in high-fat-fed ApoE-/- mice. It should
be noted that TMD showed its positive effects without any
effect on the lipid-lowering properties of statins. Thus, TMD
can be a suitable choice for treating unwanted exercise
intolerance induced by statins during cardiac rehabilitation
in patients with coronary heart disease.

Trimetazidine for diabetics

Diabetic Cardiomyopathy

Diabetic cardiomyopathy (DCM) is attributed to multiple
factors such as hyperglycemia, inflammation, and mainly
oxidative stress [21]. It is a leading cause of death in patients
with diabetes, representing a higher risk factor than non-
diabetic patients for developing cardiomyopathy.

NADPH oxidase 2 (Nox2) induces oxidative stress
by virtue of its catalytic activity in diabetic hearts, which
ultimately leads to fibrosis [22]. Transient receptor potential
channel 3 (TRPC3), along with Nox2, plays critical roles in
cardiacremodeling. At present, there is no effective treatment
strategy for DCM and its management represents a major
challenge [23]. This creates an urgent need to develop new
and more efficient therapeutic approaches for the clinical
management of this disease. TMD, by modulating membrane
homeostasis and counteracting metabolic disturbances, has
been shown to be effective in preventing cardiac fibrosis
and improving cardiac function in type 1 or type 2 diabetes-
induced cardiomyopathy in rat models [24]. It has recently
been suggested that TMD can be used for the prevention and
treatment of DCM [25]. However, the underlying mechanism
of the beneficial effects provided by TMD in the context of
DCM is not yet known.

To examine whether TMD prevents cardiomyopathy
induced by insulin-dependent type 1 diabetes, a study was
performed by Tang, et al. In 2019 on Wistar rats, which
were randomly divided into a control group (vehicle alone),
a diabetes group, and diabetes, treated-with TMD, group.
Diabetes was induced by injection a single dose (55 mg/
kg) of streptozocin (STZ) prepared in 0.1 M sodium citrate
buffer (pH = 4.5). STZ causes diabetes in mice through
hyperglycemia, increased and decreased levels of advanced
glycation end products (AGEs) and insulin, respectively. The
control group was injected only with citrate buffer. Diabetic

Copyright© Alrouhayyah R and Suslina SN.


https://medwinpublishers.com/MACIJ/

Medicinal and Analytical Chemistry International Journal

rats were randomly divided into two groups: an untreated

group and a TMD-treated diabetic group, which was treated

with TMZ or vehicle for 11 weeks. Cardiac function, histology,

plasma biochemistry and molecular mechanism were

assessed. It was found that, diabetic rats were characterized

by left ventricular dysfunction, cardiac hypertrophy, fibrosis,

and signs of inflammation and oxidative stress in the

myocardium, which were accompanied by elevated levels of

NADPH oxidase 2 (Nox2) and transient receptor potential

channel 3 (TRPC3) in the heart [26]. The study revealed that

TMD:

Didn’t affect development of diabetes in streptozocin-treated

rats;

¢ Counteracted heart dysfunction caused by diabetes;

e Protected against left ventricular hypertrophy and
fibrosis resulting from diabetes;

e Inhibited oxidative stress induced by hyperglycemia;

e Prevented the increase of Nox2 and TRPC3 in diabetic
rats;

e Mitigated inflammation caused by oxidative stress.

In summary, TMD treatment improved diabetes-
associated structural and functional alterations by inhibiting
Nox2 and TRPC3 without having any effect on glucose,
insulin, or AGEs levels. Based on the results of this study, it
has been suggested that TMD could be used as a treatment
for type 1 diabetes-associated cardiomyopathy [26].

Peripheral Arterial Disease, Associated with
Diabetes

Diabetes is a major risk factor for developing peripheral
arterial disease (PAD) in the lower extremities, which has
a widespread prevalence [27]. Not only that, but diabetes
also accelerates the progression of the disease and increases
its severity, resulting in more serious outcomes including
amputation and mortality [28]. It has been found that among
PAD patients with chronic limb ischemia, approximately
27% to 76% have diabetes [29]. Although open surgery and
endovascular technology are currently considered as the
first-line choices for revascularization of PAD, the clinical
outcomes are highly dependent on the anatomical pattern of
the disease [30]. Medical treatments that have direct benefits
in reducing limb-related adverse events, improving quality of
life, and enhancing performance status in advanced PAD are
limited [31].

In 2021, Yang, et al. conducted a study aiming to evaluate
the potential therapeutic effect of TMD on ischemic damage
in db/db mice and to interpret the underlying mechanisms.
Seven-week-old male db/db mice were fed a standard diet
ad libitum with free access to drinking water. Fasting blood
glucose levels were measured every three days. Mice with
blood glucose levels above 16.7 mmol/L underwent left
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femoral artery ligation (FAL). After anesthesia, the femoral
artery was isolated and ligated with 5-0 silk sutures at the
distal and proximal locations (maintaining the same distance
in all mice). After FAL, mice were divided into two group
(n=10): TMD-treated group, which was given 10 mg/kg of
TMD, and the saline group, which was given an equal volume
of saline. TMD and saline were administered intragastrically
every day for 2 weeks. In addition, the control group (n=10)
underwent a sham operation, placing a suture under the
femoral artery without ligation. Limb ischemia and limb
function were assessed, and capillary density and muscle
regeneration were measured in-vivo. Western blotting was
used to confirm the expression of vascular endothelial growth
factor (VEGF) and myogenic regulators, while ELISA analysis
was used to measure serum intercellular adhesion molecule
1 (ICAM-1) levels. The study demonstrated that TMD
treatment significantly attenuated foot injury in the ischemic
hindlimb in diabetic mice and improved angiogenesis by
regulating the expression of ICAM-1 and VEGF-A. Moreover,
TMD might increase myogenic regulators and thus stimulate
myogenesis [32]. Based on the result of this study, TMD
is considered effective as a complementary non-surgical
treatment for diabetic peripheral artery disease.

Trimetazidine and COVID-19

Research has shown that about 20% of COVID-19
patients had signs of acute cardiac injury (ACI), measured
by high-sensitivity troponin, and was associated with a
fourfold increase in mortality [33]. Pharmacotherapy for
ACI in COVID-19 is necessary to prevent cardiac fibrosis
and heart failure. TMD may be effective in treating acute
coronary syndrome and other ischemic events in COVID-19
because it is able to modulate cardiac fibroblast activity
and the Akt/caspase-3 signaling pathway [34]. In addition,
it, as an inhibitor of fatty acid oxidation, interferes with the
penetration and replication of SARS-CoV-2 and may therefore
attenuate the pathogenesis of SARS-CoV-2 infection [35].
TMD also has antioxidant and anti-inflammatory effects by
inhibiting nuclear factor kappa B (NF-kB) activation and
reactive oxygen species production, and it consequently
exhibits cardioprotective effects by reducing mitochondrial
dysfunction, oxidative stress, and apoptosis. Additionally,
TMD stimulates nuclear factor erythroid-related 2 (Nrf2), a
major transcription factor of the antioxidant pathway [36].

TMD therefore may be effective against ACI in COVID-19
by activating Nrf2 and suppressing the NF-kB signaling
pathway, since ACI in COVID-19 is associated with induction
of oxidative stress and activation of the NF-«kB signaling
pathway [37]. Moreover, TMD has immunomodulatory
properties and reduces cardiac inflammation in heart failure
by inhibiting the release of proinflammatory cytokines
interleukin 1 beta (IL-1p), interleukin 6 (IL-6) and tumor
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necrosis factor alpha (TNF-a). In brief, due to the anti-
inflammatory and antioxidant effects of TMD, it can be
proposed as an effective drug for the treatment of ACI in
COVID-19 [38]. In the same context, it has been proposed that
the use of TMD in combination with conventional therapy in
patients admitted with a diagnosis of moderate to severe
acute respiratory syndrome caused by SARS-CoV2 infection
reduces the severity of acute myocardial injury compared
with conventional therapy [39].

Conclusion

Trimetazidine is an effective, well-tolerated drug for the
treatment of angina and ischemic disorders. It is assumed
that the main mechanism of action of trimetazidine is to
improve energy utilization by cardiomyocytes and maintain
sufficient energy supply during ischemia. However, as a non-
specific metabolic modulator, trimetazidine was the subject
of several studies aimed at examining its effectiveness
in the treatment of various diseases associated with
metabolic disorders, such as amyotrophic lateral sclerosis,
cardiomyopathy or peripheral arterial disease, associated
with diabetes. The results of these studies confirmed the
effectiveness of trimetazidine in the treatment or prevention
of the diseases studied.
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