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Oxidative Stress Induced by Diabetes Activates Apoptosis in Rat Brain
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Abstract: Diabetes is an increasing worldwide health problem. It is well known that diabetes causes brain
damage. The mechanism by which diabetes increases brain damage 1s still elusive. The objective of this study
was to determine the effects of streptozotocin-induced diabetes on rat bram tissue. Twenty rats were divided
mnto control and experimental groups at random. In experimental ammals diabetes was induced by intraperitoneal
injection of a single 50 mg kg™ dose of streptozotocin while the animals in control group received sodium citrat
buffer. Induction of diabetes with streptozotocin resulted in a statistically significant increase in the glucose
and malondialdehyde levels whereas ascorbic acid concentrations and Total Antioxidant Status (TAS)
decreased significantly m these animals. Compared to the control animals hyperglycemia induced apoptosis
in brain tissue of experimental rats significantly. In conclusion, in streptozotocin induced hyperglycaemia in
diabetic rats leads to oxidative stress and induce apoptosis in brain tissue. In addition, increased rate of
apoptosis might be due to elevated concentrations of reactive oxygen species.
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INTRODUCTION

Diabetes Mellitus (DM) 15 a group of common
metabolic  and  degenerative  diseases  clinically
characterized by a phenotype of increased blood
glucose, decreased insulin secretion and/or resistance
and impairments in carbohydrate, fat and protein
metabolism, with a  varnety of
pathophysiological complications (Rahimi et al., 2005;
Bingol and Kocamis, 2010, Lumimmu-Oliveira ef af., 2010).
DM 1s a sigmficant healthcare concern worldwide that
affects >165 million individuals leading to cardiovascular
disease, nephropathy, retinopathy and widespread
disecase of both the peripheral and central nervous
systems (Maiese ef al., 2007).

Apoptosis or physiological cell death is characteristic

assoclated

of diabetes and have been demonstrated in various
tissues including the cardiovascular system, the retina
and the central nervous system (Feldman ef of., 1997). The
presence of apoptotic neurons in diabetic animals has
been correlated with serum glucose concentraions,
suggesting hyperglycemia as a major factor that enhances
apoptosis (Vincent and Maiese, 1999, Gurpinar et al,
2010). However, little is known about the mechanism by

which hyperglycemia affects neurons (Sharifi et af., 2007).
It has been reported that impairments in memory, leaming
and cogmtion are more common 1n diabetic people than in
nondiabetic ones. Recent studies have proposed that
neuronal apoptosis may also play a significant role in
the pathogenesis of diabetic sensory and autonomic
neuropathies (Reaven ef al., 1990; 11 et al., 2005).

Production of Reactive Oxygene Species (ROS) can
lead to cell mjury through a number of processes that
involve the peroxidation of cellular membrane lipids
(Siu and To, 2002), the peroxidation of docosahexaenoic
acid, a precursor of neuroprotective docosanoids
(Mukherijee et al., 2004) and the oxidation of proteins that
yield protein carbonyl derivatives and mtrotyrosine
(Adams et al, 2001). ROS have been implicated in the
apoptosis of a variety of cell types that involve neurons,
endothelial cells, cardiomyocytes and smooth muscle
cells through multiple cellular pathways (Buttke and
Sandstrom, 1994). Apoptotic cells exibit mternucleosomal
DNA cleavage and this occurred at sites between
nucleosoms, protemn contaimng structures that occur in
chromatin at ~200 bp intervals (Hughes and Cidlowski,
1994).
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The brain is the tissue most vulnerable to oxidative
damage because of its high rate of oxidative metabolic
activity, intensive production of reactive oxygen
metabolites, relatively low antioxidant capacity, low repair
mechanism activity, nonreplicating nature of its neuronal
cells and the high membrane surface to cytoplasm ratio
(Rice-Evans and Burdon, 1993). Polyunsaturated fatty
acids, highly abundant in the brain, serve as a major
biological target for the oxidative damage induced by
ROS. Lipid peroxidation well-established
mechanism of cellular injury and is used as an indicator of
oxidative stress in cells and tissues (Magni et al., 1994;
Yemsey ef al., 2006, Akbay ef al., 2011). Measurement of
Malodialdehyde (MDA) is widely used as an indicator of
lipid peroxidation (Kawase et al., 1989).

Ascorbic acid, also known as vitammin C 1s mvolved in
numerous biological processes meluding scavenging free
radicals to prevent oxidative damage, acting as a cofactor
for reactions such as hydroxylation of proline necessary
for collagen needed for blood vessels and wound healing,
hormone synthesis, iron absorption and immune system
function, among others. Tt serves as a strong reducing
agent by donating electron (s) thus directly neutralizing
ROS and it also acts to recycle the tocopherol radical to
its active, reduced form (Seyrek et al., 2010).

Detection of Total Antioxidant Status (TAS) 1s an
easy and reliable method. All of the antioxidants including
water and lipid soluble vitamins, proteins, lipids,
gluthatione and uric acid are assesed together in this
protocol (Guldiken ef al., 2009). Despite of extensive
mvestigations, the mechanism (s) activating apoptotic
pathways in the diabetic brain have not been completely
understood (L1 et al., 2004). The aim of the present study
was to mvestigate the effects of streptozotocin-induced
diabetes on rat brain tissue.

is a

MATERIALS AND METHODS

All studies on the ammals described i the
current study were reviewed and approved by
University of Adnan Menderes Institutional Amimal
Ethic Committee (Date: 16.06.2009, No: B.30.2. ADU.0.06.
00.00/124-HEK/2009/025).

Animals: Twenty male Sprague-Dawley rats were used in
this study. Rats were randomly divided into two groups,
the control and diabetic groups, each containing ten
animals. All animals were kept in standard rat cages, 5 rats
per cage and housed in an air-conditioned room with
controlled lighting (12 h light/dark). All rats were allowed
free access to water and rat chow.
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Induction of diabetes: At the beginning of the experiment
blood glucose concentrations of all ammals were
determined using a glucometer (Medisense-Optium, TK).
Diabetes was mduced mn overmight fasted experimental
group by a single intraperitoneal injection of
streptozotocin dissolved m citrate buffer (pH 4.5) at a
dose of 50 mg kg™ while the control group was injected
with the citrate buffer alone. To confirm the presence of
hyperglycemia at the end of 3 weeks, blood was collected
from the tip of the tail under light ether anaesthesia and
rats were killed by cervical dislocation. Tf blood glucose in
the tail vein exceeded 250 mg dL™' animals were
considered hyperglycaemic.

Biochemical analyses: The measurement of cytoplasmic
histone-associated DNA fragments after induction of cell
death was performed with the Cell Detection ELISA plus
(Manheim, Germany). Briefly, cytoplasmic lysates from
brain of control and diabetic rats were transfered to a
streptavidin coated plate supplied by the manufacturer.
Plate was read for optical density at 405 nm.

The MDA production and hence lipid peroxidation
was assessed in serum and tissue samples as described
previously (Ohkawa et al, 1979). The end product of
lipid peroxidation formed a coloured product with
thiobarbituric acid measurable at 532 nm (Shimadzu,
UV-1601).

Serum and tissue ascorbic acid was measured by the
Phosphotungstic Acid Method of Kyaw (1978). For
erythrocyte separation, heparimized blood was centrifuged
at 3500 rpm for 10 min to separate the red blood cells
from the plasma. Tissues samples were homogenised in
Phosphat Buffer Saline (PBS) (pH 7.4) and centrifuged at
6000 g for 10 min. Supernatants were used for ascorbic
acid detection.

TAS in brain tissue and serum was measured using
commercial available kit (Rel Assay Diagnostics,
Gaziantep/Turkey) with a microtiter plates and an ELISA
reader (Anthos, 2010, Anthos Labtec Instruments,
Salzburg, Austria). The analyses were carried out
according to the manufacturer’s instructions.

Statistics: The data was analysed using the Student’s
t-test (for Windows Release 12 Standard Version
Copyright® SPSS Inc. 1989-2001) and p<0.05 was
considered as statistically significant.

RESULTS

Brain and serum glucose concentrations, rate of
apoptosis m bram tissue, brain and serum MDA levels as
well as brain and serum TAS of control and diabetic rats
are given in Table 1.
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Table 1: Brain and serum glucose concentrations, rate of apoptosis in brain tissue, brain and serum MDA levels as well as brain and serum TAS of control
and diabetic rats. Results are expressed as means+standard deviations G<+55)

(X8

Parameters Control group (n =10) Experimental group (n=10) p-value
Serum glucose (mg dL™1) 174.20+21.13 3763044065 <0050
Apoptosis rate in brain (Absorbance at 405 nm, 1) 0.33+0.240 0.73+0.390 <0050
Brain MDA (umol g~! protein) 2.97+1.060 3.86+2.830 0,050
Serurn MDA (umol L™ 16.21+2.850 19.3043.460 <0.050
Brain ascorbic acid (g g~ protein) 5.60+1.850 4.07+£0.840 <0.050
Serum ascorbic acid (mg L) 11.28+1.870 6.78£1.970 <0.001
Brain TAS (mmol trolox equivalent g~ protein) 0.54+0.190 0.38+0.080 <0050
Serum TAS (mmol trolox equivalent 171) 3.25+0.420 2.85+0.280 <0.050

Intraperitonal administration of streptozotocin resistance. They highlight the role of ER stress-induced

resulted in a statistically significant increase serum
glucose concentration in diabetic rats (p<<0.05). As shown
in Table 1, the excess concentration of glucose induced
DNA-fragmentation, a hallmark of apoptosis in brain cells
of diabetic rats. Hyperglycemia caused also an mcrease in
MDA levels, an indicator of lipid peroxidation both in
brain tissue and in serum of diabetic rats. In terms of brain
and serum ascorbic acid levels there was a sigmficant
decrease (p<0.05) in diseased animals. Regarding the brain
and serum TAS a statistical significant (p<<0.05) decrease
was observed in diabetic rats.

DISCUSSION

During cellular injury, oxygen free radicals can be
produced in significant quantities during the reduction of
oxygen and ultimately result n oxidative stress with cell
death. ROS consist of oxygen free radicals and other
chemical entities that include superoxide free radicals,
hydrogen peroxide, smglet oxygen, nitric oxide and
peroxynitrite (Chong et al., 2005; Maiese et al., 2007).
Most gpecies are produced at low levels during normal
physiological conditions and are scavenged by
endogenous antioxidant systems that include superoxide
dismutase, glutathione peroxidase, catalase and small
molecule substances such as vitamms C and E
(Chong et al, 2005). Tt is well known that diabetes
stimulates free radical production and thus aggravates
bramn damage.

Diabetes is a metabolic disorder that has been shown
to adversely affect both the central nervous systems and
peripheral nervous system by increasing basal neuronal
apoptosis (Britton et al., 2003; Li et al., 2005). A chronic
degenerative change in the nervous system is one of the
hallmarks of diabetes (Barber ef al., 1998).

Regardless of the diabetes type, highly conserved
intracellular pathways of apoptosis are triggered. These
molecular mediators of P-cell apoptosis and the
intracellular pathways activated. Endoplasmic Reticulum
(ER) stress is increasingly acknowledged as an important
mechanism in the development of diabetes. ER stress 1s
important not only for B-cell loss but also for insulin
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apoptosis in liver and adipose tissue and discuss the
exact interactions between envirommental signals, ER
stress and apoptosis in these organs (Krijnen et al., 2009).

In the present study, researchers demonstrated
that streptozotocin induced hyperglycemia stimulates
oxidative stress in brain tissue and serum of experimental
rats. The observations are consistent with those of other
wvestigators (L1 ef al, 2006) who demonstrated that
activated ROS production in diabetes results in increased
rate of apoptosis.

Ascorbic acid levels in serum were found to be
significantly (p<<0.001) reduced in diabetic animals. This
finding is in line with the reports of earlier investigators
(Maxwell et al., 1997; Samiec ef al., 1998). The reason of
these reduced ascorbic acid levels in experimental animals
is unclear. This might be in part due to the using of
ascorbic acid for elimination of mcreased ROS in
hyperglycemic rats. Tt is a well known fact that ascorbic
acid serves as a strong reducing agent by donating
electron (8) thus directly neutralizing ROS and it also acts
to recycle the tocopherol radical to its active, reduced
form (Bildik et al., 2004). Similarly, tissue ascorbic acid
concentrations in brain of diabetic rats were significantly
(p<0.05) lower than that of controls. This result indicates
that hyperglycemia reduces the supply of ascorbic acid to
the bram. Thus, low levels of tissue ascorbic acid i brain
of diabetic rats may render brain tissue of these animals
particularly at risk for ROS-induced damage.

Once ascorbate has been depleted, the remaining
antioxidants provide only partial protection from ROS
which may interact with lipoproteins and initiate lipid
peroxidation (Magm et al., 1994). The end product of lipid
peroxidation is MDA which is measured conveniently
(Biswas et al., 1995, 1997). Lipid peroxidation causes
damage to biological membranes and nerves and
leads to production of secondary reactive metabolites
(e.g., aldehydes). Other biological targets may be proteins
which can sustain direct damage or chamn reaction
analogues of fatty acids (Stadtman, 1993). As might be
expected, researchers have found that the excess
concentration of glucose induced serum lipid peroxidation
in diabetic rats. Tt is somewaht surprising, however that a
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statisticaly significant increase in MDA levels was
observed in serum but not in brain tissue of diabetic rats.
It 13 well known that cells in brain are particularly sensitive
to ROS (Magmi et al., 1994). Since, polyunsaturated fatty
acids, highly abundant in the brain, serve as a major
biological target for the oxidative damage induced by ROS
(Rice-Evans and Burdon, 1993). The reason of this
relatively moderate increase in MDA levels in bram tissue
of diabetic rats remains to be elucidated.

CONCLUSION

Results of the present study showed that serum and
brain TAS of diabetic rats was significantly lower than
that of controls. Due to the low level of TAS, cells 1n
tissues of diabetic rats could be at greater risk of oxidative
damage than cells in non-diabetic ones (Valko et al.,
2007). Tt is known that oxidative stress represents a
significant mechanism for the destruction of cells that can
mvolve apoptotic cell mjury. Siunilar to this statement,
recent clinical observations suggest that diabetes is
correlated with the erosion of certain brain function such
as impawred performance mn global memory, attention,
abstract reasomng and visual-motor tasks (Ryan and
Geckle, 2000, Martinez-Tellez et al., 2005). Therefore,
consideration of antioxidants in clinical treatment as
adjunct therapy in diabetes could be recommended.
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