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ABSTRACT

Background and Aims: The potential therapeutic effects of melatonin on changes in intestinal tissue of diabetic rats were
investigated.

Methods: Male Sprague-Dawley rats were assigned into 5 groups (10 rats in each): Control, diabetes, diabetes+insulin,
diabetes+melatonin, and diabetes+insulin+melatonin groups. Streptozotocin (60 mg/kg) was administered intraperitoneally
to the rats to induce diabetes. At the end of 8 weeks of treatment, after blood glucose measurement and subsequent de-
capitation, glutathione (GSH) and malondialdehyde (MDA) levels and caspase-3, myeloperoxidase (MPQ), and superoxide
dismutase (SOD) activities in the intestinal tissue were investigated.

Results: In diabetic animals, elevated blood glucose levels caused oxidant damage in the intestinal tissue that was demon-
strated with increased MDA levels, caspase and MPO activities, and decreased GSH levels and SOD activities. Although mela-
tonin demonstrated more significant results than insulin, separate administration of both melatonin and insulin improved the
oxidative damage parameters compared to the diabetes group. In the combined treatment group, all parameters were back to
control levels statistically more significant when compared with the treatment-alone.

Conclusion: Melatonin has been shown to protect intestinal tissue from diabetic oxidant damage. With insulin treatment in
type | diabetes, melatonin supplements may increase the quality of life through reducing complications.
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INTRODUCTION

Diabetes Mellitus (DM) is characterized by high blood glucose levels which are caused by the impaired effect and/or release of
insulin. Since hyperglycemia triggers the oxidative stress that plays a role in many diabetes complications (Garcia, Rodrigues,
Alonso, Rodrigues-Ochoa, & Aguilar, 2015), whether antioxidants have positive effects on DM is an object of interest.

Free radicals that are necessary for many signals in physiological processes, such as differentiation and migration in cells (Bansal &
Bilaspuri, 2011), trigger the cell damage through the passage of unpaired electrons into proteins and DNAs (Vural, Sabuncu, Ars-
lan, & Aksoy, 2001). While antioxidants found endogenously or taken exogenously provide defense against this damage, several
factors, such as aging, various drugs, and diseases, make the body prone to oxidative stress by disrupting the balance between
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antioxidants and pro-oxidants (Ullah, Khan, & Khan, 2016). Hy-
perglycemia triggers oxidative stress by increasing free radical
formation and suppressing the antioxidant defense system
(Ighodaro, 2018). The oxidative stress in diabetes damages al-
most all organs in the body, such as the heart, kidneys, eyes,
neurons, liver, small and large vessels, and gastrointestinal (GI)
system (Kochar & Umathe, 2009). Diabetes mellitus can affect
all regions of Gl tract, such as the esophagus, intestines, and
anorectum (Wolosin & Edelman, 2000), due to the elevated
free radical levels. Diabetes mellitus generates morphological
and functional changes in the intestinal mucosa; for instance,
hyperplasia and hypertrophy occur in epithelial cells (Bhor, Ra-
ghuram, & Sivakami, 2004).

Antioxidants are molecules that can prevent tissue damage
by reducing the amount and effectiveness of reactive oxygen
species (ROS) (Vural et al,2001). In recent reports, free radical
scavenging and antioxidant properties of melatonin, which is
a pineal hormone regulating circadian rhytm, have been indi-
cated, in addition to its positive effects on glucose metabolism
(Alikhani, Keshavarzi, Hadjzadeh, & Karimi, 2015; Hadjzadeh,
Alikhani, Hosseinian, Zarei, & Keshavarzi, 2018; Yang et al,, 2016).
Melatonin protects against oxidant damage because melato-
nin stimulates the antioxidant enzyme production, neutralizes
the reactive oxygen and nitrogen species, reduces the proin-
flammatory cytokine levels, and stabilizes the cell membrane
(Esposito & Cuzzocrea, 2010). Moreover, curative effects of
melatonin on gastric and intestinal problems in different ex-
perimental studies of DM throw light on our study (Alikhani et
al, 2015; Hadjzadeh et al,, 2018; Yang et al.2016).

The present study aims to determine the possible benefits of
melatonin supplementation to protect the intestinal tissues from
oxidative injury in streptozotocin (STZ)-induced diabetic rats.

MATERIALS AND METHODS

Animals and ethics

Three months old male Spraque-Dawley rats (250-300 grams)
were obtained from Marmara University Research Center for
Experimental Animals. All experimental protocols were per-
formed according to the Marmara University Animal Care and
Use Committee (Protocol: 33.2015.mar).

Experimental protocol

The rats were randomly assigned into five groups (10 rats in
each): Control group (C), diabetes group (D), insulin-treated di-
abetes group (D+1), melatonin-treated diabetes group (D+M),
and insulin-and-melatonin-treated diabetes group (D+I+M). In
the diabetes groups, STZ (60 mg/kg) was applied intraperito-
neally (ip) to induce diabetes. The rats demonstrating blood
glucose levels above 200 mg/dL were regarded as diabetic
(Husni, Anggaara, Isnansetyo, & Nugroho, 2016). Following the
diabetes induction, rats were treated with insulin (sc, 6U/kg)
(Paskaloglu, Sener, & Ayanoglu-Dulger, 2004) and/or melato-
nin (ip, 10 mg/kg) (Alikhani et al,, 2015; Hadjzadeh et al,, 2018;
Yang et al, 2016). Treatments were continued for 8 weeks
(Paskaloglu et al, 2004). 3 ml of 0.9% NaCl solution was also
applied daily to all groups for fluid replacement. Body weights
and blood glucose levels were recorded after the diabetes in-

duction and at the end of the 8" week. Blood glucose levels
were measured with a glucometer (Accu-Chek, F. Hoffman-La
Roche Ltd, Basel, Switzerland) by taking blood samples from
the orbital vein under mild ether anesthesia. Eight weeks later,
intestinal tissue specimens of the animals were removed to
detect malondialdehyde (MDA) and glutathione (GSH) levels,
myeloperoxidase (MPO), superoxide dismutase (SOD), and cas-
pase-3 activities. In addition, western blotting was performed
to evaluate caspase-3 protein expression.

Measurements in intestinal tissue samples
Malondialdehyde (MDA) and glutathione (GSH) levels

To evaluate the MDA and GSH levels, intestinal tissue speci-
mens were homogenized in an ice-cold medium containing
150 mM KCl. Beuge and Aust’s method was used for MDA as-
say (Beuge & Aust,1978). A solution containing thiobarbituric
acid (% 0.375, TBA) and trichloroacetic acid (15%, TCA) in 0.25 N
HCl was added to 0.5 mL homogenate. The absorbance of the
color of the samples cooled and centrifuged after being kept
in a hot water bath for 15 minutes was read at 532 nm. The unit
used was nmol/g tissue.

The Beutler method was used to investigate the GSH levels
(Beutler, Duron, & Kelly, 1963). 0.4 mL 10% homogenate was
mixed with 0.2 mL 20% TCA and centrifugated for 15 minutes
at 3000 rpm. Supernatant (0.5 mL) was collected and added
to a 0.3 mol/L Na,HPO,.2H,0 solution (2 mL). Afterwards a 0.2
mL dithiobisnitrobenzoate solution (0.4 mg/mL) in 1% sodium
citrate was added. The absorbance was recorded at 412 nm
after mixing. Glutathione levels were calculated by the aid of
the extinction coefficient of 1.36x10* M cm™. The unit used
was pmol/g tissue.

Superoxide dismutase (SOD) activity

According to the method of Mylroie et al,, the absorbance of
color formed in samples kept in the fluorescence light and
at 37 °C with the buffer prepared by using 50 mM potassium
phosphate buffer-EDTA, 0.2 mM ribofilavin, and 6mM o-dian-
isinide was read at 460 nm. The unit used was U/g tissue (Myl-
roie, Collins, Umbles, & Kyle, 1986).

Myeloperoxidase (MPO) activity

Tissue specimens were homogenized in a 50 mM potassium
phosphate buffer (PB) (pH 6.0). For 10 min, centrifugation was
carried out at 41,400 g. Afterwards the pellets were suspended
in a 50 mM PB solution which contained 0.5% hexadecyltri-
methylammonium bromide. Centrifugation was carried out at
41,400 g for 10 min after three freeze—thaw cycles. Sonication
was performed between the cycles. 0.3 mL of aliquots were
added to a 2.3 mL reaction mixture (o-dianisidine, 50 mM PB,
and 20 mM H,0, solution). The absorbance change at 460 nm
for 3 min on a spectrophotometer was used to calculate the
MPO activity (DU-73 Spectrophtometer, Beckman Coulter Inc,
Fullerton, CA, USA).The unit used was U/g tissue (Hillegas, Gris-
wold, Brickson, & Winslow, 1990).

Caspase-3 activity

Caspase-3 activities in the tissue samples were investigated
in accordance with the kit procedure, using Colorimetric Pro-
tease Assay Kit of Caspase-3 (Caspase-3 Colorimetric Kit-200
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Tests Biosource (TM), Thermo Fisher Scientific Inc, Waltham,
MA, USA). Formation of chromophore p-nitroanilide from cas-
pase-3 substrate N-Acetyl-Asp-Glu-Val-Asp p-nitroanilide was
evaluated spectrophotometrically. The absorbance of released
p-nitroanilide was determined in an ELISA reader at 405 nm
(Cevik et al, 2012).

A cell blasting buffer was added to the tissue homogenate
and suspended in a cold environment, and the supernatant
was used after centrifugation at 10,000 g. The supernatant was
loaded onto the wells. After adding 50 L of reaction buffer,
4 mM N-Acetyl-Asp-Glu-Val-Asp p-nitroanilide substrate was
added. After the incubation for 2 hours at 37°C, the results
were calculated according to the standards by reading in the
ELISA reader at 405 nm.

Caspase-3 protein expression analysis with western blot
method

Samples were blasted with 70% amplitude in ice ultrasonic ho-
mogenizer for 15 seconds by using a cell blasting buffer. In the
upper phase obtained with centrifugation at 12,000 g at 40°C,
western blotting studies were carried out (Bradford, 1976).

The protein (25 ug) was resolved on the 129% SDS-PAGE. Next,
it was transferred to a nitrocellulose membrane (Santa Cruz
Biotechnology Inc, CA, USA). In order to block the nitrocellu-
lose membrane, 5% nonfat skim milk powder in tris-buffered
saline (TBS) was used (Sigma-Aldrich, St. Louis, Missouri, USA).
Then the nitrocellulose membrane was washed twice with
0.1% Tween-20 in TBS, followed by incubation overnight with
a primary antibody. 1:500 monoclonal rat anti-caspase-3,
anti-b-actin (Santa Cruz Biotechnology Inc, CA, USA), and
cleaved-caspase-3 (Cell Signaling Technology Inc, Danvers,
Massachusetts, USA) were used. The incubation of the mem-
brane was performed with HRP conjugated secondary an-
tibody for two hours. Next, the membrane was developed
with chemiluminescence reagents (Santa Cruz Biotechnol-
ogy Inc, CA, USA). Afterwards, the membrane was exposed
to Fuji Super RX film (Fujifilm Corporation, Tokyo, Japan). For
the analysis of protein bands, “Image J Programme OD Analy-
sis Software” was used (NIH, Bethesda, Maryland, USA). To
normalize the signals, a respective 3 —actin signal was used
(Cevik et al, 2012).

Statistical analysis

The Graphpad Prism 5.0 program was used for the statistical
analysis (GraphPad Software, San Diego, CA, USA). All data were
expressed as mean+SD. Biochemical data were analyzed with
variance analysis (ANOVA) followed by Tukey multiple com-
parison tests. Statistical significance was accepted as p<0.05.

RESULTS

Body weight and fasting blood glucose levels

In the control group, body weight levels measured in the 8™
week were significantly increased as compared to basal values
(p<0.05) (Table 1). In the diabetes group, the 8th week body
weight decreased significantly as compared to the baseline
values (p<0.001). In other groups, body weight levels did not
demonstrate any significant difference.

The beginning (t1) blood glucose levels of all diabetic groups
were significantly elevated with respect to that of control
group (p<0.001) (Table 2). Insulin, melatonin, and combined
treatments reduced blood glucose levels at the end of the ex-
periment (t2) with respect to t1 levels (p<0.001).

Intestinal tissue malondialdehyde (MDA) levels

Intestinal tissue MDA levels were found to be significantly
higher in the diabetes group as compared to the control
group values (p<0.001) (Figure 1). Insulin-alone administra-
tion did not improve the MDA levels with respect to the
diabetes group and did not reduce the MDA levels to the
control group levels (p<0.05). Melatonin treatment given to
diabetic rats abolished the increase in intestinal tissue MDA
levels (p<0.001). Combined treatment provided similar re-
sults (p<0.001). In the combined treatment group, MDA lev-
els were also demonstrated to be lower (p<0.05) than insulin
treatment alone.

Intestinal tissue glutathione (GSH) levels

Diabetes mellitus decreased intestinal tissue GSH levels signifi-
cantly as compared to the control group levels (p<0.001) (Fig-
ure 2).In the insulin treatment group, the GSH levels tended to
increase with respect to the diabetes group; however, it was
not statistically significant. Treatment of diabetic rats with ei-
ther melatonin or insulin+melatonin elevated intestinal tissue
GSH levels (p<0.01-0.001).

Intestinal tissue superoxide dismutase (SOD) levels
Intestinal tissue SOD activity was decreased in diabetes and
insulin-treated diabetes groups with respect to the control
group (p<0.01 and p<0.05) (Figure 3). Treatment with melato-
nin and insulin+melatonin increased the intestinal tissue SOD
activity in the diabetic rats (p<0.05)

Intestinal tissue myeloperoxidase (MPO) activity levels

In the diabetes group, intestinal tissue MPO activity was higher
than that of the control group (p<0.001) (Figure 4). Myelo-
peroxidase activity was reduced in the insulin-treated group,
but this decrease was not significant. Treatment of diabetic
rats with either melatonin or melatonin+insulin abolished the
MPO activity elevations (p<0001).

Intestinal tissue caspase-3 activity levels

Intestinal tissue caspase-3 activity was elevated in the diabe-
tes group compared with the control group (p<0.01) (Figure
5). Insulin-alone administration did not significantly change
caspase-3 activity levels. Melatonin and insulin+melatonin
treatments decreased the intestinal tissue caspase-3 activity of
diabetic animals (p<0.05).

Caspase-3 protein expression in intestinal tissue
Caspase-3 bands increased significantly in the diabetic and
insulin-treated animals with respect to the control group
(p<0.001). These bands decreased with the co-administration
of melatonin and insulin (p<0.001) (Figure 6). The combination
of insulin and melatonin protected the cells against diabetes-
induced damage through reducing cell death and increasing
cell proliferation.
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Table 1. Body weights of the groups at the beginning and at the end of the experiment.

Cc D
t, (g) 265+17 25715
t, (g) 312497 20513

D+l D+M D+I+M
279+28.1 26615 286%13
285x19 288+21 31124

C: Control, D: Diabetes, I: Insulin, M: Melatonin. t;: at the beginning (after diabetes induction), t,: at 8" week. Each group consists of 10 animals.
Data are expressed as mean + SD. DATA are analyzed with variance analysis (ANOVA) followed by Tukey multiple comparison tests. “p<0.05,

**p<0.001: versus t;.

Table 2. Fasting blood glucose levels of the groups at the beginning and at the end of the experiment.

c D
t, (mg/dL) 98+12 342432"
t, (mg/dL) 93+10 356441

D+l D+M D+I+M
362432 328422 346+22"
11618 18116 102+10"

C: Control, D: Diabetes, I: Insulin, M: Melatonin. t;: at the beginning (after diabetes induction), t,: at 8" week. Each group consists of 10 animals.
Data are expressed as mean + SD. DATA are analyzed with variance analysis (ANOVA) followed by Tukey multiple comparison tests. **p<0.001:

versus control group at t1, **p<0.001: versus t;.
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Figure 1. Malondialdehyde (MDA) levels in intestinal tissue of
rats. *p<0.05, ***p<0.001: versus control group, +++p<0.001:
versus diabetes group, a p<0.05: versus insulin treated diabetes
group. C: Control. D: Diabetes. I: Insulin. M: Melatonin. Each
group consists of 10 animals. Data are expressed as mean =+ SD.
DATA are analyzed with variance analysis (ANOVA) followed by
Tukey multiple comparison tests.
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Figure 2. Glutathione (GSH) levels in intestinal tissues of rats.
***p<0.001: versus control group, ++p<0.01, +++p<0.001:
versus diabetes group. C: Control. D: Diabetes. I: Insulin. M:
Melatonin. Each group consists of 10 animals. Data are
expressed as mean + SD. DATA are analyzed with variance
analysis (ANOVA) followed by Tukey multiple comparison tests.
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Figure 3. Superoxide dismutase (SOD) activities in intestinal
tissues of rats. *p<0.05, **p<0.01: versus control group,
+p<0.05: versus diabetes group. C: Control. D: Diabetes. I:
Insulin. M: Melatonin. Each group consists of 10 animals. Data
are expressed as mean + SD. DATA are analyzed with variance
analysis (ANOVA) followed by Tukey multiple comparison tests.
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Figure 4. Myeloperoxidase (MPO) activities in intestinal
tissues of rats. ***p<0.001: versus control group, +++p<0.001:
versus diabetes group. C: Control. D: Diabetes. I: Insulin. M:
Melatonin. Each group consists of 10 animals. Data are
expressed as mean + SD. DATA are analyzed with variance
analysis (ANOVA) followed by Tukey multiple comparison tests.
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Figure 5. Caspase-3 activities in intestinal tissues of rats.
**p<0.01: versus control group, +p<0.05: versus diabetes
group. C: Control. D: Diabetes. I: Insulin. M: Melatonin. Each
group consists of 10 animals. Data are expressed as mean =+ SD.
DATA are analyzed with variance analysis (ANOVA) followed by
Tukey multiple comparison tests.
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Figure 6. Caspase-3 protein expression in the intestinal
tissues of rats determined by Western blotting. **p<0.01,
*¥¥p<0.001: versus control group, +p<0.05, ++p<0.01,
+++p<0.001: versus diabetes group, aa: p<0.01 versus insulin
treated diabetes group, y p<0.05: versus melatonin treated
diabetes group. C: Control. D: Diabetes. I: Insulin. M: Melatonin.
Each group consists of 10 animals. Data are expressed as mean
+ SD. DATA are analyzed with variance analysis (ANOVA)
followed by Tukey multiple comparison tests.

DISCUSSION

Melatonin is a hormone secreted from the pineal gland, the
main function of which is to regulate the circadian rhythm.
Due to its lipophilic structure, melatonin is not stored in the pi-
neal gland and diffuses into the blood. According to previous
in vitro and in vivo experimental studies and clinical studies,
melatonin has positive effects on glucose metabolism in DM
(Owino, Buonfiglio, Tchio & Tosini, 2019). In the culture study

with pancreatic islet cells of type 2 diabetic patients, melatonin
increased insulin release through repairing the 3 cells (Costes,
Boss, Thomas, & Matveyenko, 2015). In the STZ-induced dia-
betes model, melatonin reduced fasting blood glucose levels
(Alikhani et al, 2015). Additionally animals undergoing pine-
alectomy exhibited glucose tolerance impairment, insulin
resistance, and DM, and these were repaired with melatonin
treatment (Nogueira et al,, 2011). In a clinical trial in type 2 dia-
betic patients, melatonin treatment reduced plasma glucose
levels and provided glycemic control (Hussain et al, 2006).
In accordance with previous reports, in our study, melatonin
treatment significantly reduced the blood glucose levels in
diabetic groups. Moreover, it potentialized the hypoglycemic
effect of insulin in combined treatment group.

In DM, since glucose is spent for lipolysis and gluconeogenesis,
the need of other cells for glucose is not adequately met and
body weight decreases significantly (Alikhani et al,, 2015; Husni
et al, 2016). In our study, at the end of the experiment, it was
demonstrated that the body weight levels were significantly
lower in the diabetes group than the values at the beginning
of the study. Insulin and melatonin treatments prevented the
decrease in body weight.

Oxidative stress leads to serious complications in DM. In this
regard, free radical formation are elevated, and antioxidant
enzyme levels decrease in DM. Glucose oxidation produces
radical anions, such as reactive ketoaldehydes and superoxide
anions. Moreover, glucose reacts with proteins and generates
advanced glycation end products that bind to their receptors
and change the cellular functions (Vural et al, 2001; Hussain
et al, 2006). The gastrointestinal tract is affected seriously by
oxidative stress in DM. For instance, sensitivity of gastric mu-
cosa to ulcers is elevated, gastric acid secretion is inhibited, or
gastric mucosal atrophy arises (Alikhani et al., 2015).

Recent studies have drawn attention to melatonin as a free
radical scavenger. In addition to directly neutralizing the free
radicals, melatonin increases the effectiveness of antioxidants.
[t has been reported that melatonin possesses antioxidant
activity in DM models through decreasing lipid peroxidation
products and increasing antioxidant enzyme levels (Vural et
al, 2001). Apart from the pineal gland, melatonin is also cre-
ated in other organs, including the retina, Gl tract, and skin.
The amount of GI melatonin is 400 times higher than in the
pineal gland (Yang et al., 2016). In addition to the introduction
of circulating melatonin into the Gl tract, it is synthesized in
the intestinal mucosa enterochromaphine cells of the Gl tract.
All Gl tract tissues also have melatonin binding sites. Previ-
ously, Alikhani et al. showed that melatonin improved gastric
mucus secretion and gastric motility in diabetic rats (Alikhani
et al, 2015). Yang et al. demonstrated that melatonin restored
elevated intestinal permeability in STZ-induced diabetic rats
(Yang et al, 2016).

Malondialdehyde that is the final product of lipid peroxidation
triggers atherosclerosis and atherotrombosis through oxidiz-
ing the LDL. In clinical researches, elevated plasma MDA levels
were detected in diabetic patients (Mandal, Varghese, Gaviraju,
Talwar, & Malini, 2019). Hadjzadeh et al. demonstrated that
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melatonin treatment lowered gastric MDA levels and pre-
vented gastric oxidative damage in STZ-induced diabetic rats
(Hadjzadeh et al., 2018). Moreover, various studies exhibited
positive effects of melatonin on elevated MDA levels in differ-
ent tissues. For instance, Montilla et al. administered melatonin
to the rats before triggering diabetes with STZ (Montilla, Tunez,
de Agueda, Gascon, & Soria, 1998). They detected that hyper-
glycemia and elevated MDA levels in plasma and renal tissue
were prevented with melatonin treatment. In agreement with
previous reports, in our study, melatonin-treated diabetic rats
had significantly lower intestinal MDA levels compared to dia-
betic rats. In the combined treatment group, the MDA level
also decreased significantly. Melatonin lifted the effectiveness
of insulin in the combined treatment group.

With the thiol group, GSH eliminates the free radicals (Vural
et al, 2001). According to experimental and clinical studies,
DM affects GSH levels negatively due to its elevated oxida-
tion or reduced synthesis. For instance, the clinical studies
have shown that serum GSH concentration is reduced in DM
patients (Mandal et al, 2019). Moreover, decreased intestinal
GSH levels were determined with high glucose concentra-
tions in the experimental studies (Bolkent, Bolkent, Yanardag,
Mutlu, & Yildirim, 2006). The results of our study demonstrated
that intestinal tissue GSH levels were significantly lower in the
diabetes group than the control group. Both melatonin and
combined treatments increased GSH levels compared to the
diabetes group. Similarly, Vural et al. determined in their study
conducted on STZ-induced diabetic rats that melatonin treat-
ment brought decreased erythrocytes GSH levels to control
group levels (Vural et al,, 2001).

Superoxide dismutase, which is known as the antioxidant en-
zyme, catalyzes superoxide anion dismutation into oxygen
and hydrogen peroxide. Loven et al. demonstrated in the ex-
perimental study that STZ-induced diabetic rats had reduced
SOD levels in intestinal tissues (Loven et al., 1982). In various
clinical studies, SOD levels were found to be low in DM pa-
tients due to SOD glucosylation and increased free radicals
(Djordjevi¢, Djuri¢, Djordjevi¢, Apostolski, & Zivkovi¢, 2011).
The results of our study demonstrated that diabetes reduced
the SOD activity with respect to the control group. Superox-
ide dismutase activity was also lower in the insulin-treated
group compared to the control group. However, SOD activity
increased in the melatonin and combined treatment groups.
Supportively, Hadjzadeh et al. demonstrated that melatonin
treatment in STZ-induced diabetic rats improved gastric SOD
activities (Hadjzadeh et al,, 2018).

Myeloperoxidase is released from activated leukocytes in the
inflammatory area and generates ROS (Garcia et al,, 2015; San-
thi, Shaik, & Mahendran, 2017). Studies in diabetic patients
have found that serum MPO levels increase with elevetad
blood glucose levels (Song et al., 2015). High glucose levels in-
crease hydrogen peroxide formation, and MPO uses hydrogen
peroxide as a biological substrate to create highly reactive hy-
pochlorid acid (Garcia et al,, 2015). Furthermore, MPO triggers
the formation of foam cells and plaque rupture through LDL
modification. Supportively, it was demonstrated that coronary

artery disease elevated plasma MPO concentration in dia-
betic patients (Song et al, 2015). Hardin et al. demonstrated
elevated intestinal MPO activity in rats with Type 1 DM (Hardin,
Donegan, Woodman, Trevenen, & Gall, 2002). In different ex-
perimental studies, melatonin treatment has been shown to
reduce MPO activity that was elevated in various tissues due
to DM. For instance, Onk et al. found that melatonin treatment
significantly reduced MPO levels in lung tissue that were ele-
vated due to the STZ-induced diabetes in rats (Onk et al., 2018).
Gurel-Gokmen et al. reported that melatonin treatment in STZ-
induced diabetic rats potentiates the effect of insulin to reduce
MPO levels in brain tissue (Gurel-Gokmen et al., 2018). In our
study, the diabetes group had significantly elevated MPO ac-
tivity when compared to the control group. With melatonin
and melatonin + insulin treatments, MPO activity decreased
significantly.

Caspase-3, which is the mediator of cell apoptosis, is an en-
zyme member of the cysteine protease family (Ghosh et al,
2009). Various experimental studies suggested that high cas-
pase-3 activity contributes to both diabetes development and
its complications. Liadis et al. found that diabetes did not oc-
cur in caspase-3 knockout mice with STZ administration be-
cause apoptosis did not develop in {3 cells (Liadis et al., 2005).
In different diabetes studies, increased caspase-3 activity was
demonstrated to damage the hippocampus, kidneys, and
retina through triggering apoptosis (Ghosh et al,, 2009; Anar-
kooli, Sankian, Ahmadpor, Varasteh, & Haghir, 2008; Kowluru
& Koppolu, 2002). In limited experimental studies, it has been
shown that apoptosis due to high caspase-3 activity caused by
hyperglycemia is alleviated with melatonin treatment (Onk et
al, 2018). In our study, in diabetes group, intestinal caspase-3
activity was elevated significantly compared to control group.
Melatonin treatment reduced caspase-3 activity compared to
the diabetes group. This effect was not achieved with insulin
therapy.

With the western blot method, it is possible to determine
whether certain proteins specific to apoptosis are expressed
or broken, such as caspase-3. In our study, when the expres-
sion of caspase-3 proteins were examined with western blot, it
was demonstrated that diabetes and insulin treatment groups
had increased caspasase-3 bands with respect to the control
group. The reduction in these bands was observed with the
co-administration of melatonin and insulin. It can be said that
co-administration of insulin and melatonin decreases cell
death and increases cell proliferation.

CONCLUSION

Our results demonstrate that melatonin treatment prevents
the intestinal tissue damage in DM. Additionally antioxidant ef-
fects of melatonin on intestinal tissues are more obvious than
insulin-alone therapy. As a consequence, melatonin could be
used as a potential therapeutic supplement in diabetes-in-
duced intestinal damage.
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