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ORIGINAL ARTICLE
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Background: Melatonin, a potent naturally occurring antioxidant plays a significant role in
counteracting various toxins. This study aimed to evaluate the ameliorative effects of melatonin on
histopathological changes in lung tissues of nicotine-exposed rats. Methods: This quasi-experimental
study was conducted at Isra University, Hyderabad during Feb-May 2024. Forty Wistar albino rats
were used. Rats were evenly divided into four groups. Group A (control group) received only normal
chow, Group B received nicotine hydrogen bitartarate 0.6 mg/Kg bodyweight daily intra-peritoneal,
Group C received same dose of nicotine with melatonin 5 mg/Kg I/P daily, and Group-D received the
same dose of nicotine with melatonin 10 mg/Kg I/P. Serum inflammatory and antioxidant markers
were analysed along with the histopathological analysis. Results: A significant rise in haematological
parameters was observed in Group B compared to the control (p<0.05). Group D showed more
prominent decline in these parameters (p<0.05) compared to Group C. A significant rise in c-reactive
protein levels (from 0.10+0.11 to 0.884+0.25 mg/dL) and fibrinogen levels (from normal 224.7+74 to
447.140.41 mg/dL) were observed in Group B rats. The anti-oxidative and tissue peroxidative makers
(MDA, SOD and GSH) levels were lower in Group C and D compared to control group, however,
Group B showed a significant (p<0.05) decrease in these. Conclusion: Melatonin has a protective
effect against inflammatory, oxidative and proliferative reactions resulting from nicotine to lung tissues.
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INTRODUCTION

The lung is an organ composed of a complex network of
tubes. It takes part in several vital physiological
processes, such as gas exchange and immunological
reactions. Respiratory infections are prevalent and
represent a substantial danger to public health." Over the
past 10 years, there has been a rise in the number of lung
disease-related deaths, particularly chronic obstructive
pulmonary disease (COPD), which is brought on by the
harmful effects of cigarette smoking.! Since cigarette
smoke is directly inhaled into the lungs, it is one of the
main risk factors for damage to multiple organs,
particularly the lungs, which is the cause of death from
cardiorespiratory failure.” Cigarette smoking causes
one-third of all cancer-related deaths and ranks as a
primary cause of lung cancer.’ Nicotine is one of the
over 9,500 components of cigarette smoke. The primary
pharmacologically active ingredient in tobacco smoke’s
particle phase and the highly poisonous molecule that
causes the majority of harmful effects of smoking, is
nicotine.* By producing reactive oxygen free radicals,
nicotine damages the lungs oxidatively. This frequently
leads to a drop in the levels of glutathione peroxidase,
catalase, and superoxide dismutase.’

The pineal gland produces the endogenous
hormone melatonin (N-acetyl-5-methoxytryptamine)

primarily from the amino acid tryptophan. It shares
structural similarities with serotonin and is secreted in
the dark in both mammals and humans.® Its exogenous
dietary sources include melatonin-rich foods like orange
juice, walnuts, and sour cherries.” It has anti-
inflammatory, anti-proliferative, anti-cancerous, anti-
apoptotic (in injured cells), and pro-apoptotic (in
malignant cells) qualities in addition to its potent
antioxidant qualities. Even when administered before or
concurrently with chemotherapy and radiation therapy,
it has synergistic effects.*’

Melatonin effectively suppresses inflammatory
mediators, including IL-6, TNF-a, and MMP-9, as well
as inflammatory cells, to achieve its anti-inflammatory
effects.’” Melatonin helps in preventing lung fibrosis
brought on by cigarette smoke. This is achieved
primarily by decreasing the production of TGF-f1 and
collagen 1 and concurrently increasing the production of
antioxidants glutathione peroxidase and superoxide
dismutase."

Being a naturally occurring hormone,
melatonin is far safer to use both therapeutically and
prophylactically than other medications. It is also widely
accessible and has very few adverse effects. Research
on humans and animals has demonstrated its safety for
short-term and long-term treatments.”
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The primary objective of the present study was
to evaluate the ameliorative effects of melatonin on
histopathological changes in the lung tissue of nicotine-
exposed rats.

MATERIAL AND METHODS

After obtaining approval from the Ethical Committee,
this quasi-experimental animal study was conducted
jointly by the Departments of Biochemistry and
Pharmacology, Isra University, Hyderabad, from 5 Feb
to 30 May 2024. Animal procedures were performed at
Sindh Agriculture University, Tandojam, Hyderabad.
Forty rats were selected through the non-probability
consecutive sampling technique. The sample size was
determined using power analysis.'?

The procured Wistar albino rats were housed
in separate cages with free access to food and water.
The temperature and light/dark cycles were maintained
at standard levels.” The animals were divided
randomly into 4 groups (A, B, C, and D), each
comprising of 10 rats. For 4 weeks, Group A (Control
group) was given regular saline. Group B (nicotine-
exposed group) rats received daily nicotine injections
at 0.5 mg/Kg through intraperitoneal administration
while the rats experienced cigarette smoke exposure
for 30 minutes every day inside a glass chamber.
Group C received melatonin via oral administration at
a dose of 5 mg/Kg daily, while the rats received
nicotineat 0.5 mg/Kg through intraperitoneal injection
and experienced cigarette smoke for 30 minutes each
day. Group D received melatonin through oral
administration at 10 mg/Kg daily dose, while the rats
received nicotine at 0.5 mg/Kg through intraperitoneal
injection and experienced cigarette smoke for 30
minutes each day.

At the end of the 4™ week, all rats were kept
fasting for 18 hours and sacrificed by decapitation.
Fasting blood samples of 2 ml in EDTA-tube were
collected. The blood samples from each rat were
collected from the retrograde orbital plexus before the
sacrifice in a capillary tube under anaesthesia. The
collected blood samples were sent to the Isra
University Diagnostic Laboratory for estimation of
Red blood cells (RBCs), Haemoglobin (Hb), White
blood cells (WBCs), and Platelets, along with C-
reactive protein (CRP), Fibrinogen, Interleukin-6 (IL-
6) and Tumour Necrosis Factor alpha (TNF-a). After
employing commercially available kits obtained from
BioAssay Technologies China, the analyses of
Superoxide Dismutase (SOD) activity,
Malondialdehyde (MDA), and Glutathione GSH levels
were carried out.

Lung specimens of the rats for histological
investigation were taken after dissection and preserved
in 10% formalin. The slides for histological
investigation were processed and stained."* The

distinctive histological alterations and findings of lung
samples were recorded on a pre-designed proforma.
Data were entered and analysed on SPSS-25. The
Mean£SD of various parameters for each group were
noted. ANOVA followed by post-hoc Tukey was
applied, and p<0.05 was considered statistically
significant.

RESULTS

Table-1 presents the post-hoc Tukey test of
haematological parameters in groups. Rats in Group B
had significantly higher RBC counts, Hb concentrations,
WBC count, and Platelets at the end of the experiment,
compared to control group (p<0.05). Group D rats
showed a significant reduction in haematological
parameters including RBCs, Hb concentration, WBC,
and platelet count, compared to Group C.

In comparison to Group B, melatonin
administration effectively decreased the serological
inflammatory markers in Group C and D (p<0.05). The
levels of CRP, fibrinogen, IL-6 and TNF-a levels
decreased in both treatment groups. However, these
reductions were more pronounced in Group D than in
Group C for all markers (p<0.05) (Table-2).

Table-3 shows the oxidative stress marker
levels (MDA, SOD, GSH) across all study groups.
Group B showed significantly elevated MDA while
depleting SOD and GSH compared to Group A
(p<0.05). A moderate-dose melatonin (Group C)
provided intermediate MDA restoration, whereas high-
dose (Group D) nearly normalized it. Moreover, the
nicotine-induced reduction in SOD and GSH activity
was significantly mitigated by the administration of
melatonin in different doses.

Figure-1 depicts the histo-microphotographs
of lung tissue sections of all study groups. Histo-
pathological analysis of the lungs of Group A rats
showed regular histological architecture for the
bronchial tree and alveoli. However, the lung tissue of
the animals in Group B showed notable histological
changes, such as inter-alveolar septal hypertrophy
(blue arrow) and proliferation, as well as mononuclear
cell infiltration and fibrous growth. There was
perivascular oedema, hyalinization patches (orange
star), and a small amount of inflammatory cell
infiltration in the blood vessels (yellow arrow). Group
B rats also exhibited thickening of the interalveolar
septa, bronchial epithelial necrosis, and desquamation.
Group C showed good responses to all histopathology
variables of detrimental effects of nicotine exposure
such as increased cellularity and partially preserved
alveolar spaces (green arrows), to the low dose of
melatonin treatment. A more prominent damage
protecting effect to the nicotine was observed after the
administration of a 10 mg/Kg dose of melatonin in the
treatment Group D (yellow arrow).
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Table-1: Haematological parameters across study groups (Mean+SD)

Groups
Test Parameters A B C D )4
RBCs (million/mm®) 4 47+0.29" 5.28+0.22" 4.93+0.20 47240438 0.004
Hb (g/dL) 8.28+0.21%6P 10.26+0.32*" 9.87+0.03*? 9.01+0.65"5¢ 0.000
WBCs (Thousand/mm”) 2421+1.15%2 30.89+1.81*¢ 28.63+1.21"F 27.32+1.88F 0.000
Platelets (10*/mm®) 35.42+1.895C 41.85+1.43° 39.21+2.10" 37.87+1.12% 0.000

A, B, C, and D indicate significant differences in groups (ANOVA followed by post-hoc Tukey, p<0.05)

Table-2: Serum Inflammatory markers levels in all groups (Mean+SD)

Groups
Test Parameters A B C D P
Serum CRP (mg/dl) 0.11£0.09% 0.85+0.19™” 0.61£0.21 0.29+0.38% 0.002
Serum Fibrinogen (mg/dl) 231.5+68%C 450.3+0.37°°" 292.3+0.19"* 321.2+0.51% 0.000
TL-6 (pg/ml) 108.33+5.15¢P 172.16+3.07CP 168.41+2. 58P 151.45+5 45¢ 0.000
TNF-¢, (pg/ml) 105.2+5.15¢P 276.4+6.3"50 221.8+5.5"D 158.6+4.8"5C 0.000

A, B, C, and D indicate significant differences in groups (ANOVA followed by post-hoc Tukey, p<0.05)

Table-3: Oxidative stress markers level across all groups (n=40)

Groups
Test Parameters A B C D )4
MDA (nmol/g tissue) 127.55+0.45” 159.13+1.01 143.45+0.87° 130.21£1.22%€ 0.000
SOD (U/mL) 1129.36+100.23%? 213.71+021°° 714.19+49.27%° 937.31+28.74™ 0.000
GSH (mg/L tissue) 4.87+0.84" 243+1.02*? 4.13+1.34 448+1.11 0.006

A, B, C, and D indicate significant differences in groups (ANOVA followed by post-hoc Tukey, p<0.05)

L : S H%-Thd
Figure-1: Histopathological microphotograph of lung tissue sections of all groups
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DISCUSSION

Tobacco smoking is widespread worldwide. Nicotine,
an ingredient in cigarettes, is harmful to human health
and often causes an increase in mortality. Pineal
gland’s hormone melatonin is essential for preserving
the health of both people and animals.

Our study demonstrated that there was a
significant rise in RBCs, WBCs, Haemoglobin, and
Platelets in the nicotine-induced Group B compared to
the control group. This is due to the toxic effects of
cigarette smoke on blood flow and vessel health as
well as on blood elements such as WBCs and
platelets.” Melatonin-injected Groups C and D
showed significant protection from the abnormally
alterations of haematological parameters. This
normalization is prominent in Group D compared to
Group C. These findings are consistent with Wang et
al', Ngai et al'’, Kulsoom et al'*, and Zhao et al”, all
of whom studied the potential protective effects of
melatonin on lung tissues.

Our study observed elevated levels of CRP,
Fibrinogen, IL-6 and TNF-a in the rats induced with
nicotine only compared to all other groups. These
findings are consistent with those reported by Siddiqui
et al®, Centner et al*', and Khaled et al*>. According
to the American Heart Association (AHA), cigarette
smoking is linked with the expression of pro-
inflammatory cytokines, particularly the activation of
toll-like receptor 4 (TLR4)-inflammasome-IL-6
signalling axis, which in turn leads to an inflammatory
cascade and ultimate release of different inflammatory
cells and proteins including CRP and fibrinogen, etc.”
The co-administration of melatonin in different doses
decreased the levels of these inflammatory markers.
This reduction was more pronounced in group D,
though these levels did not return to control levels.

The ameliorative effects of melatonin against
this raised level of inflammatory markers are reported
by different studies.”*? In addition to the anti-
inflammatory  properties, = melatonin  exhibits
antioxidant potential against various toxic chemicals,
especially nicotine. In the present study, we
demonstrated that nicotine caused a significant decline
in anti-oxidative markers in lung tissue. Countering
this effect, treatment with 5 mg/Kg melatonin
somewhat alleviated the nicotine-induced drop in
MDA, SOD, and GSH activity. However, the decline
was offset by co-administration of 10 mg/Kg of
melatonin. Andersson et al*, Lim et al, and Wang et
al’®, reported the potential role of melatonin against the
oxidative stress induced by nicotine in lung tissue.

The present study emphasizes how melatonin
may have protective benefits in reducing the
pulmonary tissue injuries caused by nicotine.
Notwithstanding, it is imperative to recognize certain

constraints, such as the absence of evaluation of lipid
profile, Cotinine levels, bronchoalveolar lavage and
gene expression, which may have yielded more
insights regarding the plausible anti-inflammatory and
antioxidant properties of melatonin.

CONCLUSION

Higher doses (10 mg/Kg) of Melatonin have an
effective property against inflammatory, oxidative and
proliferative reactions resulting from nicotine in lung
tissues. In cases of persistent nicotine-induced lung
tissue damage, melatonin might be helpful. Further
studies are recommended, including more parameters
like lipid profile, and even gene studies, which will
provide more in-depth findings.

REFERENCES

1. Mei F, Dalmartello M, Bonifazi M, Bertuccio P, Levi F, Boffetta
P, et al. Chronic obstructive pulmonary disease (COPD) mortality
trends worldwide: An update to 2019. Respirology
2022;27(11):941-50.

2. Soleimani F, Dobaradaran S, De-la-Torre GE, Schmidt TC, Saeedi
R. Content of toxic components of cigarette, cigarette smoke vs
cigarette butts: A comprehensive systematic review. Sci Total
Environ 2022;813:152667.

3. Obeagu EI, Shafie AO, Bunu UO, Obeagu GU. Lung cancer and
smoking relationship. Int J Curr Res Biol Med 2023;8(1):28-33.

4. Sakthisankaran SM, Sakthipriya D, Swamivelmanickam M. Health
risks associated with tobacco consumption in humans: An
overview. J Drug Delivery Ther 2024;14(5):163-73.

5. Joshi B, Singh S, Sharma P, Mohapatra T, Kumar P. Effect of
cigarette smoking on selected antioxidant enzymes and oxidative
stress biomarkers. J Clin Diagn Res 2020;14(10):BC19-23.

6. Kvetnoy I, Ivanov D, Mironova E, Evsyukova I, Nasyrov R,
Kvetnaia T, et al. Melatonin as the cornerstone of
neuroimmunoendocrinology. Int J Mol Sci 2022;23(3):1835.

7. Kennaway DJ. Melatonin rich foods in our diet: food for thought
or wishful thinking? Food & Function 2020;11(11):9359-69.

8. Gurunathan S, Qasim M, Kang MH, Kim JH. Role and therapeutic
potential of melatonin in various types of cancers. Onco Targets
Ther 2021;14:2019-52.

9. Cho JH, Bhutani S, Kim CH, Irwin MR. Anti-inflammatory effects
of melatonin: A systematic review and meta-analysis of clinical
trials. Brain Behav Immun 2021;93:245-53.

10. Mufoz-Jurado A, Escribano BM, Caballero-Villarraso J, Galvan A,
Agiiera E, Santamaria A, et al. Melatonin and multiple sclerosis:
Antioxidant, anti-inflammatory and immunomodulator mechanism
of action. Inflammopharmacology 2022;30(5):1569-96.

11. Li L, Gang X, Wang J, Gong X. Role of melatonin in respiratory
diseases. Exp Ther Med 2022;23(4):270.

12. Ko MJ, Lim CY. General considerations for sample size estimation
in animal study. Korean J Anesthesiol 2021;74(1):23-9.

13. Alatawi A, Maodaa S, Alarifi S, Harrath AH, Al-Shaebi EM,
Alhomoud DA, et al. Protective effects of teucrium polium leaf
ethanolic extract against nicotine-induced nephrotoxicity in mice.
Physiol Res 2025;74(4):623-33.

14. Aslan M, Giirel E, Uremis N, Uremis MM, Taslhdere E. Anti-
inflammatory and antioxidative effects of dexpanthenol on
nicotine-induced lung injury in rats. Toxicol Environ Health Sci
2023;15(3):303-13.

15. Khudhur ZO, Smail SW, Awla HK, Ahmed GB, Khdhir YO,
Amin K, et al. The effects of heavy smoking on oxidative stress,
inflammatory biomarkers, vascular dysfunction, and hematological
indices. Sci Rep 2025;15(1):18251.

16. Wang W, Gao J. Effects of melatonin on protecting against lung
injury. Exp Ther Med 2021;21(3):228.

https://pps.org.pk/PJP/22-1/Shazia.pdf 31


https://pps.org.pk/PJP/22-1/Shazia.pdf

&

() (=)

Pak J Physiol 2026;22(1)

17. Ngai ZN, Chok KC, Ng KY, Koh RY, Chye SM. Potential role of

18.

19.

20.

21.

22.

melatonin in prevention and treatment of lung cancer. Horm Mol
Biol Clin Investig 2022;43(4):485-503.

Kulsoom K, Ali W, Saba Z, Hussain S, Zahra S, Irshad M, et al.
Revealing Melatonin’s Mysteries: Receptors, signaling pathways,
and therapeutics applications. Horm Metab Res 2024;56(6):405-18.
Zhao Z, Wang X, Zhang R, Ma B, Niu S, Di X, et al. Melatonin
attenuates smoking-induced atherosclerosis by activating the Nrf2
pathway via NLRP3 inflammasomes in endothelial cells. Aging
(Albany NY) 2021;13(8):11363-80.

Siddiqui N, Farooq R, Saadat S, Siddiqui M, Javed ZA, Shah AF,
et al. Poor sleep quality: A wake-up call for the elderly at a tertiary
care centre in Islamabad, Pakistan. J Pak Med Assoc
2020;70(12(B)):2363-7.

Centner AM, Bhide PG, Salazar G. Nicotine in senescence and
atherosclerosis. Cells 2020;9(4):1035.

Khaled S, Makled MN, Nader MA. Tiron protects against nicotine-
induced lung and liver injury through antioxidant and anti-
inflammatory actions in rats in vivo. Life Sci 2020;260:118426.

23.

24.

25.

26.

Kelesidis T, Zhang Y, Tran E, Sosa G, Middlekauff HR.
Expression of key inflammatory proteins is increased in immune
cells from tobacco cigarette smokers but not electronic cigarette
vapers: implications for atherosclerosis. J Am Heart Assoc
2021;10(1):¢019324.

Andersson BA, Sayardoust S, Lofgren S, Rutqvist LE,
Laytragoon-Lewin N. Cigarette smoking affects microRNAs and
inflammatory biomarkers in healthy individuals and an association
to single nucleotide polymorphisms is indicated. Biomarkers
2019;24(2):180-5.

Lim JO, Kim WI, Lee SJ, Pak SW, Cho YK, Kim JC, ef al. The
involvement of PDE4 in the protective effects of melatonin on
cigarette-smoke-induced chronic obstructive pulmonary disease.
Molecules 2021;26(21):6588.

Wang X, Bian Y, Zhang R, Liu X, Ni L, Ma B, ef al. Melatonin
alleviates cigarette smoke-induced endothelial cell pyroptosis
through inhibiting ROS/NLRP3 axis. Biochem Biophys Res
Commun 2019;519(2):402-8.

Address for Correspondence:
Dr Tariq Feroz Memon, Department of Community Medicine and Public Health Sciences, Liaquat University of Medical

and Health Sciences, Jamshoro, Pakistan. Cell: +92-322-3490040

Email: drtarigferoz@gmail.com

Received: 29 Jul 2025

Contribution of Authors:
Authors approved the draft and are accountable in ensuring that questions related to accuracy or integrity of the work are duly investigated and resolved.

SPC: Concept, design, drafting, final approval
SA: Concept, design, data collection and assembly, drafting of article
QAS: Data collection and assembly, drafting of article

Reviewed: 19 Feb 2026

Accepted: 25 Feb 2026

SK: Concept, design, data collection and assembly, drafting of article
TFM: Analysis and interpretation of the data and drafting of article
HA: Data collection and assembly, drafting of article

‘ Conflict of Interest: No conflict of interest is declared

Funding: No funds have been received from any agency

32

https://pps.org.pk/PJP/22-1/Shazia.pdf


https://pps.org.pk/PJP/22-1/Shazia.pdf
mailto:drtariqferoz@gmail.com

