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Abstract 

Melatonin, a hormone primarily synthesized by the pineal gland, is traditionally associated with 

the regulation of circadian rhythms. However, recent research has unveiled its broad spectrum 

of biological effects, positioning it as a valuable therapeutic agent in diverse health contexts. 

Known for its potent antioxidant and anti-inflammatory properties, melatonin plays a crucial 

role in maintaining homeostasis and protecting cellular integrity. This review explores 

melatonin’s therapeutic applications across multiple medical domains, including muscle health, 

metabolic disorders, chronic pain management, and cardiovascular health. In muscle health, 

melatonin facilitates muscle hypertrophy and regeneration by mitigating oxidative stress and 

enhancing the activity of satellite cells responsible for muscle repair. This action is particularly 

beneficial for individuals undergoing intense physical exertion, recovering from injuries, or 

combating age-related muscle. In metabolic disorders, such as type 2 diabetes, melatonin 

improves insulin sensitivity and reduces cellular oxidative damage, which supports beta-cell 

function and glucose regulation, potentially minimizing diabetes-related complications. 

Furthermore, in fibromyalgia - a condition marked by widespread pain and sleep 

disturbances - melatonin has demonstrated efficacy in alleviating pain and improving sleep 

quality, thus enhancing the overall quality of life for patients. In cardiovascular health, 

melatonin has shown promise in preventing and managing heart failure by reducing oxidative 

damage, modulating inflammatory pathways, and supporting endothelial function, which 

collectively contribute to improved cardiac health and reduced disease progression. This 

comprehensive review underscores melatonin’s emerging role as an integrative therapeutic 

agent in modern medicine. By targeting key pathophysiological pathways, melatonin holds the 

potential to support health maintenance and therapeutic interventions across a spectrum of 

chronic conditions. Further clinical studies are needed to establish optimal dosing and long-

term efficacy to fully harness melatonin’s therapeutic potential. 

 

Keywords: melatonin, melatonin therapy, muscle regeneration, heart failure prevention, 

fibromyalgia treatment, type 2 diabetes, oxidative stress reduction  

 

Melatonin 

Melatonin, a hormone predominantly synthesized in the pineal gland, plays a vital role in 

regulating the body’s circadian rhythms, thus influencing sleep patterns and seasonal biological 

cycles. Beyond its traditional association with sleep regulation, melatonin is recognized for its 

extensive physiological functions, including potent antioxidant, anti-inflammatory, and 

immunomodulatory effects (1). These properties have spurred interest in melatonin’s potential 

therapeutic applications across various medical fields, where it may serve as an adjunct 

treatment or even a primary therapeutic agent. Recent research has explored melatonin’s role 

in muscle health, demonstrating its capacity to enhance muscle regeneration and hypertrophy, 

essential for athletes, aging populations, and individuals recovering from muscle injuries. 

Melatonin supports muscle recovery through its antioxidant properties, mitigating oxidative 

stress and promoting the activity of satellite cells crucial for muscle repair (2, 3). Its potential 

extends further into metabolic disorders, such as diabetes, where melatonin has been shown to 

improve insulin sensitivity, regulate glucose metabolism, and reduce oxidative stress, thereby 

supporting pancreatic function and glucose homeostasis (4-6).  
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In chronic pain conditions like fibromyalgia, melatonin’s analgesic and sleep-regulating effects 

offer a novel approach to symptom management, improving patients’ quality of life by reducing 

pain severity and enhancing sleep quality (7, 8). Moreover, in cardiovascular health, melatonin 

has shown promise in preventing and managing heart failure. By reducing oxidative stress and 

inflammation in cardiac tissues, melatonin provides cardioprotective effects, supporting 

vascular health and potentially mitigating disease progression (9, 10). This review aims to 

consolidate current knowledge on the diverse therapeutic applications of melatonin, focusing 

on its roles in muscle hypertrophy and regeneration, diabetes management, fibromyalgia 

treatment, and heart failure prevention. Through examining the molecular and clinical evidence, 

this publication seeks to elucidate melatonin’s multifaceted benefits and its emerging 

importance in integrative healthcare strategies. 

 

Melatonin and its biological functions and clinical applications 

Melatonin is a hormone produced primarily by the pineal gland, whose secretion is closely 

linked to the light-dark cycle, with peak levels occurring at night. This natural hormone 

regulates circadian rhythms, impacting sleep-wake cycles and helping the body adapt to daily 

changes. Beyond its role in sleep regulation, melatonin plays a series of essential roles in 

maintaining the body’s homeostasis. First and foremost, it exhibits antioxidant properties, 

allowing it to neutralize free radicals and protect cells from oxidative stress, thereby reducing 

the risk of DNA and protein damage and slowing down cellular aging processes (1). Melatonin 

also influences immune system functions by strengthening the body’s defense responses and 

modulating inflammatory reactions (8). Additionally, this hormone plays a role in regulating 

blood pressure and glucose levels, highlighting its potential importance in preventing metabolic 

diseases, such as type 2 diabetes, and cardiovascular diseases (2, 4, 5). Due to its broad range 

of effects, melatonin is used not only as a sleep aid but also as a substance with potential 

therapeutic applications in various medical conditions, especially where antioxidant protection 

and immune support are needed (11). 

 

Impact of melatonin supplementation on muscle hypertrophy  

Melatonin supplementation has been associated with various beneficial effects on muscle 

physiology. Several research studies have explored the relationship between melatonin 

supplementation and muscle growth, with findings suggesting a positive correlation between 

melatonin intake and muscle fiber hypertrophy demonstrated that melatonin supplementation 

could promote skeletal muscle growth, improve mitochondrial function, and reduce fat 

deposition in muscle tissue (12). Studies have shown that melatonin can mitigate mitochondrial 

malfunction by scavenging reactive oxygen and nitrogen species generated within the 

mitochondria. Furthermore, melatonin has been demonstrated to enhance antioxidant action 

against lipid peroxidation in mitochondria, indicating its protective role in maintaining 

mitochondrial health (13, 14). In the context of fat deposition, melatonin has been shown to 

suppress milk fat synthesis by inhibiting the mTOR signaling pathway, thereby affecting key 

genes involved in fat synthesis (15). Additionally, melatonin has been found to induce browning 

of white adipose tissue, promoting thermogenesis and altering gene expression related to fat 

metabolism (16).  
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Moreover, the effects of melatonin on exercise performance have also been investigated, 

showing promising results highlighted that melatonin supplementation could lead to increased 

glucose levels in muscles, reduced body mass, decreased muscle oxidative stress, prolonged 

muscle strength, and better adaptation to physical effort, all of which are factors that can 

contribute to improved exercise performance (17). In addition to its effects on muscle growth, 

melatonin has been studied for its role in mitigating cardiac hypertrophy. Research by Khatoon 

(2023) indicated that melatonin can suppress pro-inflammatory cytokines and markers 

associated with cardiac hypertrophy, suggesting a cardioprotective potential of melatonin 

against hypertrophic changes in the heart (18). Furthermore, the impact of melatonin on muscle 

atrophy has been a subject of interest in various studies. Lee et al. (2012) demonstrated that 

melatonin administration could have prophylactic and therapeutic effects on muscle atrophy 

through different signaling pathways, such as MuRF1/MAFbx and IGF-1-mediated pathways, 

in a stroke animal model. This suggests that melatonin supplementation may help prevent 

muscle wasting and promote muscle maintenance, which are essential factors in supporting 

muscle hypertrophy (19). Moreover, the potential of melatonin to prevent muscle atrophy and 

promote muscle health has been highlighted in studies involving aging animals. Mendes et al. 

(2013) showed that melatonin supplementation, in conjunction with aerobic physical training, 

increased glycogen stores in the liver and skeletal muscle, indicating the importance of 

melatonin in metabolic adaptations to exercise, particularly in aging animals. This suggests that 

melatonin may play a crucial role in maintaining muscle integrity and function, which are 

essential for supporting muscle hypertrophy, especially in aging individuals (20). Additionally, 

the effects of melatonin on energy metabolism and obesity have been investigated in various 

studies. Xu et al. (2022) found that melatonin supplementation could attenuate weight gain, 

insulin resistance, adipocyte hypertrophy, inflammation, and hepatic steatosis induced by a 

high-fat diet, indicating its potential in combating obesity-related changes. These findings 

suggest that melatonin may influence energy expenditure and lipid metabolism, factors that can 

impact muscle hypertrophy indirectly by regulating overall body composition and metabolic 

health (21). In conclusion, the existing body of research provides compelling evidence for the 

potential benefits of melatonin supplementation in promoting muscle hypertrophy (12, 17). 

From enhancing muscle fiber growth and reducing fat deposition to improving exercise 

performance and mitigating cardiac hypertrophy, melatonin appears to have a multifaceted 

impact on muscle health (17, 18). Moreover, its role in preventing muscle atrophy, supporting 

metabolic adaptations to exercise, and influencing energy metabolism underscores its potential 

significance in the context of muscle hypertrophy (12-14). Overall, the findings suggest that 

melatonin supplementation may be a promising avenue to explore for individuals looking to 

enhance muscle growth and overall muscle health (17). 

 

Effect of melatonin supplementation on regeneration of damaged muscles 

Research indicates that melatonin plays a crucial role in muscle regeneration by reducing 

oxidative stress and inflammation, which are significant contributors to muscle damage and 

impaired recovery. For instance, melatonin has been shown to normalize plasma pro-

inflammatory cytokines and markers of muscle injury in conditions such as Duchenne muscular 

dystrophy, suggesting its protective role against muscle degeneration (22).  
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Additionally, melatonin treatment has been associated with increased expression of Pax7, a 

transcription factor critical for satellite cell activation and muscle differentiation, thereby 

enhancing muscle recovery (23). In experimental models, melatonin administration has 

demonstrated a protective effect against muscle atrophy induced by various stressors. For 

example, in a study involving reserpine-induced myalgia in rats, melatonin supplementation 

resulted in significant increases in muscle weight and myotube diameter, indicating its role in 

counteracting muscle atrophy (24). Melatonin has been shown to ameliorate TNF-α-induced 

muscle atrophy by enhancing antioxidant enzyme activity, which suggests a mechanism 

through which melatonin protects muscle cells from oxidative damage (25). Melatonin's 

influence on mitochondrial function is noteworthy. It has been reported that melatonin can 

prevent mitochondrial dysfunction and improve bioenergetics in skeletal muscle, which is vital 

for muscle recovery and regeneration (26).The regenerative effects of melatonin are also linked 

to its ability to modulate signaling pathways involved in muscle repair. For instance, melatonin 

has been shown to inhibit the NF-κB inflammatory pathway, which is activated during muscle 

injury and contributes to muscle degeneration (27). In summary, melatonin supplementation 

appears to facilitate muscle regeneration through its antioxidant properties, reduction of 

inflammation, enhancement of myogenic differentiation, and improvement of mitochondrial 

function. These findings underscore the potential of melatonin as a therapeutic agent for 

promoting recovery in damaged muscle tissues (24, 26, 27). 

 

The Impact of Melatonin on Diabetes 

Melatonin has shown promise as a modulator of metabolic health, particularly in the context of 

diabetes management. Its effects on glucose metabolism and insulin regulation stem primarily 

from its antioxidant and anti-inflammatory properties, which play crucial roles in mitigating the 

oxidative stress and chronic inflammation commonly associated with diabetes (28). Studies 

have demonstrated that melatonin enhances insulin sensitivity by reducing reactive oxygen 

species (ROS) in the pancreas, which protects pancreatic beta cells responsible for insulin 

production. This effect is particularly relevant in type 2 diabetes, where beta-cell dysfunction 

and insulin resistance are predominant issues (5). Furthermore, melatonin’s influence on 

circadian rhythms helps regulate insulin release patterns and improve metabolic stability, 

underscoring its potential to address metabolic dysregulation linked to disrupted sleep-wake 

cycles, which are often seen in diabetic patients (29). In experimental studies, melatonin has 

shown protective effects on diabetic complications in various organs, including the liver and 

kidneys, by decreasing oxidative stress and reducing inflammation, mechanisms essential in 

preventing complications such as diabetic nephropathy and retinopathy (4). Research supports 

melatonin’s antioxidative defense role in maintaining cellular integrity, suggesting it may 

prevent long-term organ damage caused by hyperglycemia (30). Additionally, clinical studies 

indicate that melatonin can support insulin sensitivity and glycemic control, positioning it as a 

potential adjunctive therapy for improving blood glucose management in diabetic patients (5). 

Melatonin may also counteract inflammation-driven insulin resistance by modulating pro-

inflammatory pathways, which are known to contribute to insulin resistance in type 2 diabetes. 

This anti-inflammatory effect highlights melatonin’s potential to reduce insulin resistance 

through cytokine regulation and improve metabolic homeostasis (31).  
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Studies further suggest that melatonin receptors, especially MT2, play a critical role in 

enhancing insulin receptor sensitivity, promoting glucose uptake in peripheral tissues, and 

ultimately supporting improved glycemic control (30). As research continues to explore 

melatonin's broader effects on metabolic pathways, it becomes evident that this hormone holds 

substantial promise in reducing both the onset and progression of diabetes-related 

complications. 

 

Application of Melatonin in the Treatment of Fibromyalgia 

Melatonin, known for its role in regulating sleep and circadian rhythms, has shown promising 

potential in treating fibromyalgia, a chronic condition marked by widespread pain, sleep 

disturbances, and fatigue. The therapeutic effects of melatonin on fibromyalgia appear to be 

multifaceted, primarily due to its antioxidative and anti-inflammatory properties. Melatonin is 

believed to counteract the elevated levels of oxidative stress and inflammation observed in 

fibromyalgia patients, which contributes to pain and tissue damage (8). Studies suggest that 

melatonin’s antioxidant action can mitigate the oxidative damage in muscle tissues, thereby 

alleviating pain and improving muscle function in fibromyalgia patients (32). Another key 

benefit of melatonin in fibromyalgia management lies in its impact on sleep quality. Sleep 

disorders are a common complaint among fibromyalgia patients, often exacerbating their 

symptoms. Melatonin supplementation has been found to improve sleep quality and duration, 

which in turn reduces daytime fatigue and enhances the patients' overall quality of life (33). 

Research highlights that melatonin not only aids in regulating sleep cycles but also positively 

influences mood and reduces the severity of depression and anxiety, which are prevalent 

comorbidities in fibromyalgia patients (7). Furthermore, melatonin may interact with pain-

modulating systems in the brain, enhancing the efficacy of conventional pain treatments. In a 

randomized study, melatonin used in combination with fluoxetine was shown to significantly 

improve pain relief outcomes, suggesting that melatonin could potentiate the effects of other 

analgesic therapies (34). Melatonin’s effects on mitochondrial function have also been noted, 

as it helps to stabilize mitochondrial activity and reduce cellular stress, factors that are often 

compromised in fibromyalgia and contribute to muscle fatigue and discomfort (35). The 

cumulative evidence suggests that melatonin could serve as a valuable adjunct treatment for 

fibromyalgia, offering a combination of antioxidant, anti-inflammatory, and sleep-enhancing 

effects that directly target several core symptoms of the condition. These findings underscore 

the need for further large-scale clinical trials to fully establish melatonin’s efficacy and optimal 

dosages in fibromyalgia treatment (36). 

 

The Role of Melatonin in the Prevention and Therapy of Heart Failure 

Melatonin, a potent antioxidant, has garnered attention for its protective role against 

cardiovascular diseases, particularly in the context of heart failure. Studies have shown that 

melatonin reduces oxidative stress within cardiac tissues by scavenging reactive oxygen species 

(ROS), which are associated with myocardial damage and heart failure progression (37). By 

neutralizing ROS, melatonin helps prevent oxidative damage to heart cells, a key factor in 

preserving myocardial function and reducing the risk of heart failure. Additionally, melatonin 

inhibits lipid peroxidation and supports mitochondrial function, crucial for maintaining energy 

production in heart cells and minimizing ischemia-reperfusion injury (9).  
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One of the essential mechanisms through which melatonin exerts its cardioprotective effects is 

by modulating inflammatory pathways. Heart failure is often accompanied by chronic 

inflammation, which exacerbates myocardial remodeling and fibrosis. Melatonin has been 

observed to downregulate pro-inflammatory cytokines, such as TNF-α and IL-6, reducing 

inflammation and slowing the progression of heart failure (10). Furthermore, melatonin 

improves endothelial function, enhancing vascular relaxation and reducing hypertension—a 

significant risk factor for heart failure (38). By improving blood vessel health, melatonin 

reduces the workload on the heart, aiding in the management of conditions associated with 

cardiac insufficiency.  

Melatonin's influence extends to circadian rhythm regulation, a factor increasingly recognized 

in cardiovascular health. Patients with disrupted circadian rhythms often exhibit poorer heart 

function and a higher incidence of heart disease. Melatonin helps restore circadian alignment, 

which may lead to improvements in blood pressure control, heart rate variability, and overall 

cardiac health (39). In clinical settings, melatonin supplementation has shown promising results 

in improving symptoms in heart failure patients, including reduced fatigue and enhanced 

exercise tolerance, suggesting it could serve as an adjunct to conventional heart failure therapies 

(40). The combined antioxidative, anti-inflammatory, and circadian regulatory effects of 

melatonin underscore its potential as a therapeutic option for heart failure. However, further 

large-scale trials are necessary to define optimal dosages and assess long-term efficacy in heart 

failure patients. 

 

Conclusions 

Melatonin, primarily known for its role in regulating circadian rhythms, holds considerable 

therapeutic potential across multiple health domains. Its antioxidant and anti-inflammatory 

properties make it a valuable agent in muscle health, where it supports hypertrophy and 

regeneration, particularly beneficial for athletes and aging populations facing muscle 

degeneration (2, 3). Furthermore, in metabolic disorders such as diabetes, melatonin has 

demonstrated efficacy in improving insulin sensitivity, reducing oxidative stress, and protecting 

pancreatic beta cells, highlighting its promise in managing type 2 diabetes and its complications 

(4, 5). In the treatment of fibromyalgia, melatonin’s ability to enhance sleep quality and reduce 

pain severity has been shown to improve the quality of life for patients, pointing to its 

therapeutic relevance in chronic pain management (7, 8). In cardiovascular health, melatonin 

offers protective effects against heart failure by reducing oxidative damage and inflammation 

within cardiac tissue, thus supporting vascular health and potentially slowing disease 

progression (9, 10). These findings suggest that melatonin could serve as a valuable adjunctive 

therapy in various clinical contexts, with benefits extending to antioxidative protection, 

circadian regulation, and metabolic support. Given its wide-ranging benefits, melatonin is 

emerging as an integrative therapeutic option in modern medicine. However, further large-scale 

clinical studies are necessary to determine optimal dosing and evaluate its long-term efficacy 

and safety across different conditions. 
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