
INTERNATIONAL 
JOURNAL                

OF BIOMEDICINE
http://dx.doi.org/10.21103/Article14(2)_RA3

 International Journal of Biomedicine 14(2) (2024) 227-230

REVIEW ARTICLEREVIEW ARTICLE

Prognostic Value of Melatonin in Patients with Chronic Obstructive 
Pulmonary Disease

Andrey V. Budnevsky1, Sergey N. Avdeev2, Evgeniy S. Ovsyannikov1, 
Karina V. Vostrikova1, Sofiya A. Budnevskaya1, Avag G. Kitoyan1

1Voronezh State Medical University named after N.N. Burdenko, Voronezh, Russia
2I. M. Sechenov First Moscow State Medical University (Sechenov University), Moscow, Russia

Abstract
The article outlines a detailed examination of multiple scientific studies investigating how melatonin affects COPD’s 

advancement and growth. The severity of oxidative stress in COPD, a complex disease with multiple factors, is significantly 
reduced by melatonin by activating intracellular antioxidants, as suggested by the data acquired. Considering the available data, 
we can conclude that melatonin has a protective role against oxidative stress in COPD patients in addition to regulating the 
circadian rhythm.(International Journal of Biomedicine. 2024;14(2):227-230.)
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Introduction
Chronic obstructive pulmonary disease (COPD) is 

recognized by the WHO as a leading cause of death worldwide, 
with an estimated 3 million people falling victim to it annually. 
According to Rosstat, COPD accounts for 14.1% of the morbidity 
structure and 26% of the mortality structure. (1-4) By the year 
2060, it is projected that there will be a staggering 5.4 million 
deaths annually from COPD and related illnesses due to the rise 
in smoking rates in low- and middle-income countries and to the 
growing number of elderly patients in high-income nations.

In the pathogenesis of COPD, oxidative stress plays 
a crucial role as it disrupts the delicate equilibrium between 

antioxidants and oxidants. Reactive oxygen species (ROS) 
are generated by electron leakage from the electron transport 
chain within mitochondria, which is a natural occurrence. 
However, a myriad internal and external factors intensify this 
phenomenon.(5)

Mitochondria are key regulators of metabolism, redox 
homeostasis, and cell proliferation. An imbalance in COPD 
has been determined at the level of various tissues: alveolar 
cells, epithelial cells of lung tissue, smooth myocytes of the 
respiratory tract, alveolar macrophages, striated muscles, 
mesenchymal stromal cells, and progenitor cells.(6) 

External factors such as smoking and air pollution, 
and internal factors (ROS released by inflammatory cells, 
especially neutrophils and macrophages), can lead to 
oxidative stress in the lung tissues.(7) Oxidative stress damages 
all structural components of the lungs and leads to irreversible 
changes in the pulmonary parenchyma, respiratory tract, and 
pulmonary vessels.(8)
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The most studied mechanisms of oxidative stress’s 
influence on the body of patients with COPD are excessive 
formation of ROS and reactive nitrogen species and a decrease 
in the activity of enzymes in the antioxidant system. Oxidative 
stress in COPD is one of the factors that support chronic 
inflammation and cellular aging and disrupt autophagy 
by ROS, which leads to decreased DNA repair, increased 
autoimmune reactions, increased mucus production, and a 
weakened anti-inflammatory response.(9)

Patients with COPD showed a significant rise in 
oxidative stress markers, with a notable increase in MAD, a 
decrease in SOD, and a substantial elevation in ROS content. 
This contrasted sharply with the control group, indicating 
a clear imbalance in the antioxidant defense system of 
individuals with this respiratory condition.(10) The development 
of endothelial dysfunction and thromboembolic complications 
is directly linked to the level of fibrinogen in the blood, as has 
been illustrated by the correlation of ROS values.

Activation of autophagy by ROS promotes 
cell adaptation, reducing the circulation of damaged 
macromolecules and dysfunctional cellular organelles. 
Oxidative stress causes changes in signaling pathways, which 
ultimately regulate autophagy. The important role of autophagy 
in the pathogenesis of COPD as a response to oxidative stress 
has been highlighted. Exploring the mechanisms of oxidative 
stress and autophagy in COPD is crucial to pave the way for 
innovative treatment options tailored to combat this illness. 
The focus should be on uncovering novel insights that can 
guide future research in this field.(11)

Autophagy is an important process in which cells 
break down parts of themselves inside. This process supports 
cell survival and homeostasis by removing molecules, 
mainly proteins, damaged organelles, and cytoplasmic 
macromolecules, as well as processing product decay. One 
of the special forms of autophagy is the selective removal or 
degradation of mitochondria. Various forms of cellular stress, 
such as oxidative stress, hypoxia, and pathogenic infections, 
can affect autophagy, causing the formation of free radicals 
and reactive oxygen species, which, in turn, stimulate the 
antioxidant response.(12)

Mast cells are known to play a crucial role in shaping the 
microenvironment of tissues, impacting diverse physiological 
and pathological functions within the organism. By releasing 
tryptase and/or chymase, mast cells actively modulate 
inflammatory processes, promote the formation of new blood 
vessels, cause allergic reactions, and influence cancer-related 
activities. Research using laboratory cell cultures and living 
organisms has highlighted the vital role of reactive oxygen 
intermediates in controlling the release of mast cell granules.(13)

It was found that hospitalized patients with COPD 
showed increased levels of MDA, protein products of increased 
oxidation, and total oxidative status. At the same time, SOD 
activity was significantly lower both during hospitalization 
and at discharge.(14)

As the condition of patients suffering from COPD 
worsened, a decrease in the level of catalase (CAT) and 
glutathione (GLT) activity and an increase in the level of 
MDA was noted.(15) The Tiffeneau index (FEV1/FVC) in 

patients is positively correlated with the activity of CAT and 
SOD and negatively with the level of MAD, which confirms 
the presence of an oxidant-antioxidant imbalance in COPD 
patients and emphasizes the importance of glutathione 
peroxidase in maintaining lung function.

During the various stages of COPD progression, a 
notable variance in the indicators of oxidative stress has been 
was observed. In patients with mild to moderate COPD, the 
levels of CAT, SOD, and glutathione peroxidase were found 
to be significantly decreased, compared to those with the most 
severe form of the disease. The study’s findings suggest a 
correlation between the extent of oxidative stress and COPD 
severity.(16)

Sotgia et al.(17) assessed the blood concentration of 
the total and reduced forms of the low-molecular-weight 
thiol antioxidant glutathione in COPD patients, compared 
with healthy people. The control group showed a markedly 
higher level of glutathione thiol, compared to the patients, as 
indicated by recent findings.

Initially, the release of ROS from mitochondria triggers a 
stress response in the respiratory tract’s epithelial cells, causing 
oxidative damage to membranes and organelles. Furthermore, 
damage occurs to DNA and proteases. Mitochondrial 
antioxidants and DNA are involved in activating the NLRP3 
inflammasome, along with the DNA sensors cyclic GMP-
AMP synthase and a stimulator of interferon genes (STING). 
These activations accelerate cell death pathways, including 
caspase activation, leading to inflammation and increased 
alveolar septa destruction, remodeling, and fibrosis.(18)

Systemic inflammation, which develops during long-
term COPD, is also a pathogenetic mechanism for the 
development of coronary artery disease. A high concentration 
of systemic inflammation markers is associated with worsening 
atherosclerosis, the development of its complications, and the 
progression of coronary artery disease.(19)

Over the past 15 years, attention has been focused on the 
intimate link between COPD and cardiovascular disease as a 
key component of the broad range of effects COPD has on the 
body. The enduring presence of a mild, chronic inflammatory 
response throughout the body in COPD patients is the primary 
factor behind the elevated occurrence of cardiovascular 
disease in this group.(20)

Chronic heart failure (CHF) and COPD are characterized 
by widespread prevalence and high mortality, especially when 
combined. Diagnosing comorbidity of CHF and COPD can 
pose challenges due to the overlap in risk factors, shared 
disease pathways, and similar symptomatology. Nevertheless, 
enhancing diagnostic accuracy and optimizing outcomes for 
these individuals is achievable.(21)

It is known that melatonin can restore the structural and 
functional organization of damaged lung tissue through several 
mechanisms, including the regulation of signaling molecules, 
oxidative status, lipid homeostasis, and support of optimal 
mitochondrial membrane potential. The role of melatonin in 
various lung diseases is believed to be linked to its interaction 
with the alpha-7 nicotinic receptor and the aryl hydrocarbon 
receptor, which together regulate mitochondrial function and 
integrate the effects of this hormone.(22) The mechanism of the 
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antioxidant action of this hormone is its ability to bind free 
radicals and exogenous carcinogens.(23) At the same time, by 
activating several enzymes, melatonin is able to enhance the 
formation of glutathione as well as increase the activity of SOD 
and CAT. Due to this, the balance between antioxidant and 
prooxidant enzymes ultimately shifts towards antioxidants.(22) 

A study by Morvaridzadeh et al.(24) confirmed the 
relationship between melatonin consumption and a significant 
increase in the body’s total antioxidant capacity. COPD 
patients experienced a notable rise in the levels of glutathione, 
SOD, glutathione peroxidase, and glutathione reductase, 
alongside a reduction in MDA. In addition to the fact that 
exogenous melatonin helps reduce the intensity of oxidative 
stress and the severity of shortness of breath in COPD, it also 
inhibits phosphorylation of ERK kinase and Sp1 expression 
and reduces the level of 8-isoprostane by 1.6 times.(25) 

In vivo and in vitro, the observed protective effect of 
melatonin on damaged lung tissue is clearly evident.(26) The 
melatonin effect is to weaken the inflammatory process in the 
lungs. It activates intracellular Trx1, inhibits TXNIP/NLRP1, 
and inhibits impaired mitophagy mediated by inflammasome 
activation. PINK-1, a protein that regulates autophagy and 
is linked to microtubules (LC3B-II), demonstrates a rising 
expression level. Melatonin also improves the overall 
antioxidant status of the lungs in COPD by restoring the 
transcription factor NRF-2-HO-1. 

A new target of melatonin is the NLRP3 inflammasome, 
which promotes increased IL-1β levels, activation of 
caspase-1, and stimulation of pyroptosis. By inhibiting 
NLRP3, melatonin reduces inflammation and affects various 
molecular pathways, such as SIRT1, microRNA, long non-
coding RNA, and Wnt/β-catenin.(27) 

In a study conducted on rats,(28) the influence of melatonin 
on the progression of COPD was confirmed, showing its 
ability to reduce the functioning of the NLRP3 and IL-1β 
inflammasomes. Additionally, an increase in SIRT1 levels was 
noticed in the lung tissues of rats with COPD, indicating a 
decrease in the protective effects of melatonin against COPD 
when SIRT1 activity was suppressed.

In addition to the antioxidant effects of melatonin, there 
is evidence of the potential benefit of melatonin in reducing 
the severity of COPD symptoms by improving sleep quality. 
Melatonin significantly improved Pittsburgh Quality of Life 
Index (PSQI) scores, especially sleep quality, duration, and 
efficiency. During the daytime, there was no observable 
discrepancy in levels of drowsiness, lung capacity, or oxygen 
saturation.(29) 

Correction of sleep disturbances with the use of melatonin 
in elderly patients with COPD increased the effectiveness 
of its treatment and reduced the frequency and duration of 
exacerbations, as well as the number of outpatient visits and 
hospitalizations.(30) In addition, several studies have assessed 
the effectiveness of integrating patient education, smoking 
cessation, exercise training, and nutritional interventions 
into standard COPD therapy. Results showed significant 
reductions in COPD exacerbations, hospitalizations, and 
symptom severity, as well as improvements in quality of life 
and exercise capacity.(31) 

Considering the available data, we can conclude that 
melatonin has a protective role against oxidative stress in 
COPD patients in addition to regulating the circadian rhythm. 

Competing Interests
The authors declare that they have no competing 

interests. 

Disclaimer
We state that the views expressed in the submitted article 

are ours and not an official position of the institution or funder.

References
1. Federal clinical guidelines: Chronic obstructive pulmonary 
disease. Revision:2023. Available from: https://spulmo.ru/upload/
kr/HOBL_2023_draft.pdf?ysclid=lrq75428cz630397288. (In 
Russian).
2. Morbidity of the population of the Russian Federation 
by main classes of diseases. Federal State Statistics Service, 
Official statistics, Healthcare. Available from: https://rosstat.
gov.ru/folder/13721. (In Russian).
3. World Health Organization.  Available from: https://www.
who.int/ru/news-room/fact-sheets/detail/chronic-obstructive-
pulmonary-disease-(copd).
4. Global Initiative for Chronic Obstructive Lung Disease 
(GOLD). Global strategy for the diagnosis, management, and 
prevention of COPD. Available from: https://goldcopd.org/
wp-content/uploads/2024/01/GOLD-2024_v1.2-11Jan24_
WMV-1.pdf
5. Białas AJ, Sitarek P, Miłkowska-Dymanowska J, 
Piotrowski WJ, Górski P. The Role of Mitochondria and 
Oxidative/Antioxidative Imbalance in Pathobiology of 
Chronic Obstructive Pulmonary Disease. Oxid Med Cell 
Longev. 2016;2016:7808576. doi: 10.1155/2016/7808576. 
Epub 2016 Dec 26. PMID: 28105251; PMCID: PMC5220474.
6. Sundar IK, Yao H, Rahman I. Oxidative stress and 
chromatin remodeling in chronic obstructive pulmonary 
disease and smoking-related diseases. Antioxid Redox Signal. 
2013 May 20;18(15):1956-71. doi: 10.1089/ars.2012.4863. 
Epub 2012 Nov 6. PMID: 22978694; PMCID: PMC3624634.
7. Barnes PJ. Inflammatory mechanisms in patients with 
chronic obstructive pulmonary disease. J Allergy Clin Immunol. 
2016 Jul;138(1):16-27. doi: 10.1016/j.jaci.2016.05.011. Epub 
2016 May 27. PMID: 27373322.
8. Polverino F, Celli BR, Owen CA. COPD as an 
endothelial disorder: endothelial injury linking lesions in the 
lungs and other organs? (2017 Grover Conference Series). 
Pulm Circ. 2018 Jan-Mar;8(1):2045894018758528. doi: 
10.1177/2045894018758528. PMID: 29468936; PMCID: 
PMC5826015.
9. Bernardo I, Bozinovski S, Vlahos R. Targeting oxidant-
dependent mechanisms for the treatment of COPD and its 
comorbidities. Pharmacol Ther. 2015 Nov;155:60-79. doi: 
10.1016/j.pharmthera.2015.08.005. Epub 2015 Aug 19. 
PMID: 26297673.
10. Saburova AM, Nasyrdzhonova HR, Sharipova HE, 
Kurbanova MB. Features of free radical oxidation and 



230                                     A. V. Budnevsky et al. / International Journal of Biomedicine 14(2) (2024) 227-230

metabolic activity of vascular endothelium in patients with 
chronic obstructive pulmonary disease. Avicenna’s Bulletin. 
2019; 21(1): 38-42. doi: 10.25005/2074-0581-2019-21-1-38-
42. (In Russian).
11. Zhao X, Zhang Q, Zheng R. The interplay between 
oxidative stress and autophagy in chronic obstructive 
pulmonary disease. Front Physiol. 2022 Sep 26;13:1004275. 
doi: 10.3389/fphys.2022.1004275. PMID: 36225291; 
PMCID: PMC9548529.
12. Albano GD, Montalbano AM, Gagliardo R, Profita 
M. Autophagy/Mitophagy in Airway Diseases: Impact of 
Oxidative Stress on Epithelial Cells. Biomolecules. 2023 Aug 
4;13(8):1217. doi: 10.3390/biom13081217. PMID: 37627282; 
PMCID: PMC10452925.
13. Atiakshin DA, Shishkina VV, Esaulenko DI,  Ovsyannikov 
ES. Mast Cells as the Target of the Biological Effects of 
Molecular Hydrogen in the Specific Tissue Microenvironment. 
International Journal of Biomedicine. 2022; 12(2):183-187. 
doi: 10.21103/Article12(2)_RA2
14. Stanojkovic I, Kotur-Stevuljevic J, Milenkovic B, Spasic 
S, Vujic T, Stefanovic A, Llic A, Ivanisevic J. Pulmonary 
function, oxidative stress and inflammatory markers in severe 
COPD exacerbation. Respir Med. 2011 Oct;105 Suppl 1:S31-
7. doi: 10.1016/S0954-6111(11)70008-7. PMID: 22015083.
15. Arja C, Surapaneni KM, Raya P, Adimoolam C, Balisetty 
B, Kanala KR. Oxidative stress and antioxidant enzyme 
activity in South Indian male smokers with chronic obstructive 
pulmonary disease. Respirology. 2013 Oct;18(7):1069-75. 
doi: 10.1111/resp.12118. PMID: 23683270.
16. Singh S, Verma SK, Kumar S, Ahmad MK, Nischal A, 
Singh SK, Dixit RK. Evaluation of Oxidative Stress and 
Antioxidant Status in Chronic Obstructive Pulmonary Disease. 
Scand J Immunol. 2017 Feb;85(2):130-137. doi: 10.1111/
sji.12498. PMID: 28256060.
17. Sotgia S, Paliogiannis P, Sotgiu E, Mellino S, Zinellu E, 
Fois AG, Pirina P, Carru C, Mangoni AA, Zinellu A. Systematic 
Review and Meta-Analysis of the Blood Glutathione 
Redox State in Chronic Obstructive Pulmonary Disease. 
Antioxidants (Basel). 2020 Nov 18;9(11):1146. doi: 10.3390/
antiox9111146. PMID: 33218130; PMCID: PMC7698942.
18. Wiegman CH, Li F, Ryffel B, Togbe D, Chung 
KF. Oxidative Stress in Ozone-Induced Chronic Lung 
Inflammation and Emphysema: A Facet of Chronic Obstructive 
Pulmonary Disease. Front Immunol. 2020 Sep 2;11:1957. 
doi: 10.3389/fimmu.2020.01957. PMID: 32983127; PMCID: 
PMC7492639.
19. Provotorov VM, Budnevskiĭ AV, Semenkova GG, 
Shishkina ES. [PROINFLAMMATORY CYTOKINES IN 
COMBINATION OF CORONARY HEART DISEASE AND 
CHRONIC OBSTRUCTIVE PULMONARY DISEASE]. 
Klin Med (Mosk). 2015;93(2):5-9. Russian. PMID: 26117912.
20. Budnevsky AV, Malysh EY. [Clinico-Pathogenetic 
Relationship of Cardiovascular Diseases and Chronic 
Obstructive Pulmonary Disease]. Kardiologiia. 2017 
Apr;57(4):89-93. Russian. PMID: 28762911.
21. Tokmachev RE, Mukhortova MS, Budnevsky AV, 
Tokmachev E.V., Ovsyannikov ES. Comorbidity of 

chronic heart failure and chronic obstructive pulmonary 
disease: features of pathogenesis, clinical and diagnosis. 
Cardiovascular Therapy and Prevention. 2018; 17 (6): 62-68. 
Doi: 10.15829/1728-8800-2018-6-62-68. (In Russian).
22. Mazzoccoli G, Kvetnoy I, Mironova E, Yablonskiy P, 
Sokolovich E, Krylova J, Carbone A, Anderson G, Polyakova 
V. The melatonergic pathway and its interactions in modulating 
respiratory system disorders. Biomed Pharmacother. 2021 
May;137:111397. doi: 10.1016/j.biopha.2021.111397. Epub 
2021 Feb 19. PMID: 33761613.
23. Arushanyan EB. The protective role of melatonin in 
disorders of cerebral circulation. RMJ. 2010; 18(8): 495-499. 
(In Russian).
24. Morvaridzadeh M, Nachvak SM, Agah S, Sepidarkish M, 
Dehghani F, Rahimlou M, Pizarro AB, Heshmati J. Effect of 
soy products and isoflavones on oxidative stress parameters: A 
systematic review and meta-analysis of randomized controlled 
trials. Food Res Int. 2020 Nov;137:109578. doi: 10.1016/j.
foodres.2020.109578. Epub 2020 Jul 21. PMID: 33233189.
25. Budnevsky AV, Tsvetikova LN, Ovsyannikov ES, 
Goncharenko OV. Melatonin: role in the development 
of chronic obstructive pulmonary disease. Pulmonology. 
2016;26(3):372-378. doi: 10.18093/0869-0189-2016-26-3-
372-378. (In Russian). 
26. Mahalanobish S, Dutta S, Saha S, Sil PC. Melatonin 
induced suppression of ER stress and mitochondrial 
dysfunction inhibited NLRP3 inflammasome activation in 
COPD mice. Food Chem Toxicol. 2020 Oct;144:111588. 
doi: 10.1016/j.fct.2020.111588. Epub 2020 Jul 30. Erratum 
in: Food Chem Toxicol. 2024 Feb;184:114408. PMID: 
32738376.
27. Ashrafizadeh M, Najafi M, Kavyiani N, Mohammadinejad 
R, Farkhondeh T, Samarghandian S. Anti-Inflammatory 
Activity of Melatonin: a Focus on the Role of NLRP3 
Inflammasome. Inflammation. 2021 Aug;44(4):1207-1222. 
doi: 10.1007/s10753-021-01428-9. Epub 2021 Mar 2. PMID: 
33651308.
28. Peng Z, Zhang W, Qiao J, He B. Melatonin attenuates 
airway inflammation via SIRT1 dependent inhibition of 
NLRP3 inflammasome and IL-1β in rats with COPD. Int 
Immunopharmacol. 2018 Sep;62:23-28. doi: 10.1016/j.
intimp.2018.06.033. Epub 2018 Jun 30. PMID: 29990691.
29. Halvani A, Mohsenpour F, Abadi EEF. Effect of melatonin 
on sleep quality of chronic obstructive pulmonary disease 
(COPD) patients. Eur Respir J 2012; 40: Suppl. 56, 3477
30. Tsvetikova LN, Goncharenko OV, Budnevsky AV, 
Ovsyannikov ES, Belov VN, Kudashova EA, Shkatova YS. 
Melatonin in treatment of sleep disorders in elderly patients 
with chronic obstructive pulmonary disease. International 
Journal of Biomedicine. 2017;7(2):108-110. doi: 10.21103/
Article7(2)_OA4
31. Budnevsky AV, Isaeva YV, Malysh EY, Kozhevnikova 
SA. [Pulmonary rehabilitation as an effective method for 
optimizing therapeutic and preventive measures in patients 
with chronic obstructive pulmonary disease concurrent with 
metabolic syndrome]. Ter Arkh. 2016;88(8):25-29. Russian. 
doi: 10.17116/terarkh201688825-29. PMID: 27636923.


