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ABSTRACT
Objective: Diabetes mellitus (DM) is accompanied by decrease in activity of glucose-6-phosphate dehydrogenase (G6PDH), an important enzyme for
reduced glutathione (GSH) generation. The aim of this work was to investigate curcumin effect on G6PDH activity and the possible consequences on
oxidative stress produced by streptozotocin (STZ) injection.
Methods: Male rats were divided into 6 groups: Group I: control given vehicle; group II: STZ-induced diabetic rats; group III & IV: given curcumin
p.o. (50 and 300 mg/kg, respectively); group V & VI: diabetic rats given curcumin p.o. (50 and 300 mg/kg, respectively). Glycemic indices (glucose,
insulin and glycated hemoglobin) levels were determined. Pancreatic G6PDH activity, GSH, malondialdehyde (MDA) and caspase-3 concentrations
were measured and histopathological examination was performed.
Results: STZ administration resulted in significant increase in blood glucose and glycated hemoglobin levels and significant decrease in insulin
activity level. G6PDH activity and GSH were suppressed significantly in diabetic rats. Pancreatic MDA and caspase-3 levels increased. Treatment
with both doses of curcumin restored glycemic indices, increased pancreatic G6PDH activity and GSH level. It also decreased MDA, caspase-3
content and improved pancreas architecture.
Conclusion: These findings suggest that curcumin has a palliative effect on DM through its antiapoptotic effect and augmentation of G6PDH activity
leading to oxidative stress suppression.
Keywords: STZ, Diabetes Mellitus, Curcumin, G6PDH, Caspase-3, Oxidative stress.

INTRODUCTION
Diabetes mellitus "DM" is characterized by hyperglycemia, abnormal
lipid and protein metabolism along with specific long term
complications, in particular, macro- and microangiopathy. These
pathophysiological complications are often responsible for a
decreased quality of life in diabetic patients [1]. Hyperglycemia
induces a series of cellular events that increase the production of
reactive oxygen species "ROS" [2].
In animal models of diabetes, antioxidant defense capacities were
diminished in certain tissues [3]. Oxidative stress is characterized by
an increased concentration of oxygen-derived products that provoke
irreversible cell injury in cells of liver, kidney, brain, lung, skeletal
muscle, heart muscle, adrenal gland, pituitary gland and pancreas
[4]. β-cells are particularly vulnerable to ROS cytotoxicity, which has
been attributed to relatively low levels of antioxidant enzymes in the
islets [5-7]. The major components of the antioxidant system are
catalase, superoxide dismutases "SODs", glutathione system, and
glucose-6-phosphate dehydrogenase "G6PDH". In all tissues, hexose
monophosphate "HMP" shunt is important in host defense
mechanisms against oxidative stress [8], and toxicity of high glucose
concentrations in DM, which may be associated with apoptosis [9].
G6PDH, the rate limiting enzyme in the HMP shunt, is important for
generation of reduced glutathione "GSH", the key product in the
control of oxidative stress [10]. Studies had shown that G6PDH is the
major source of NADPH for the antioxidant system and other critical
enzymes [11-14]. Hyperglycemia, diabetes and HMP shunt inhibition
decrease G6PDH activity. As a result, NADPH level will impair entire
antioxidant system leading to oxidative damage, organ damage [1517] and cellular (e.g. β-cell) dysfunction [18].
Apoptosis is important for physiological development and
homeostasis of an organism during embryogenesis and through
adulthood [19]. Oxidative damage is the initial event, followed by
inflammation and apoptosis [20]. Apoptosis in islets of Langerhans
is thought to play a crucial role in manifestation of both type 1 and 2
diabetes, leading to a progressive decline in β-cells function. No
definitive causes for loss of β- cells have been determined, but it is
likely that chronic exposure to elevated blood glucose contributes to
decreased β-cell survival [21], thus reduced capacity to produce
insulin. A clinical study, gave new and convincing data indicating

that increased apoptosis rather than decreased neogenesis or
replication may be the main mechanism leading to reduced β-cell
mass in type 2 lean and obese diabetics [22]. Various herbal extracts
are known to possess antioxidant properties. Curcumin, a dietary
yellow pigment isolated from dried rhizome of Curcuma longa Linn,
is the major component of turmeric, used as a spice, food
preservative and a colouring agent. It is a rich source of beneficial
phenolic compounds (curcuminoids) [23]. Its anti-oxidant and antiinflammatory properties have been well documented by previous
studies [24-27]. However, its effect, especially on diabetes-induced
vascular O2●- production, needs more clarification. All of these data
led to the ypothesis that high-glucose-mediated decrease in G6PDH
would lead to impaired β-cell function and cell death. Our aim was to
investigate this issue and point out the role of curcumin in
improvement of diabetic state by: improving G6PDH level, thus
decreasing oxidative stress and apoptosis.
MATERIALS AND METHODS
Drugs and chemicals
Curcumin, streptozotocin (STZ) and the chemicals required for all
biochemical assays were analytical grade obtained from SigmaAldrich Chemicals Co., St. Louis, USA.
Animals Preparation and Design
Male Sprague–Dawley rats weighing 140–160 gm, selected for this
study were obtained from the institutional breeding house, Egypt.
All animals were kept in controlled environment (humidity,
temperature and alternating 12-hrs light/dark cycle) for a week for
acclimatization, with free access to standard pelleted diet and
drinking water ad libitum. The protocol of the study was approved
by the Animal Ethics Committee of Faculty of Pharmacy, Helwan
University on 11/4/2012. The study was conducted in accordance
with EC Directive 86/609/EEC for animal experiments.
Induction of Experimental Diabetes
Diabetes was induced in overnight fasted rats with a single i.p.
injection of "STZ" (65 mg/kg) freshly dissolved in citrate buffer
(0.01 M, pH 4.5) [28]. Control rats received citrate buffer instead.
Animals showing blood glucose level ≥ 200 mg/dl after 48 hours
were included in the experiment [15].
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Blood glucose was measured using glucometer (Gluco Dr
Sensor, All Medicus Co., Ltd, Anyang, Gyeonggi, Korea).
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Experimental Design
Sixty rats were used in this study. Rats were divided into six groups
(10 rats each). Group I: served as normal healthy control rats, Group
II: STZ-induced diabetic rats. Group III & IV: normal healthy rats,
given orally aqueous curcumin suspensions of two different doses
50 and 300 mg/kg respectively. A low and a high dose of curcumin
were selected, based on previous studies [29-30] (in an attempt to
test the dose dependant effect of curcumin). Group V & VI: Diabetic
rats orally given aqueous curcumin suspensions (50 mg/kg & 300
mg/kg respectively). All groups were treated for 30 days, after those
animals were fasted over night, weighted and blood was then
collected by retroorbital puncture. Serum was separated. Animals
were first anesthetized, then sacrificed by cervical dislocation. The
pancreas was rapidly removed on ice, rinsed using ice-cold saline. A
part was homogenized in chilled phosphate buffer saline (0.1 M PBS,
pH 7.4), centrifuged at 12,000 rpm, for 30 min at 4ºC [31], and
supernatants were stored at −70 °C until biochemical assays were
performed. The other part of pancreas was stored in 10% neutral
buffered formalin for histopathological studies.
Biochemical Assays
Glycemic indices
Serum fasting blood glucose level "FBGL"
FBGL was determined spectrophotometrically by hexokinaseglucose-6-phosphate dehygrogenase method [32] using Greiner
Diagnostic GmbH kit (Bahlingen, Germany).
Serum insulin activity level
It was determined using ELISA following the protocol given by the
manufacturer (DRG diagnostics, Marburg, Germany).
Glycated hemoglobin "HbA1c" level
The HbA1c was measured in whole blood with ion-exchange highperformance liquid chromatography fully automated system with
Bio-Rad D-10 hemoglobin testing system (Bio-Rad Laboratories,
Hercules, CA), intended for the percent determination of HbA1c in
whole blood using HPLC technique according to Jeppsson et al., [33].
Parameters measured in pancreas tissues
Determination of lipid peroxides level

then embedded in paraffin wax blocks. Sections were stained with
hematoxylin and eosin stain and then examined under light
microscope for determination of pathophysiological changes [38].
Statistics
All data were expressed as mean ± SEM for 10 rats in each group.
Statistical analysis was carried out by one-way analysis of variance
(ANOVA) followed by Tukey-Kramer post-hoc test for multiple
comparisons using GraphPad Instat (Graph software Inc., V 3.05, Ralf
Stahlman, Purdue Univ.). P<0.05 was considered statistically
significant. Appropriate graphs were plotted using GraphPad Prism
5 (Graphpad software Inc., V 5.01, USA).
RESULTS
Body weight
Initial (at the beginning of experiment) and final (before sacrificing)
body weights are represented in table (1). At the beginning of the
study, it was found that there was no significant difference between
all the studied groups (p> 0.05). At the end, only group II showed
significant decrease in body weight compared to group I (p< 0.01).
Animals treated with low (50 mg/kg) or high (300 mg/kg) doses of
curcumin (group III and IV) didn’t show any significant difference
compared to group I (p> 0.05). Body weight of group VI increased
significantly compared to group II (p< 0.01). Similarly, low dose of
curcumin (group V) raised body weight of diabetic animals
compared to group II, though this difference was not statistically
significant (p> 0.05).
Table 1 : Initial and final body weight of rats in différent studied
groups.
Groups
Group I
Group II
Group III
Group IV
Group V
Group VI

Initial weight (gm)
0 day
143.44 ± 8.37
140.66 ± 10.02
142.66 ± 5
141.22 ± 3.1
139.12 ± 3.35
144.6 ± 7.8

Final weight (gm)
39 day
228.77 ± 7.73
154 ± 9.04 a
256.42 ± 8.1 b
210.37 ± 8. 6 b,c
193± 11.8c
223.6±21.8 b

Results are expressed as mean ± SEM (n=10 in each group).
Group I: control, Group II: diabetics, Group III: given 50 mg/kg
curcumin, Group IV: given 50 mg/kg curcumin, Group V: diabetics
given 50 mg/kg curcumin, Group VI: diabetics given 300 mg/kg
curcumin.

Measurement of lipid peroxides in the homogenate was determined
by measuring malondialdehyde "MDA" level in pancreas
homogenates [34]. Values were expressed as n mol/g tissue.

a: significantly different from group I at P<0.01

Determination of tissue protein content

c: significantly different from group III at P<0.01

It was estimated by the method of Lowry et al., [35] using bovine
serum albumin (BSA) as the standard.

Glycemic indices of studied groups

Determination of GSH
GSH content in pancreatic homogenates was assayed by its reaction
with dithiobis-2-nitro-benzoic acid (DTNB) (Ellman’s reagent)
following the method of Ellman [36] and the absorbance was
recorded at 412 nm. The values were expressed as micromol/g
tissue..
Determination of pancreatic G6PDH activity
It was carried out according to standard protocol [37].
Determination of pancreatic caspase-3 content
Caspase-3 content was determined using ELISA kit according to
manufacturer instructions (Cusabio biotech, Hubei province,
China).
Histopathological examination
Pancreas tissues were excised from sacrificed animals. Five µm
thickness slices were cut, fixed in 10% neutral buffer formalin, and

b: significantly different from group II at P<0.01

Results of glycemic indices are shown in table (2).
FBGL Treatment of rats (group II) with a single dose of STZ (65
mg/kg, i.p) led to increase in serum glucose level by 2.76 folds
compared to control rats (p< 0.05). Group III and IV didn’t differ
significantly from group I (p> 0.05). Treated diabetic rats with both
curcumin doses decreased serum glucose level significantly
compared to group II (p< 0.05).
HbA1c Similarly, HbA1c increased significantly by two folds in
group II compared to group I (p< 0.05). Group III and IV didn’t differ
significantly from group I (p> 0.05), while group VI but not group V,
showed significant decrease in HbA1c level compared to group II (p<
0.05, p> 0.05 respectively).
Serum insulin level
It showed significant decrease in group II compared to group I (p<
0.05). Group III and IV didn’t show a significant change in serum
insulin level compared to group I (p> 0.05). Groups V and VI showed
significant increase in the plasma insulin level compared to group II
(p< 0.05).
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Table 2: Glycemic Indices of Studied Groups
Groups

Glucose
(mg/ dl)

Insulin
(µIU/ ml)

Group I
Group II
Group III
Group IV
Group V
Group VI

97.14 ± 7.2
268.60 ± 47.8 a
96.82 ± 8.5 b
105.28 ± 10.1 b
132.48 ± 24.5 b
127.81 ± 32.9 b

6.5 ± 0.59
0.41 ± 0.03 a
4.85 ± 0.5 b
6.99 ± 0.56 b,c
2.64 ± 0.03a,b,c,d
3.34 ± 0.31 a,b,d

Glycated
Hemoglobin
(pg%)
3.15 ± 0.13
6.1 ±0.4 a
4.12 ± 0.08 b
4.3 ± 0.08 b
5.24 ± 0.25 a,c
4.34 ±0.5

Results are expressed as mean ± SEM (n=10 in each group).
Group I: control, Group II: diabetics, Group III: given 50 mg/kg
curcumin, Group IV: given 50 mg/kg curcumin, Group V:
diabetics given 50 mg/kg curcumin, Group VI: diabetics given
300 mg/kg curcumin.
a: significantly different from group I at P<0.05
b: significantly different from group II at P<0.05
c: significantly different from group III at P<0.05
d: significantly different from group IV at P<0.05
Parameters measured in pancreatic tissues

Group I: control, Group II: diabetics, Group III: given 50 mg/kg
curcumin, Group IV: given 50 mg/kg curcumin, Group V:
diabetics given 50 mg/kg curcumin, Group VI: diabetics given
300 mg/kg curcumin.
a: significantly different from group I at P<0.05.
b: significantly different from group II at P<0.05.
c: significantly different from group III at P<0.05.
G6PDH activity
Group II showed significant decreased in G6PDH activity
compared to group I (p< 0.05). Group III showed statistically
significant elevation in G6PDH activity compared to group I,
though this was not statistically significant when compared to
group II (p< 0.05, p> 0.05 respectively).
Concerning group IV, G6PDH activity found to be slightly lower
with no statistical significance from group I (p> 0.05). Both
group V and VI restored G6PDH activity (figure 1c).
Caspase-3 level: It was found to be significantly elevated in group II
compared to group I (p< 0.05). Group III & IV didn’t induce a
significant change compared to control group, while in group V and
VI, pancreatic caspase-3 content was reduced significantly compared
to group II at p> 0.05, p< 0.05 respectively (figure 2).

MDA content
A significantly increased level of MDA was shown in diabetic
group compared to control (p< 0.05). Group III and IV didn’t
induce a significant change in MDA content compared to group I
(p> 0.05), but group V and VI reduced lipid peroxidation induced
by STZ, with a more prominent effect produced in group VI at p<
0.05 (figure 1a).
GSH level
It was found to be significantly lower in group II compared to group
I (p< 0.05). In group III, it was significantly higher than group I and II
(p< 0.05), while in group IV, it didn’t differ significantly from group I
(p> 0.05).
Group V and VI showed significantly raised GSH level compared to
group II at p< 0.05 (figure 1b).

Fig. 2: Caspase-3 content of pancreatic tissues.
Results are expressed as mean ± SEM (n=10 in each group).
Group I: control, Group II: diabetics, Group III: given 50 mg/kg
curcumin, Group IV: given 50 mg/kg curcumin, Group V:
diabetics given 50 mg/kg curcumin, Group VI: diabetics given
300 mg/kg curcumin.
a: significantly different from group I at P<0.05.
b: significantly different from group II at P<0.05.
Histopathology of pancreas
Pancreas histopathological features of control, group III, and IV
showed no histopathological changes with normal architecture
(Figure 3 a, d and e, respectively). Pancreas of diabetic rats showed
vacuolations and necrosis of β-cells of islets of Langhan’s as well as
interacinar inflammatory cells infiltration (Figure 3 b and c,
respectively). Pancreas of rats from group V and VI showed
vacuolations of β-cells (Figure 3f and g, respectively). In addition, βcells in group VI showed hyperplasia.
Original magnification, x 400

Fig. 1: Parameters measured in pancreatic tissues.
Results are expressed as mean ± SEM (n=10 in each group): (a)
MDA content in nmol/mg protein. (b) GSH level in µmol/g
protein. (c) G6PDH activity in U/g protein.

(a): Group I (control), showing no histopathological changes; (b):
Group II (diabetic rat) showing vacuolations and necrosis of β-cells
of islets of Langhan’s; (c): Group II (diabetic rat) showing interacinar
inflammatory β-cells infiltration; (d): Group III showing no
histopathological changes; (e): Group IV showing no
histopathological changes; (f): Group V showing vacuolations of βcells of islets of Langhan’s; (g): Group VI showing vacuolations and
hyperplasia of β-cells of islets of Langhan’s.
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according to previous finding that hypoglycemic potential of
curcumin is dose dependent [29, 31, 44].
There is evidence for increased levels of circulating ROS in diabetics,
as indirectly inferred by the findings of increased lipid peroxidation
and decreased antioxidant status [46].
STZ is a NO donor. During intracellular metabolization, STZ liberates NO,
which, in combination with ROS, produces many reactive intermediates,
causing increased expression of proinflammatory cytokines [47].
The pancreas has been reported as the organ with the lowest levels of
antioxidant enzymes; consequently, pancreatic β-cells are exceptionally
vulnerable to detrimental actions of oxidative stress [7].
Previous reports came in agreement with our study showing that
single dose of STZ induced oxidative stress, where lipid peroxidation
was elevated by 4 folds in diabetic rats. Administration of both doses
of curcumin to diabetic rats reduced lipid peroxidation, with a more
prominent effect produced by 300 mg/kg being an antioxidant,
curcumin could scavenge ROS and thereby prevent pancreatic
oxidative and nitrosative stress, altered enzymatic and non
enzymatic antioxidant defenses, under hyperglycemia [31].

Fig. 3: Hematoxilin- and Eosin- stained sections of pancreas
showing the effect of curcumin on histological changes induced
by STZ.
DISCUSSION
DM is a complex metabolic disease caused by impairment of insulin
signaling, pathways, and the defect usually results from pancreatic
β-cell deficiency and/or a deficiency of insulin [39].
Recent studies have shown that compounds with antioxidant
properties may be effective in treating DM. Scientists are in search of
easily available, inexpensive therapeutics, having minimum side
effects for better treatment [31]. Indeed, many in vivo and in vitro
studies have shown that treatments targeting oxidative stress
improve both β-cell function and survival [21, 40].

In line, administration of curcumin for 28 days to STZ (multiple low
doses) induced diabetic rats blunted the mounting MDA level in
pancreas [45]. Similarly, administration of curcumin (0.08, 1 gm/kg) to
alloxan induced diabetic rats' reduced oxidative stress encountered by
diabetic rats, demonstrated by lower levels of TBARS [41].
In this study, reduced GSH level was significantly lowered in diabetic
rats. Rats receiving the higher dose of curcumin produce no
significant difference from neither control nor diabetics.
Surprisingly, lower dose of curcumin caused prominent elevation in
GSH content, even more than the higher dose by 1.62 and 1.875
folds, respectively. Treatment of the diabetic rats with both doses of
curcumin significantly raised GSH level. Interestingly, the effect was
dose dependant in accordance with Arun and Nalini who reported
that GSH levels were lowered in diabetic rats, and brought near
normal on treatment with curcumin [41]. Insulin is known to play
important roles in regulation of lipogenic enzymes (Malic enzyme
and G6PDH). Therefore, G6PDH activity is decreased in diabetic
animals [48]. G6PDH is the predominant source for cellular NADPH
defense against oxidative stress [49].

Since ancient times herbal medicines have been used in the
treatment of DM and its complications. In many studies, curcumin
has been claimed to have a wide range of effects; antihepatotoxic,
anti-inflammatory,
hypocholesterolemic,
choleretic
and
hydrocholagogic with phytonutrient and bioprotective properties.
Curcumin also has a beneficial effect on blood sugar in diabetic
rabbits [41]. We aimed in this work to evaluate the potential value of
oral curcumin against oxidative stress and apoptosis produced by
STZ-induced diabetes in rats.

A former study reported that intracellular glucose burden decreased
activities of antioxidant enzymes (SOD, GPx, and G6PDH) and GSH,
along with increased lipid peroxidation [31].

In our study, comparing animals' body weight before and after
commence of experiment, showed that STZ-induced diabetes
resulted in a significant decrease in body weight with respect to
control group, which was in accordance with previous reports [4244], and in line with Manna et al., who reported that hyperglycemia
caused loss in body weight [31]. Treatment of diabetic rats with 300
mg/kg curcumin reversed the weight loss observed in diabetic
group, while treatment with 50 mg/kg curcumin had no marked
effect on body weight. A former study reported that treatment with a
nearly similar dose (40 mg/kg) slightly reversed the weight loss
observed in diabetic group [45]. This may be due to the dose
dependant effect of curcumin.

Inhibition of glutathione synthesis in islets decreases insulin gene
expression, and inhibition of G6PDH enhances apoptosis induced by ROS
in β-cells. This may predispose to β-cell dysfunction [50]. The response
of different tissues to oxidative stress during hyperglycemia involves
GSH consumption, and the reduction in its concentration has been
considered as an indirect indication of tissue oxidative status.

In this study, administration of STZ lowered insulin level, leading to
increase in both FBGL and HbA1c levels by 2.76 and 2 folds,
respectively. Both curcumin doses showed antihyperglycemic effect
on diabetic rats with no marked effect in non diabetic rats, which is
attributed to the elevation observed in insulin levels. Interestingly,
only the high dose of curcumin lowered HbA1c in diabetic rats. The
50 mg/kg curcumin may lower HbA1c after longer duration,

A decrease in G6PDH activity was observed in STZ injected rats. Both
doses of curcumin showed significantly higher G6PDH activity than
that of diabetics (4 folds, 2 folds, respectively), with no statistical
significance from that of control. Treatment of diabetic group with
both doses of curcumin almost restored G6PDH activity to normal
level, with no dose dependent effect.

Our results confirm the hypothesis that GSH regeneration depends
on NADPH availability, as well as, NADPH/NADP+ ratio, which in
turn are regulated by G6PDH activity. G6PDH activity in pancreas
was the main parameter affected by mild hyperglycemia; this
enzyme thus seems to play an essential role in triggering and
development of diabetes [15].
A previous study demonstrated that presence of high glucose
concentration enhances proinflammatory cytokines and STZ
mediated apoptosis of rat pancreatic islet cells in vitro [51]. In
addition, it has been reported that high glucose could increase β-cell
vulnerability to toxic damage by increasing expression of potential
autoantigens on cell membrane surface [52], thus impairment of
insulin secretion and ultimately leads to β-cell apoptosis [50].
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Verzola et al. reported that Bcl-2 family proteins act on
mitochondria to regulate mitochondria-dependent cell death [53].
Activation of caspase-3 is one of the biochemical events that mark
apoptotic changes [19].
To confirm the antiapoptotic role for curcumin against
hyperglycemia, we estimated intracellular caspase-3 activity in
pancreatic homogenate: we observed that caspase-3 level was
significantly elevated in diabetics by 2 folds. Administration of either
doses of curcumin didn’t induce significant change from control,
while treatment of diabetic rats with both doses of curcumin
reduced pancreatic caspase-3 content by one fold more than
diabetics, without dose dependent effect. Our results was in line
with Manna et al., who stated that treatment with curcumin could
attenuate apoptotic cell death by regulating the activation of Bcl-2
family proteins and their effects on the mitochondria dependent cell
death pathway [31], i.e.; curcumin lessened diabetic islets damage
by reducing caspase-3 over activation.
Our results showed that STZ-induced diabetes caused vacuolations
and necrosis of β-cells of Langhan’s islets and interacinar
inflammatory infiltration. Interestingly, treatment 300 mg/kg
curcumin caused β-cells hyperplasia.
In a previous study, it was reported that mild hyperglycemia
induced by STZ with nicotinamide, caused atrophic acini with fatty
infiltration in rats pancreas [54]. In another study, mouse pancreas
subjected to multiple low doses of STZ showed severe reduction in
mass of islets of Langerhans, in addition to necrosis and
inflammation [45]. Pancreatic biopsy of normal and diabetic rats
confirmed that islet cells were destroyed due to effect of STZ in
diabetic rats [42].
Although exact mechanisms underlying the antidiabetic action of
curcumin remain unknown, it has been suggested by other
investigators that curcumin may inhibit hepatic glucose output
and/or stimulate insulin secretion from pancreas [55], which may be
limited by the number of β- cells remaining. Therefore, antidiabetic
effect of curcumin should be further clarified with the understanding
that curcumin supplementation cannot be used as an antidiabetic on
its own [29]. Moreover, it has been reported recently that antidiabetic potential of antioxidants such as curcumin may be
attributed to protection of glucose transporter (GLUT-1) [29].
Albeit, most studies merely sought the potential of curcumin in
preventing diabetes or its complications, rather than an actual
“remedy” after diabetes had already occurred.
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12.
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14.

CONCLUSION
Our results showed that STZ-induced diabetes increased oxidative
stress, decreased G6PDH activity leading to decreased GSH level and
increased MDA pancreatic content. It also enhanced β-cell
inflammation and apoptosis, which led to impaired pancreatic
functions.

15.

Treatment with curcumin provided evidence for pancreatic
protection, and reduced severity of damage induced by STZintoxication through apoptosis reduction as well as enhancement of
antioxidant enzyme G6PDH activity in pancreas. Induction of such
detoxifying enzyme by curcumin suggests its palliative effect against
diabetes and other forms of electrophilic toxicity. However, further
detailed mechanistic studies are required to identify the
mechanism(s) by which curcumin affects G6PDH enzyme activity.
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