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Long coronavirus disease 2019 (LC19) represents a complex global health
challenge. Survivors frequently report persistent problems like widespread pain
syndrome (WPS), cognitive dysfunction, cardiovascular complications, and
sleep disturbances. These health problems, which are worsened by oxidative
stress and inflammaging, open the prospect of treatment strategies targeting
these mechanisms. Melatonin is a potential option for treating LC19 problems
because of its anti-inflammatory, antioxidant, and pain-modulating properties.
Melatonin targets shared pathological pathways, offering a promising approach
to reducing inflammation, oxidative stress, and neuroendocrine dysfunction.
The present mini-review explores the therapeutic potential of melatonin in the
treatment of LC19, focusing on its effects on WPS and inflammation.
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1 Introduction

Long coronavirus disease 2019 (LC19) has been recognized by the World Health
Organization as a global health crisis, warranting “emergency use” attention (1).
Affecting over 60% of COVID-19 survivors (2), LC19 is characterized by a variety of
chronic symptoms, including exhaustion, anxiety, depression, sleep disturbances,
cognitive impairments, widespread pain, and systemic inflammation (3-7). Despite
extensive research into acute COVID-19 complications, the long-term sequelae of LC19
remain poorly understood, highlighting the urgent need for studies to unravel its
mechanisms and identify effective therapeutic strategies (4-7). Among the diverse
symptoms of LC19, widespread pain syndrome (WPS) (8) and systemic complications
such as myocarditis (9), are the most alarming. WPS is marked by chronic, diffuse
musculoskeletal pain, disturbing patients’ comfort and satisfaction (8). Both conditions
share a key pathological process: inflammaging, a chronic inflammatory state
traditionally associated with aging (10), but increasingly linked to post-infectious
syndromes (8, 9).

Emerging evidence suggests a critical role of altered endogenous melatonin levels in
driving oxidative stress and systemic inflammation in LC19 (9). The ability of
melatonin to counteract inflammation positions it as a potential therapeutic strategy for
addressing the systemic effects of LC19, including WPS. This review explored the
therapeutic potential of melatonin in addressing LC19’s multifaceted challenges,
particularly WPS and the systemic inflammation associated with the condition. We
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suggest that therapies focusing on these interconnected pathways,
such as melatonin supplementation, could be promising for
minimizing the complex consequences of LC19.

2 Inflammaging and its role in long
COVID-19 complications

One of the main causes of health problems in LCI19 is
inflammation (9), which is exacerbated in elderly individuals due
to ‘inflammaging’. The latter is a condition where aging leads to
a chronic, low-grade inflammatory state (10). This condition is
characterized by a sustained pro-inflammatory environment
fueled by persistent oxidative stress, immune dysregulation, and
the overproduction of pro-inflammatory cytokines (9, 10). In
LC19, these interconnected mechanisms play the major role in
the progression and severity of symptoms, including WPS (8)
and cardiovascular complications (e.g., myocarditis) (9). In LC19
patients, inflammation is believed to amplify musculoskeletal
pain through both central and peripheral sensitization of pain
pathways (11). Chronic inflammation can disrupt the normal
functioning of sensory neurons, increasing their excitability and
amplifying pain (12).
inflammatory milieu can interfere with the neuroendocrine

signals Furthermore, the persistent
system, impairing the production and regulation of melatonin
(13). Consequently, chronic inflammation can induce sleep
problems, potentiate oxidative stress and systemic inflammation,
and disrupt the healing process (9). Interestingly, sleep
disturbances can, in turn, activate inflammatory mechanisms and
exacerbate pain (7, 14, 15).

Aging-related declines in endogenous defenses further promote
the negative effects of inflammation in LC19 patients (particularly
in elderly people suffering from inflammaging) (9, 10). For
example, decreased melatonin production (i.e., a sign of aging) is
associated with decreased antioxidant activity and an inability to
counteract the oxidative stress and pro-inflammatory signaling
associated with WPS (16, 17).

melatonin levels induces health complications and contributes to

Importantly, this decline in

systemic symptoms, including fatigue, sleep disturbances, and
cognitive impairments (9).

3 Widespread pain syndrome in long
COVID-19

It is well established that WPS
complication affecting LC19 survivors, with a prevalence ranging
from 10% to 80% (8). WPS is characterized by diffuse and chronic
musculoskeletal pain, most likely results from a combination of

is considered a severe

immune system dysregulation, neuroinflammation, and central
(12).
melatonin levels, and irregular circadian rhythms can bring on
these health difficulties (18, 19). In LC19, persistent inflammation
and the hyperactivation of pain signaling pathways may perpetuate
WPS, leading to
impairments (12).

sensitization Importantly, oxidative stress, decreased

long-term  physical and psychological
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Analgesics are commonly used to manage pain in WPS (20),
however, they primarily provide symptomatic relief without
addressing the underlying causes of the condition and are often
associated with adverse side effects (20). Conversely, melatonin,
which is naturally produced by the body, holds promise as a
safer alternative due to its ability to reduce oxidative stress,
regulate circadian rhythms, and modulate systemic inflammation
(9). Despite its frequency, WPS is still poorly understood in
LCI19 research, emphasizing the necessity for a multifaceted
therapeutic strategy that treats localized and systemic symptoms.
There are still few evidence-based treatments approaches for
WPS in this population, which underscores the need for
additional focused studies in this field.

The interesting 2025 letter to the editor entitled “potential of
melatonin as a treatment option for long COVID: A call for
research” highlights the urgent need to address the persistent and
multifaceted posed by LC19,
potential role of melatonin as a therapeutic agent (21). Kakad

challenges emphasizing the
et al. (21) skillfully describe the mechanisms of action of
melatonin, such as its capacity to regulate neuroinflammation,
The
aforementioned three important pathogenic processes underlie

oxidative  stress, and mitochondrial  dysfunction.
the systemic and neuropsychiatric symptoms of LC19 (21).
highlights
supporting melatonin’s advantages, as proven in past studies on
acute COVID-19 (22), and advocates for dedicated clinical

research to examine its efficacy in LC19 patients (9). Inspired by

Interestingly, the letter the overwhelming data

this essential request, we were compelled to create the present
mini-review to reaffirm the importance of melatonin in
controlling LC19. Our review supported the letter’s observations
(21), and emphasizes the urgency of taking quick action. In
order to reduce the burden of LC19, we support putting this
increasing body of evidence into clinical practice and implore the
scientific community to give melatonin’s therapeutic potential
top priority. This will open the door to more focused and easily

accessible therapies.

4 Melatonin as a therapeutic target in
long COVID-19

Melatonin, an endogenous neurohormone with strong

antioxidant,  anti-inflammatory, and immunomodulatory
properties (23), shows great potential as an adjuvant treatment
for LC19 (9). Melatonin, which is well-known for controlling
circadian cycles and mitochondrial activity, can counteract many
mechanisms underlying LC19 complications, including weight
gain (24), widespread pain (16, 17), sleep disturbances (7, 9), and
myocarditis (9).

in LC19

management is an important and pertinent public health project.

Therefore, research on melatonin’s function
It is critical to recognize that exogenous melatonin may harm
some groups, including nursing mothers (25). Additionally,
because of the uncertain long-term endocrine consequences,
prolonged or high-dose melatonin usage should be avoided (26).

Thus, expert advice and evidence-based recommendations are
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FIGURE 1
Mechanisms underlying melatonin’s analgesic effect. COX-2, cyclooxygenase-2; IL-18, Interleukin 1 p; K*, potassium ion; MT1, melatonin receptor 1;
MT2, melatonin receptor 2; NMDA, N-methyl-D-aspartate; nAChRs, nicotinic ACh receptors; TNF-a, tumor necrosis factor o.

crucial to optimize the use of melatonin and improve

endogenous production (9).

4.1 Inflammaging, pain modulation, and
widespread pain syndrome

Melatonin emerges as an effective adjuvant treatment for
LC19 due to its capacity to inhibit both the primary causes of
chronic pain and inflammation (27). Melatonin is a powerful
antioxidant and anti-inflammatory molecule that inhibits the
synthesis of pro-inflammatory cytokines, including interleukins
6 and 1B, and tumor necrosis factor oo (TNF-o) (28), essential
for the pathways leading to inflammation and pain (29).
Melatonin mitigates oxidative damage in nociceptive tissues and
restores redox balance by scavenging reactive oxygen species
defenses (30, 31).
Interestingly, it has been shown that melatonin directly tackles

and boosting endogenous antioxidant
the inflammatory cascades that underlie chronic pain and tissue
dysfunction associated with aging by regulating “nuclear factor-
kappa B” activity (32). Beyond its anti-inflammatory properties,
melatonin modulates central pain mechanisms by influencing
key pathways, such as the “N-Methyl-D-Aspartate (NMDA)”
receptor and the opioid and serotonin systems (to modify
central pain mechanisms) (31, 33). Consequently, this helps
alleviate hyperalgesia and reduce central sensitization (34).
Additionally, melatonin improves circadian rhythm regulation
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and sleep quality, indirectly reducing pain perception by
attenuating sleep disturbances (a common exacerbating factor in
WPS) (28). Furthermore, melatonin suppresses the activation of
microglia and astrocytes in the central nervous system (35),
which are key contributors to chronic pain sensitization (36).
Interestingly, melatonin also exerts its analgesic actions by
binding to opioid receptors and increasing the release of -
endorphin (37). Furthermore, melatonin can exert analgesic
actions by increasing the activity of cholinergic receptors,
especially the neuronal nicotinic acetylcholine receptors sensitive
to o-bungarotoxin (38). The complex analgesic action of
melatonin is simplified in Figure 1.

Pro-nociceptive effects, neurotoxicity, and neuroinflammation
are all influenced by excessive nitric oxide (NO) production (32).
Remarkably, melatonin reduces pain by inhibiting the activity of
NO synthases (NOS) enzymes (i.e., inducible- and neuronal-
NOS), which are linked to anxiety brought on by chronic pain.
Melatonin suppresses NO-mediated inflammatory responses (32)
and scavenges peroxynitrite, which has a potent oxidative stress
effect and increases sensitivity (39). Furthermore, by reducing
NO levels, melatonin indirectly suppresses NMDA receptor
overactivation, which reduces pain sensitivity and hyperalgesia.
Notably,
antinociceptive hormone that works especially well in settings

melatonin is a strong anti-inflammatory and

with excess NO generation (Figure 2). To the best of the authors’
knowledge, we highlight for the first time that melatonin reduces
effects via

pain-promoting counteracting TNF-o-mediated
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FIGURE 2
Role of melatonin in reducing central and peripheral sensitization via N-methyl-D-aspartate (NMDA) modulation and antioxidant effects. Melatonin
reduces pain sensitivity and neuroinflammation by inhibiting inducible and neuronal nitric oxide (NO) synthases (iNOS, nNOS, respectively). It
suppresses NO-mediated inflammation, scavenges peroxynitrite, and attenuates NMDA receptor overactivation. iINOS, inducible NOS ; nNOS,
neuronal NOS ; NOS, nitric oxide synthase.

inducible-NOS activation. We suggest that the antinociceptive
effects of melatonin could be largely attributed to this mechanism.

Melatonin is a special and multifaceted treatment option for
LC19 because it addresses the interconnected pathways of
inflammaging and chronic pain (27). By targeting inflammation,
oxidative stress, disrupted circadian rhythms, and central pain
sensitization, melatonin holds the potential not only to manage
widespread pain but also to improve overall systemic resilience in
LC19 patients (9, 33). This
significantly enhance recovery and quality of life in individuals

multifaceted approach may

suffering from WPS as part of the LC19 spectrum.

5 Conclusion

Targeting these pathways, melatonin is an attractive adjuvant
therapy that offers several advantages in managing LCI19.
Melatonin can potentially counteract the chronic effects of
widespread LC19 pain by restoring circadian rhythms, reducing
inflammation, and minimizing oxidative damage. We propose
that melatonin could be employed as a potential treatment for
WPS induced by LC19. It is essential to carry out particular
clinical research concentrating on the ideal dosage, safety, and
effectiveness of exogenous melatonin in treating WPS induced by
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LC19 in order to firmly establish its place in clinical practice.
These investigations ought to evaluate how melatonin affects
LC19 patients’ pain management, cognitive impairment, and
order to

neuropsychiatric symptoms. In

therapeutic potential of melatonin and open the door for

investigate the

evidence-based therapies in the treatment of protracted COVID,
we therefore implore the scientific community to give priority to
these clinical trials.

Author contributions

AS: Writing - original draft, Writing - review & editing. PP-G:
Writing - review & editing. HB: Writing - review & editing,
Writing - original draft.

Funding

The author(s) declare that financial support was received for
the research and/or publication of this article. The authors
acknowledge Prince Sultan University for its support in covering
the Article Processing Charges for this publication, assistance in
paying publication fees, and allocation of research resources.

frontiersin.org


https://doi.org/10.3389/fpain.2025.1609095
https://www.frontiersin.org/journals/pain-research
https://www.frontiersin.org/

Souissi et al.

Acknowledgments

The authors express their sincere gratitude to the reviewer for
the excellent feedback, which has substantially improved the
quality of this work. The reviewer insightful comments and
constructive  suggestions
manuscript (40).

were invaluable in refining our

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

References

1. Crispo A, Bimonte S, Porciello G, Forte CA, Cuomo G, Montagnese C, et al.
Strategies to evaluate outcomes in long-COVID-19 and post-COVID survivors.
Infect Agent Cancer. (2021) 16(1):62. doi: 10.1186/s13027-021-00401-3

2. Fernandez-de-Las-Penas C. One year later: prevalence of long-COVID symptoms.
Eur J Intern Med. (2023) 115:37-8. doi: 10.1016/j.€jim.2023.07.001

3. Carfi A, Bernabei R, Landi F, Gemelli Against C-P-ACSG. Persistent symptoms in
patients after acute COVID-19. JAMA. (2020) 324(6):603-5. doi: 10.1001/jama.2020.
12603

4. Benzarti W, Toulgui E, Prefaut C, Chamari K, Ben Saad H. General practitioners
should provide the cardiorespiratory rehabilitation’ ‘minimum advice’ for long
COVID-19 patients. Libyan ] Med. (2022) 17(1):2009101. doi: 10.1080/19932820.
2021.2009101

5. Ghram A, Ayadi H, Knechtle B, Ben Saad H. What should a family physician
know about nutrition and physical exercise rehabilitation’ advices to communicate
to ‘long-term COVID-19’ patients? Postgrad Med. (2022) 134(2):143-7. doi: 10.
1080/00325481.2022.2035589

6. Malik P, Patel K, Pinto C, Jaiswal R, Tirupathi R, Pillai S, et al. Post-acute
COVID-19 syndrome (PCS) and health-related quality of life (HRQoL)—a
systematic review and meta-analysis. ] Med Virol. (2022) 94(1):253-62. doi: 10.
1002/jmv.27309

7. Guezguez F, Romdhani M, Boutaleb-Joutei A, Chamari K, Ben Saad H.
Management of long-COVID-19 patients with sleep disorders: practical advice to
general practitioners. Libyan J Med. (2023) 18(1):2182704. doi: 10.1080/19932820.
2023.2182704

8. Mariette X. Long COVID: a new word for naming fibromyalgia? Ann Rheum Dis.
(2024) 83(1):12-4. doi: 10.1136/ard-2023-224848

9. Souissi A, Dergaa I, Romdhani M, Ghram A, Irandoust K, Chamari K, et al. Can
melatonin reduce the severity of post-COVID-19 syndrome? EXCLI J. (2023b) 22:173.
doi: 10.17179/excli2023-5864

10. Ferrucci L, Fabbri E. Inflammageing: chronic inflammation in ageing,
cardiovascular disease, and frailty. Nat Rev Cardiol. (2018) 15(9):505-22. doi: 10.
1038/s41569-018-0064-2

11. Guaraldi G, Milic J, Cesari M, Leibovici L, Mandreoli F, Missier P, et al. The
interplay of post-acute COVID-19 syndrome and aging: a biological, clinical and
public health approach. Ageing Res Rev. (2022) 81:101686. doi: 10.1016/j.arr.2022.
101686

12. Pinho-Ribeiro FA, Verri WA Jr, Chiu IM. Nociceptor sensory neuron-immune
interactions in pain and inflammation. Trends Immunol. (2017) 38(1):5-19. doi: 10.
1016/.it.2016.10.001

13. Inoue DS, Gomes M]J. Integrative insights into PNI: low-grade chronic
inflammation, skeletal muscle wasting, and brain impairments. Brain Behav Immun.
(2024) 40:100838. doi: 10.1016/j.bbih.2024.100838

14. Ballesio A. Inflammatory hypotheses of sleep disturbance—depression link:
update and research agenda. Brain Behav Immun Health. (2023) 31:100647. doi: 10.
1016/j.bbih.2023.100647

15. Irwin MR, Straub RH, Smith MT. Heat of the night: sleep disturbance activates
inflammatory mechanisms and induces pain in rheumatoid arthritis. Nat Rev
Rheumatol. (2023) 19(9):545-59. doi: 10.1038/s41584-023-00997-3

Frontiers in Pain Research

10.3389/fpain.2025.1609095

Generative Al statement

The author(s) declare that Generative AI was used in the
creation of this manuscript. Generative AI was used only for
cheking English (writing).

Publisher’'s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

16. Cardinali DP, Brown GM, Pandi-Perumal SR. Can melatonin be a potential
“silver bullet” in treating COVID-19 patients? Diseases. (2020) 8(4):44. doi: 10.3390/
diseases8040044

17. Kaye AD, File CJ, Borne GE, Daniel CP, Sharma R, Shekoohi S, et al. Melatonin:
evolving physiological understanding and potential therapeutic role in pain medicine
including intervertebral disc degeneration. Pain Phys. (2024) 27(5):273-82.

18. Chu Y, He H, Liu Q, Jia S, Fan W, Huang F. The circadian clocks, oscillations of
pain-related mediators, and pain. Cell Mol Neurobiol. (2023) 43(2):511-23. doi: 10.
1007/s10571-022-01205-8

19. Gonzélez-Flores D, Lépez-Pingarrén L, Castaio MY, Gémez MA, Rodriguez
AB, Garcia JJ, et al. Melatonin as a coadjuvant in the treatment of patients with
fibromyalgia. Biomedicines. (2023) 11(7):1964. doi: 10.3390/biomedicines11071964

20. Phillips WJ, Currier BL. Analgesic pharmacology: II. Specific analgesics. ] Am
Acad Orthop Surg. (2004) 12(4):221-33. doi: 10.5435/00124635-200407000-00003

21. Kakad UU, Khopkar-Kale PS, Tripathy SP, Bhawalkar JS. Potential of melatonin
as a treatment option for long COVID: a call for research. Br J Clin Pharmacol. (2025)
91(2):493-4. doi: 10.1111/bcp.16375

22. Zhang R, Wang X, Ni L, Di X, Ma B, Niu S, et al. COVID-19: melatonin as a
potential adjuvant treatment. Life Sci. (2020) 250:117583. doi: 10.1016/j.1fs.2020.117583

23. Souissi A, Dergaa I. An overview of the potential effects of melatonin
supplementation on athletic performance. Int J Sport Stud Health. (2021) 4(1):1-7.
doi: 10.61838/kman.intjssh.4.1.1

24. Souissi A, Ben Maaouia G, Dergaa I, Ghram A, Ben Saad H. The fat burning
ability of melatonin during submaximal exercise. Biol Rhythm Res. (2023a)
54(3):307-21. doi: 10.1080/09291016.2022.2157531

25. Andersen LP, Gogenur I, Rosenberg ], Reiter R]. The safety of melatonin in
humans. Clin Drug Investig. (2016) 36(3):169-75. doi: 10.1007/s40261-015-0368-5

26. Minich DM, Henning M, Darley C, Fahoum M, Schuler CB, Frame J. Is
melatonin the “next vitamin D"?: a review of emerging science, clinical uses, safety,
and dietary supplements. Nutrients. (2022) 14:19. doi: 10.3390/nu14193934

27. Francavilla F, Intranuovo F, La Spada G, Lacivita E, Catto M, Graps EA, et al.
Inflammaging and immunosenescence in the post-COVID era: small molecules,
big challenges. ChemMedChem. (2025) 20(6):e202400672. doi: 10.1002/cmdc.
202400672

28. Nabavi SM, Nabavi SF, Sureda A, Xiao J, Dehpour AR, Shirooie S, et al. Anti-
inflammatory effects of melatonin: a mechanistic review. Crit Rev Food Sci Nutr.
(2019) 59(sup1):S4-S16. doi: 10.1080/10408398.2018.1487927

29. Schulthei3 C, Willscher E, Paschold L, Gottschick C, Klee B, Henkes S-S, et al.
The IL-1pB, IL-6, and TNF cytokine triad is associated with post-acute sequelae of
COVID-19. Cell Rep Med. (2022) 3(6):100663. doi: 10.1016/j.xcrm.2022.100663

30. El-Shenawy SM, Abdel-Salam OM, Baiuomy AR, El-Batran S, Arbid MS. Studies
on the anti-inflammatory and anti-nociceptive effects of melatonin in the rat.
Pharmacol Res. (2002) 46(3):235-43. doi: 10.1016/s1043-6618(02)00094-4

31. Xie S, Fan W, He H, Huang F. Role of melatonin in the regulation of pain. J Pain
Res. (2020) 13:331-43. doi: 10.2147/JPR.S228577

32. Cao G-D, Li X-S, Liu J, Pei Y-Q, Liu P, Li P, et al. Mechanism of melatonin in
the treatment of chronic pain-depression co-morbidity. ] Hainan Med Univ. (2020)
26(22):58.

frontiersin.org


https://www.frontiersin.org/journals/pain-research/articles/10.3389/fpain.2025.1609095/preview/1609095-html/1#B40
https://doi.org/10.1186/s13027-021-00401-3
https://doi.org/10.1016/j.ejim.2023.07.001
https://doi.org/10.1001/jama.2020.12603
https://doi.org/10.1001/jama.2020.12603
https://doi.org/10.1080/19932820.2021.2009101
https://doi.org/10.1080/19932820.2021.2009101
https://doi.org/10.1080/00325481.2022.2035589
https://doi.org/10.1080/00325481.2022.2035589
https://doi.org/10.1002/jmv.27309
https://doi.org/10.1002/jmv.27309
https://doi.org/10.1080/19932820.2023.2182704
https://doi.org/10.1080/19932820.2023.2182704
https://doi.org/10.1136/ard-2023-224848
https://doi.org/10.17179/excli2023-5864
https://doi.org/10.1038/s41569-018-0064-2
https://doi.org/10.1038/s41569-018-0064-2
https://doi.org/10.1016/j.arr.2022.101686
https://doi.org/10.1016/j.arr.2022.101686
https://doi.org/10.1016/j.it.2016.10.001
https://doi.org/10.1016/j.it.2016.10.001
https://doi.org/10.1016/j.bbih.2024.100838
https://doi.org/10.1016/j.bbih.2023.100647
https://doi.org/10.1016/j.bbih.2023.100647
https://doi.org/10.1038/s41584-023-00997-3
https://doi.org/10.3390/diseases8040044
https://doi.org/10.3390/diseases8040044
https://doi.org/10.1007/s10571-022-01205-8
https://doi.org/10.1007/s10571-022-01205-8
https://doi.org/10.3390/biomedicines11071964 
https://doi.org/10.5435/00124635-200407000-00003
https://doi.org/10.1111/bcp.16375
https://doi.org/10.1016/j.lfs.2020.117583
https://doi.org/10.61838/kman.intjssh.4.1.1
https://doi.org/10.1080/09291016.2022.2157531
https://doi.org/10.1007/s40261-015-0368-5
https://doi.org/10.3390/nu14193934
https://doi.org/10.1002/cmdc.202400672
https://doi.org/10.1002/cmdc.202400672
https://doi.org/10.1080/10408398.2018.1487927
https://doi.org/10.1016/j.xcrm.2022.100663
https://doi.org/10.1016/s1043-6618(02)00094-4
https://doi.org/10.2147/JPR.S228577
https://doi.org/10.3389/fpain.2025.1609095
https://www.frontiersin.org/journals/pain-research
https://www.frontiersin.org/

Souissi et al.

33, Ambriz-Tututi M, Rocha-Gonzalez HI, Cruz SL, Granados-Soto V. Melatonin: a
hormone that modulates pain. Life Sci. (2009) 84(15-16):489-98. doi: 10.1016/j.Ifs.
2009.01.024

34. Chen WW, Zhang X, Huang WJ. Pain control by melatonin: physiological and
pharmacological effects. Exp Ther Med. (2016) 12(4):1963-8. doi: 10.3892/etm.2016.
3565

35. Wang J, Jiang C, Zhang K, Lan X, Chen X, Zang W, et al. Melatonin receptor
activation provides cerebral protection after traumatic brain injury by mitigating
oxidative stress and inflammation via the Nrf2 signaling pathway. Free Radic Biol
Med. (2019) 131:345-55. doi: 10.1016/j.freeradbiomed.2018.12.014

36. Li T, Chen X, Zhang C, Zhang Y, Yao W. An update on reactive astrocytes in
chronic pain. J Neuroinflammation. (2019) 16(1):140. doi: 10.1186/s12974-019-1524-2

Frontiers in Pain Research

06

10.3389/fpain.2025.1609095

37. Shavali S, Ho B, Govitrapong P, Sawlom S, Ajjimaporn A, Klongpanichapak S,
et al. Melatonin exerts its analgesic actions not by binding to opioid receptor subtypes
but by increasing the release of beta-endorphin an endogenous opioid. Brain Res Bull.
(2005) 64(6):471-9. doi: 10.1016/j.brainresbull.2004.09.008

38. Markus RP, Silva CL, Franco DG, Barbosa Jr EM, Ferreira ZS. Is modulation of
nicotinic acetylcholine receptors by melatonin relevant for therapy with cholinergic
drugs? Pharmacol Ther. (2010) 126(3):251-62. doi: 10.1016/j.pharmthera.2010.02.009

39. Salvemini D. Peroxynitrite and opiate antinociceptive tolerance: a painful reality.
Arch Biochem Biophys. (2009) 484(2):238-44. doi: 10.1016/j.abb.2008.11.005

40. Hidouri S, Kamoun H, Salah S, Jellad A, Ben Saad H. Key guidelines for
responding to reviewers. FI000Res. (2024) 13:921. doi: 10.12688/f1000research.
154614.1

frontiersin.org


https://doi.org/10.1016/j.lfs.2009.01.024
https://doi.org/10.1016/j.lfs.2009.01.024
https://doi.org/10.3892/etm.2016.3565
https://doi.org/10.3892/etm.2016.3565
https://doi.org/10.1016/j.freeradbiomed.2018.12.014
https://doi.org/10.1186/s12974-019-1524-2
https://doi.org/10.1016/j.brainresbull.2004.09.008
https://doi.org/10.1016/j.pharmthera.2010.02.009
https://doi.org/10.1016/j.abb.2008.11.005
https://doi.org/10.12688/f1000research.154614.1
https://doi.org/10.12688/f1000research.154614.1
https://doi.org/10.3389/fpain.2025.1609095
https://www.frontiersin.org/journals/pain-research
https://www.frontiersin.org/

	Widespread pain syndrome in long COVID-19: melatonin as an adjuvant treatment
	Introduction
	Inflammaging and its role in long COVID-19 complications
	Widespread pain syndrome in long COVID-19
	Melatonin as a therapeutic target in long COVID-19
	Inflammaging, pain modulation, and widespread pain syndrome

	Conclusion
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Generative AI statement
	Publisher's note
	References


