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ABSTRACT

Diabetes mellitus has been shown to be a state of increased free radicals and
disturbance in antioxidant defense system. The aim of the present study was to
investigate the protective effect of melatonin on some oxidative stress parameters in
both blood and tissues, liver and pancreas, in streptozotocin (STZ)-induced diabetes
in rats. Three groups of rats were used, control group, diabetic group and a group of
diabetic rats treated with melatonin. Malondialdehyde (MDA) level was used as a
marker of lipid peroxidation, advanced oxidation protein product (AOPP) level as a
marker for protein damage and activity of antioxidant enzymes; glutathione
peroxidase (GPx) and paraoxonase (PON) were, also, assessed. Liver and
pancreatic malondialdehyde and plasma AOPP levels were significantly reduced but
serum PON1 and pancreatic GPx activities were significantly increased by melatonin
treatment. Liver GPx activities showed no significant differences among all studied
groups. Microscopic examination of liver showed improvement of the morphological
and histopathological changes induced by diabetes. These data suggested that
melatonin treatment has a partial therapeutic effect in diabetes by reduction of
oxidative stress and by stimulation of various antioxidant enzymes.
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INTRODUCTION Therefore, assessment of oxidative
stress in diabetic patients may be
Oxidative  stress has been important for the prediction and
implicated in the pathogenesis and prevention of diabetic
progression of many degenerative complications®.
diseases including diabetes. Free One of the oxidative stress
radicals reactions may play an parameters  is  malondialdehyde
important  role  in  diabetic (MDA), which is one of the end
complications”. Free radicals may products of lipid peroxidation induced
cause oxidative damage of cellular by reactive oxygen species (ROS).
membranes and changes in the Lipid peroxidation is a well-
structural and functional integrity of establi‘?hed mechanism  of cellular
subcellular organelles and may injury®. Damage to proteins and
produce effects that result in various DNA may often be more important
complications in diabetic disease . than damage to lipids in oxidative
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stress situations in vivo.® The use of
oxidative modification products of
proteins as a marker may have some
advantages in comparison with other
markers, because of their relatively
early formation, greater stability and
reliability and, also, their longer life-
span'®.

Oxidative damage to proteins is
reflected by increased levels of AOPP
which therefore serve as a novel
marker of oxidative stress”.

To protect cells against damage
caused by ROS, organisms have
developed several defense
mechanisms which include
antioxidant enzymes and different
small antioxidant molecules, such as
vitamins C, E and flavonoids. The
antioxidant enzymes represent the first
line of defense against toxic free
radicals by metabolizing ROS into
non-toxic products®. These
antioxidant defense systems are
disturbed in diabetes mellitus®.

Furthermore, there is a
relationship between diabetes and
impairment of lipid metabolism; high
density lipoprotein (HDL) protects
low density lipoprotein (LDL)
oxidation, and this protection is
impaired in diabetic cases, the
antioxidant activity of HDL depends
on its associated antioxidant enzymes
mainly paraoxonase (PON)1?.
Paraoxonase (PON) is a calcium
dependent antioxidant enzyme that
circulates on HDL and contains
apoAl and clusterin. The paraoxonase
gene family contains three members,
and the PON1 gene product is serum
PON, which is expressed mainly in
the liver and normally hydrolyzes
organophosphates™".

PON has been shown to protect
LDL from oxidative modifications
and lipid peroxidation by hydrolyzing
biologically active oxidized
phospholipids. Moreover, it was
reported that less efficient protection
mechanisms of PON may be one
feature of the greater susceptibility to
oxidation in diabetes®.

There is evidence that antioxidant
treatment is beneficial in diabetic rats,
and in diseases associated with
oxidative stress"?.

Melatonin (N-acetyl-5-
methoxytryptamine), a  secretory
product of the pineal gland, is a potent
scavenger of hydroxyl and peroxyl
radical and regulates activity of anti-
oxidant enzymes”.  Melatonin
ameliorated carbon tetrachloride-
induced hepatic fibrogenesis in rats
via inhibition of oxidative stress and
proinflammatory cytokines
production™. Also, melatonin
prevents the tissue damage and
fibrosis associated with thioacetamide
-induced liver cirrhosis in rats™?.

So, the aim of the present study
was to investigate the protective effect
of melatonin on oxidative stress
parameters in both blood and tissues
(liver and pancreatic tissues) in STZ-
induced diabetes in rats and to
describe the hepatic microscopic
changes and the structural-functional
relationships of  experimentally
diabetic rats and the possibility of
tissue protection by melatonin.

MATERIALS & METHODS

Animals:

The present study was carried out
on 130 male albino rats of Wistar
strain with body weight ranging from
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90 to 140 g. Animals were fed on
standard rat chaw and allowed free
access to water. They were kept under
constant environmental conditions (25
&C and 12 h dark/light cycle). All
animals were weighed at the
beginning and at the end of the study.
The rats were classified into three
groups:

Group I (control group) included
10 rats, received intraperitoneal
injection of a single dose of 0.1 M
citrate buffer pH: 4.0.

Group II (diabetic group): That
group included 60 diabetic rats.
Diabetes was induced by
intraperitoneal injection of a single
dose (60 mg/ kg) of STZ. Group III
(diabetic rats treated with melatonin):
That group included 60 diabetic rats
treated with melatonin. Melatonin was
injected intraperitoneally three days
prior to induction of diabetes in a dose
of (200 pg/kg/day) daily for 4 weeks.
By the end of the study only 20 rats of
the diabetic and 20 melatonin injected
diabetic rats in addition to 10 control
rats remained on which statistical
analysis were performed.

Blood samples were collected
from tail vein in K;EDTA (tri-
potassium ethylene diaminetetraacetic
acid) coated tubes to determine basal
fasting plasma glucose level. At the
end of the experiment, the animals
were sacrificed and blood samples
were collected for determination of
final plasma glucose level and PON1
activity.

Chemicals:

Most chemicals including STZ
and melatonin were purchased from
Sigma chemical Co.

Methods:
Induction of experimental diabetes:

STZ was used to induce damage
to pancreatic beta cells and produce
type I diabetes. ' A single dose of STZ
(60 mg/ kg), dissolved in citrate buffer
0.1 M pH 4.0 and injected
intraperitoneally. ~ Control  group
received intraperitoneal injection of a
single dose of 0.1 M citrate buffer pH
4.0. Rats with fasting blood glucose
levels of 250 mg/dl or above were
considered diabetic.

Melatonin Injection:

Three days prior to induction of
diabetes, a solution of melatonin was
injected (200 pg/kg/day
intraperitoneally dissolved in 0.5 ml
of normal saline containing 0.1 ml 1%
ethanol). These injections were
repeated daily until the end of the
study (4 weeks). The dose of
melatonin was chosen on the basis of
a previous study 9.

Fasting plasma glucose level was
determined by enzymatic colorimetric
glucose oxidase method using a
commercial kit (Elitech Diagnostics
Company, France) according to the
manufacturer instructions.

Plasma AOPP  level:  was
determined according to the method
of Witko Sarsat et al., 1996,

Plasma PON1 enzyme activity:
PONI1 activity was measured by
adding plasma to Tris buffer (100
mmol/L,pH 8.0) containing 2 mmol/L
CaCl, and 1 mmol/L paraoxon (O,O-
diethyl-O-nitrophenylphosphate
(Sigma chemical Co.). The rate of
generation of P-nitrophenol was
determined at 405 nm, 25 °C with the
use of continuously recording
spectrophotometer  as  described
previously®?.

Liver and pancreatic tissue MDA
level: MDA levels were measured
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according to a method described
elsewhere . That method depends on
the fact that MDA reacts with
thiobarbituric acid (TBA) producing
thiobarbituric acid reactive substance
(TBARS), a pink chromogen, which can be
measured spectrophotometrically at 532 nm.
MDA expressed as nmol/g tissue and
was calculated using 1.65x10° M
cmas molar absorption coefficient.

Liver and pancreatic tissue
glutathione GPx enzyme Activity:
GPx catalyzes the oxidation of reduced
glutathione (GSH) in the presence of
hydrogen peroxide. In the presence of
glutathione reductase (GR) and
NADPH the oxidized glutathione
(GSSG) is immediately converted to
the reduced form with a concomitant
oxidation of NADPH to NADP". The
decrease in absorbance at 340 nm was
measured. The enzyme activity was
calculated using a molar extinction
coefficient for NADPH of 6.220 M ¢cm™
and normalized to protein
concentration"®.,

Determination of Protein content
in tissue homogenate: Protein content
in tissue homogenate was determined
by the lowry method (Lowry et al').
Microscopic examination:

At the end of each experiment,
the animals were sacrificed and small
parts from the liver were immediately
fixed in  10%  formaldehyde,
dehydrated in ascending grades of
alcohol, cleared in xylol and
impregnated in soft paraffin for 2
hours at 56 °C then embedded in hard
paraffin. Sections of 6 microns
thickness were cut by the microtome
and stained with hematoxylin and
eosin (H&E) technique®”.

Statistical analyses:

Results were expressed as the
mean = SD. Means of different groups
were compared using a one-way
analysis of variance (ANOVA)
followed by Tukey's post hoc test.
Paired t-test was performed for
evaluation of significant differences
between two groups at the start and at
the end of experiments. P<0.05 was
accepted as significant. Correlation
between variables was evaluated using
Pearson’s correlation coefficient using
SPSS version 8.

RESULTS

The results were demonstrated
through the following tables and
figures:

Table (1) shows comparison
between the studied groups as regards
initial and final body weight in which,
there was no statistically significant
difference between values of initial
body weight (g) among the studied
groups , but there were statistically
significant differences between values
of final body weight (g) among all
studied groups (F value was 26.39,
P<0.001). By wusing the multiple
comparisons test (Tukey's test), final
body weight in group II and group III
was significantly lower than in group I
(P<0.001), and there was no
significant difference between group
II and group III (P>0.05).

As regards Initial and final
plasma glucose levels: Table (1)
shows no statistically significant
differences between values of initial
fasting plasma glucose level (mg/dl)
among all studied groups but there
were statistically significant
differences between values of final
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fasting plasma glucose level among
all studied groups (F value was
154.980, P<0.001). By using the
Tukey's test, final fasting plasma
glucose level was significantly higher
in group II and group III (P<0.001)
than group I, but there was no
statistically ~ significant  difference
between group II and group III
(P>0.05).

Table (2) shows comparison
between the studied groups as regards
initial and final body weight. By using
paired t-test, there was a statistically
significant differences between values
of initial body weight and final body
weight (g.) in group I (P<0.001) and
in group II (P<0.001) but there was no
statistically significant difference in
group III (P>0.05).

Table (3) shows comparison
between the studied groups as regards
initial and final fasting plasma glucose
levels. By using paired t-test, there
were statistically significant
differences between values of initial
and final fasting plasma glucose level
in group II (P<0.001) and in group III
(P<0.001) but there was no
statistically significant difference in
group [ (P>0.05). So, melatonin
treatment did not induce a significant
change in plasma glucose level in
diabetic rats and did not inhibit the
development of diabetes induced by
STZ.

As regards Plasma advanced
oxidation protein product (AOPP):
Table (1) shows that there were
statistically significant differences in
AOPP level (umol/ 1) among all
studied groups (F value was 6.558,
P<0.05). By using Tukey's test,
AOPP level in group II was
significantly higher than group I and

group IIT (P<0.05) with no statistically
significant difference between group |
and group III (P>0.05).

Regarding plasma  PONI1
activity: Table (1) shows that there
were statistically significant
differences between values of plasma
PON1 activity among all studied
groups (F value was 41.106,
P<0.001). By wusing Tukey's test,
plasma PON1 activity (nmol/min/ml)
in group II was significantly lower
than group 1 (P<0.001), and group III
(P<0.001) with no statistically
significant difference between group |
and group III (P>0.05).

Concerning liver and
pancreatic MDA, there were
statistically  significant differences
between values of MDA (nmol/g
tissue) levels in liver and pancreatic
homogenates among all studied
groups (P<0.001). By using the
Tukey's test, MDA levels in liver and
pancreatic homogenates in group II
were significantly higher than in
group I and group III (P<0.001) with
no statistically significant difference
between group I and group III
(P>0.05). That finding means that
MDA level of diabetic rats treated
with melatonin did not differ from
those control rats (table 1).

Finally regarding liver and
pancreatic glutathione peroxidase
(GPx) activity: there were statistically
significant differences between values
of GPx activity (nmol oxidized
NADP/min/mg protein) in pancreatic
homogenate among all studied groups
(F value was 12.500, P<0.001). By
using Tukey's test, GPx activity in
pancreatic homogenate in group II
was significantly lower than group I
(P<0.05) and group III (P<0.001) with
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no statistically significant difference
between group 1 and group III
(P>0.05, table. 7). On the other hand,
there were no statistically significant
differences between values of GPx
activity in liver homogenate among all
groups (F value was 0.174, P>0.05,
table (1).

Table (4) shows correlation
matrix between the studied variables
in the diseased diabetic groups (n=40)
in which fasting final plasma glucose
level was significantly positively
correlated with both liver and
pancreatic MDA levels (r=0.47, 0.42
respectively with P< 0.05), but
significantly negatively correlated
with pancreatic GPx activity (r=-
0.583, P< 0.001). Also, a significant
positive correlation was found on one-
hand between liver MDA levels and
pancreatic MDA levels (r=0.483, P<
0.05) and on the other-hand between
liver MDA levels and plasma AOPP
levels (r=0.488, P< 0.001). Finally a
significant positive correlation was
found between pancreatic MDA levels
and plasma AOPP levels (r=0.365, P<
0.05).

Histopathological results of the liver:

Fig.1A shows liver sections of the
control group showing the hepatic

lobules, with central hepatic veins
forming their central axes. The
hepatocytes are arranged radialy from
the central vein inside the hepatic
lobule. They form flat anastomosing
plates usually one or two cells thick
separated by thin walled blood
sinusoids. The hepatocytes appeared
polyhedral in shape with large
rounded vesicular nuclei containing
dispersed chromatin and one or more
prominent nucleoli. Fig. 1B shows
liver sections of diabetic rats with
marked hypertrophy of the hepatic
cells. The cytoplasm appeared
degenerated and vacuolated and the
nuclei were small and darkly stained.
Heavy cellular infiltration was noticed
in the portal area. Small areas of focal
necrosis and degeneration were, also,
noticed surrounded by vacuolated and
hypertrophied hepatocytes (Fig. 1C).
In diabetic rats treated with melatonin,
the normal liver architecture was
nearly preserved. In contrast to the
second group, the liver cells appeared
nearly normal with normal nuclei and
absence of the cytoplasmic vacuoles.
The inflammation was markedly
decreased however; few inflammatory
cells mainly around the blood vessels
were observed (Fig. 1D).
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Table 1: Comparison between the studied groups as regards weight and all studied

biochemical parameters (n=50

Group Group II Group
I(n=10) (n=20) II(n=20) F P-value
Mean + SD Mean = SD Mean + SD

Initial body weight (g.) 115.0£13.94 | 115.25+15.86 | 114.5+13.47 0.014 0.99
Final body weight (g.) 152.0+18.14 | 100.0 £21.28 | 109.4 +16.49 26.38 | <0.001%*
Group | vs. group 11 P <0.001*
Group | & Group 111 P <0.001*
Group Il & Group 111 0.266
Initial fasting plasma 99.00+12.86 | 102.55x14.11 | 100.65£13.912 | 0.237 | 0.79
glucose level (mg/dl)
Final fasting plasma 101.00£11.74 | 353.00£42.53 | 328.90+35.82 | 154.98 | <0.001*
glucose level (mg/dl)
Group | vs. group 11 P <0.001*
Group | & Group 111 P <0.001*
Group Il & Group I P 0.094
Plasma AOPP level 24422+ 30.252+7.223 | 25.261 +4.375
(umol/l) 4238 6.558 | 0.003*
Group | vs. group 11 P 0.029*
Group | & Group 111 P 0.997
Group 11 & Group 111 P 0.005*
Serum PON 1 activit 15.064 + 6.924+2.519 | 13.636+£3.122
(nmol/min/ml) ' 2.505 41.106 | <0.001*
Group I vs. group 11 P <0.001*
Group | & Group 111 P 0.387
Group 11 & Group 111 P 0.001*
Ijlver MDA level (nmol/g. | 23.549+3.003 | 31.554+5.456 | 24.305 = 3.829 20340 | <0.001%
tissue)
Group | vs. group 11 P <0.001*
Group | & Group 111 P 0.989
Group 11 & Group Il P <0.001*
Pancreatl'c MDA level 16.227+£2.656 | 31.680+4.914 | 19.926 £ 5.085 49.038 | <0.001%
(nmol/g. tissue)
Group | vs. group 11 P <0.001*
Group | & Group 111 P0.110
Group Il & Group 111 P <0.001*
Liver GPx activity(nmol/
oxidized NADPH/min/mg | 7.900+1.106 | 7.763+£1.106 | 7.788+1.351 | 0.174 | 0.841
protein
Pancreatic GPx
activity(nmol/ oxidized 4.956+1.031 | 2.648+1.166 | 4.582+1.411 12.500 | <0.001%*
NADPH/min/mg protein
Group | vs. group 11 P 0.015*
Group | & Group 111 P 0.526
Group Il & Group I P <0.001*

Group I (control group), group II (diabetic group), group III (diabetic rats treated with
melatonin), MDA (Malondialdehyde), AOPP (advanced oxidation protein product)
PON (paraoxonase), GPx(Glutathione peroxidase).
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Table 2. Comparison between the studied groups as regards initial and final body
weights (g) using paired t-test.

Initial body weight (gm) | Final body weight (gm) P-value
Mean + SD Mean + SD
Group I (n=10) 115.0+13.94 152.000 + 18.14 <0.001*
Group II (n=20) | 115.25+15.86 100.000 + 21.28 <0.001*
Group III (n=20) | 114.500 + 13.47 109.400 + 16.49 0.112

Table 3: Comparison between the studied groups as regards initial and final fasting
plasma glucose level (mg/dl) using paired t-test.

Initial fasting plasma

Final fasting plasma

glucose level (mg/dl) glucose level (mg/dl) P-value
Mean + SD Mean = SD
Group I (n=10) 99.00 + 12.86 101.00+11.74 0.393
Group II (n=20) | 102.55 + 14.11 353.00 £42.53 <0.001*
Group III (n=20) | 100.65 £ 13.912 328.90 +35.82 <0.001*

Table 4:Correlation matrix between

the

diabetic groups (n=40)

studied variables

in the diseased

Correlations
fmtzi‘rln Liver | Pancretic | Plasma | Pancretic
ASINS | MDA | MDA AOPP | GPx
glucose
. r 0.474
Liver MDA P-value 0.002%
] r 0424 | 0.483
Pancreatic MDA P-value 0.006* 0.002%
r 0.267 0.488 0.365
Plasma AOPP o0 e | 0.096 | 0.001% | 0.020*
Pancreatic Gbx r 20.583 | 0314 | -0497 | -0347
ancreatic P-value | 0.000* [ 0.048* [ 0.001* [ 0.007*
. r -0.235 -0.570 -0.631 -0.444 0.256
PONT1 activity P-value 0.145 0.000* | 0.000% 0.004* 0.094
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Fig. 1. Light microscopical photomicrograph o
showing the normal hepatocytes with rounded nuclei forming hepatic cell cords
() radiating from the central vein (CV), liver tissue of diabetic rat (B) showing the
hypertrophied and vacuolated hepatic cells and the heavy cellular infiltration ()
and (C) shows small areas of focal necrosis and vacuolated hepatocytes. (D) shows
liver tissue of diabetic rat treated with melatonin showing the apparently normal
hepatic cells with few inflammatory cells around a blood vessel (). (H &E. Mag. x

400).
DISCUSSION

ROS have emerged as important
molecules in the pathogenesis of
diabetic vascular complication. In the
present study it was observed that the
diabetic rats lose much weight than
control rats or diabetic rats treated
with melatonin and such result came
in accordance with that reported by
Vural et al®" and Guven et al®.

There was, also, a significant
increase in plasma glucose level in
diabetic rats and diabetic rats treated
with melatonin compared with control
rats with no significant difference
between diabetic rats and diabetic rats
treated with melatonin indicating that
melatonin ~ treatment  did  not
significantly affect plasma glucose

levels and did not prevent the
development of hyperglycaemia in the
STZ-induced diabetic rats and that
finding came in accordance with the
results of other researchers®?”. In
contrast, Shima et al®® reported that
melatonin suppressed hyperglycemia
caused by intracerebroventricular
injection of 2-deoxy-D-glucose in
rats. They reported that melatonin
injection suppressed blood glucose
levels possibly through a brain site.
Maitra et al® stated that melatonin
may decrease blood glucose levels
through its role on catecholaminergic
responses.

The present work demonstrated
that MDA levels were significantly
higher in both pancreatic and liver
homogenates of untreated diabetic rats
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compared with either control rats or
melatonin treated diabetic rats. These
results came in agreement with those
reported by Nishigaki et al® and
Higuchi et al®® who stated that lipid
peroxidation products increase in
naturally and chemically-induced
diabetes. Akerblom et al®® added
that this increase in lipid peroxidation
is due to elevated production of ROS.
It has been shown that cytotoxic
actions of STZ on B-cells are mediated
by ROS. STZ enter cells and caused
alkylation of DNA. The resulting
damage induces activation of
polyADP-ribosylation, which leads to
depletion of B cellular NAD and ATP.
Enhanced ATP dephosphorylation
supplies a substrate for xanthine
oxidase that causes excessive
formation of superoxide radicals.
Consequently, hydrogen peroxide and
hydroxyl radicals are, also,
generated®”. Thus, in the present
study elevated pancreatic tissue levels
of MDA may be caused by STZ,
which increases oxidative activity.
Moreover, the lipid content of
cell membranes seems to be disrupted
by diabetes as proved by increased
non-enzymatic glycation, lipid
peroxidation and cholesterol/
phospholipid  ratio Increased
glycation of collagen and plasma
proteins in diabetes may stimulate the
oxidation of lipids, which in turn may
stimulate auto-oxidative reactions of
sugars enhancing damage to both
lipids and proteins in the circulation
and continuing the cycle of oxidative

(28)

In the current study, melatonin
treatment was successful in reducing
pancreatic and liver MDA levels in
STZ-diabetic rats which came in

accordance with other studies®"?V.

Melatonin eliminates oxygen free
radicals, such as hydroxyl radicals,
singlet oxygen, hydrogen peroxide,
peroxyl radicals and hypochlorous
acid, through its direct scavenging
action®?. Finally, it was reported that
the protective effects of melatonin
against B-cell damage may be related
to the interference with DNA damage
and polyADP-ribosylation?.

AOPPs have begun to attract the
attention of various investigators.
AOPPs levels correlated  with
concentrations of di-tyrosine and
advanced glycation end products as
indices of oxidant-mediated protein
damage®™.

In the present study, it was found
that AOPP was significantly higher in
plasma of wuntreated diabetic rats
compared with either control rats or
those of melatonin treated diabetic
rats. These results came in agreement
with those of Kalousova et al®.
Witko-Sarsat et al”  reported
increased levels of AOPP in
hemodialyzed  patients without
differences between diabetics and
non-diabetics, but they did not find
any change in AOPP in diabetic
patients with normal renal function. In
the present study, there was no
significant difference in plasma
AOPPs level between melatonin
treated diabetic group and control
group and this finding indicated that
melatonin could decrease AOPP
formation and this came in accordance
with the studies of Eskiocak et al®
and Tutunculer et al®®. Endogenous
antioxidant  enzymes  superoxide
dismutase (SOD), catalase (CAT) and
glutathione peroxidase (GPx) are
responsible for the detoxification of
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deleterious oxygen radicals®®. Piconi
et al®”, mentioned that in diabetes,
overproduction of ROS can lead to a
decrease in cell antioxidant defenses
manifested as a fall in the
concentration of a single antioxidant
molecule or by a fall in the total
antioxidant status. In the present study
pancreatic ~ GPx  activity  was
significantly lower in pancreatic
homogenates of untreated diabetic rats
as compared with control rats and
diabetic rats treated with melatonin
and this came in agreement with
results of Yavuz et al¥ and Wolf et
al®® who stated that glycation of
antioxidant  enzymes  due  to
hyperglycemia may be responsible for
the reduction in GPx activity. Also,
Kashiwagi et al® stated that the
elevation of glucose concentration
reduces the activity of GPx, leading to
an accumulation of H,0,. H,0,
catabolism leads to the formation of
the superoxide radical anion, while the
decrease  in  plasma  glucose
concentration causes the activation of
the pentose phosphate pathway,
inactivation of the sorbitol pathway
and consequently, an increase in the
NADPH level which is a cofactor
required for the resynthesis of GSH
which regulates the GPx activity.
Furthermore, Andallu et al“” and
Bhatia et al“’ reported that the
decreased activities of SOD, CAT and
GPx in diabetic rats could be due to
increased utilization for scavenging
free radicals. In contrast, Kakkar et
al“?  stated that the GPx enzyme
presented higher activity in pancreas
and kidneys of STZ induced diabetic
animals and SOD activity was
increased in liver, heart and pancreas.
These results may be due to

differences in the adaptive responses
of tissues to the diabetic process.
Moreover, there are time-course
changes in antioxidant enzymes in the
same tissue. In the case of excessive
production of ROS, endogenous
protective mechanisms may not be
sufficient to limit ROS and the
damages they cause. To maintain the
balance between oxidative and anti-
oxidative process and to avert
oxidative stress, an external source of
the antioxidant protection system is
consequently crucial®. In the present
study, melatonin treatment of diabetic
rats induced an increase in GPx
activity in pancreatic tissues to the
levels near to those of control rats and
this came in accordance with previous
studies“**®. Moreover, melatonin was
shown to stimulate gamma-glutamyl
cysteine synthetase “7, the rate-
limiting enzyme in GSH synthesis, as
well as recycling of GSH in the cell.
Thus, melatonin has an important role
in maintaining that crucial antioxidant
in the liver and increasing the
antioxidant capacity of hepatocytes“?.
In the current study it was found that
hepatic GPx activity was not
significantly different in the studied
groups and this came in accordance
with the result of Maritim et al“”. As
regards plasma PONI activity, it was
significantly lower in diabetic rats
compared with the control rats and
melatonin  treated diabetic rats.
Decreased serum PON1 activity might
be related to increased lipid peroxide
levels and/or glycation of HDL which
may increase its turnover and reduce
its efficiency. In addition, Abbott et
al®” and Inoue et al®" reported that
there are some inhibitors against
PONI activity in circulating blood of
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diabetic patients such as glycosylated
proteins or disturbance of the
interaction of PON with HDL
affecting its activity. It was reported
previously that PONI activity was
reduced in  several situations
associated with oxidative stress
including,  diabetes®,  familial
hypercholesterolemia and coronary
artery disease"”. This led to the
hypothesis that PON in some way is
involved in the development of
atherosclerosis.

Furthermore, it was found that
PON may be important in hydrolyzing
the toxic  lipid esters, e.g.
lysophosphatidyl choline produced
during the oxidation of LDL, thought
to be the initiating stage of
atherosclerosis®?.

In diabetes, oxidative
modification of circulating LDL has
been demonstrated. Low HDL-PON
activity in diabetes may share in the
increase in  toxic lipid ester
accumulation. It could, therefore, be a
factor in the accelerated atherogenesis
of diabetes. These findings indicate
the intriguing possibility that diabetic
atheroma and/or neuropathy may have
a partial basis in changes in esterase
activity®?,

In the present study, there was no
significant difference as regards
PONI1 activity between melatonin
treated diabetic rats and control rats
and this came in accordance with the
finding of Topsakal et al®” who
reported that melatonin may play a
role in increasing the reduced PON
concentrations by improving the
glucose metabolism and/or oxidative
stress. As regards the correlations
between different studied parameters
in the diabetic groups (with or without

melatonin injection), plasma glucose
level positively correlated with MDA
level and this agrees with the study of
Jachec et al®®. Komosinska-Vassev
et al®® found that there was negative
correlation between plasma glucose
concentration and GPx activity and
this came in accordance with the
current study.

Lipid peroxidation is one of the
characteristic features of chronic
diabetes and may bring about protein
damage and  inactivation of
membrane-bound enzymes either
through direct attack by free radicals
or through chemical modification by
its end products such as MDA and
thus the current study revealed that
there was positive correlation between
MDA level and AOPP level and this
agrees with that reported by
Halliwell®”.

Levy et al® reported that GPx
has been known to inactivate lipid
peroxidation reactions and thus
increased GPx activity results in
decreased MDA level and that
negative  correlation came in
accordance with the present study®®.
Because = PONI1  inhibits lipid
peroxidation in lipoproteins and
tissues, this might be another
contributing factor for the decreased
tissue MDA levels observed in the
present study® together with the
negative correlation found between
MDA and PONI1 activity which came
in accordance with Isik et al®®. Also,
Genc et al” reported that PON
inactivation might result from an
interaction of oxidized proteins as
AOPP with PON active thiol group
and assessed the capability of PON to
maintain redox status of proteins and
this explain the negative correlation
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between PON activity and AOPP
level in the present study.

As regards the histological
results, they are going with the
laboratory data, as in group II, STZ-
induced diabetic rats, the hepatic cells
were markedly hypertrophied and
vacuolated with few necrotic areas.
Heavy cellular infiltration was, also,
noticed in the portal area (Fig.1B and
C). These findings are in agreement
with those of Lenk et al®” who found
that the hepatocytes of STZ-induced
diabetic mice showed hypertrophy and
autophagic vacuoles, these changes
were prevented by insulin
administration, indicating that these
effects were caused by insulin
deficiency and not by STZ toxicity.
However, Kume et al®® stated that
many of the hepatic alteration
including histopathological and gene
expression changes are induced by
direct effect of STZ rather than by the
secondary effect of the hyperglycemia
or hypoinsulinemia. The present
results were, also, in agreement with
those of Guven et al® who
demonstrated hepatic lesions,
including disorganized hepatocytes
with degenerated cytoplasmic
organelles and vacuoles. Moreover,
they observed inflammation in the
portal areas and focal necrosis in STZ-
induced diabetic rats.

Melatonin was reported to exhibit
a wide variety of biological effects,
including antioxidant, anti-
inflammatory and can prevent the
tissue damage and fibrosis™>'"**¥. The
protective effect of melatonin was
demonstrated histologically, as most
of the hepatocytes appeared more or
less normal and the inflammation was
markedly decreased in comparison to

the second group. This was in
accordance with the result of Guven
et al® who mentioned that although
melatonin had a preventive effect on
STZ-induced diabetic rat liver
damage, focal necrosis was permanent
in several of the melatonin treated
diabetic rats. They added that the
administration of melatonin prevented
STZ-induced diabetic hepatic
dysfunction and inhibited the
generation of free radicals and
accumulation of neutrophils in the
damaged hepatic tissue, and these
agents appear to play a cytoprotective
role in the liver insulted by STZ
induced diabetes. These findings were
supported by those of Molpeceres et
al® who detected liver apoptotic cell
death induced by ROS, and the anti-
apoptotic  action  provided by
melatonin ~ was  related to its
antioxidant effect. Also, melatonin has
free radical-scavenging and
antioxidant properties in tissues and
preserve both liver function and
structure  during  ischemia and
reperfusion injury®®”).  Anwer et
al®” indicated the role of oxidative
stress in the degeneration of
pancreatic beta-cells and induction of
diabetes in STZ treated rats and that
antioxidant treatment is beneficial in
diabetic rats, and in diseases
associated with oxidative stress.

Finally, evidence is presented that
the reversal of established lesions of
diabetic liver is possible.

So, in conclusion, melatonin
might be used as a supportive
therapeutic agent in uncontrolled
diabetes to improve the condition of
oxidative stress associated with
diabetes and to elevate the activity of
endogenous antioxidant system. This
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can at least decrease or delay the
diabetic complications. Also, chronic
administration of melatonin reduced
liver injury in STZ-induced diabetic
rats and thus it may provide a useful
therapeutic option in humans to
reduce oxidative stress and the
associated hepatic injury in diabetic
patients.
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