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Abstract

In this study, it was aimed to determine the effects of melatonin application in experimentally induced diabetes. For this
purpose, thirty two adult male Wistar Albino rats were used. Animals in control group were not any treatment. Melatonin
group animals received 50 mg/kg melatonin intraperitoneally in daily for eight weeks. Diabetes was induced by subcutaneous
injections of streptozotocin at dose of 40 mg/kg for two days as a single dose per day in diabetes group animals. Animals in
Diabetes+tMelatonin group were made diabetic by streptozotocin in the same way and then these animals received 50 mg/kg
melatonin intraperitoneally in daily for eight weeks. In blood samples taken from all animals, insulin, glucose, HbAlc, MDA,
GSH, SOD were determined. The insulin level in diabetes group was lower than control group, while blood glucose level was
higher (p<0.05). Melatonin treatment to diabetic animals resulted in significantly differences in these parameters compared to
diabetes group (p<0.05). HbAlc in diabetes group was higher than control group (p<0.05). Melatonin application to diabetic
animals significantly decreased HbAlc compared to diabetes group (p<0.05). In diabetes group, GSH and SOD levels were
found to be lower than control group, whereas MDA level were high (p<0.05). The changes in GSH and SOD levels with
melatonin application to diabetic animals were not important compared to diabetes group, while MDA level was significantly
reduced (p<0.05). As a result, we concluded that the melatonin treatment to experimentally induced diabetic rats obviously

improved the some negative changes in metabolic parameters resulting from diabetes.
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INTRODUCTION

Today, Diabetes is a disease characterized by
hyperglycemia resulting from insulin resistance or
insulin insufficiency. Various disorders develop in
carbohydrate, fat and protein metabolism as a result
of hyperglycemia in diabetes (30, 33). The
prevalence of this disease, which can be seen at all
ages, continues to grow and to become a major
health problem worldwide (33). Although the
etiology of the disease has not
established, autoimmunity, nutritional disorders,
obesity, genetic predisposition, viral infection and
environmental factors are shown as the cause of
diabetes (19, 25, 37, 50, 53). There are many
complications affecting vascular system, kidney,
retina, lens, peripheral nerves and skin in diabetes
(30). The increased oxidative stress is one of the
most effective factors in the development and
progression of diabetes complications (5, 6, 10).
Disorders in diabetes are usually accompanied by
increased production of free radicals (5, 6, 12, 62) or
deteriorated antioxidant defense systems (18, 32, 52).

been fully

The mechanisms of increased oxidative stress
associated with complications of diabetes are
partially known. These mechanisms are the
activation of transcription
glycated end products (AGE) and protein kinase C

(PKC) activation caused by hyperglycemia (30).

factors, advanced

In addition to the reduction of plasma/serum
total antioxidant capacity and free radical
scavenging activity in diabetes, it is also reported
that levels of specific antioxidants such as ascorbic
acid and vitamin E have been reduced (1, 4, 11, 31).
Antioxidant enzyme activities (catalase, superoxide
dismutase and glutathione peroxidase) have been
reported to decrease in diabetes (4, 34, 57). It has
been suggested that there are decreased of vascular
antioxidant defense and also deficiency endothelial
NO synthesis in patients with type 2 diabetes (23,
28). It has been determined significant reductions in
tissue antioxidant enzyme activities [superoxide
dismutase  (SOD) (CAT)] in
streptozotocin-induced diabetic rats (20). It is
suggested that individuals with high levels of serum

and catalase



antioxidant capacity (especially those with high
levels of tocopherol) have lower development risk of
type 2 diabetes (47). There are also studies reporting
that there is no significant difference between
diabetics and healthy controls in
antioxidant status (16, 42, 58).

terms of

insulin and other medical

diabetes and its
strategies should be
developed in order to increase the life expectancy
and quality of patients (30). Melatonin (N-acetyl-5-
methoxy-tryptamine), the main secretory product of
the pineal gland, has important roles in the

In addition to
applications  to
complications,

prevent
alternative

regulation of reproduction and retinal functions in
both circadian rhythm and seasonal rhythm in
mammals (7, 9). Melatonin has been noted to show
antioxidant activity in cell membrane, mitochondria
and nuclei in the study conducted as in vivo and in
vitro (45). It has been stated that melatonin and its
metabolites exhibit redox properties in the presence
of electron rich molecules that act as electron donors
(3, 56). Assessments of the effects of melatonin on
glucose metabolism in diabetes have recently
aroused great interest (13). It has been reported that
long-term administration of melatonin to diabetic
rats reduces hyperinsulinemia and hyperlipidemia
and improves the rate of changing polyunsaturated
fatty acids in serum and tissues (36). It has been
claimed that diabetes
diabetes-related metabolic disorders by protection
against reactive oxygen species and regulating

melatonin affects and

insulin secretion, as pancreatic (-cells have low
antioxidant capacity and are therefore susceptible to
oxidative stress (15). It was reported that the
melatonin directly affected insulin secretion by its
receptors (MT1 and MT2) found in pancreatic islet
cells (15, 21, 40, 41).

This study was planned to determine the effects
of melatonin on antioxidant
streptozotocin-induced diabetic rats.

MATERIAL AND METHOD

enzymes in

Thirty two adult male Wistar Albino rats were
used in the study. Properly living conditions (heat,
humidity and light) for rats were provided during
the study period. The animals were divided into
four groups. Animals in all groups were fed ad
libitum with standard rat feed for 8 weeks. The
Ethical =~ Committee  of  Selcuk
Experimental Medicine Research and Application
Center approved the study protocol (Report no.
2017-15).
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Group I (K) (n=6): No application was made.

Group II (M) (n=6): 50 mg/kg melatonin
(Sigma-Aldrich, St. Louis, MO, USA)
intraperitoneally administered daily for 8 weeks.

was

Group III (D) (n=9): Diabetes was induced by
administering 40 mg/kg streptozotocin (Sigma-
Aldrich, St. Louis, MO, USA) in a single dose
subcutaneous in 0.1 M citrate buffer (pH 4.5) for the
first two days of the study.

Group IV (DM) (n=10): Diabetes was induced
by administering 40 mg/kg streptozotocin (Sigma-
Aldrich, St. Louis, MO, USA) in a single dose
subcutaneous in 0.1 M citrate buffer (pH 4.5) for the
first two days of the study and then rats with
diabetes
intraperitoneally every day for 8 weeks.

were given 50 mg/kg melatonin

Diabetic rats were given orally 5% dextrose
solution 6 hours after streptozotocin application to
prevent hypoglycemia for 3 days. One week after
streptozotocin injection, diabetes formation (group
D and DM) was checked by measuring plasma
glucose levels with glycometer (PlusMED Accuro,
Taiwan). Rats which have 250 mg/dl or high blood
glucose levels were included in the diabetic groups.
One animal from the diabetes group died due to
hypoglycemia during the study. At the end of 8th
weeks, blood samples was collected from animals in
all groups. MDA, GSH and SOD level were
determined with ELISA (Biotek ELx800, Biotek
Instrumentations, Inc, Winooski, VI, USA) using
sandwich enzyme-linked immunosorbent method
via commercial kits (Elabscience), while Insiilin,
Glikoz and HbAlc levels were determined the
Abbott C8200 autoanalyzer using Abbott Kkits.

The
analyzed Dby

data obtained from the study were
one-way ANOVA (SPSS 19).
Differences among the groups were determined by
Duncan’s multiple range test. Differences were
considered significant at p<0.05.

CONCLUSION AND EVALUATION
Result

In the study, the changes in insulin, glucose and
HbAlc levels with melatonin treatments to diabetic
rats were presented in Table 1 and its effects on
oxidative status markers are given in Table 2.

In the study, insulin level significantly
decreased and blood glucose level significantly
increased in the diabetes group compared to the
control group (Table 1, p<0.05). The application of
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melatonin to diabetic rats caused significant changes
in these parameters compared to diabetes group
(Table 1, p<0.05). In the study, HbAlc levels in
diabetic rats significantly increased compared to the
control group (Table 1, p<0.05), while HbAlc level
was significantly decreased with melatonin
application to diabetic rats compared to the control
group (Table 1, p<0.05). GSH and SOD levels were
significantly lower in experimental diabetic rats
compared to the control group (Table 2, p<0.05).
MDA, a lipid peroxidation product, increased
significantly compared to the control group (Table 2,
p<0.05). The melatonin application to diabetic rats
significantly decreased MDA level compared to
diabetes group (Table 2, p<0.05).

Discussion

chronic metabolic disease

characterized by hyperglycemia or insufficiency of

Diabetes is a

insulin secretion (6, 48). This disease brings with it
multifunctional including many
tissue and organ disorders due to long-term
hyperglycemia (6, 22, 29, 48, 60). Antioxidant
applications against diabetes complications are

insufficiencies

considered as an option in preventing various tissue
damage and metabolic disorders (8). Melatonin,
which is mainly produced in the pineal gland and
released from many tissues including the
gastrointestinal system, is an interesting hormone in
recent studies due to its antioxidant effects (49, 59).
Melatonin regulating circadian and seasonal rhythm
manages reproduction and retinal function in
mammals through its many membrane receptors (7,
9). Further, melatonin and its metabolites show
redox properties in the presence of electron-rich

systems in the base of cell energy function (3, 54).

The blood glucose level exhibits circadian
rhythm like
relationships between glucose metabolism and
melatonin has been considered important in respect
of diabetes (13, 54). In the study, experimental
diabetes led to decrement in insulin level and

melatonin. Evaluation of the

increment in blood glucose level compared to the
control group in the diabetes group (Table 1,
p<0.05). The application of melatonin to diabetic rats
caused significant improvement in both parameters
compared to diabetes group (Table 1, p<0.05).
Melatonin possess membrane receptors called MT1
and MT2. It has been reported to regulate secretion
of glucagon from a-cells and secretion of insulin
from {-cells via these membrane receptors (21, 24,
39). Activation of MT1 and MT?2 receptors has been
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reported to  suppress  cyclic  adenosine
monophosphate (cAMP) or cyclic guanosine
monophosphate (cGMP) secondary messenger
systems, which reduce insulin secretion and

therefore lead to an increase in blood glucose level
(27, 51, 55). Diabetes-induced hyperglycemia causes
glycation of proteins (35, 38, 54). One of the most
important results of protein glycation is the increase
in the amount of HbAlc, which is called oxidized
hemoglobin. In parallel with the above information,
HbAlc group significantly
increased compared to the control group (Table 1,
p<0.05). With melatonin administration to diabetic

level in diabetes

rats, it has been shown statistically significant
decrease in HbAlc level compared to the diabetes
group (Table 1, p<0.05).

GSH and SOD levels in experimental diabetic
rats were significantly lower than the control
group’s level (Table 2, p<0.05). MDA, a lipid
peroxidation  product, significantly
compared to the control group (Table 2, p<0.05). The
changes determined in MDA, GSH and SOD levels
support the findings of increased oxidative stress in
diabetes as expected (2, 22, 59). Although it was
determined a little increase in the levels of GSH and
SOD, there was no significantly changes in these
enzymes levels with melatonin application to

increased

diabetic animals. The application of melatonin to
diabetic animals showed a significant decrease in
MDA level compared to diabetes group (Table 2,
p<0.05). In the study, significant changes in MDA
and HbAlc levels as a
administration to diabetic animals support the
results of various investigators in diabetic rats by
melatonin application (2, 22, 26).

result of melatonin

The positive effects of melatonin on total
antioxidant capacity
enzymes are based on the strong scavenger of
hydroxyl and peroxyl radicals and the regulation of
the activities of antioxidant enzymes (43). The
reducing effect of melatonin on lipid peroxidation

and various antioxidant

has been attributed to the membrane protective
effect by reducing free radicals (46, 61). The
decrement in NO levels with its scavenging activity
of melatonin is regarded as its another antioxidative
property in diabetes (54). The effects of melatonin on
insulin secretion might be explained with protection
of 3-cell integrity or prevention of damage, while its
effect on glucose level is explained by increased
insulin level and increased glucose transport to
muscle. It is reported that melatonin activates the
phosphoinositide-3-kinase =~ pathway related to
29



glucose This effect is
considered to be a positive effect of melatonin on
insulin-independent glucose homeostasis (17, 38). In
the presence of melatonin in cell cultures, it is

transport to muscles.

reported that SOD mRNA expression is increased,
whereas the administration of melatonin to diabetic
rats strongly increased GSH-Px and SOD enzyme
activities (2, 14, 22, 44, 49). Although the positive
effects of melatonin on enzymes such as GSH and
SOD are based on strong free radical scavenging
properties, the reason for the limited effects of
melatonin on these enzymes in this study is due to
the dose of melatonin administered in the study.

Conclusion

Based on the findings obtained in the study, it
was that
significantly improved the impaired metabolic
parameters on rats with streptozotocin induced

concluded melatonin administration

experimental diabetes. Nevertheless, further studies
are needed to be conducted with different dose and
duration.
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