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Therapeutic effects of melatonin on the lungs ==
of rats exposed to passive smoking
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Abstract

Background Passive smoke has a significant impact on lung function and constitutes a critical public health issue,
as smoking generates free radicals that damage the lungs and other tissues. Currently, limited research exists on
whether the antioxidant melatonin can mitigate lung damage caused by smoking. This study aims to investigate the
mechanisms through which melatonin alleviates acute lung disease induced by passive smoking.

Methods Rats were divided into five groups (n=6): a control group and three groups exposed to low, medium, and
high concentrations of smoke, and a melatonin treatment group.

Results Data indicated that in the high concentration passive smoking group, the alveolar structure of the lung
tissue was destroyed, and the total antioxidant capacity in lung tissue diminished as the concentration of smoke
increased. The expressions of TNF-q, IL-6, and IL-13 exhibited similar results. The anti-apoptotic factors Bc/-2 and
Bcl-xL mRNA level significantly decreased in the high concentration smoking group, while no significant changes
were observed in the medium and low concentration groups. Conversely, the high concentration passive smoking
increased the pro-apoptotic factors Bax and Caspase-3 mRNA levels. Additionally, endogenous melatonin levels

in lung tissue gradually decreased following exposure to smoke, whereas the exogenous melatonin alleviated

the changes in inflammatory factors and apoptosis-related factors in lung tissue. Furthermore, at high smoking
concentrations, the mRNA levels of lung cancer-related genes vascular endothelial growth factor (VEGF),
cytochromeP450 1A1 (CYP1AT), and cytochrome P450 1B1 (CYP1B1) were significantly increased, while exogenous
melatonin reduced the expression of these genes in lung tissue.

Conclusions These findings suggest that melatonin can diminish lung tissue damage, apoptosis, and inflammatory
responses induced by passive smoking, as well as decrease the expression of lung cancer-related genes. Further
experimental investigations involving exogenous melatonin treatments will be needed.
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Introduction

As we know, people in many countries spend most of
their time indoors, so a clean indoor environment is
important for human health. Environmental tobacco
smoke is known as an important source of multiple pol-
lutants, especially in indoor environments [1]. Tobacco
smoke is similar to other combustion-sourced pollutants,
it has a direct effect on indoor PM, ; particles. Studies
have demonstrated that PM, ; is closely correlated with
chronic lung diseases [2]. In fact, tobacco smoke resi-
dues can remain airborne or be absorbed by surfaces in
the room, and become a source of long-term exposure to
harmful pollutants even smoking has ended. Ni system-
atically summarized the relationship of tobacco smoking
and indoor PM, ; and the mechanism that underpin the
link of tobacco smoke, PM,; and chronic lung diseases
[3].

Cigarette smoke (CS), a highly complex mixture con-
taining more than 4,000 compounds, causes aberrant cell
responses leading to tissue damage around the airways
and alveoli, which underlies various lung diseases [4]. The
ingredients in cigarette smoke can cause DNA damage in
the body, electrophilic compounds from tobacco smoke
bind to the nucleophilic sites of DNA nucleotides and
lead to the DNA adducts formation, which cause gene
mutations [5]. In addition to that, smoking altered micro-
bial diversities and communities in the lower respiratory
tract of mice which should be considered in future stud-
ies focusing on smoking-induced inflammatory disease
[6]. Also, CS is the most important risk factor for chronic
obstructive pulmonary disease (COPD) [7]. Accumulat-
ing studies have demonstrated that the apoptosis of bron-
chial and alveolar epithelial cells provoked by CS plays a
key role in the pathogenesis of COPD (8, 9].

In individuals who smoke, the immune system is
greatly altered and homeostasis is changed. Exposure to
tobacco smoke can skew immune responses by impair-
ing Thl-type and augmenting Th2-dependent responses,
mainly by altering the immune functions of a variety of
immune cells and aggravating the allergic inflammation
and sensitization [10, 11]. Research has demonstrated
that the phagocytic ability of macrophages was signifi-
cantly decreased from healthy smokers compared with
never smokers [12]. Macrophages representing over 90%
of the alveolar immune cells. Macrophages classically
exert regulatory effects via the expression of inflamma-
tory cytokines such as interleukin (IL)-1, IL-2, IL-4, IL-6,
IL-8, tumor necrosis factor-a (TNF-a) and interferon
gamma (IFN-y) [13]. Inflammation is triggered when
lung tissue is damaged, leading to a marked increase in
the expression of inflammatory factors such as IL-6, INF-
Y, and TNF-a [13, 14]. CS exposure has been shown to
elevate levels of TNF-a, a key mediator in acute smoke-
induced inflammation and subsequent connective tissue
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degradation [15]. Moreover, CS can also induce apopto-
sis in a number of cell types [16]. For instance, smoking
induces apoptosis of the oocytes, accelerating ovarian
aging and inducing earlier menopause [17]. Furthermore,
studies showed that smoking induced anti-apoptosis fac-
tors that can inhibit apoptosis in both caspase-dependent
and -independent pathways [18]. In addition to that,
studies have shown a significant increase in lung can-
cer caused by smoking. CYP1 family members, includ-
ing CYP1A1, CYP1A2, and CYP1B], are induced by aryl
hydrocarbon receptors (AhRs). The ligands that induce
CYP1 expression are reported to be carcinogenic xeno-
biotics [19]. Cigarette smoke exposure was found to
induce the expression of CYP enzymes in the lungs and
liver of rats, which, in turn, increased oxidative stress
and inflammation [20]. The levels of inflammatory cells
and VEGF were positively correlated with the number of
cancer cells in bronchoalveolar lavage fluid (BALF) from
lung cancer patients [21].

Melatonin, synthesized by the pineal gland in mam-
mals as well as by non-endocrine organs such as the
skin, gut, and immune system, has been identified in
experimental studies as possessing antioxidant and anti-
inflammatory properties under conditions of exacerbated
inflammation [22]. Simultaneously, numerous studies
have documented the protective effects of melatonin on
lung tissue [23]. Dong et al. investigated the molecular
mechanisms underlying melatonin’s inhibitory effects on
lipopolysaccharide (LPS)-induced acute lung injury in
Sprague-Dawley rats, focusing on the suppression of p38
MAPK overactivation [24]. Smoking is easy to induce
the occurrence of COPD, but He et al. observed mela-
tonin administration significantly suppressed apopto-
sis and endoplasmic reticulum stress, and increased the
expression of SIRT1 in rat lung tissues to protects against
COPD [7]. Additionally, the NLRP3 inflammasome is
markedly activated in the lungs, leading to elevated lev-
els of IL-1B and caspase-1. Melatonin has been shown
to inhibit the activation of the NLRP3 inflammasome,
thereby mitigating acute lung injury [25].

Considering the above, this study investigates the
impact of passive smoking on rat lung tissue and exam-
ines whether melatonin can mitigate this damage by
influencing the expression of inflammatory and apoptosis
factors in immune cells, or change the expression of lung
cancer-associated genes.

Materials and methods

Animals

A total of 30 male Sprague-Dawley rats (mean weight:
350 g) were obtained for the experiments. All rats were
randomly divided into 5 groups (n=6 in each group):
Group A (control group; the rats were subjected to air
exposure), Group B-D (smoking group; the rats were



Xiong et al. Respiratory Research (2024) 25:411

subjected to cigarette smoking), and Group E [smok-
ing+melatonin group; the rats were subjected to ciga-
rette smoking, melatonin (50 mg/kg; Sigma-Aldrich, St.
Louis, MO, USA) injection].

In the rat smoke exposure experiment, a modular
smoking apparatus supplied by China Tobacco Jiangsu
Industrial Co., LTD was utilized. The device can automat-
ically smoke four cigarettes at one time and deliver the
smoke to the rat nasal cavity through a hose. The brand
of cigarettes used in the study was Marlboro (nicotine
0.5 mg, Philip Morris Companies Inc, USA). The rats in
the low-dose group (Group B) were exposed 1 cigarette
each time and burned a total of 5 cigarettes. The rats in
the medium dose group (Group C) were exposed 2 ciga-
rettes each time and burned a total of 10 cigarettes. The
high-dose group (Group D/E) were exposed 4 cigarettes
each time and burned 20 cigarettes in total. The rats in
each group were aspirated for 1 h without interruption.
Cigarette exposure will last for 7 days. Meanwhile, the
rats in Group E were intraperitoneally administered with
40 mg/kg melatonin each day during cigarette smoking,
while those in Group A-D were injected with equivalent
volumes of saline solution. The steps for smoke exposure
and melatonin injection were repeated according to the
aforementioned methods. At the end of the experiment
day, the animals were intraperitoneally anaesthetized
with pentobarbital sodium (Sunbiotech, Beijing, China).
Finally, the lung tissue was excised, then weighed, and
stored in 4% paraformaldehyde or liquid nitrogen tem-
peratures until further analysis. All experimental pro-
cedures were approved by the local ethical committee
for animal experiments (Jinling Institute of Science and
Technology, Nanjing).

Table 1 The primer sequence
Genes Primer sequences (5’-3) Product size (bp)
Bax F: ACATGG AGCTGC AGA GGATG 127

R: TAG AAA AGG GCA ACC ACC CG

Caspase-3  F: GGA GCTTGG AAC GCG AAG AA 169
R: ACA CAA GCC CATTTC AGG GT

Bcl-2 F:TGT GTG GAG AGC GTC AAC AG 132
R: TAG TTC CAC AAA GGC ATC CCAG

Belxl F: TCG CATTGT GGC CTTCTTCT 165
R: TCC ACA AAA GTGTCC CAG CC

VEGF F: AGC AGATGT GAATGC AGACCA 138
R: ACG CGA GTCTGT GTTTTT GC

CYP1AI F: TCA CCCTAA CCATGA AGG GG 111
R: ATG ATCTAG GTG GCTTTG GCT

CYP1BI F: GAA AAG AAG GCG ACTGGGGA 158
R: TGC ACATCC GGG TAT CTG GT

GAPDH Fr AGGTCG GTGTGA ACG GATTT 178

R:TTCTCA GCCTTG ACT GTG CC
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qRT-PCR

The total RNA of lung tissue removed from rat was
extracted using TRIzol (Invitrogen, Carlsbad, CA, USA).
The concentration and purity of the RNA were measured
using a spectrophotometer (NanoDrop 2000). For each
sample, 2 ug of the total RNA was taken for reverse tran-
scription according to the manufacturer’s instructions.
The transcribed cDNA samples were stored in a -20 °C in
refrigerator.

PCR amplification test in briefly. PCR amplification
system contains 2 uL. cDNA sample, 0.4 pL target primer,
10 pL AceQ® qPCR SYBR® Green Master Mix (Vazyme,
Nanjing, China), and 7.2 pL ddH,O; mixed system and
centrifugation in 4 °C. Put the mixture into the instru-
ment for amplification (Roche, LightCycler® 480 System,
Switzerland). The program set as 95 °C for 10 min, 95 °C
for 30 s by 40 cycles, annealing at 57 °C for 30 s, and
extension at 72 °C for 30 s. The GAPDH gene was used
as an internal control. Relative quantification was deter-
mined using the 274" method. The PCR primers are
listed in Table 1.

H.E staining

Lung tissues were fixed with 4% paraformaldehyde for
48 h, then dehydrated, embedded in paraffin. Then, the
lung tissues were sectioned at 5 pm thickness and depa-
raffinized with xylene. After a series of gradient alcohol
dehydration, tissues were stained with hematoxylin and
eosin (H&E) and were viewed under the light microscope.

ELISA

T-AOC (A015-2-1, Nanjing Jiancheng Bioengineer-
ing Institue), TNF-a (CSB-E11987r, CUSABIO; detec-
tion limit, 1.56 pg/mL), IL-6 (CSB-E04640r, CUSABIO;
detection limit, 0.078 pg/mL) and IL-1B (CSB-E08055r,
CUSABIO; detection limit, 0.039 ng/mL) were measured
using a standard quantitative ELISA kit. All ELISAs were
performed according to the manufacturer’s recommen-
dations. A commercial ELISA kit was used to detect the
melatonin concentration in lung tissue (CSB-E13433r,
CUSABIO; detection limit, 12.5 pg/mL).

Statistical analysis

Statistical analysis was performed using the SPSS 17.0.1
(SPSS Inc., Michigan, IL, USA). For comparative stud-
ies, one-way ANOVA followed by Dunnett’s post hoc
tests was used, respectively. P values<0.05 were consid-
ered significant. Data are expressed as the mean+S.E.M.
(standard error of the mean). All graphs were generated
using GraphPad Prism 5.0 (GraphPad Software Inc., La
Jolla, CA, USA).
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Results

Melatonin treatment could alleviate smoking-induced lung
injury

As illustrated in Fig. 1, the alterations in melatonin con-
centration within lung tissue are depicted. The mela-
tonin content in the lung tissue of rat exhibits variation
across different smoking concentrations. Compared to
the control group, the melatonin concentrations in the
low, medium, and high smoking concentration groups
decreased by 32.81% (P=0.046), 48.39% (P=0.006),
and 61.52% (P=0.001), respectively. Following melato-
nin treatment, the melatonin levels in the lung tissue
increased by 109.39% (P=0.014) when compared to the
high concentration smoking group.

Figure 2 demonstrated significant acute pathological
changes in the lungs of rats exposed to varying smoking
concentrations. Relative to the control group, the lung
tissue sections from the passive smoking cohort exhib-
ited disrupted alveolar architecture, expanded alveolar
spaces, and attenuated alveolar walls. The severity of
alveolar damage was directly proportional to the con-
centration of smoke exposure, with higher concentra-
tions resulting in more pronounced damage (Fig. 2B and
C). Conversely, the group treated with melatonin dem-
onstrated a marked improvement in alveolar structure
(Fig. 2D).
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Fig. 1 Melatonin concentration in rat lung tissue. Different letters on
the column indicate significant differences (P<0.05) between treatment
groups. Statistical significance was assessed using analysis of variance
(ANOVA) followed by a multiple comparison test with Dunnett adjustment

Melatonin alleviates oxidative stress in the lung
tissue of rats induced by smoking

Figure 3A shows the variations in total antioxidant lev-
els within lung tissue. Statistical analysis revealed no sig-
nificant difference in total antioxidant capacity between
the low concentration group and the control group
(P=0.635). In contrast, the medium and high concentra-
tion groups exhibited reductions of 20.08% (P=0.004)
and 37.74% (P<0.001), respectively, relative to the con-
trol group. Notably, the melatonin treatment group

Fig. 2 Hematoxylin eosin (HE) staining shows alveolar damage caused by cigarette smoke in rats. A: control group; B: low concentration passive smoking
group; C: high concentration passive smoking group; D: melatonin treatment group. Scale bar =100 um
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Fig. 3 Melatonin alleviates oxidative stress induced by passive smoking in rat lung. A: Total antioxidant capacity; B: Tumor necrosis factor alpha (TNF-a);
C: Interleukin 6 (IL-6). D: Interleukin 1 beta (IL-10). Different letters on the column indicate significant differences (P<0.05) between treatment groups.
Statistical significance was assessed using analysis of variance (ANOVA) followed by a multiple comparison test with Dunnett adjustment

demonstrated a substantial increase of 70.28% in total
antioxidant capacity compared to the high concentration
smoking group (P<0.001).

Figure 3B-D illustrate the alterations in the expression
levels of the inflammatory factors TNF-a, IL-6, and IL-1
following exposure of rats to passive smoking. The data
indicate a significant elevation in TNF-« levels, with neg-
ligible changes observed in the low concentration group
(P=0.647), a 67.92% increase in the medium concentra-
tion group (P<0.001), and a 114.47% increase in the high
concentration group (P<0.001) compared to the control
group. Notably, administration of melatonin resulted in
a substantial reduction of TNF-a levels in lung tissue by
33.00% (P<0.001) compared to the high concentration
smoking group.

Similarly to TNF-«, IL-6 levels in lung tissue exhibited
an increase of 2.97% (P=0.822), 13.63% (P=0.307), and
59.35% (P<0.001) at varying smoking concentrations
when compared to the control group (Fig. 3C). Similarly,
IL-1B concentrations increased by 20.27% (P=0.099),
73.86% (P<0.001), and 70.20% (P<0.001) compared to
the control group (Fig. 3D). After melatonin treatment,
IL-6 concentration in lung tissue decreased by 46.49%
(P=0.001), while IL-1p concentration decreased by

20.99% (P=0.005) compared to the high concentration
smoking group.

Melatonin treatment could inhibit apoptosis-related genes
response in smoking-treated lung tissues

Figure 4 illustrates the effects of passive smoking on the
expression levels of apoptotic genes in rat lung tissue. No
statistically significant differences were observed in the
anti-apoptotic factors Bcl-2 and Bcl-x/ between the low
and medium concentration smoking groups and the con-
trol group (P>0.05). However, in the high concentration
smoking group, the Bcl-2 gene expression level decreased
by 32.85% relative to the control group (£=0.029),
while the Bcl-xl gene expression level decreased by
41.74% (P=0.001). Following melatonin treatment,
the expression levels of Bcl-2 and Bcl-x! increased by
44.61% (P=0.046) and 62.18% (P=0.002), respectively
(Fig. 4A/B).

In addition, the gene levels of the pro-apoptotic fac-
tors Bax and Caspase-3 also exhibited corresponding
alterations. Compared to the control group, the Bax
gene expression did not show a significant change in the
low and medium concentration passive smoking groups.
However, high concentration passive smoking resulted
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Fig. 4 Melatonin alleviates passive smoking-induced apoptotic genes in rat lung tissue. A: mMRNA level of anti-apoptotic factor Bcl-2; B: mRNA level of
anti-apoptotic factor Bcl-x; C: mRNA level of pro-apoptotic factor Bax; D: mRNA level of pro-apoptotic factor Caspase-3. Different letters on the column
indicate significant differences (P <0.05) between treatment groups. Statistical significance was assessed using analysis of variance (ANOVA) followed by

a multiple comparison test with Dunnett adjustment

in a substantial increase in Bax gene expression in rat
lung tissue by 112.00% (P<0.001) (Fig. 4C). Following
melatonin treatment, Bax expression exhibited a signifi-
cant reduction of 38.75% (P<0.001). In contrast, Cas-
pase-3 mRNA levels showed a substantial increase of
100.07% (P<0.001) in the medium concentration group
and 68.83% (P=0.002) in the high concentration group,
relative to the control group. Additionally, the melato-
nin treatment group demonstrated a 31.13% decrease in
Caspase-3 expression compared to the smoking group
(P=0.015) (Fig. 4D).

Melatonin suppressed the lung cancer related gene
expression in smoking-treated lung tissues

Figure 5 illustrates the alterations in the expression of
lung cancer-associated genes in rats subjected to pas-
sive smoking. The data reveal that the expression levels of
VEGF and CYPIA1I in the low and medium concentration
groups did not exhibit significant differences compared
to the control group (P<0.001). Conversely, in the high
concentration group, the expression of VEGF was mark-
edly elevated by 50.08% (P<0.001), and the expression

of CYPIAI was significantly increased by 139.60%
(P<0.001). After melatonin treatment, compared to
the high concentration smoking group, the gene level
of VEGEF significantly decreased by 26.47% (P=0.001).
Similarly, the gene expression level of CYP1A1 exhibited
a significant decrease of 40.49% (P<0.001). Conversely,
the expression level of CYP1BI demonstrated an increase
of 11.02% (P=0.405), 53.88% (P<0.001), and 139.60%
(P<0.001) across three different smoking concentra-
tions relative to the control group. However, melatonin
treatment significantly attenuated the expression level
of CYPIBI in the lung tissue of rats subjected to passive
smoking, showing a reduction of 40.49% (P<0.001).

Discussion

The current study aimed to elucidate the mechanisms by
which melatonin mitigates smoking-induced lung injury
in rats. Existing research suggests that the toxic constitu-
ents of cigarette smoke can precipitate a range of patho-
logical alterations in lung tissue, including damage to the
alveolar architecture and disruption of bronchial mor-
phology and function [26]. Additionally, cigarette smoke
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Fig. 5 Melatonin alleviates the effect of passive smoking on oncogenes in rat lung tissue. A: mRNA level of vascular endothelial growth factor (VEGF); B:
mMRNA level of cytochrome P4501A1 (CYPTAT); C: mRNA level of Cytochrome P4501B1 (CYP1B1); Different letters on the column indicate significant differ-
ences (P<0.05) between treatment groups. Statistical significance was assessed using analysis of variance (ANOVA) followed by a multiple comparison

test with Dunnett adjustment

exposure promotes the accumulation of immune cells,
such as macrophages and lymphocytes, culminating in
localized inflammation [27].

The results of this study indicate that exposure to sec-
ondhand smoke induces significant alterations in the
alveolar architecture of rats, characterized by the thin-
ning of alveolar walls. Given that alveoli serve as the
fundamental units for gas exchange, such structural
compromise inflicts substantial harm on the organism
and has the potential to precipitate respiratory failure.
Furthermore, prolonged exposure to tobacco smoke is
associated with pathological modifications in the lung
interstitium, notably interstitial fibrosis. These alterations
diminish pulmonary elasticity, impair normal respira-
tory function, and may ultimately culminate in chronic
obstructive pulmonary disease [28].

Secondhand smoke not only compromises the struc-
tural integrity of pulmonary morphology but also induces
acute inflammatory responses, which constitute a pri-
mary mechanism underlying pathological alterations in
lung tissue. This study demonstrates that, following expo-
sure to secondhand smoke in rats, the expression lev-
els of inflammation-related cytokines TNF-«, IL-6, and
IL-1P in lung tissue were significantly elevated compared

to the control group. This elevation is attributable to the
increased infiltration of pro-inflammatory cells, which
secrete substantial quantities of inflammatory media-
tors, thereby exacerbating pulmonary damage [29]. On
one hand, cigarette smoke induces a high concentration
of reactive oxygen species (ROS), including hydroxyl
radicals (+OH) and superoxide anions (OZ%-), which are
transmitted to the lungs and potentially throughout the
body in exposed individuals [30]. On the other hand, CS
depletes antioxidant defenses, comprising both enzy-
matic antioxidants such as superoxide dismutase (SOD),
catalase, and glutathione peroxidase (GSH-Px), and non-
enzymatic antioxidants like glutathione, thereby perpetu-
ating the continuous generation of ROS [29]. Concurrent
findings from this study indicate a marked decline in the
overall antioxidant capacity within lung tissue following
exposure to secondhand smoke.

Additionally, Furthermore, smoking has been shown to
induce apoptosis in lung tissue cells, specifically target-
ing epithelial and endothelial cells. This apoptotic cell
death not only diminishes the cellular population but also
impairs the lung’s reparative mechanisms, thereby exac-
erbating pathological alterations [27]. In this study, the
expression levels of the anti-apoptotic genes Bcl-2 and
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Bcl-xl were significantly decreased in the lung tissue of
rats exposed to high concentrations of cigarette smoke.
Conversely, the expression levels of the pro-apoptotic
genes Bax and Caspase-3 were significantly increased.
These findings suggest that passive smoking induces
apoptosis in lung tissue through various mechanisms.
Our results corroborate previous research, indicating
that passive smoking facilitates cell apoptosis via apop-
totic signaling pathways [31]. Several studies indicate
that elevated levels of free radicals and oxidants present
in smoke can induce oxidative stress within lung tissue,
resulting in damage to cellular membranes and DNA,
ultimately leading to cell death [32].

Smoking has been shown to alter the expression of
genes associated with lung cancer. These alterations in
gene expression are strongly correlated with the duration
and frequency of smoking. Research has demonstrated
that numerous genes are either upregulated or down-
regulated in the airway epithelial cells of smokers, poten-
tially contributing to the pathogenesis of lung diseases
[33]. Research has demonstrated that smoking induces
the expression of various exogenous and redox-regulating
genes, with the upregulation of these genes being closely
associated with tumorigenesis. Furthermore, smok-
ing has been shown to suppress the expression of cer-
tain tumor suppressor genes, thereby facilitating tumor
development [34]. This study investigated the expression
of pertinent oncogenes in lung tissue and observed that
smoking elevated the mRNA levels of three lung cancer-
related genes—VEGF, CYPI1Al, and CYPIBI—in rat
lung tissue. Liu et al. demonstrated that smoking could
enhance the risk of oxidative DNA damage through a
mechanism partially involving CYPIA1 hypomethylation
[35].

In summary, exposure to secondhand smoke induces
acute pathological alterations in rat lungs. Our measure-
ments of melatonin levels in lung tissue post-exposure
revealed a significant decrease in melatonin concentra-
tion across three different levels. This finding suggests
that secondhand smoke results in a reduction of endog-
enous melatonin, corroborating previous reports in
similar studies [36]. This underscores the significant role
of melatonin in mitigating lung damage induced by pas-
sive smoking. Passive smoking, a prevalent environmen-
tal pollutant, is associated with the onset of conditions
such as lung inflammation. Notably, melatonin exhibits
potent anti-inflammatory properties that may mitigate
lung damage induced by smoking. Nevertheless, the
body of research investigating the efficacy of melatonin
treatment specifically for smoking-related lung damage
remains limited [37]. Most research has focused on ciga-
rette smoke as a cause of COPD, with melatonin playing
a mitigating role. For instance, under smoke stimulation,
melatonin alleviates the inflammatory response in COPD
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by affecting the expression of SIRT1 [38]. These findings
offer compelling evidence supporting the clinical appli-
cation of melatonin in reducing smoking-related bodily
harm. However, in different models of passive smoking,
the molecular mechanisms of melatonin’s action vary.
Zhao et al. conducted an in-depth investigation into
the potential of melatonin to mitigate smoking-induced
vascular damage and atherosclerosis via the Nrf2/ROS/
NLRP3 signaling pathway [39]. Melatonin can also inhibit
ROS production and the activation of the NLRP3 inflam-
masome induced by cigarette smoke extract, thereby
alleviating endothelial cell pyroptosis [40]. In cigarette
smoke exposure-induced pulmonary fibrosis responses,
melatonin reduces levels of transforming growth factor
(TGF-B1) [41].

In our experimental results indicate that, relative to
the high-dose smoking group, the melatonin-treated rats
exhibited reduced levels of total antioxidant capacity, as
well as inflammatory markers TNF-a, IL-6, and IL-1p.
In accordance with the present results, previous stud-
ies have shown that in mice exposed to cigarette smoke,
melatonin significantly reduces levels of inflammatory
cells and cytokines (IL-6 and TNF-«), possibly by inhib-
iting phosphodiesterase 4, and is more effective when
combined with roflunomide [42]. This finding suggested
the potential for further investigation into optimal drug
combinations involving melatonin. In addition, gene
levels of the pro-apoptotic factors Bax and Caspase-3
were significantly increased in the lung tissue of rats in
the high-concentration smoking group, while melatonin
significantly decreased their levels. Conversely, levels
of the anti-apoptotic factors Bcl-2 and Bcl-xL increased
significantly in the melatonin-treated group compared
to the high-concentration group. These results suggest
that melatonin alleviates lung tissue damage caused by
smoke exposure by regulating the expression of apopto-
sis-related factors. Xu Mengmeng pointed out that mela-
tonin alleviates the acute exacerbation of COPD induced
by influenza virus infection by inhibiting the apoptosis of
lung immune cells [43]. Lung cancer and COPD often co-
occur, and individuals with COPD are at a higher risk of
developing lung cancer [44]. In recent years, an increas-
ing number of studies have shown that melatonin plays
an important role in the development of cancer. Addi-
tionally, melatonin prevents the progression of non-small
cell lung cancer by inducing cell apoptosis and inhibiting
uncontrolled cell proliferation [45]. In this study, mela-
tonin also significantly reduced the expression of lung
cancer-associated genes VEGF, CYPIAl, and CYPI1BI
in rat lung tissue. However, this result has not previously
been described. The inhibitory effect of melatonin on the
development of lung cancer induced by cigarette smoke
has been demonstrated.
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In conclusion, the effects of smoking on lung tissue are
multifaceted and extensive. The deleterious constituents
of smoke induce cellular damage through a variety of
mechanisms, including direct cytotoxicity, inflammatory
responses, apoptosis, and immune system suppression.
In this study, melatonin, recognized as a highly effective
antioxidant, significantly mitigated acute passive smoke-
induced alveolar damage, lung tissue inflammation, cell
apoptosis, and the expression of lung cancer-related
genes in rats. Despite certain limitations inherent in our
research, for example, this study was conducted only in a
rat model, and there is a lack of clinical data on the effects
of melatonin treatment on lung tissue damage caused by
smoking exposure. In addition, the receptor signaling and
downstream molecular signaling mechanisms of melato-
nin regulation in rat lung tissue are not clarified in this
study. We believe that our findings could serve as a foun-
dation for future investigations. Further experimental
studies are warranted to elucidate the signaling mecha-
nisms of melatonin in smoking-induced lung injury.

Conclusions

In summary, passive smoking can cause changes in lung
tissue structure, the total antioxidant capacity, inflam-
matory factors, and apoptosis factors. With increasing
concentrations of cigarette smoke, there is a significant
alteration in the expression of lung tissue-related factors.
Melatonin, functioning as an antioxidant, substantially
mitigates the damage inflicted by passive smoking on rat
lung tissue. These findings offer a theoretical foundation
for the clinical management of environmental passive
smoking.
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