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ARTICLE INFO Abstract

Background. Diabetes is associated with inflammation. In this study, the effect of
Avrticle History: melatonin on the expression of inflammatory genes and the extracellular signal-
Received: 12 Feb 2024 related kinase/nuclear factor-kappaB (ERK/NF-xB) signaling pathway was
Revised: 7 May 2024 investigated in the lung tissue of type 1 diabetic mice.
Accepted: 12 May 2024 Methods. Adult male mice weighing 25-30 g were randomly divided into 4 groups of

ePublished: 28 Apr 2025 10, including control (C), control + melatonin (CM), diabetic (D), and diabetic +
melatonin (DM). Streptozotocin (50 mg/kg) was used to induce diabetes. The tumor

Keywords: necrosis factor-alpha (TNF-a) protein level in bronchoalveolar lavage fluid (BALF)
o Melatonin was measured by the ELISA test, and the expression of IL-14, ERK, and NF-xB genes
e Diabetes was calculated using the real-time polymerase chain reaction technique.

o Inflammation Results. The findings showed that the concentration of the TNF-a protein in the BALF
e ERK/NE-xB of groups D and DM was significantly higher than that in group C (P<0.001). The
e TNF-a amount of this protein in the DM group significantly decreased compared to the D

group (P< 0.05). The expression levels of ERK, IL-18, and NF-xB genes in the lung
tissue of the D and DM groups increased significantly compared to the C and CM
groups (P< 0.001). However, the expression levels of these genes in the DM group
significantly decreased compared to the D group (P< 0.05, P < 0.001, P < 0.01).
Conclusion. The results of the present study revealed that melatonin inhibited the
expression of inflammatory markers and the ERK/NF-kB signaling pathway in the
lung tissue of diabetic mice.

Practical Implications. It seems that the induction of diabetes caused an increase in
inflammation in the lung tissue of mice, and treatment with melatonin reduced inflammation.
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Extended Abstract

Background neurohormone, shows anti-inflammatory  and
Diabetes mellitus (types 1 and 2) causes systemic  antioxidant effects. The extracellular signal-related
inflammation in the lung tissue. Melatonin, a  kinase/nuclear factor-kappaB (ERK/NF-kB)
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pathway is involved in inflammatory reactions.
NF-«B is a transcription factor that is inactive in the
cytoplasm and is bound to an inhibitory protein. ERK
is one of the factors that play a role in transmitting
messages from the cell surface to the cell nucleus.
This factor is phosphorylated in response to allergens
and sends a message that leads to the separation of
NF-kB from the inhibitory factor and its transfer to
the cell nucleus, causing inflammatory reactions.
The activity of the ERK/NF-xB pathway was
increased in asthma, and its inhibition reduced
airway inflammation. Therefore, the effect of
melatonin on the expression of inflammatory genes
and the ERK/NF-xB signaling pathway was
examined in the lung tissue of type 1 diabetic mice.
Animal Grouping

The 40 male mice (BALB/c) were divided into
the control group (C), C group + melatonin (CM), the
diabetic group (D), and the D group + melatonin
(DM). To induce diabetes in diabetic groups, after 8
hours of fasting, streptozotocin (50 mg/kg) was
administered as a single dose dissolved in 0.1 mmol
sodium citrate buffer (pH=4.5) and injected into
peritoneal. Three days after the streptozotocin
injection, a blood sample of the tail vein was
obtained, and blood sugar was determined using a
digital glucometer. An animal with a glucose level
higher than 250 mg/dL was considered diabetic. For
the melatonin investigation, melatonin (3 mg/kg)
was injected intraperitoneally twice a week for four
weeks. Two weeks after the last injection, the
animals were sacrificed by ketamine (100 mg/kg)
and xylazine (10 mg/kg), and their lung tissue was
collected.
Enzyme-linked Immunosorbent Assay

ELISA test and a rat tumor necrosis factor alpha
(TNF-a) ELISA kit were used to determine the TNF-
a protein level in the bronchoalveolar lavage fluid
(BALF). Absorbance was recorded after 30 minutes
using a microplate reader (Biotek) at 450 nm.
Real-time Polymerase Chain Reaction for IL-18, ERK,
and NF-xB Genes

Then total RNA was extracted from homogenized
lung tissue using a special kit (FABRKO0O01,
Favorgen). A commercial cDNA synthesis kit
(A101161, ParTous) was utilized for cDNA

synthesis. The RT-PCR technique was performed
using SYBR Green qualitative PCR Master Mix
(YT2551, Yekta Tajhiz Azma). The ratio of the
target and reference (j3-actin) genes was considered
as the gene expression change.
Statistical Analysis

The quantitative results obtained from the present
study were expressed as means * standard errors of
the mean and were compared using a one-way
analysis of variance and Tukey’s supplementary test.
SPSS 19 and GraphPad Prism 8 were employed to
perform statistical calculations and draw graphs,
respectively. The criterion for the significance of
results in this design was P<0.05.

Results
Examination of the Level of the TNF-a Protein in
Bronchoalveolar Lavage Fluid

The results of the ELISA test demonstrated that
the level of the TNF-a protein in the BALF of the D
groups was significantly higher than that of the TNF-
a protein in the BALF of the C group (P<0.001).
Treatment with melatonin in the DM group
significantly reduced the amount of the TNF-a
protein in the BALF compared to the D group
(P<0.05). In addition, the level of the TNF-a protein
in the CM group did not show a significant difference
compared to the C group (P>0.05).
Investigation of IL-18 Gene Expression in Lung Tissue

RT-PCR results revealed that IL-/8 gene
expression in the lung tissue of the D and DM groups
increased significantly compared to the C and CM
groups (P<0.001). Further, treatment with melatonin
in the DM group significantly reduced IL-/5 gene
expression in comparison to the D group (P<0.05).
There was no significant difference in IL-/f gene
expression between the C and CM groups (P>0.05).
Examination of NF-xkB Gene Expression in Lung Tissue

Our results showed that the level of NF-xB gene
expression in the lung tissue of the D group was
significantly increased compared to the C group
(P<0.001). Treatment with melatonin in the DM
group significantly reduced the expression of this
gene in comparison to the D group (P<0.05). The
level of NF-xB gene expression in the CM group
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compared to the C group represented no significant
difference (P>0.05).
Investigation of ERK Gene Expression in Lung Tissue
According to the obtained results, the level of
ERK gene expression in the lung tissue in the D
groups was significantly increased compared to the
C group (P<0.001). Treatment with melatonin in the
DM group significantly reduced this ratio in
comparison to the D group (P<0.01). The level of
ERK gene expression in the CM group demonstrated

no significant difference compared to the C group
(P>0.05).

Conclusion

The findings of the present study confirmed that
melatonin reduces the expression of inflammatory
genes in BALF and lung tissue of diabetic mice.
Probably, melatonin decreases inflammation in the
lung tissue of type 1 diabetic mice by suppressing the
ERK/NF-«B signaling pathway.
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