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INTRODUCTION

Background: Melatonin as an antioxidant agent can have an effective role in
lung development. In this study, the effect of melatonin administration on lung
injury in the neonate mice was assessed.

Materials and Methods: Lung injury was induced by two injections of 15
mg/kg methylazoxymethanol (MAM) on gestational day 15 (E15). Pregnant
BALB/c mice were randomly divided into five groups: Control (CO), Melatonin
(MEL), Luzindole (Luz), MAM, and MAM+MEL. Melatonin and luzindole were
intra-peritoneally injected at a dose of 10 mg/kg (from E15 until delivery).
Histopathological changes including: hemorrhage, neutrophils infiltration and
fibrosis in the neonate lung were studied by hematoxylin and eosin (H&E) and
Masson’s Trichrome staining. Alveolarization and alveolar wall thickness were
measured.

Results: In histological examination, hemorrhage, neutrophils infiltration and
fibrosis were seen in the MAM and Luz groups; however, these injuries were
attenuated in the MAM plus melatonin group. Significant reduction of
alveolarization was recorded in the MAM and Luz groups compared to the
control group, while the alveolar wall thickness was significantly increased in
these groups compared to control group.

Conclusion: Administration of exogenous melatonin in pregnant mice could
have a protective effect on the pulmonary development of neonates and could

decrease lung injury in neonate mice.
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around 12.5-16.5 of gestational days. In the canalicular

The process of lung development is very sensitive to
environmental toxins. Various studies have shown the
toxic effect of these factors on cellular differentiation and
function in prenatal and early postnatal periods in children
and mice (1). Lung development in mouse begins with
growth of a pair of epithelial buds from the foregut on the
9.5 gestational day and later enters the pseudoglandular

stage (2). The branching morphogenesis stage begins

stage, proximodistal differentiation occurs between
gestational days 16.5-17.5 (3). Around the 17.5 gestational
day, lung development reaches the sacculation phase and
type I (for gas exchange) and type II (for generation of
surfactant) epithelial cells undergo cellular differentiation
(4). Finally after birth, lung maturation continues and
enters two phases namely: formation of alveolar septum

(alveolarization) and microvascular stage (5).



In the early stages of alveoli formation, the alveolar
wall develops a double capillary network. In the
microvascular maturation stage, the double capillary
network comes together, resulting in the merging of the
two lumens together and formation of a single network.
(6). Decrease in mesenchymal cells and thinning of the
connective tissue are two important stages in the alveolar
wall maturation (5, 6). Therefore in the postnatal period, a
large number of small thin walled alveoli are formed that
create a vast area for gas exchange (7). Initially, alveoli
formation is increased during postnatal days (P5-P14),
gradually decreasing afterwards. Also there is a decrease
in the alveolar Septal thickness during P5-P28 (7).

An important point in the lung development is the
health issue concerns of the neonate during postnatal
period which could be a predisposing factor for the
occurrence of pulmonary diseases in the adulthood (8).
Studies have shown that adverse perinatal conditions
affect the growth and development of lungs that will
eventually lead to changes in cardiopulmonary physiology
in adults (9). For instance, exposure of neonates to nicotine
prevents alveolar growth (10). Also prolonged exposure to
hyperoxia results in production of reactive oxygen species
(ROS), lung injury and Bronchopulmonary Disorder (11).
ROS either directly through oxidative stress or indirectly
by induction of apoptosis causes lung injury. In addition,
ROS results in release of inflammatory cytokines such as
Tumor Necrosis Factor a (TNF)- a and IL-1B. These factors
damage the lung parenchyma, impair pulmonary
circulation and gas exchange (12).

Methylazoxymethanol (MAM) is a mycotoxin that
when administered to rats on day E17 causes structural
deficits in the growing offspring (13). MAM is a metabolite
of 1,2 dimethylhydrazine (DMH) which induces large
amounts of free radicles and affects cellular development
and growth (14). Increased cellular levels of free radicles
and oxidative stress factors, damages biological molecules

including DNA, carbohydrates and proteins (15).
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Melatonin, with its anti-oxidant effects, is the main
hormone secreted by the pineal gland. The anti-oxidant

effect of melatonin is due to:

Upregulating  antioxidant enzyme  (superoxide
dismutase, catalase and glutathione peroxidase),
negatively modulating pro-oxidant activity, and

scavenging of ROS directly (16).

By inhibiting lipid oxidation, melatonin prevents the
oxidative induced injury (17) and also has a protective role
in inflammation (18).

The aim of the present study is the evaluation of the
protective effects of melatonin on the lung injury induced

by MAM and lung development in neonate mice.

MATERIALS AND METHODS

In this experimental study, 20 adult female Balb/C
mice (28-30 gr) were obtained from the Faculty of
Veterinary Medicine, Tehran University, and kept under
controlled conditions (at a temperature of 22-24°C, with a
12/12-h light/dark cycle, i.e, 6:00 Am-6:00 PM), with food
and water available ad libitum.

The mice were coupled with male mice of the same
strain overnight, and presence of vaginal plugs the next
morning confirmed the pregnancy.

The mice were randomly assigned to five groups:
control (Co), Melatonin (MEL), Luzindole (Luz),
Methylazoxymethanol (MAM) and MEL+MAM.

Melatonin (Sigma Chemical Co., USA) and Luzindole
(Sigma Chemical Co., USA) as a melatonin receptor (MT
receptor) antagonist, were administered 10 mg/kg from
gestational day 15 (E15) until delivery.

MAM (Wako pure chemical industries, Tokyo, Japan)
in normal saline was administered 15 mg/kg twice on E15
at 12:00 PM and 12:00 AM, respectively (19). Control group
received normal saline as an equal volume of other drugs,
from day E15 until delivery. All drugs were administered
by intraperitoneal injection. One month after delivery, six
neonates from each group (mix of female and male) were
randomly selected and anesthetized with 75 mg/kg
ketamine plus 10 mg/kg xylazine intraperitoneally. All
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mice were perfused intracardially with phosphate buffered
saline (PBS) followed by 4% paraformaldehyde, and their
lungs were removed and fixed in 10% formalin. The
samples were embedded in paraffin and sectioned. The
sections were stained with hematoxylin and eosin (H&E)
as well as Masson’s trichrome staining for light
microscopic assessment.

Histological assay

The stained sections were assessed by a light
microscope (Olympus, CX31, Tokyo, Japan) and images
were prepared using a digital camera (Olympus, Japan). At
least five or ten fields were randomly selected form
different region of the lungs of each mice to study lung
development and lung injury.

Alveolarization assessment

The images were obtained at x40 and analyzed for
radial alveolar count by Emery and Mithal method (20) as
follow:

In each field, from the center of respiratory bronchiole a
perpendicular line was drawn to the nearest edge of
connective tissue septum or pleura, and the alveoli
traversed by this line were counted; in symmetrical
bronchioles the center of bronchioles was the starting point
(Figure 1a), while in the irregular bronchioles midpoint
between the proximal part of bronchiole and the first
branch point was the starting point (Figure 1b).

Septal thickness analysis:

To determine the alveolar septal thickness, the images
were analyzed by use of image J software (ver. 1.48f, U. S.
National institutes of Health; Bethesda 2009).

Hemorrhage assessment

Presence of red blood cells (RBC) in the fields of images
were assessed and scored on a 0-4 scale for hemorrhage (0=
no hemorrhage, 2= hemorrhage in parenchyma and small
airway, and 4= hemorrhage in large air way) (21).
Inflammation assessment

Neutrophil infiltration was analyzed by counting
neutrophil cells in the fields of images and scored on a 0-4
scale for inflammation (0= no inflammatory cells, 2=1-5

cells/hpf, and 4=>5 inflammatory cells/hpf) (21).

Figure 1. Radial count estimation. a) in the symmetrical respiratory bronchiole. b)

in the irregular respiratory bronchiole. H&E staining 40x.

Assessment of fibrosis

For estimation of percentage of fibrosis in tissue, a
number of ten images of random low power fields (x100)
of lung were selected from the digital slides in JPG format
and fibrosis was assessed using image analysis software in
Java (ver. 1.48f, U. S. National institutes of Health;
Bethesda 2009).
Statistical analysis

Data were analyzed using Statistical Package for the
Social Sciences software (version 22). The results were
presented as mean * standard SEM. One-way ANOA
analysis and post hoc Tukey’s test were done to compare
the results among the groups. Statistical significant level

was set at ’<0.05.

RESULTS
Effects of MEL on lung alveolarization in MAM induced
pulmonary injury in neonate mice.

Mean lung alveolarization was analyzed in different
groups (Figure 2-a,b). There was a significant decrease in
the lung alveolarization of MAM and LUZ groups
compared to Co and MEL groups (P<0.05, Figure 2-a,b). A
significant increase in the lung alveolarization of
MAM+MEL group was recorded compared to MAM and
LUZ group (P<0.05, Figure 2-a,b).

Effects of MEL on alveolar wall thickness in MAM
induced pulmonary injury in neonate mice.

Mean alveolar wall thickness was analyzed in different

groups (Figure 3-a,b). There was a significant increase in
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the wall thickness of MAM and LUZ groups compared to
Co and MEL groups (P<0.05, Figure 3-a,b). A significant
decrease in the wall thickness of MAM+MEL group
compared to MAM and LUZ groups was observed (P<0.05,

Figure 3-a,b).

Figure 2. Effects of MEL on lung alveolarization in MAM induced pulmonary
injury in neonate mice. a) alveolarization of pulmonary tissue in different groups,
H&E staining x 40 magnification. b) Comparing mean alveolarization of
pulmonary tissue in different groups. a: p<0.05 compared to Co group. b:
p<0.05 compared to MEL group, c: p<0.05 compared to LUZ group, d: p<0.05
compared to MAM group. Co: Normal saline, MEL: melatonin, LUZ: Luzindole,
MAM: Methylazoxymethanole, MAM+MEL Methylazoxymethanole+Melatonin

Effects of MEL on pulmonary hemorrhage score in MAM
induced pulmonary injury in neonate mice.

Mean pulmonary hemorrhage score was compared in
different groups (Figure 3-a,c). Significant increase in the
pulmonary hemorrhage score of MAM and LUZ groups
compared to Co and MEL groups was recorded (P<0.05,
Figure 3-a,c). A significant decrease in the pulmonary
hemorrhage score of MAM+MEL group compared to
MAM and LUZ groups was observed (P<0.05, Figure 3-
a,c).

Effects of MEL on number of lung neutrophils in MAM
induced pulmonary injury in neonate mice.

Also, mean number of lung neutrophils was compared
in different groups (Figure 3-a,d). Significant increase in
the number of lung neutrophils of MAM and LUZ groups
compared to Co and MEL groups was recorded (P<0.05,
Figure 3-a,d). There was a significant decrease in the
number of lung neutrophils of MAM+MEL group
compared to MAM and LUZ groups was observed (P<0.05,
Figure 3-a,d).
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Figure 3. Effects of MEL on alveolar changes in MAM induced pulmonary injury
in neonate mice. a) Histopahtologival changes of pulmonary tissue in different
groups, H&E staining x 40 magnification. Comparing b) alveolar wall thickness,
¢) pulmonary hemorrhage score, d) number of lung neutrophils, ) pulmonary
infiltration score in different groups. a: p<0.05 compared to Co group. b: p<0.05
compared to MEL group, c: p<0.05 compared to LUZ group, d: p<0.05
compared to MAM group. Co: Normal saline, MEL: melatonin, LUZ: Luzindole,
MAM: Methylazoxymethanole, MAM+MEL Methylazoxymethanole+Melatonin

Effects of MEL on pulmonary infiltration score in MAM
induced pulmonary injury in neonate mice.

Mean pulmonary infiltration score was compared in
different groups of study (Figure 3-a,e). Significant increase
in the pulmonary infiltration score of MAM and LUZ
groups compared to Co and MEL groups was recorded
(P<0.05, Figure 3-ae). A significant decrease in the
pulmonary infiltration score of MAM+MEL group
compared to MAM and LUZ groups was reported (P<0.05,

Figure 2-a,e).
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Effects of MEL on pulmonary fibrosis percentage in
MAM induced pulmonary injury in neonate mice.

Mean pulmonary fibrosis percentage was compared in
different groups (Figure4-a,b). There was a significant
increase in the pulmonary fibrosis of MAM and LUZ
groups compared to Co and MEL groups (P<0.05, Figure4-
a,b). A significant decrease in the pulmonary fibrosis

percentage of MAM+MEL group compared to MAM and

LUZ groups was recorded (P<0.05, Figure 4-a,b).
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Figure 4. Effects of MEL on mean percentage of pulmonary fibrosis in MAM
induced pulmonary injury in neonatal mouse model. a) Histopahtological
alteration (arrows) of pulmonary tissue in different groups, Masson's Trichrome
Stain (TRI) staining x 40 magnification. b) Comparing mean percentage of
pulmonary fibrosis in different groups. a: p<0.05 compared to Co group. b:
p<0.05 compared to MEL group, c: p<0.05 compared to LUZ group, d: p <0.05
compared to MAM group. Co: Normal saline, MEL: melatonin, LUZ: Luzindole,
MAM: Methylazoxymethanole, MAM+MEL Methylazoxymethanole+Melatonin

DISCUSSION

In the present study, administration of exogenous
melatonin was associated with decreased hemorrhage,
neutrophils infiltration, pulmonary fibrosis, and alveolar
wall thickness as well as increased alveolarization which
ultimately improved lung development in the studied
cases.

Administration of MAM to pregnant mice on day E15
of pregnancy, when the number of bronchioles increase
(22), causes lung injury and impairs neonatal lung
development. Kim et al. announced that MAM has a
genotoxic effect in different tissues and increases the

production of ROS (23). Also, MAM induces methylation

and mutation in DNA; thus, leading to impaired cellular
proliferation (24). Ansil et al. reported that administration
of 1, 2-dimethylhydrazine, which is metabolized in the
MAM,
malondialdehyde (MDA). MDA is an oxidative agent that

liver into increases the production of
is produced as a result of lipid peroxidation and causes
oxidative damage (25). MAM leads to oxidative damage in
various cellular structures, RNA, DNA, protein and lipids
(14).

In a recent study, administration of MAM to pregnant
mice increased nitric oxide (NO) as an oxidant agent and
decreased anti-oxidant enzymes in cerebral cortex of
neonates (26). Studies have shown that lung development
is very sensitive to the oxidative damage of oxidants.
Eldredge et al. demonstrated that neonate mice exposed to
hyperoxia, suffered from lung injury following oxidative
stress, that was associated with inflammatory cells
activities especially neutrophils (27). Neutrophils and
macrophages are important sources of ROS in the lungs
(28, 29). Inflammatory cell infiltration by producing
proteases, cytokines and ROS affect the lungs and increase
the risk of lung injury (30, 31).

Increasing of inflammatory cells activity is associated
with increased vascular permeability and hemorrhage (29,
32). In the current study, administration of MAM caused
lung injury in the form of hemorrhage, neutrophils
infiltration, and pulmonary fibrosis in the offsprings. In the
MAM and luzindole groups, there was a significant
increase in the amount of hemorrhage and neutrophils
infiltration in the lung as compared to the control and Mel
groups. However, in the group that received melatonin in
addition to MAM (MAM+MEL), neutrophils infiltration
and pulmonary fibrosis showed a significant decrease
compared to MAM group.

Melatonin as a free radical scavenger has anti-
inflammatory and antioxidant characteristics (12). In
addition to inhibiting ROS production, it causes activation
of anti-oxidant enzymes (33).

Wang et al, reported that administration of melatonin

to mouse model of lung ischemia reperfusion injury,
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suppressed oxidative stress and ameliorated lung injury
caused by neutrophils infiltration (12). Zhao and
colleagues also evaluated the effect of melatonin
administration in pulmonary fibrosis mice model. Their
results clearly demonstrated that administration of
melatonin significantly decreased bleomycin induced lung
fibrosis and luzindole (melatonin receptor inhibitor)
suppressed the anti-fibrotic effect of melatonin (34), a point
which was in consistent with the present study.

In another research conducted on mice exposed to
cigarette smoke and lipopolysaccharide (LPS), lung injury
was observed as fibrosis, increased ROS production and
neutrophil cell count. While in mice treated with
melatonin, significant decrease in ROS production,
neutrophil cell count and fibrosis was reported. This
finding confirmed that melatonin through its anti-oxidant
and anti-inflammatory effect suppressed inflammatory
response and fibrosis in lung tissues of the samples (35).
This finding was also in consistent with the results of the
present study. Tahamtan et al. reported lung injury in the
form of fibrosis, increased RBC and neutrophil cell count in
rats exposed to radiation, in which lung injury was
reversed with melatonin administration (36).

In the present research both lung injury and lung
development of the samples was studied. Alveolarization
was significantly decreased in the MAM and Luz groups as
compared to Control and Mel groups, while it was
significantly increased in the melatonin group in
comparison to MAM group.

The present study was in consistent with the study
conducted by Yildiz et al. in which melatonin was
administered to neonatal rats receiving maternal nicotine;
results showed significant increase in the number of alveoli
as compared to the group that did not receive melatonin
treatment (17). During growth, capillary network
development is essential in the process of gas exchange
and during its development alveolar septal wall thickness
decreases (37). In the MAM and Luz groups, alveolar
septal wall thickness showed significant increase in

comparison to Mel and Control groups. However, in
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MAM+MEL group alveolar septal wall thickness decreased
considerably as compared to the MAM group. Xu et al.
demonstrated that neonatal rats when exposed to
hyperoxia, developed lung fibrosis and increased alveolar
septal wall thickness (38).

Oxidative stress condition leads to neutrophil cells
infiltration in lungs and subsequent alveolarization
disorder. The present study is also in consistent with Ryan
et al study in which suppression of inflammatory
mediators or their receptors could improve lung
development especially the alveoli. Thus, increase in the
number of inflammatory cells or even inflammation is
associated with impaired lung development and growth,
increased alveolar septal wall thickness, and destruction of

alveoli is accompanied by lung fibrosis (31).

CONCLUSION

Exogenous melatonin had protective effects on lung
injury by decreasing of fibrosis, hemorrhage and
neutrophils infiltration. In addition, administration of
melatonin could improve the lung development by
decreasing of alveolar wall thickness as well as increasing

of alveolarization in neonate mice.
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