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Abstract 

Melatonin is a hormone that has shown potential in alleviating side effects 

such as inflammation, oxidative stress, and damage to non-neoplasmic tissues. It 

protects against chemotherapy-induced ovarian damage and mitigates cognitive 

impairments linked to cancer treatments. Melatonin enhances immune system 

activity, particularly in modulating immune cells like natural killer (NK) cells and 

macrophages. This contributes to its ability to control tumor growth and metastasis. 

Recent research has explored the role of melatonin in cancer therapy, revealing its 

potential as a multifaceted agent in oncology. Melatonin exhibits several properties 

that make it promising in the treatment and management of tumors. Anti-Tumor and 

Anti-Proliferative Effects: Melatonin directly inhibits cancer cell proliferation by 

modulating signaling pathways such as p53, NF-κB, and Wnt/β-catenin. It can 

suppress angiogenesis and metastasis by interfering with pathways like epithelial-

mesenchymal transition (EMT) and reducing the invasive potential of cancer cells. 

Studies show melatonin enhances the efficacy of chemotherapy and radiotherapy. 

In this chapter it discusses correlation between melatonin treatment in tumor cells 

to treatments. It evaluates action has potential to decrease viral induced tumor 

incidence while protecting healthy cells from the side effects of these therapies 
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Introduction 

Viral infections remain a global health challenge, ranging from mild illnesses such 

as the common cold to more severe diseases like HIV/AIDS, influenza, and SARS-

CoV-2. While vaccines and antiviral drugs have made significant strides in 

managing certain viral diseases, the search for alternative therapeutic strategies 

continues. One such promising area of research is the role of melatonin in 

modulating immune responses and its potential to influence viral infections. 

Melatonin, traditionally known for its role in regulating the sleep-wake cycle, has 

garnered increasing attention for its broader biological functions. Its pleiotropic 

properties—antioxidant, immunomodulatory, and anti-inflammatory effects—

make it a candidate for viral infection management. Exploring the current 

understanding of melatonin's role in viral infections, including its immune-

modulating effects, antiviral properties, and potential therapeutic applications is 

crucial. 

 

1. Melatonin: A Broad-Spectrum Modulator 

Melatonin, a hormone primarily synthesized by the pineal gland, regulates circadian 

rhythms and plays a vital role in maintaining biological processes associated with 

sleep, metabolism, and immune function. It is produced from the amino acid 

tryptophan through a series of enzymatic conversions, with serotonin serving as its 

precursor. The biological effects of melatonin are mediated through two types of 

receptors—MT1 and MT2—found in various tissues throughout the body, 

including the brain, immune cells, and gastrointestinal tract. 

Beyond sleep regulation, melatonin has been found to exhibit significant 

antioxidant, anti-inflammatory, and immune-enhancing properties. These 

characteristics have prompted researchers to investigate melatonin's potential in 

managing a variety of diseases, including viral infections. Specifically, melatonin's 

role in modulating the immune response, influencing viral replication, and reducing 

inflammation makes it a candidate for supporting the body’s defense mechanisms 

against viruses. 

 

2. Immune Modulation and Melatonin’s Effect on Viral Infections 

One of melatonin’s most critical actions in viral infections is its ability to modulate 

immune responses. The immune system is the first line of defense against viral 

pathogens, and melatonin has been shown to affect both the innate and adaptive 

immune responses. 

• Innate Immunity: Melatonin enhances the activity of natural killer (NK) 

cells, macrophages, and dendritic cells, which are crucial components of the 

innate immune response. NK cells play a vital role in recognizing and 

eliminating virus-infected cells, and melatonin has been shown to boost NK 

cell activity, potentially reducing viral replication[1]. 

• Cytokine Regulation: Cytokines are signaling molecules that mediate 

immune responses. An overproduction of pro-inflammatory cytokines, 

known as a cytokine storm, is often implicated in severe viral infections 

such as COVID-19. Melatonin has been shown to regulate cytokine 

production, promoting a balanced immune response. It can suppress 
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excessive inflammatory responses while enhancing antiviral cytokines like 

interferon (IFN)-α and IFN-β[2,3]. 

• Adaptive Immunity: Melatonin also influences the adaptive immune 

system by enhancing T-cell function and promoting antibody production. 

This is particularly important in controlling viral infections, where the 

body’s ability to recognize and target infected cells is essential for long-

term immunity[4]. 

 

3. Antiviral Properties of Melatonin 

In addition to its immune-modulatory effects, melatonin has direct antiviral activity 

against several viruses, including influenza, HIV, herpes simplex virus (HSV), and 

more recently, SARS-CoV-2. The exact mechanisms through which melatonin 

exerts its antiviral effects remain under investigation, but several pathways have 

been proposed: 

• Inhibition of Viral Replication: Studies suggest that melatonin may 

interfere with viral replication by modulating the expression of viral genes. 

In particular, melatonin has been shown to inhibit the replication of 

influenza virus by reducing the viral RNA synthesis in infected cells[5,6]. 

• Membrane Integrity: Melatonin is thought to interact with the lipid 

membranes of viruses, possibly disrupting their ability to infect host cells. 

This is particularly relevant for enveloped viruses, such as HIV and herpes 

viruses, which rely on their lipid envelope to enter and infect host cells[7]. 

• Antioxidant Effects: Oxidative stress caused by viral infections can lead to 

cellular damage and immune dysfunction. Melatonin’s antioxidant 

properties help neutralize free radicals and reduce oxidative damage, which 

can help mitigate the adverse effects of viral infections on host tissues[8.9]. 

 

4. Melatonin and Specific Viral Infections 

A. Influenza 

Influenza is a seasonal viral infection that causes significant morbidity and 

mortality worldwide. Melatonin has been shown to enhance immune responses 

during influenza infection by increasing the production of interferons and 

improving NK cell activity. Additionally, melatonin’s ability to regulate 

inflammation can help reduce the severity of influenza-related complications, such 

as pneumonia[10]. 

In animal studies, melatonin supplementation has been found to reduce the viral 

load and improve survival rates following influenza infection. This suggests that 

melatonin may be an effective adjunct to current antiviral therapies for 

influenza[11]. 

 

B. HIV 

HIV (Human Immunodeficiency Virus) causes chronic immune system dysfunction, 

leading to acquired immunodeficiency syndrome (AIDS). One of the challenges in 

treating HIV is the virus’s ability to persist in latent reservoirs. Melatonin has been 

shown to possess immunomodulatory effects that could help control viral 

replication and improve the function of immune cells in HIV-infected individuals. 
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Moreover, its antioxidant properties may protect CD4+ T cells from oxidative stress, 

potentially enhancing the efficacy of antiretroviral therapy (ART)[12]. 

 

C. Herpes Simplex Virus (HSV) 

Herpes simplex virus (HSV) causes recurrent infections, including cold sores and 

genital herpes. Melatonin’s antiviral effects against HSV have been demonstrated 

in vitro, where it was shown to inhibit the replication of HSV-1 and HSV-2[13]. 

This suggests that melatonin could play a role in reducing the frequency and 

severity of outbreaks, although further research is needed to evaluate its clinical 

efficacy. 

 

D. SARS-CoV-2 and COVID-19 

The COVID-19 pandemic, caused by the SARS-CoV-2 virus, has spurred 

significant interest in melatonin’s potential as a therapeutic agent. Melatonin’s 

immunomodulatory properties could help reduce the severe inflammatory 

responses observed in COVID-19 patients, including the cytokine storm. Some 

studies suggest that melatonin supplementation might help alleviate symptoms, 

reduce viral replication, and improve outcomes, especially when used alongside 

other treatments. Its ability to protect lung tissues and reduce oxidative damage may 

be crucial in mitigating the severe respiratory complications associated with 

COVID-19[14,15]. 

 

5. Clinical Trials and Future Directions 

While the laboratory findings are promising, clinical studies on melatonin’s role in 

viral infections remain limited. A few small trials have suggested that melatonin 

may help reduce symptoms and improve immune responses in viral infections like 

influenza and COVID-19 [15, 44], but further large-scale, randomized controlled 

trials are required to establish clear clinical guidelines for its use. 

Challenges in translating preclinical findings into clinical practice include 

determining the optimal dosage, timing, and duration of melatonin supplementation, 

as well as understanding how melatonin interacts with existing antiviral therapies. 

Additionally, more research is needed to determine whether melatonin can be used 

as a standalone treatment or as part of a combination therapy with other antiviral 

drugs [16-20]. 

 

Discussion 

Melatonin’s immune-modulatory, antioxidant, and antiviral properties 

make a candidate for adjunctive therapy in the treatment of viral infections. 

Although significant progress has been made in understanding its role in viral 

immunity, further research is needed to elucidate its exact mechanisms and evaluate 

its clinical efficacy. Given its low toxicity, widespread availability, and natural 

occurrence in the body, melatonin represents an attractive and cost-effective option 

for improving the body’s defense against viral pathogens and enhancing the 

effectiveness of current antiviral therapies.  

Melatonin is a type of pre-existing hormone primarily produced by the 

pineal gland in the brain [21,22]. It plays a crucial role in regulating the sleep-wake 
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cycle, also known as the circadian rhythm. Here's an overview of its key features. 

Here are the functions. Its key principle is sleep regulation. Melatonin production 

increases in response to darkness, helping signal the body that it's time to sleep. Its 

levels decrease during daylight, helping promote wakefulness [23-26]. 

The next step is circadian rhythm synchronization. It helps align the 

internal biological clock with external light-dark cycles. The production methods 

of melatonin are unique. The stimulus is darkness, which stimulates melatonin 

production, while light suppresses it. Melatonin is synthesized from the amino acid 

tryptophan, which is converted into serotonin and then melatonin. 

There is already a medical and supplement use for melatonin. First is sleep 

disorders: Melatonin supplements are commonly used to treat conditions like 

insomnia, jet lag, and shift work-related sleep problems. 

In other applications, it is sometimes used in managing conditions like 

delayed sleep phase syndrome (DSPS) or anxiety related to sleep. First of all is the 

safety and side effects. Generally it is considered safe for short-term use in 

recommended doses. Possible side effects include dizziness, drowsiness, headache, 

or nausea. Long-term effects are not well-studied, so prolonged use should be 

guided by a healthcare provider. 

Natural Sources of melatonin exists. Melatonin can also be found in small 

amounts in certain foods, such as cherries, grapes, tomatoes, and some nuts and 

seeds. 

There are several roles of melatonin in the body. First is sleep and circadian rhythms. 

Timing sleep is important. Melatonin helps regulate sleep by signaling to your body 

that it’s time to rest. It doesn’t induce sleep directly but sets the stage for it. In Jet 

Lag, Crossing time zones can disrupt one’s internal clock. Melatonin supplements 

are often used to reset the sleep cycle. 

There are antioxidant properties. Melatonin acts as a powerful antioxidant, helping 

to neutralize free radicals that can damage cells. It may protect against oxidative 

stress, which is linked to aging and various diseases [27-35]. 

There are influences in immune function. Research suggests that melatonin can 

influence immune responses. It has anti-inflammatory properties and might play a 

role in fighting infections. There are roles in reproductive health. In women, 

melatonin helps regulate menstrual cycles as it interacts with other hormones like 

estrogen and progesterone [36]. 

It also has a role in fertility and the aging of eggs (oocytes). There are 

sources of melatonin. First is natural production. Thereby produced in response to 

darkness by the pineal gland. Production decreases with age, which may contribute 

to sleep difficulties in older adults. 

There are also dietary sources. Foods containing melatonin or precursors. In fruits, 

Cherries, bananas, pineapples. Vegetables: Tomatoes, corn, and broccoli. In nuts 

and seeds, almonds, walnuts are the source. In grains, rice, oats make the way [37-

40]. 

In nutraceutical supplements, it is available as over-the-counter pills, gummies, or 

liquid drops. Synthetic melatonin or extracted from natural sources. There are many 

medical uses and applications. First is sleep disorders. Effective for insomnia, 

especially in older adults or those with delayed sleep onset. Often used to reset 



2025 78(9 )

7

disrupted sleep patterns (e.g., jet lag, shift work sleep disorder). Emerging research 

suggests potential benefits in conditions like Alzheimer’s disease, Parkinson’s 

disease, and migraine prevention. It may reduce anxiety and improve sleep quality, 

particularly before surgery or during periods of heightened stress. 

In Seasonal Affective Disorder (SAD), adjusting melatonin timing can improve 

mood and sleep patterns during the darker winter months. There are several usage 

guidelines for melatonin. In dosage, it typically ranges from 0.5 mg to 5 mg, 

depending on age, purpose, and individual sensitivity. Start with the lowest effective 

dose to minimize side effects [41]. 

In timing, it is Best taken 30–60 minutes before bedtime. For jet lag: Align doses 

with the target destination's nighttime. For long-term use, it is not extensively 

studied. Short-term use (a few weeks to months) is considered safe for most 

individuals. 

 

Limitations: There are risks and side effects 

For side effects, there are two types – Mild and Rare. In mild, Drowsiness, headache, 

dizziness, and nausea. For rare hormonal effects, especially with long-term use. 

There are also medication interactions. It may interact with sedatives, blood 

thinners, immunosuppressants, and birth control pills. Emerging Research Studies 

are investigating melatonin’s role in, cancer therapy, as an adjunct to improve 

outcomes and reduce chemotherapy side effects. In gut health regulating 

gastrointestinal function and protecting against ulcers. In aging Its antioxidant 

properties may slow age-related decline in cells and tissues [42]. 

The utility of melatonin administration significantly impacts its 

effectiveness. Administering melatonin in alignment with the body's circadian 

rhythm can enhance its anti-cancer effects [43]. Although these findings are 

promising, challenges remain. Determining the optimal dosage, timing, and 

integration into clinical protocols is complex [44]. Further clinical trials are needed 

to confirm its long-term safety and efficacy across diverse cancer cell lines [45-49]. 
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