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Abstract

Melatonin, “synchronizer of the biological clock” is major
hormones secreted from the pineal gland have various therapeutic
effects. The present study was designed to explore the modulatory
effect of melatonin on antioxidant status, glucose and lipid
metabolism in streptozotocin (STZ) induced diabetic rats. Male
Wistar rats weighing 180-200 g were made diabetic by
administration of streptozotocin (STZ) (40 mg/kg body weight)
intraperitoneally. Melatonin was administered intraperitoneally at a
dose of 2 mg/kg body weight to STZ-induced diabetic rats for 30
days. Body weight, blood glucose, carbohydrate metabolic enzyme,
lipid profile, antioxidant and lipid peroxidation status were assessed.
The level of the blood glucose, carbohydrate metabolic enzymes
(glucose-6-phosphatase and fructose-1,6-bisphosphatase) and lipid
peroxidative marker (TBARS) were increased in STZ induced
diabetic rats while the melatonin treatment revert back to the near
normal condition. In contrast, administered melatonin resulted in an
increased in body weight and insulin secretion in diabetic rats. The
enzymatic antioxidants (SOD, CAT and GPX) and non-enzymatic
antioxidants (GSH, vitamin C and vitamin E) were also increased by
melatonin treatment. The cholesterol and phospholipids which were
elevated in diabetic rats were normalized by the melatonin
administration. Hence these findings indicate that melatonin protects
against STZ induced oxidative stress and thus explain its use in
treatment of diabetes by modulating lipid and glucose metabolism.
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Introduction

Diabetes mellitus is a condition of disordered metabolism,
frequently owing to hereditary and environmental causes, which
leads to abnormal levels of blood glucose (American Diabetes
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Association 2005). Hyperglycemia causes oxidative stress which
leads to generation of free radicals (Imlay et al. 2003). Lipid
peroxidation is a process in which ROS may act with a variety of
biomolecules such as lipids, carbohydrates, proteins, nucleic acid
and macromolecules of connective tissue, causing oxidative damage
of polyunsaturated fatty acid (PUFA) forming cytotoxic aldehyde
(Rattan et al. 2006). Streptozotocin is extensively used to induce
diabetes in experimental animals by destroying pancreatic f-cells
(Szkudelski et al. 2001). In diabetic state, oxidation of low density
lipoprotein (LDL) is closely associated with concurrent oxidation
and glycation process. Furthermore, in diabetic coronary heart
disease patient’s the high lipid peroxidation level was found in LDL
(Lve et al. 1991). In many studies, antioxidants have been shown to
inhibit the development of coronary heart disease (CHD) and it has
both antioxidative and hypolipidemic properties will be applicable
in the treatment of CHD related with diabetes (Surekha et al. 2007).

Diabetes is the most common endocrine disease and it is a burden
not only on the affected individuals but also on the society in all
countries of the world. According to World Health Organization
estimates, by 2025 total 300 million of the worldwide population
will be affected by diabetes (Wild et al. 2004). There is no
definitive treatment regimen for the diabetic patients in developing
countries and hence it is of great interest to develop synthetic agents
for the prevention and treatment of ailments. In recent time, the
safety and efficacy of synthetic drug have been validated for
conducting clinical and laboratory experiments. But these drugs are
only aimed to reduce the level of blood glucose and moreover in
most cases, it causes some side effects such as hypoglycemia
(Rosenbloom et al. 2003).

Melatonin (N-acetyl-5-methoxy tryptamine), showed in (Fig.1) is a
pineal hormone has the ability to neutralize the free radical and its
related toxicants can readily enter into subcellular compartment and
nucleus via acting as a lipophilic agent. Recent reports suggest that
melatonin has both free radical scavenging and antioxidant
properties (Reiter et al. 2000), which prevents the increase in
plasma glucose levels in STZ induced diabetic rats (Andersson et al.
2001). There is evidence that alternative antioxidant is a valuable
approach for the treatment of oxidative stress related diseases
(Sewerynek et al. 2002). To our knowledge, there is no scientific
studies were reported on the antidiabetic effect of melatonin against
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STZ-induced diabetes. Therefore, the main objective of our study
was designed to provide scientific validity for the antidiabetic

potential of melatonin on streptozotocin-induced diabetic rats.
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Figure 1: Structure of melatonin (Lerner et al., 1958).

Materials and Methods
Animals

4-7 week old male albino Wistar rats were purchased from the
Tamilnadu Veterinary Animal Science (TANUVAS), Chennai,
India. Rats weighing (180-200 g) were maintained under standard
conditions of humidity temperature (28 + 2 °C) and light (12 h
light/dark). The animals were housed in polypropylene cages (45 x
24 x 15 cm), food pellets and tap water ad libitum were available
to the animals throughout the experimental period of replenished
daily. Animals were handled according to the university and
institutional legislation, regulated by the ethical committee on
Animal care of Annamalai University. All the procedures performed
on the animals were approved and conducted in accordance with the
National Institute of Health Guide (Reg.
No0.487/160/1999/CPCSEA).

Experimental induction of diabetes

The male albino Wistar rats weighing 180-200 g were made diabetic
by intraperitoneal injections of STZ. The animals were allowed to
fast for 24 h and were given STZ injection (40 mg/kg bw) with
freshly prepared aqueous solution of citrate buffer as vehicle, pH
4.5. The control animals received buffer alone. STZ treated animals
were allowed to drink 5% glucose solution over night to overcome
drug induced hypoglycemia. After 48 hours of STZ administration,
the blood glucose range of (200-300 mg/dL) were considered as
diabetic rats and used for the experiment.

Experimental design

Animals were randomized and divided into four groups of six
animals each
Group [ Control rats given with citrate buffer (pH
4.5) orally.
Rats were made diabetic by a single
intraperitoneal injection of streptozotocin
(40 mg/kg bw) with citrate buffer (pH 4.5).
Diabetic rats treated with (2 mg/kg bw) of
melatonin  daily by intraperitoneal
administration for 30 days.
Control rats treated with (2 mg/kg bw) of
melatonin  daily by intraperitoneal
administration for 30 days.

Group II

Group I1I

Group IV

After the termination of the experiment all the animals were
anaesthetized between 8:00 am and 9:00 am using ketamine chloride
(24 mg/kg bw) and sacrificed by cervical dislocation after an
overnight fast. Blood was collected and kept at -20 °C until use.
Plasma and serum were separated after centrifugation and used for
various biochemical estimations. Tissues (liver and kidney) were

collected and stored at 4 °C for the measurement of various enzyme
activities.

Preparation of erythrocyte lysate and tissue homogenate

Erythrocyte lysate was prepared after the separation of plasma, the
bufty coat was removed and the packed erythrocytes were washed
thrice with cold physiological saline. A known volume of the
erythrocyte was lysed with cold hypotonic phosphate buffer at pH
7.4. The hemolysate was separated by centrifugation at 2000 rpm
for 10 min and the supernatant was used for the estimation of
enzymic antioxidants. For the tissue homogenate preparation the
known volume of liver and kidney tissues were homogenized in
Tris-HCL/Phosphate buffer pH 7.0 using Potter-Elvehjam
homogenizer with Teflon pestle. The homogenates were centrifuged
at 1000 rpm for 10 minutes. The supernatant was separated and used
for various biochemical estimations.

Biochemical analysis

Blood glucose was determined by the method of O-toluidine using
the modified reagent of (Sasaki et al. 1972). Plasma insulin was
assayed by the solid phase system amplified sensitivity
immunoassay using reagent kits obtained from Medgenix-INS-
ELISA. The assay was based on the oligoclonal system in which
several monoclonal antibodies (Mabs) directed against distinct epitopes
of insulin were used (Burgi et al. 1988). Glucose-6-phosphatase and
fructose-1,6-bisphosphatase was assayed by (Koide et al. 1992) and
(Gancedo et al. 1971). The estimation of thiobarbituric acid
reactive substances (TBARS) by the method of (Niehaus et al.
1968). Enzymatic antioxidants superoxide dismutase (SOD),
catalase (CAT), glutathione peroxidase (GPx) by the methods of
(Kakkar et al., 1978), (Sinha, 1972) and (Rotruck et al., 1973),
respectively. The activities of non enzymatic antioxidants, vitamins
C and E and reduced glutathione were estimated by the methods of
(Omaye et al. 1979), (Baker et al., 1980) and (Ellman et al. 1959).
Plasma and tissue lipids were extracted by the method of (Folch et
al. 1957). The total cholesterol and phospholipids were determined
by the methods of Zlatkis (1953) and Zilversmit (1950).

Statistical analysis

All quantitative measurements for control and experimental animals
were expressed as means  + SD for six rats in each group.The data
were analysed using one way analysis of variance (ANOVA)
followed by Duncan’s Multiple Range Test (DMRT) by using
statistical package of social science (SPSS) Version 10.0 for Windows.

Results

Table 1 shows the changes in the body weight, blood glucose and
plasma insulin level of experimental rats by melatonin
administration. The mean body weight of diabetic rats decreased
significantly (P<0.05) compared to all other groups. After treatment
with melatonin, there was an increase in body weight of group III
and group IV rats when compared with initial body weight. No
significant changes were observed between group I and group IV
rats. Diabetic rats resulted in significant (P<0.05) hyperglycemic
induced by STZ group II. After melatonin administration in group
11T and group IV there was a significant decrease in blood glucose
and an increase in insulin secretion when compared to diabetic rats.
There were no significant changes between group I and group IV
rats.
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Table 1. Effect of melatonin on body weight, blood glucose and plasma insulin level on experimental rats

Body weight (g)

G Blood gl /dL)  PI. insuli /mL

roups Initial (0 day) Final (30 days) ood glucose (mg/dL) asma insulin (ug/mL)
Control 191.12 +17.50° 218.21 +18.01° 87.45+7.71° 16.24 + 1.64°
Diabetic control 19423 + 13.31° 159.15 + 12.4° 290.91+ 13.33° 5.24+0.15°
Diabetic + Melatonin (2 mg/kg bw) 190.07 + 14.5* 183.22+15.26°¢ 98.73 +8.21° 11.49 +1.03°
Control+ Melatonin (2 mg/kg bw) 189.06 +17.43" 216.22 +19.05" 85.55+7.77" 17.19 +1.25°
Table 2. Effect of melatonin on glucose-6-phosphatase in plasma and tissues of experimental rats.
Groups Glucose-6-Phosphatase

roup Plasma (mg/dL) Liver (ng /mg protein) Kidney (ng /mg protein)
Control 0.29 +£0.03" 0.18 +0.02° 0.13+£0.03"
Diabetic control 0.55 £0.04° 0.40 +0.04° 0.34£0.02°
Diabetic + Melatonin (2 mg/kg bw) 0.11+0.01° 0.27 £0.02° 0.25+0.02°
Control + Melatonin (2 mg/kg bw) 0.28 +0.02° 0.16 £0.01° 0.11+0.01°
Table 3. Effect of melatonin on fructose-1,6-bisphosphatase in plasma and tissues of experimental rats
Groups Fructose 1,6-bisphosphatase

Plasma (mg/dL) Liver (ng /mg protein) Kidney (ug /mg protein)

Control 0.41+0.03* 0.36 +0.03" 0.32 +0.02°
Diabetic control 0.62 £0.03 0.62 +0.06° 0.58 +0.06°
Diabetic + Melatonin (2 mg/kg bw) 0.49 +0.04° 0.45+0.02° 0.42 £0.03°
Control + Melatonin (2 mg/kg bw) 0.39 +0.02° 0.35+0.03" 0.35+0.03"

Table 4. Effect of on melatonin on lipid peroxidation (TBARS) status in plasma and tissues of experimental rats.

Groups TBARS

Plasma (mg/dL) Liver (mg/100g tissue) Kidney (mg/100g tissue)
Control 0.18 £0.03" 0.75 £0.06" 1.34+0.13°
Diabetic control 0.41%0.04° 3.28+0.29 2.79+0.21°
Diabetic + Melatonin (2 mg/kg bw) 0.22+£0.02°¢ 1.41£0.12° 1.65+0.15°
Control + Melatonin (2 mg/kg bw) 0.17 £0.10" 0.73 £0.07* 1.27+£0.12°

Table 5. Effect of melatonin on the activities of enzymatic antioxidants (SOD, CAT and GPx) in erythrocyte lysate of experimental rats.

Erythrocytes lysate

Groups SOD (U"/mg Hb) CAT (U” mg Hb) GPx (U /mg Hb)
Control 7.1+0.56" 148.14 £12.71° 13.16 £ 1.93°
Diabetic control 4.65+027° 7427 +5.61° 749 +0.61°
Diabetic + Melatonin (2 mg/kg bw) 6.18 £0.64° 127.22 +£11.52¢ 10.31 £ 0.95¢
Control + Melatonin (2 mg/kg bw) 7.19 +0.53" 147.39 +£12.43° 1293 £1.2°

Table 6. Effect of melatonin on the activities of enzymatic antioxidants such as SOD, CAT and GPx in the liver and kidney of experimental rats.

Tissue Enzymatic antioxidants
samples Groups SOD (U*mg /protein) CAT(UPmg /protein) GPx ( UCmg /protein)

Liver Control 10.25 £ 0.81° 73.09 £3.90" 8.72+0.71°
Diabetic control 4.5240.36° 42.15+2.56° 4.3340.24°
Diabetic + Melatonin (2 mg/kg bw) 7.15 +0.60° 62.57 +3.86° 7.26 +0.59¢
Control + Melatonin (2 mg/kg bw) 10.09 + 0.96" 73.43 £4.72° 8.51 +£0.86"

Kidney Control 13.51+1.06" 31.98 +3.80" 8.49 +0.86"
Diabetic control 8.50 +0.65 16.10 £2.20° 3.89 +0.29°
Diabetic + Melatonin (2 mg/kg bw) 12.65 + 1.09° 25314 2.14° 6.69 + 0.56°

Table 7. Effect of melatonin on the activities of non-enzymatic antioxidants such as GSH, vitamin C and vitamin E in plasma of experimental rats.

Plasma

Groups GSH (mg/dL) Vitamin C (mg/dL) Vitamin E (mg/dL)

Control 28.97 £2.81° 1.82+0.18" 1.55+0.33"

Diabetic control 17.24 £1.71° 0.80 +0.07° 0.86£0.07°

Diabetic + Melatonin (2 mg/kg bw) 23.48 £2.02° 1.27£0.12° 1.21 £0.08°

Control + Melatonin (2 mg/kg bw) 27.99 +2.58° 1.81+0.17 1.68 £0.16

Table 8. Effect of melatonin on the activities of non-enzymatic antioxidants such as GSH, vitamin C and vitamin E in liver and kidney of experimental rats.

Tissue Non enzymatic antioxidants
samples Groups GSH ( pg/mg protein) Vitamin C (pg/mg protein)  Vitamin E ( pg/mg protein)
Liver Control 40.55 +£2.56" 1.44 +0.13° 0.90 +0.83"
Diabetic control 24.30 +1.33° 0.75+0.07° 0.59£0.03°
Diabetic + Melatonin (2 mg/kg bw) 31.51 £2.31° 1.21+0.11° 0.77 £ 0.06°
Control + Melatonin (2 mg/kg bw) 39.51 +3.04° 1.38 £0.14° 0.89 £0.07*
Kidney Control 36.16 + 1.49" 1.10£0.11° 0.70 £0.07°
Diabetic control 24.49+ 1.81° 0.38+0.05" 0.36 +0.05"
Diabetic + Melatonin (2 mg/kg bw) 30.73 £ 1.24° 0.82 +£0.06° 0.58 £0.05°
Control + Melatonin (2 mg/kg bw) 35.17 £ 1.89% 1.04 +0.07° 0.68 +0.06"
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Table 9. Effect of melatonin on lipid profiles in plasma and tissues of experimental rats.
Samples
Lipid Profile Groups Plasma (mg /dL) Liver (mg /100g tissue) Kidney (mg /100g tissue)
Total Control 95.25 £ 4.54* 158.12 +12.74* 183.02 +12.3°
Cholesterol Diabetic control 138.1 £ 12.45° 317.27+21.85° 341.22+21.65°
Diabetic + Melatonin (2 mg/kg bw) 120.17£10.2 ¢ 220.19 £ 16.46° 335.4+23.58°
Control + Melatonin (2 mg/kg bw) 94.21 +6.3° 150.43 +13.38° 181.06 + 12.34*
Phospholipids Control 3.74+0.31° 1.61+£0.11° 1.38 £0.12°
Diabetic control 4.12£0.28 2.64£0.13° 2.03+0.21°
Diabetic + Melatonin (2 mg/kg bw) 243+0.13°¢ 2.13+0.11° 1.65 +£0.05°
Control + Melatonin (2 mg/kg bw) 3.5240.08" 1.98 +0.13° 1.42 £0.04°

Values are means + SD (standard deviation) for six samples from 6 rats in each group. Values not sharing a common superscript differ significantly at p <

0.05 Duncan’s Multiple Range Test (DMRT).

Table 2 and 3 depicts the effect of melatonin on carbohydrate
metabolic enzymes in plasma and tissues of experimental rats.
Glucose-6-phosphatase and fructose-1,6-bisphosphatase was found
to be enhanced in group II rats when compared to other groups.
Melatonin administration in group III and group IV rats showed
significantly (P<0.05) reduced level of both these enzymes when
compared with group II rats. No significant changes were observed
between group I and group IV rats.

Table 4 shows the effect of on melatonin on lipid peroxidation
(TBARS) status in plasma and tissues of control and experimental
animals. The level of TBARS in STZ treated rats (group II) alone
were significantly (P<0.05) increased when compared to control. In
group III and group IV rat, the level of TBARS was significantly
decreased when compared with group I1.

Table 5 and 6 shows the effect of melatonin on the activities of
enzymatic antioxidants (SOD, CAT and GPx) in erythrocyte lysate
and tissues (liver and kidney) of control and experimental rats. The
activities of enzymatic antioxidants were markedly decreased in
diabetic rats when compared to group II diabetic rats. No significant
changes were observed between group I and group IV rats.

Table 7 and 8 shows presents the effect of melatonin on the
activities of non-enzymatic antioxidants (GSH, Vitamin C and
Vitamin E) in plasma and tissues of control and experimental rats.
Group II diabetic rats showed a significant reduction in non-
enzymatic antioxidants levels when compared to group I control
rats. In group III and group IV animals melatonin administration
significantly (P<0.05) modulated the non-enzymatic antioxidants
when compared to diabetic rats. No significant changes were
observed between group I and group IV rats.

Table 9 indicates the effect of melatonin on lipid profiles in plasma
and tissues of experimental animals. The levels of cholesterol and
phospholipids found to be elevated significantly (P<0.05) in diabetic
rats when compared to group I rats. Upon melatonin administration
the levels were significantly (P<0.05) lowered in group III and
group IV rats compared to group II. No significant changes were
observed between group I and group IV rats.

Histopathological changes in the pancreas, liver and kidney

Fig. 2 shows the histopathological examination of pancreatic tissues
of control and experimental animals (H and E 10X). Diabetic group
rats showed shrinkage of islet cells and growth of adipose tissue in
the pancreas. Treatment with melatonin in diabetic rats showed
reduced shrinkage of islet cells in the pancreas, which supports the
biochemical analysis.

Fig. 3 shows the histopathological examination of liver tissues of
control and experimental animals (H and E 10X). Rats showed

marked reduction in fatty changes and inflammatory cell infiltration
in the liver and melatonin control rats showed no changes in liver
compared to control. Diabetic liver showed fatty changes and

Figure 2: Histopathological examination of pancreatic tissues of control and
experimental animals (H and E 10X). (A) CON:Showing normal islet cells,
(B) DIABETIC: Showing shrinkage of islet cells and growth of adipose
tissue, (C) DIABETIC+MEL (2 mg/kg body wt): Showing reduced
shrinkage of islet cells, (D) CONTROL+ MEL (2 mg/kg body wt.):Showing

small normal islet cells.
@

i

Figure 3: Histopathological examination of liver tissues of control and
experimental animals (H and E 10X). (A) Control: Showing normal liver,
globular architecture, (B) Diabetic: Showing fatty changes and inflammatory
cell infiltration, (C) Diabetic+tMelatonin: (2 mg/kg b.w): Showing marked
reduction in fatty changes and inflammatory cell infiltration, (D) Control +
Melatonin (2mg/kg b.w): No change in normal liver.
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inflammatory cell infiltration in the liver. Treatment with melatonin
in diabetic

Fig. 4 shows the histopathology of kidney tissues of control and
experimental animals (H and E 10X). Diabetic kidney showed
larger area of hemorrhage, lymphocyte infiltration and fatty
infiltration, which upon treatment with melatonin in diabetic rats
showed marked reduction of hemorrhage and fatty infiltration and
melatonin control rats showed normal tubules and glomeruli.

. d : AL
Figure 4: Histopathological examination of kidney tissues of control and
experimental animals (H and E 10X). (A) Control: Showing normal liver,
Showing normal tubular cells and glomeruli, (B) Diabetic: Showing
hemorrhage, lymphocyte and fatty infiltration, (C) Diabetic + Melatonin: (2
mg/kg b.w): Showing marked reduction of hemorrhage and fatty infiltration,
(D) Control + Melatonin (2mg/kg b.w): Showing normal tubular cells.

Discussion

In our experiment, STZ induced group showed a significant
reduction in the body weight of diabetic rats, which may be due to
dehydration, catabolism of fats and proteins. A better body weight
gain was observed in melatonin treated animals when compared to
diabetic group. Several studies have reported that an increase in
food consumption in response to exogenous melatonin may be the
reason for the increase in body weight and another likely
explanation for short-term increase in food intake was found to be
that melatonin induces a reinforcement of eating habits that usually
accompany melatonin peak secretion (Angers et al. 2003).

Our results observed that there was an increase in blood glucose
level and decrease in insulin secretion due to destruction of beta
cells by STZ. Administration of melatonin resulted in a significant
decrease in blood glucose level and slight increase in insulin
secretion in diabetic rats. MT1 and MT2 receptors are known to be
present in rat islets and human pancreatic tissue (Peschke et al.
2006). A putative signalling pathway of the pancreatic B-cell is
influenced via MT1 and MT2 melatonin membrane receptor has
been demonstrated in recent reports. The influence of melatonin on
pancreatic B-cells and on insulin secretion is associated with
intracellular cAMP, cGMP and IP; signal transduction pathways and
this plays a role in maintaining glucose homeostasis (Eunyoung et
al.  2006). In addition, melatonin increases the expression of
forehead box A,, which was recently discovered to regulate fatty
acid oxidation and inhibited by insulin. Moreover, the most
profound effect of melatonin administration is the prevention of
increase in nitric oxide level in blood plasma during STZ treatment

and this effect plays an important role in prevention of B-cell
integrity (Rao et al. 2002).

In our experiment the decreased level of insulin was seen in diabetic
rats when compared to other groups. Liver is an insulin dependent
tissue and it is severely affected during diabetes. The balance
between glucose production and its utilization in the liver is
regulated primarily by insulin. Melatonin supplementation showed
slight increase in insulin secretion and decrease in blood glucose
level and this may be due to release of insulin which is stored in
granules from existing pancreatic B-cells.

In our result, it was seen that there was an increase in gluconeogenic
enzymes in diabetic rats. Activation of gluconeogenic enzymes
increases the blood glucose level due to the state of insulin
deficiency and impaired expression of gluconeogenic enzymes. As
said in earlier reports the administration of melatonin increase the
level of insulin secretion in diabetic rats and this may be the reason
for the significant reduction in the level of gluconeogenic enzymes
(Mehmet et al. 2006).

Further melatonin regulates cAMP which leads to inhibition of
gluconeogenesis and increased glycolysis and thus decreasing the
level of blood glucose (Mackenzie et al. 2002). It was reported that
melatonin administration to diabetic rats also reversed the pentose
phosphate enzymes, glucose-6-phospatase, transketolase and
catalase activity in diabetic liver and thus helps in preventing an
increase in blood glucose level (Baynes et al. 1999). Hence the
melatonin reveals its antidiabetic action by decreasing blood
glucose, increasing insulin secretion and by suppressing the activity
of gluconeogenic enzymes.

Lipid peroxidation is found to be an important pathophysiological
event in variety of disease particularly diabetes (Tan et al. 2002). It
is evident from our result that an elevated levels of TBARS seen in
plasma of diabetic rats when compared to other groups. In contrary
melatonin administration significantly reduced the level of TBARS
in plasma of diabetic rats which indicates that the drug possess a
potent antilipid peroxidative effect and this action is mediated by
acetyl group and methoxy group at position 5 of the indole nucleus
reacts with free radicals by contributing an electron (Zhang et al.
2004).

The SOD and CAT and Gpx are the enzymatic antioxidants that
scavenge free radicals against oxidative stress during diabetes. The
present study reveals that the activity of SOD in diabetic rats was
decreased due to their utilization by tissues and plasma to scavenge
superoxide anion into H,O, and O; radical. The activity of SOD
level was increased in melatonin treated rats and this is due to its
effect in neutralizing O, superoxide free radicals (Reiter et al. 2005;
Mirunalini et al. 2004). Catalases are the enzymes that catalyze the
conversion of H,O, to H,O by oxidizing reduced glutathione and
decreased CAT activity was observed in diabetic rats when
compared to control and a similar result was observed for GPx. This
is due to radical induced inactivation and glycation of enzymes and
their utilization by plasma and tissues to scavenge free radicals
(Heales et al. 2008; Ran et al. 2007) whereas melatonin promotes
the enhanced activity of these enzymes in diabetic rats which
reveals that it is a free radical scavenger and powerful antioxidant as
supported with earlier reports (Rodriguez et al. 2004).

In our result the reduced level of vitamin C and vitamin E were
observed in plasma of diabetic rats. This is due to the presence of
lipid peroxidation in plasma and so both the vitamins are being
utilized to combat free radicals (Gultekin et al. 2001).
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Administration of melatonin in diabetic rats increased the level of
vitamin C and vitamin E.

In our findings it was observed that there was a reduced level of
GSH in plasma of diabetic rats when compared to control rats and it
is due to the increased utilization of GSH during oxidative stress
(Reiter et al. 1995). GSH is a major endogenous antioxidant which
counterbalance free radical medicated damage. It is well known that
GSH involve in the protection of normal cell structure and function
in maintaining the redox hemostasis, quenching of free radicals and
by participating in destroying reactions (Lang et al. 1992). When
treated with melatonin the diabetic rats showed elevated level of
GSH which increases GSH dependent enzymes and both the vitamin
levels also increased which prevents oxidation of glutathione ad
spares reduced GSH. Melatonin acts synergistically with vitamin C,
Vitamin E and GSH to destroy free radicals; Vitamin E inactivates
fatty free radicals by adding electron. The resulting oxidized vitamin
E is recycled back to reduced vitamin E by vitamin C (Gitto et al.
2001). A positive association between Diabetic mellitus and lipid
abnormalities has demonstrated in several studies (Aravind et al.
2002). In our results the level of cholesterol and phospholipids in
plasma and tissues of diabetic rats was increased. Our findings also
agree that diabetes mellitus is accompanied in the risk of
atheroscelerosis and it is inhibited through drug therapy thus
lowering the level of plasma lipids. The abnormally high
concentration of serum lipids especially cholesterol in diabetes is
mainly as a result in increase in mobilization of fatty acid from
peripheral deposit because insulin inhibits the hormone sensitive
lipase. Generally during diabetes lipogenesis is decreased with
increase in lipolysis in tissues (Kelley et al. 1997).

The increase and decrease in lipoprotein levels is the reflection of
total cholesterol level that is low density lipoproteins (LDL-C), very
low density lipoprotein (VLDL-C) and increase or decrease in high
density lipoproteins (HDL-C) level with total cholesterol that
determines the lipoprotein metabolism (Lve et al. 1991). Earlier
reports shown that melatonin was able to reduce plasma and tissue
lipid levels and cholesterol concentrations containing in
apolipoprotein B-containing lipoproteins such as VLDL, LDL in
hypercholestremic rats (Papaharalambus et al. 2007). Melatonin
may exert the effect by augumenting endogenous cholesterol
clearance and in one vitro study revealed that because of its
lipophilic and nonionized nature; melatonin can enter the lipid phase
of LDL particles and prevent lipid peroxidation and thus acts as an
amphiphilic chain breaking antioxidant in a lipid environment by
scavenging free radicals. It also protected oxidized LDL-induced
inhibition of nitric oxide production in human umbilical artery and
also reported that the melatonin reduced oxidation susceptibility of
HDL and increases HDL levels, this may potentiate
anthiatherogenic effects (Wakatsuki et al. 2001). Our result also
collaborated with this hypothesis by reducing the level of lipid
profile in diabetic rats with melatonin administration which shows
that it possesses strong antihyperlipidemic action.

As evidenced with earlier reports the mechanism whereby melatonin
stimulates the activity of antioxidant defence system that detoxify
O, based reactants remain is likely to be mediated via
membrane/nuclear receptors during oxidative stress in diabetic
condition (Reiter et al. 2005). Either or both involved in the
mechanism by which melatonin promotes the activity of the
antioxidant enzymes by inducing the mRNA gene expression. Thus
when melatonin present at pharmacological or physiological range it
seems to be mediated by via receptor and enhances antioxidant
enzymes during diabetes (Kotler et al. 1998).

Conclusion

In conclusion, these findings indicate that melatonin, a ubiquitous
molecule protects against hyperglycemia induced oxidative damage
which shows that the melatonin possess antidiabetic and
antihyperlipidemic actions. However, the detailed mechanism(s) of
action will be elucidated by further studies.

References

American  Diabetes  Association (2005) Diagonosis and
classification of Diabetes mellitus. Diabetes care 28:37-42

Andersson AK, Sandler S (2001) Melatonin protects against
streptozotocin, but not interleukin - beta-induced damage of
rodent pancreatic beta cells. J Pineal Res 30:157-165

Aravind K, Pradeepa R, Mohan N (2002) Diabetes and coronary
heart disease. Indian J Med Res 116:163-176

Angers K, Haddad N, Selmoni B, Thibault L (2003) Effect of
melatonin on total food intake and macronutrient choice in rats.
Physiol Behav 32:216-219

Baker H, Frank O, De Angelis B, Feingold S (1980) Plasma o-
tocopherol in man at various times after ingesting free or
acetylated tocopherol. Nutr Rep Int 21:531-536

Baynes YW, Thorpe R (1999) Role of oxidative stress in diabetic
complication. Diabetes 48:1-9

Burgi W, Briner M, Franken N (1988) One step sandwich
enzyme immuno assay for insulin using monoclonal
antibodies. Clin Biochem 21:311-314

Ellman GL (1959) Tissue sulphydryl groups. Arch Biochem
Biophys 82:70-77

Eunyoung HA, Sung-vin YIM, Chung JOO-HO, Kyung SK, Insug
K, Yong HO (2006) Melatonin stimulates glucose transport via
insulin receptor substrate  1/phosphatidylinositol 3-kinase
pathway in C2 C12 murine skeletal muscle cells. ] Pineal Res
41:67-72

Folch J, Lees M, Solane SGH (1957) A simple method for isolation
and purification of total lipids from animal tissues. J Biol Chem
26: 497-509

Gancedo JM, Gancedo C (1971) Fructose-1, 6-bisphosphatase,
phosphofructokinase and glucose-6-phosphate dehydrogenase
from fermenting and non-fermenting yeast. Arch Microbiol 76:
132-138

Gitto E, Tan DX, Reiter RJ, Karbownick M, Manchester LC,
Cuzzaocrea S, Faulia F, Barberi I (2001) Individual and
synergistic antioxidative actions of melationin; studies with
vitamin E, vitamin C, glutathione and desferioxamine in rat
liver homongenates. J Pharm Pharmacol 53:1393-1396

Gultekin F, Delibas N, Yasar S, Kilinc I (2001) In vivo changes in
antioxidant systems and protective role of melatonin and a
combination of vitamin C and vitamin E on oxidative damage
in erythrocyte induced by chlorpyrifos-ethyl in rats. Arch
Toxicol 75:88-96

Heales S (2008) Catalase deficiency, diabetes, and mitochondrial
function. The Lancet 357:314-314

Imlay JA (2003) Pathways of oxidative damage. Annu Rev
Microbiol 57:395-418

Lve G, Fruchart JC (1991): Oxidation of lipoprotein and
atherosclerans. Am J Clin Nutr 52:2065-2095

Kakkar P, Das B, Viswanathan PN (1978) A modified
spectrophotometric assay of superoxide dismutase. Indian J
Biochem Biophy 21:130-132

Kelley MR, Loo G (1997) Melatonin inhibitors oxidative
modification of human low-density lipoprotein. J Pineal Res
22:203-209



J Biochem Tech (2012) 4(1): 524-530

530

Koide H, Oda T (1992) Pathological occurrence of glucose-6-phosphate
in serum liver diseases. Clin Chim Acta 4:554-561

Kotler M, Rodriguez C, Sainz RM, Antolin I, Menendez-pelacz A
(1998) Melatonin increases gene expression for antioxidant
enzymes in rat brain cortex. J Pineal Res 24:83-89

Lang C, Naryskin S, Schneider DL, Mills BJ, Linderman RD (1992)
Low blood glutathione levels in healthy aging adults. J Lab Clin
Med 120:720-725

Mackenzie RS, Melan MA, Passey DK (2002) Dual coupling of
MT(1) and MT(2) melatonin receptors to cyclic AMP and
phosphoinositide signal transduction cascades and their
regulation following melatonin exposure. Biochem pharmacol
63:587-595

Mehmet K, KaracaTuran UH, Ozdemir SH (2006) Depression of
glucose levels and partial restoration of pancreatic B- cell
damage by melatonin in streptozotocin induced diabetic rats. J
Pineal Res 80:362-369

Mirunalini S, Kumaraguruparan R, Subapriya R and Nagini S
(2004) Garlic oil enhances hepatic and blood antioxidants
during Hamster buccal pouch carcinogenesis. Pharm Biol
42:240-245

Niehaus WG, Samuelson B (1968) Formation of malondialdehyde
from phospholipid arachidonate during microsomal lipid
peroxidation. Eur J Biochem 6:126-130

Omaye S, Turnvull CD, Sauberhich HE (1979) Selected method for
the determination of vitamin C in animal cells, tissue and fluid.
In Mcormic DB, Wright VL, Eds. Methods Enzymol 62:32-41.

Papaharalambus CA, Griendling KK (2007) Basic mechanisms of
oxidative stress and reactive oxygen species in cardiovascular
injury. Trends Cardiovasc Med 17:48-54

Peschke E, Frese T, Chankiewitz E (2006) Diabetic Goto Kakizaki
rats as well as type and diabetic patients show a decreased
diurnal serum melatonin level and an increased pancreatic
melatonin-receptor status. J Pineal Res 40:135-143

Ran Q, Liang H, Ikeno Y, Qi W, Prolla TA, Roberts LJ, Wolf N,
Van Remmen H, Richardson A (2007) Reduction in glutathione
peroxidase 4 increases life span through increased sensitivity to
apoptosis. J Gerontol. A Biol Sci Med Sci 62:932-942

Rattan S (2006) Theories of biological aging: Genes, proteins, and
free radicals. Free Radic Res 40:1230-1238

Rao VS, Santos FA, Silva RN, Teixiera MG (2002) Effect of nitric
oxide synthase inhibitors and melatonin on the hyperglycemic
response to streptozotocin in rats. Vascul Pharmacol 38:127-30

Reiter RJ, Tan DX, Maldonado MD (2005) Melatonin as an
antioxidant: Physiology versus pharmacology. J Pineal Res
39:215-216

Reiter RJ (2000) Melatonin: Lowering the high price of free
radicals. New physiol Sci 15:246-256

Rodriguez C, Mayo JC, Sainz RM, Antolin I, Herrera F, Martin V,
Reiter RJ (2004) Regulation of antioxidant enzymes: A
significant role for melatonin. J Pineal Res 36:1-9

Rosenbloom A, Silverstein JH (2003) Type 2 Diabetes in Children
and Adolescents: A Clinician's Guide to Diagnosis,
Epidemiology, Pathogenesis, Prevention, and Treatment.
American. Diabetes. Association. (U.S), pp.1.

Rotruck, JJ, Pope AL, Ganther HE, Swanson AB (1973) Selenium:
Biochemical role as a component of glutathione peroxidase.
Science 179:588-590

Sasaki T, Matsy S, Sorae A (1972) Effect of acetic acid
concentration on the colour reaction in the O-toluidine boric
acid method for blood glucose estimation. Rinsho Kagarku
1:346-353

Sewerynek E (2002) Melatonin and the cardiovascular system.
Neuro Endocrionol Helt 23:79-83

Sinha AK (1972) Colorimetric assay of catalase. Anal Biochem
47:389-394

Sudnikovich JU, Maksinchik Z, Zabrodshaya V, Kubyshin,
Lapshina A, Reiter J, Surekha RH, Srikanth BB, Jharna P,
Ramachand RV, Dayasagar RV, Jyothy A (2007) Oxidative
stress and total antioxidants in myocardial infraction. Singapore
Med 48:137- 142

Szkudelski (2001) The mechanism of alloxan and streptozotocin
action in B-cells of the rat pancreas. Physiol 50:537-546

Tan DX, Reiter RJ, Manchester LC, Yan MT, E1-Sawi M (2002)
Chemical and physical properties and potential mechanisms:
Melatonin as a broad spectrum antioxidant and free radical
scavenger. Curr Topics Med Chem 2:181-197

Wakatsuki A, Okatani Y, Ikenove N, Shinohara K, Watanabe K,
Fukaya T (2001) Melatonin protects against oxidized low-
density lipoprotein-induced inhibition of nitric oxide production
in human umbilical artery. J Pineal Res 31:281-288

Wild S, Roglic G, Green A, Sicree R, King H (2004) Global
prevalence of diabetes: Estimates for the year 2000 and
projections for 2030. Diabetes Care 27:1047-1053

Zemkova H, Vanecek J (2000) Differences in gonadotropin
releasing hormone induced calcium signaling between
melatonin-sensitive  and  melatonin-insensitive  neonatal
gonadotrops. Endocrinology 141:1017-1026

Zhang C, Williams MA, Frederick 10, King IB, Sorensen TK,
Kestin MM, Luthy DA (2004) Vitamin C and the risk of
gestational diabetes mellitus: A case-control study. J Reprod
Med 49:257-266

Zilversmit DB, Davis AK (1950) Micro-determination of plasma
phospholipids by trichloroacetic acid precipitation. J Lab Clin
Med 35:155-159

Zlatkis A, Zak B, Bogle GJ (1953) A method for the determination
of serum cholesterol. J Clin Med 41:486-492



