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Abstract

Purpose: To investigate the effects of melatonin on antioxidant capacity, inflammation and
apoptotic cell death (through expression of cleaved-caspase 3) in lung tissue samples of
diabetic rats.

Methods: Thirty male Sprague-Dawley rats were randomly divided into three groups. Group 1
(control group) was made up of healthy rats. Group 2 (diabetes group) received streptozotocin
at a dose of 50 mg/kg/day for 5 days.Group 3 (diabetes plus melatonin group) received
streptozotocin at a dose of 50 mg/kg/day for 5 days and then they received melatonin at a
dose of 20 mg/kg/day between 28" and 35" days of the study.

Results: Tissue MDA and MPO levels were found to be significantly higher in diabetes
group compared to control group (p<0.05) whilst administration of melatonin was found
to significantly lower this increase down to normal levels (p<0.05). Bronchus associated
lymphoid tissue (BALT) was more severe in diabetics whereas administration of melatonin
alleviated this hyperplasia. Cleaved caspase 3 activity was severe in hyperplastic BALT in
diabetic rats however in lowered down to moderate level when melatonin was administered.
Conclusion: The melatonin caused an increase in antioxidant capacity and decreased the
expression of cleaved-caspase 3.
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n Introduction

Diabetes has several devastating
effects on major organ systems through
chronic inflammatory processes and poor
glycemic control. Patients with diabetes may
develop pulmonary dysfunction which may
be associated with significant reduction in
exercise capacity and decreased activity-
related quality of lifel. Previous studies
demonstrated that patients with diabetes had
significant reductions in FEV1, FVC and CODC
levels*3. Although there has been some data
suggesting that patients with diabetes tend to
have decreased microvascular reserve of the
lungs and increased risk of chronic hypoxia,
the underlying mechanism has not yet been
elucidated. Accumulation of collagen in lung
tissue may explain the stiffness that is occurring
within the lung parenchyma and around the
chest wall, aswell*®. It has also been established
that elastic recoil capacity and muscle strength
decreases in patients with diabetes®. Moreover,
all these changes may worsen the prognosis of
the pulmonary infections which are common in
patients with diabetes’.

Melatoninisacirculatingneurohormone
that is produced by pineal gland and it has
an important role in regulation of circadian
rhythm?®°. Recent studies demonstrated that
melatonin has several functions including
immunomodulatory function and anti-aging
mediator effects. It has also been suggested
that melatonin prevents against cancer of
several types and it maintains endothelial
integrity and improves leukocyte, erythrocyte
and platelet functions®.

Studies in diabetic animal models
demonstrated that diurnal changes in blood
glucose are due to changes in melatonin levels
and increased levels of insulin*'. In another
experimental study supporting this, serum
melatonin levels decreased and insulin levels
increased in Type 2 diabetic Goto Kakizaki
rats'?. It was demonstrated in Genome-wide
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association studies that specific single-
nucleotide polymorphism of the melatonin
receptor 2 (MTNR1B) locus was associated
with hyperglycemia and type 2 diabetes'*?,
However, there has been no study focusing on
the effect of melatonin on diabetic lung.

The present study sought to investigate
the effect of melatonin on antioxidant capacity,
inflammation and expression of cleaved
caspase 3 which is a known marker of apoptotic
cell death in a diabetic rat model.

n Methods

The study protocol was approved by
the Ethical Committee of Atatiirk University.

Thirty male Sprague-Dawley rats,
weighing from 250 to 300 g (8-10 weeks old)
were used in this study. The rats were housed
daily, kept under 12-h light-dark cycle and they
were permitted to reach water pellet. The
testing room was consistently maintained at
22°-24°C. The rats were fed with special diet
and they were randomly divided into three
groups. Group 1 (control group) was made up of
healthy rats. Group 2 (diabetes group) received
streptozotocin at a dose of 50 mg /kg /day for 5
days. Group 3 (diabetes plus melatonin group)
received streptozotocin at a dose of 50 mg/ kg/
day for 5 days and then they received melatonin
at a dose of 20 mg/ kg/ day between 28" and
35" days of the study. Beginning from the 3" day
of streptozotocin administration, glucose levels
of the rats were begun to be measured daily. At
35" day of the study, rats were given 1.5 mg/
kg of intravenous omnipaque for renal tissue
examination and then they were sacrificed
with high dose anesthetics. Levels of tissue lipid
peroxidase (LPO; MDA (malondialdehyde)),
SOD (superoxidedismutase), GSH
(glutathioneperoxidase), CAT (catalase) and
MPO (myeloperoxidase Jwere examined at lung
tissue samples of each group. Tissue samples
were taken from the lung parenchyma and
referred to the histopathologic examination for
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detection of inflammation and cleaved caspase 3.
Histopathological examination

Lung tissue samples were fixed in 10%
neutral buffered formalin. Paraffin embedded
blocks were routinely processed and 5 um
thick sections were stained with haematoxylin-
eosin. The samples were examined under a
microscope and randomly 10 microscopic
fields were examined in x40 magnification.
The histopathological findings in sections were
graded as 0 (none), 1 (mild), 2 (moderate), 3
(severe).

Immunohistochemical examination

After deparaffinization, the slides were
immersed in antigen retrieval solution (pH6.0)
and heated in microwave for 15 minutes to
unmask the antigens. The sections were then
dipped in 3% H202 for 10 minutes to block
endogenous peroxidase activity. Sections
were incubated at room temperature with
polyclonal rabbit active/cleaved caspase 3
antibody for apoptosis (catno. NB600-1235,
dilution 1/400; Novus Biological, USA). Expose
Mouse and rabbit specific HRP/DAB detection
IHC kit were used as follows: sections were
incubated with goat anti-mouse antibody, then
with streptavidin peroxidase, and finally with
3,3’ diaminobenzidine + chromogen. Slides
were counterstained with hematoxylin. Then
10 randomly selected tubules were examined
under 20x magnification. Immunoreactivity in
the sections were graded as 0 (none), 1 (mild),
2 (moderate), 3 (severe).

Preparation the tissue homogenates

Lung tissue samples were grinded
with liquid nitrogen in a porcelain mortar. For
each group, 25 mg of the pulverized samples
were collected and 2.5 ml of a buffer solution
was added (a different buffer was used for
each parameter) and diluted 1 to 100. The
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preparation was then put into the homogenizer
and homogenized on ice for 10 minutes. The
homogenates were filtered through a filter-
paper and they were coolly centrifuged at
4°C in a refrigerated centrifuge using different
rotational speeds specific — as reported in the
literature - to each enzyme.

Determination of the lipid peroxidation (LPO)

The level of LPO in lung tissues was
determined by estimating malondialdehyde
(MDA) using the thiobarbituricacid test.
The lung tissues were dissected, weighed,
and homogenized in 10 ml of 100 g/LKCl.
The homogenate (0.5 ml) was added to a
solution containing 0.2 ml of 80 g/L sodium
laurylsulphate, 1.5 ml of 200 g/L acetic
acid, 1.5 ml of 8 g/L 2-thiobarbiturate, and
0.3 ml of distilled water. The mixture was
incubated at 98°C for 1 h. Upon cooling, 5 ml
of n-butanol:pyridine (15:1) was added. The
mixture was vortexed for 1 min and centrifuged
at 4000g for 30 min. Subsequently, the
absorbance of the supernatant was measured
at 532nm. The standard curve was obtained
by using 1, 1, 3, 3-tetramethoxypropane. The
recovery rate was over 99%. The results were
expressed as nmol MDA/g of tissue.

Superoxide dismutase (SOD) activity

SOD activity was measured according to
Sun et al. (1988). SOD estimation was based on
the generation of superoxide radicals produced
by xanthine and xanthine oxidase, which react
with nitroblue tetrazolium (NBT) to form
formazan. SOD activity was then measured
at 560 nm by the degree of inhibition of this
reaction and was expressed as mmol/min/mg
of tissue.

Catalase (CAT) activity

Decomposition of H,O, in the presence
of CAT was measured at 240 nm according to
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Aebi (1984). The CAT activity was defined as
the amount of enzyme required to decompose
1 mmolof H,0,per minute, at 25°C at pH 7.
Results were expressed as mmol/min/mg of
tissue.

Total glutathione (GSH)

The lung tissues were homogenized in
2 ml of 50 mMTris—HCI buffer containing 20
mM EDTA, at pH 7.5. After adding 2 ml ethanol
(to precipitate the proteins), the homogenate
was centrifuged at 3000g for 40 min at 4°C. The
supernatant was used to determine the GSH
level using 5, 5’-dithiobis (2-nitrobenzoic acid)
(DTNB). The absorbance was measured at 412
nm. Subsequently, the GSH level of the lung
was expressed as nmol/g of tissue.

Myeloperoxidase (MPO) activity

The homogenized samples were frozen
and thawed three times, and centrifuged at
1500 g for 10 min at 4°C. Myeloperoxidase
activity in the supernatant was determined by
adding 100 mL of the supernatant to 1.9 mL
of 10 mmol/L phosphate buffer (pH 6.0) and 1
mL of 1.5 mmol/L o-dianisidine hydrochloride
containing  0.0005% (wt/vol) hydrogen
peroxide. The changes in absorbance at 450
nm of each sample were recorded on a UV-vis
spectrophotometer. Myeloperoxidase activity in
tissues was expressed as micromoles per minute
per milligram tissue (umol/min/mg tissue).

Statistical analysis

All statistical analyses were carried
out using SPSS statistical software (SPSS for
windows, version 20.0). All data were presented
in mean (%) standard error (S.E.). Differences in
measured parameters among four groups were
analyzed with a nonparametric test (Kruskal—
Wallis). Dual comparisons between group sex
habiting significant values were evaluated with
a Mann—Whitney U-test (p<0.05).

Acta Cir Bras. 2018;33(4):375-385

n Results

Histopathological examination

Lung tissue samples of the rats in control
group (Group 1) were microscobically normal
(Figure 1) whereas there was a statistically
significant difference between rats in diabetes
group (Group 2) and those in diabetes +
melatonin group (Group 3) (p<0.05). Rats in
diabetes group had more severe hyperplasia
in bronchus associated lymphoid tissue (BALT)
compared to those in diabetes + melatonin
group (Figures 2 and 3). Histopathological
findings of the lung tissue specimens were as
follows:

Group 1 (Controls): Lung tissue samples
were normal.

Group 2 (Diabetes): Thickened
intralveolar  septum, peribronchial cell
infiltration and desquamation of bronchial
epithelium, hyperemia in peribronchial vessels.

Group 3 (Diabetes + Melatonin): Mild
thickening in the interalveolar septum and
hyperemia in peribronchial vessels. There
were statistically significant differences when
compared to the findings in Group 2. Table 1
demonstrates histopathological findings.

normal histological view.
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Figure 2 - Diabetes group. In lung tissue samples: Figure 3 In lung
thickened intralveolar septum, peribronchial cell tissue samples: mild thickening in the interalveolar

infiltration, desquamation of bronchiol epithelium septum, hyperemia in peribronchial vessels.
and hyperemia in peribronchial vessels.

Table 1 - Histopathological findings in lung tissue specimens.

Thickened intraalveolar - +++ +
septum

Peribronchial cell - +++ +
infiltration

Hyperemia in peribronchial - +++ ++
vessels

Immunohistochemical examination

Cleaved-caspase 3 expression was quite
low in lung tissue samples of the rats in control
group (Figure 4). There was a statistically
significant difference between the lung tissue
samples of the rats in the diabetes group and
the diabetes + melatonin group in regard to
cleaved-caspase 3 levels (p<0.05). Expression
of cleaved-caspase 3 was severe in lung tissue
samples of the rats in diabetes group whereas
cleaved caspase 3 expression was seen to be at
moderate level in diabetes + melatonin group Figure 4 - Control group. Cleaved-caspase 3 low in
(Figures 5 and 6). lung tissue samples.
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Figure 5 - Diabetes group. Severe expression of
cleaved-caspase 3 in lung tissue.
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Figure 6 - Diabetes
expression of cleaved caspase 3 in lung tissue.

Biochemical results

Tissue MDA (LPO) levels of the lung
tissue samples were found to be significantly
higher in diabetes group compared to control
group (p<0.05). Administration of melatonin
was found to significantly lower this increase in
MDA levels (p<0.05) (Figure 7).
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Figure 7 — LPO levels of lung tissues. Control,
been made up of healthy rats; Diabetes,
streptozotocin at a dose of 50 mg /kg /day for 5
days; Diabetes+Melatonin, streptozotocin at a
dose of 50 mg/kg/day for 5 days and melatonin
at a dose of 20 mg/kg/day between 28" and 35
days of the study; MDA, malondialdehyde. Same
letters indicate similarity of groups (p>0.05),
different letters indicate differences of groups
(p<0.05). Note: All values measured were tested
with one-way ANOVA and differences between the
groups were determined by the Duncan Multiple
Comparison Test.

SOD activity was found to be
significantly lower in diabetes group compared
to that in control group whereas SOD activity
was significantly higher in diabetes + melatonin
group than that in diabetes group (p<0.05)
(Figure 8).

Mean

SOD Activities of Lung Tissues
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Figure 8 - SOD activities of lung tissues. Control,
been made up of healthy rats; Diabetes,
streptozotocin at a dose of 50 mg /kg /day for 5
days; Diabetes+Melatonin, streptozotocin at a
dose of 50 mg/kg/day for 5 days and melatonin
at a dose of 20 mg/kg/day between 28t and 35%
days of the study; SOD, superoxide dismutase.
Same letters indicate similarity of groups (p>0.05),
different letters indicate differences of groups
(p<0.05). Note: All values measured were tested
with one-way ANOVA and differences between the
groups were determined by the Duncan Multiple
Comparison Test.

Mean
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GSH levels were significantly lower in
diabetes group compared to control group
whereas these levels were significantly higher in
diabetes + melatonin group (p<0.05) (Figure 9).

GSH Levels of Lung Tissues
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Figure 9 - GSH levels of lung tissues. Control, been
made up of healthy rats; Diabetes, streptozotocin
at a dose of 50 mg /kg /day for 5 days;
Diabetes+Melatonin, streptozotocin at a dose of 50
mg/kg/day for 5 days and melatonin at a dose of 20
mg/kg/day between 28" and 35 days of the study;
GSH, glutathione. Same letters indicate similarity
of groups (p>0.05), different letters indicate
differences of groups (p<0.05). Note: All values
measured were tested with one-way ANOVA and
differences between the groups were determined
by the Duncan Multiple Comparison Test.

CAT activity was not significantly
different between control group and diabetes
group whereas it was significantly higher
in diabetes + melatonin group than that in
diabetes group (p<0.05) (Figure 10).

CAT Activities of Lung Tissues

Healty Control Mel
35,871 33,841 36,210

Figure 10 - CAT activities of lung tissues. Control,
been made up of healthy rats; Diabetes,
streptozotocin at a dose of 50 mg /kg /day for 5
days; Diabetes+Melatonin, streptozotocin at a dose
of 50 mg/kg/day for 5 days and melatonin at a dose
of 20 mg/kg/day between 28" and 35 days of the
study; CAT, catalase. Same letters indicate similarity
of groups (p>0.05), different letters indicate
differences of groups (p<0.05). Note: All values
measured were tested with one-way ANOVA and
differences between the groups were determined
by the Duncan Multiple Comparison Test.
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MPO activity was significantly higher
in diabetes group compared to control group
(p<0.05) whereas it was not significantly
different between control group and diabetes
+ melatonin group (p>0.05), indicating that
diabetes caused a significant increase in MPO
activity however administration of melatonin
lowered it to the levels seen in control group
(Figure 11).
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Figure 11 - MPO activities of lung tissues.
Control, been made up of healthy rats; Diabetes,
streptozotocin at a dose of 50 mg /kg /day for 5
days; Diabetes+Melatonin, streptozotocin at a
dose of 50 mg/kg/day for 5 days and melatonin
at a dose of 20 mg/kg/day between 28" and 35
days of the study; MPO, myeloperoxidase. Same
letters indicate similarity of groups (p>0.05),
different letters indicate differences of groups
(p<0.05). Note: All values measured were tested
with one-way ANOVA and differences between the
groups were determined by the Duncan Multiple
Comparison Test.

] Discussion
Diabetes is the most common
metabolic disease worldwide and it is the

leading cause of death in develop countries®.
There have been several studies focusing on
the pathophysiologic alterations in lung tissue
which developed secondary to poor diabetes
control. These studies suggested that diabetes
cause a decrease in microvascular reserve of
the lungs, leading to development of hypoxia
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or it was also proposed that diabetes may
worsen hypoxia in patients with chronic lung
disease®.

Thisisthefirst studyto show the positive
effect of melatonin in treatment on diabetic
lung tissue. We suggest that this effect may
be produced by increased antioxidant capacity
and reduced inflammation and apoptotic cel
Ideath.

Several mechanisms were proposed
to explain the tissue damage that is caused
by hyperglycemia; increased influx of glucose
through polyol pathway, an increase in
advanced  glycationend-products  (AGEs)
within the cytoplasm, an increase in the
expression of AGEs receptors, protein kinase
C isoform activation and hexosamine pathway
activation. These mechanisms were thought to
be activated by the increase in mitochondrial
reactive oxygen species?.

Melatonin and its metabolites possess
a high potential to bind free oxygen radicals.
Therefore, they prevent inflammation and
apoptosis®. Moreover, there have been studies
demonstrating that melatonin decreases
pulmonary damage. Torres et al.*? found that
melatonin decreased the levels of pulmonary
oxidative stress markers and increased both
enzymatic and non-enzymatic antioxidant
capacity. In line with these findings, we found
a significant decrease in MDA levels of the lung
tissue of diabetic rats receiving melatonin.
Similar to the findings reported by Shin et
al.®, we found that melatonin administration
caused inhibition of the inflammation in lung
tissue and its administration caused tissue
MPO levels to decrease down to the levels
recorded in control group. It is well known
that long-lasting inflammation and oxidative
stress are two major causes of several chronic
pulmonary diseases?. Melatonin is a highly
effective antioxidant and it limits lung tissue
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damage by inhibition of oxidative through
several pathways including removal of reactive
free oxygen radicals, reduction of LPO (MDA)
levels and also by activating GSH and SOD*?>,
In our study; GSH, CAT and SOD activates were
significantly increased in diabetic rats which
we treated with melatonin.

In our previous rat study, we
demonstrated the therapotic effect of
melatonin on contrast-enhanced nephropathy
in diabetic rats. We think that this effect of
melatonin is produced by inhibition of IL-33
andoxidants?®,

Oxidative  stres  resulting  from
hyperglycaemia  induces  apoptosis in
endothelial cells. Apoptosis is regulated by
caspases and caspase 3-related apoptotic
pathway plays them ostcritical role in glucose-
induced apoptosis?’. Puig et al.®® reported
that melatonin significantly reduced the
expression of inflammation and apoptosis in
a senescence-accelerated mice model. These
findings are in line with those of ours. We found
that hyperplasia in BALT worsened in diabetic
rats whereas the hyperplasia in BALT was
found to be significantly alleviated in diabetes
+ melatonin group. Moreover, expression
of cleaved-caspase 3 was more severe in
hyperplastic BALT of diabetic rats compared to
controls, it was at moderate levels in diabetes
+ melatonin group, indicating a apoptosis-
modulating effect of melatonin, as reported in
previous studies.

] Conclusion

The administration of melatonin was
associated with an increase in antioxidant
capacity of the lung tissue of diabetic rats and
it diminishes the expression of cleaved-caspase
3, which is a reliable marker of inflammation
and apoptotic cell death.
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