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Abstract The aim of the current study was to evaluate the
role of y-amino butyric acid (GABA) in insulin disturbance
and hyperglycemia associated with brain oxidative damage
in streptozotocin-treated rats. Streptozotocin (STZ) was
administered to male albino rats as a single intraperitoneal
dose (60 mg/kg body weight). GABA (200 mg/Kg body
weight/day) was administered daily via gavages during
3 weeks to STZ-treated-rats. Male albino rats Sprague—
Dawley (10 = 2 weeks old; 120 £ 10 g body weight)
were divided into 4 groups of 6 rats and treated in parallel.
(1) Control group: received distilled water, (2) GABA
group: received GABA, (3) STZ group: STZ-treated rats
received distilled water, (4) STZ + GABA group: STZ-
treated rats received GABA. Rats were sacrificed after a
fasting period of 12 h next last dose of GABA. The results
obtained showed that STZ-treatment produced hyper-
glycemia and insulin deficiency (similar to typel Diabetes).
These changes were associated with oxidative damage in
brain tissue and notified by significant decreases of
superoxide dismutase and catalase activities in parallel to
significant increases of malondialdehyde and advanced
oxidation protein products levels. The histopathology
reports also revealed that STZ-treatment produced degen-
eration of pancreatic cells. The administration of GABA to
STZ-treated rats preserved pancreatic tissue with improved
insulin secretion, improved glucose level and minimized
oxidative stress in brain tissues. It could be concluded that
GABA might protect the brain from oxidative stress and
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preserve pancreas tissues with adjusting glucose and
insulin levels in Diabetic rats and might decrease the risk of
neurodegenerative disease in diabetes.
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Introduction

Diabetes mellitus (DM) or simply diabetes is one of the
most frequently occurring chronic diseases worldwide and
one of the leading causes of death and disability [1]. DM
characterized by hyperglycemia resulting from defects in
insulin production and/or insulin action, is generally
associated with organ dysfunction and metabolic distur-
bances [1]. Although the etiology of the disease is not well
defined, increasing evidence in both experimental and
clinical studies suggests that oxidative stress due to auto-
oxidation of glucose and decreased antioxidant defense [2]
have a central role in the onset of DM and its complications
[3, 4]. Recently, many studies have indicated that DM is
also implicated in damage of the central nervous system
(CNS) and induced the brain pathological changes, named
the diabetic encephalopathy, which is a complication of
DM in the CNS characterized by mild cognitive deficits
and neuropathology [5, 6]. Diabetic encephalopathy pre-
sents many symptoms, which can be described as the fea-
tures of brain aging including brain atrophy, reactive
oxygen species (ROS) accumulation, cerebral vasculopa-
thy, and impairment of cognition [7, 8]. Clinical observa-
tion has shown that brain atrophy is more remarkable in
diabetic patients than in age-matched controls [9].
Efficient defense and repair mechanisms exist in living
cells to protect against oxidant species. Superoxide
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dismutase (SOD) catalyzes the reduction of superoxide
anion to H,0,, which is broken down by catalase and
glutathione peroxidase (GSH-Px) [10]. However under
abnormal conditions the antioxidant system may not be
adequate to protect from oxidative stress and metabolic
alterations.

Increased production of ROS can compromise essential
cellular functions, and probably contribute to brain injury
[11]. Some tissues, especially the brain, are much more
vulnerable to oxidative stress because of their elevated
consumption of oxygen and the consequent generation of
large amounts of ROS [12], which are closely implicated in
several diseases of the nervous system including Parkin-
son’s disease, schizophrenia and Alzheimer’s disease [13].
Increasing evidence in both experimental and clinical
studies suggests that free radicals are formed dispropor-
tionately in diabetes by glucose oxidation, nonenzymatic
glycation of proteins, and the subsequent oxidative degra-
dation of glycated proteins associated with impaired
antioxidant defenses [14].

Gamma amino butyric acid (GABA) is considered to be
a multifunctional molecule with various physiological
effects throughout the body. It is the major inhibitory
neurotransmitter in the central nervous system and a
paracrine/autocrine signaling molecule in various periph-
eral tissues [15]. The action of GABA is mediated by
receptors. Three types have been identified: type A
(GABAAR), ionotropic receptor- a hetero-pentameric
ligand-gated C1™ [16], type B (GABAgR) metabotropic
receptor- a heterodimeric G-protein-coupled receptor [17]
and type C (GABA(CR), ionotropic receptor- which is also a
ligand-gated C1~ channel [18]. It is the major inhibitory
neurotransmitter in the central nervous system [19], and is
responsible for 40 % of inhibitory synaptic processing in
the mammalian brain [20]. Still, it can also act as a trophic
factor during nervous system development to influence
events such as proliferation [21], migration, differentiation,
synapse maturation and cell death. GABA mediates these
processes by the activation of traditional ionotropic and
metabotropic receptors, and probably by both synaptic and
non-synaptic mechanisms. The functional properties of
GABA receptor signaling in the immature brain are sig-
nificantly different from, and in some ways opposite to,
those found in the adult brain [22].The presence of GABA
receptors has been identified in a wide variety of non-
neural tissues including the liver [23], the kidney [24], and
the pancreas where it exists at the highest concentration
outside of the central nervous system [25]. In the pancreas,
GABA is localized in synaptic-like micro vesicles in B-
cells in the islets of Langerhans [26]. In view of these
considerations the aim of the current study was to evaluate
the role of GABA in insulin level, and hyperglycemia
associated with brain oxidative stress in STZ-treated rats.
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Materials and Methods
Experimental Animals

Male albino rats Sprague—Dawley (10 £ 2 weeks old;
120 £ 10 g) purchased from the Egyptian Holding Com-
pany for Biological Products and Vaccines (Helwan, Cairo,
Egypt) were used in the current study. Animals were
maintained under standard conditions of ventilation, tem-
perature, humidity, lighting (light/dark: 13 h/11 h) and fed
on standard pellets diet containing all nutritive elements
(proteins, fats, carbohydrates, vitamins, salts and minerals).
Food and water were available ad libitum. For biochemical
analyses animals were sacrificed at 11:00 a.m. &= 1 h. All
animal procedures were performed in accordance with the
Ethics Committee of the National Research Centre con-
formed to the “Guide for the care and use of Laboratory
Animals” published by the National Institutes of Health
(NIH publication No. 85-23, revised 1996).

Streptozotocin Treatment

Streptozotocin (STZ) was purchased from Sigma chemical
company, St. Louis Missouri, USA, in the form of 1 g
vials. Diabetes was induced by administering intraperi-
toneal injection of a freshly prepared solution of STZ
(60 mg/kg BW) in 0.1 M cold citrate buffer (PH 4.5) to the
overnight fasted rats [27]. Since STZ is capable of pro-
ducing fatal hypoglycemia as a result of massive pancreatic
release of insulin, the rats were kept on 5 % glucose for the
next 24 h to prevent hypoglycemia [28]. Blood glucose
levels were monitored using an Accu-check blood glucose
meter (Roche Diagnostics, Basel, Switzerland) in tail vein
blood 72 h after STZ administration. Rats with blood
glucose levels >250 mg/dl were considered diabetics.

Gamma Amino Butyric Acid Treatment

Gamma amino butyric acid (GABA) purchased from
Sigma-Aldrich, St Louis, Missouri, USA in the form of
25 g vials was dissolved in distilled water and administered
to rats daily by gastric gavages at doses of 200 mg/Kg
body weight/day [29] for a period of 3 weeks.

Animal Groups

Rats were divided into 4 groups of 6 rats and treated in
parallel. Control group: administered distilled water during
3 weeks via gavages, GABA group: administered GABA
(200 mg/Kg body weight/day) daily during 3 weeks via
gavages, STZ group: STZ-induced diabetic rats adminis-
tered distilled water daily during 3 weeks via gavages,
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STZ + GABA group: STZ-induced diabetic rats adminis-
tered GABA (200 mg/Kg body weight/day) daily during
3 weeks via gavages.

Biochemical Analysis

At the end of the third week rats were sacrificed after
a fasting period of 12 h next day to the last dose of
GABA. Rats were anaesthetized with light ether;
Blood sample was obtained via heart puncture by
sterilized syringe, brain and pancreas tissues rapidly
excised. A part of the blood was taken on sodium
fluoride to inhibit enolase enzyme and prevent glucose
breakdown and used for the determination of plasma
glucose [30]. Another part was left to coagulate to
obtain serum after centrifugation at 1000g for 15 min.
Brain tissue and pancreas tissue 10 % w/v) were
homogenized in physiological saline using Teflon
homogenizer (Glass-Col, Terre Haute, Ind., USA) and
after centrifugation at 10,000g for 15 min using
refrigerated centrifuge (K3 Centurion Scientific, Ltd,
London, UK) the supernatant was used for the
assessment of oxidative stress.

Chemicals and reagents were purchased from Sigma-
Aldrich, St Louis, MO, USA otherwise mentioned. Mea-
surement of absorbance was performed using a T60 UV/
VIS spectrophotometer, PG instruments, London, UK.

Plasma glucose content was determined using diag-
nostic kit purchased from Diamond, Egypt according to
the method described by Trinder [31], serum insulin level
was determined by a solid phase enzyme linked
immunosorbant assay (ELISA) according to Clark and
Hales [32]. The extent of lipid peroxidation was assayed
as described by Yoshioka et al. [33], based on the
determination of malondialdehyde (MDA) an end product
of lipid peroxidation, which can react with thiobarbituric
acid in acidic medium to yield a pink colored trimethine
complex. Advanced oxidation protein products (AOPPs)
was determined according to the method of Witko-Sarsat
et al. [34] based on the measurement of dityrosine con-
taining cross-linked protein products. Superoxide dismu-
tase activity (SOD) was determined according to the
method of Nishikimi et al. [35]. One unit of SOD activity
defined as the amount of the enzyme causing half the
maximum inhibition of nitro blue tetrazolium reduction.
Catalase activity was determined as described by Sinha
[36] and expressed as umol of H,O, consumed/min/mg
protein. For histopathological investigations, portion of
the pancreas was fixed in 10 % formalin, embedded in
molten paraffin wax and ultra-sectioned (5—6 um thick-
ness), then stained with hematoxylin and eosin and
examined under light microscope [37].

Statistical Analysis

Results are presented as mean = standard deviation (SD).
Groups were compared by one-way analyses of variance
(ANOVA), and post hoc multiple comparisons were done
with LSD test using SPSS/PC software program (version
21; SPSS Inc., Chicago, IL, USA). The degree of change
(percent change) in the present results was illustrated in the
accompanied figures.

Result

The results obtained in the current study revealed that the
administration of gamma amino butyric acid (GABA)
(200 mg/Kg/day) (GABA group) to normal rats for
3 weeks, had no significant effect on glucose and insulin.
Chemical analysis in the brain tissues showed that
superoxide dismutase (SOD) and catalase activities,
malondialdehyde (MDA), and advanced oxidation protein
products (AOPP) were within normal ranges (Tables 1, 2,
3) and also no histolopathogical changes occurred in
pancreas (Fig. 1). The injection of streptozotocin (STZ)
60 mg/kg body weight (STZ group) produced significant
hyperglycemia, hypoinsulinemia (similar to typel Dia-
betes) and provoked oxidative stress notified by signifi-
cant decrease in antioxidant enzymes (SOD and catalase)
associated to a significant increase in oxidant species
(MDA and AOPP) in brain tissues compared to their
respective control values (Tables 1, 2, 3). Also Histo-
logical investigation revealed damage of islets of
Langerhans in STZ group (Fig.2). Administration of
GABA to STZ-induced diabetic rats reduced glucose and
elevates insulin level and reduced oxidative stress in brain
tissues notified by an increase of antioxidant enzyme
activities in brain tissues and decrease of oxidant species
compared to their relative values in diabetic rats not
receiving GABA. Also administration of GABA preserved
pancreas tissue and improved insulin secretion (Fig. 2).

Table 1 Influence of GABA on plasma glucose and serum insulin
levels in different animals groups

Parameters Plasma glucose (mg/dl) Serum insulin (uIU/ml)
Groups

Control 92 £ 6.2 13.00 £ 0.81

GABA 95 +423 12.50 £ 0.65

STZ 268 + 12.9* 4.40 + 0.36"

STZ + GABA 148 £ 12 8.08 £ 0.6

Values are expressed as mean =+ standard deviation (n = 6)

* Significant versus control, " significant versus respective groups not
receiving GABA at P < 0.05
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Table 2 Influence of GABA on antioxidant enzymes in the brain
tissues of different animal groups

Parameters SOD (U/g tissue) Catalase (pmol H,O,
consumed/min/mg protein)/g)
Groups
Control 8.1 +£0.2 60 + 14
GABA 83 +£0.3 65 £ 29
STZ 6.7 +0.9* 19 + 3.3%
STZ + GABA 83 +0.1° 53+ 15°

Values are expressed as mean + standard deviation (n = 6)

* Significant versus control,  significant versus respective groups not
receiving GABA at P < 0.05

Table 3 Influence of GABA on oxidant biomarkers in the brain
tissues of different animal groups

Parameters MDA (nmol/g) AOPP (pumol/l)
Groups
Control 92 £2.6 155 + 2.4
GABA 95+ 19 161 + 1.3
STZ 102 £+ 1.6* 183 £ 3%
STZ + GABA 88 + 1.6° 161 + 3.7°

Values are expressed as mean =+ standard deviation (n = 6)

2 Significant versus control, ® significant versus respective groups not
receiving GABA at P < 0.05

Discussion

Streptozotocin (STZ) an antibiotic produced by Strepto-
myces chromogenes is widely used to induce diabetes. Its
cytotoxic action has been shown to be mediated through
the generation of reactive oxygen species (ROS) causing
degeneration of B cells [38]. In the current study, the

intraperitoneal administration of 60 mg/kg of STZ induced
hyperglycemia associated with hypoinsulinemia (similar to
type 1 DM). Hyperglycemia appears to be a consequence
of insulin deficiency caused by the degeneration of pan-
creatic beta cells and reduced insulin synthesis [28]. In the
current study administration of 60 mg/kg of STZ induced
oxidative stress in brain tissues notified by significant
decrease in antioxidant enzymes associated to a significant
increase in oxidant species in brain tissues compared to
their respective control values with induced degeneration
of pancreatic cells notified by photomicrograph of pancreas
from STZ-treated rat.

Oxidative stress might be attributed to the state of
hyperglycemia [39] and the excessive formation of free
radicals [40]. Glucose oxidation produces an elevation in
voltage gradient across the mitochondrial membrane and
when a critical threshold in voltage gradient is reached,
electron transfer is blocked. The electrons accumulate
causing overproduction of superoxide [41].The excess of
superoxide initiates a cascade of damaging events via the
production of more superoxide, hydrogen peroxide,
hydroxyl radicals, and peroxynitrite, which injure macro-
molecules either at or near the site of their formation [42].
The significant decrease in SOD and catalase activities in
brain tissues might result from inhibition in the synthesis of
antioxidant enzymes [43, 44]. Supporting this postulation
the mRNA expressions of SOD and catalase were reported
to decrease significantly in the liver and pancreas of dia-
betic rats [45-47]. On the other hand the decrease of
antioxidants might result from their increased utilization to
neutralize the excess of free radicals generated in the dia-
betic body.

In the current study the administration of GABA
(200 mg/Kg/day) to normal rats for 3 weeks had no

Fig. 1 a Photomicrograph of pancreas from control rat showing
normal pancreatic acinus with normal pancreatic islets and normal
acinar cell. b Photomicrograph of pancreas from rats given GABA
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showing preservation of pancreatic acinus with normal pancreatic
islets and normal acinar cells. (H&E, x400)
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Fig. 2 a Photomicrograph of pancreas from STZ-treated rat showing
ruptured pancreatic acinus, empty pancreatic acinar cells and
degenerated islets of pancreas (arrow) b Photomicrograph of pancreas

significant effect on glucose, and insulin relative to control
values. Chemical analysis in brain tissues showed that SOD
and catalase activities, and MDA, and AOPP were within
normal ranges with no histopathological changes recorded
in pancreas. The results corroborate previous findings that
the chronic administration of GABA at up to 1 g/kg/day in
rats and dogs was well tolerated without signs of toxicity
for a period of up to 1 year [48].

The administration of GABA (200 mg/Kg/day) daily
during a period of 3 weeks to STZ-treated rats
improved insulin levels, hyperglycemia and signifi-
cantly attenuated oxidative stress in pancreas tissue
supporting that GABA reverses hyperglycemia [49] and
ameliorates impaired glucose metabolism [29], which
could be attributed to the role of GABA in the regen-
eration of pancreatic cells where its interaction with
GABA receptors in islet B-cells produces membrane
depolarization and Ca*" influx, leading to the activation
of PI3-K/Akt—dependent growth and survival pathways,
thus preserving B-cells [50, 51]. Moreover GABA
causes membrane depolarization and enhances insulin
secretion [52]. In addition, the action of GABA on the
GABA receptors in the o-cells suppresses glucagon
secretion [53] and hence reduced glucose level.

The administration of GABA (200 mg/Kg/day) daily
during a period of 3 weeks to STZ-treated rats has signif-
icantly attenuated oxidative stress in brain tissue. This is
identified by the significant elevations in the activity of the
antioxidant enzymes SOD and catalase associated with a
significant reduction in the amount of MDA and AOPP,
compared to their respective levels in rats not receiving
GABA. This may be attributed to the role of GABA in
modulating hyperglycemia as mentioned before and the

from STZ-treated rat given GABA showing regenerated pancreatic
acinus with modulated pancreatic islets. (H&E, x400)

free radicals scavenging activities of GABA [54], and its
effectiveness to inhibit the formation of reactive carbonyl
intermediates, and to react with MDA to form different
conjugated complexes [55]. The results are in agreement
with previous findings that GABA reduces the content of
MDA in the liver and kidney of diabetic rats [29], and
attenuates oxidative stress through increasing SOD and
catalase activities, and decreasing lipid peroxidation [56].

The administration of GABA (200 mg/Kg/day) daily
during a period of 3 weeks to STZ-treated rats restored
the P-cell mass, and rectified histological changes in
pancreatic tissues. The regeneration of B- cell could be
attributed to B-cell proliferation and decrease of apopto-
sis, leading to enhanced fB-cell mass [57, 58]. According
to Soltani et al. [50] in islet B-cells, GABA produces
membrane depolarization and Ca®" influx, leading to the
activation of PI3-K/Akt-dependent growth and survival
pathways (Phosphatidylinositol-3 kinases- Akt) thus pre-
serving B-cells. Furthermore, Prud’homme et al. [58]
show that GABA protects pancreatic islet cells against
apoptosis and exerts anti-inflammatory effects. Attention
to the role of GABA in human health and disease has
been continuously increased following the discovery that
GABA possesses antioxidant and free radicals scavenging
activities [54, 55], and play a significant role in glucose
homeostasis [51, 59].

According to the results obtained in the current study,
the administration of GABA to STZ-treated rats regulates
insulin and glucose levels, minimizes oxidative stress and
reduces the severity of brain and pancreas oxidative dam-
age. It could be concluded that GABA could be a useful
adjunct to reduce the risk of brain oxidative damage in
Diabetes type 1.
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