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The Impact of Vitamin E Supplementation on Urinary Bladder 
Contractility in Streptozotocin-Induced Diabetic Rats
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Abstract
Background: To determine whether vitamin E protects 
streptozotocin-induced diabetic rats from diabetic urinary 
bladder dysfunction and discover its possible mechanism. 
Materials and Methods: A total of 40 rats were randomly 
divided into four groups: a control group (A), a diabetic 
group (B), a group given vitamin Eonly (C), and a diabetic 
group given vitamin E therapy for 8 weeks (D). Diabetes 
was induced in the rats by 65 mg/kg streptozosin (STZ) 
via an intraperitoneal (i.p.) injection. Vitamin E was 
given in a dose of 50 mg/kg/day i.p. Under urethane 
anaesthesia (1.2 g/kg) subcutaneously and decapitation, 
contractile responses to carbachol of detrusor strips in 
all groups were studied in vitro. The levels of nitrite, 
nitrate, malondialdehyde (MDA), glutathione (GSH), 
superoxide dismutase (SOD), catalase (CAT), and 
glutathione peroxidase (GPx) were detected in bladder 
tissues homogenates. Apoptosis studies were performed by 
detection of the levels of caspase 3 and cell death detection. 

Results: The bladder weights were significantly increased 
(p<0.001) in diabetic groups compared to the other studied 
groups. Contractile responses to carbachol increased in the 
diabetic group more than in the other groups (p<0.001). 
Vitamin E improved the contractile responses of group D 
and improved them but still significantly higher than those 
of control group (p < 0.05). Vitamin E treatment decreased 
the tissue MDA, nitrite, nitrate and GSH levels of group D 
which were significantly higher in group B than A and C 
groups (p<0.001). All enzyme activities of group B were 
significantly lower than those of the other groups, although 
they increased significantly in group D but still lower 
than those of A and C groups. However, no significant 
differences were detected between the levels of GPx and 
SOD of group D and those of A and C groups.
Conclusions: These data suggest that vitamin E 
supplementation may be beneficial in delaying the 
progression of diabetic dysfunction in experimental animal 
model.

Corresponding author: Dr. Marwa A Ahmed        Email: m_az_ahmed@yahoo.com       
Published: 01 January 2013 
Ibnosina J Med BS 2013,5(1):4-14
Received: 12 April 2012 
Accepted: 17 August 2012
This article is available from: http://www.ijmbs.org
This is an Open Access article distributed under the terms of the Creative Commons Attribution 3.0 License, which per-
mits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

Department of Physiology, Faculty of Medicine, Assiut University, Egypt

Article published online: 2022-07-07



 Ibnosina Journal of Medicine and Biomedical Sciences (2013)

Ibnosina J Med BS 5

Keywords: Vitamin E, Bladder contractitliy, Diabetes, Rats

Introduction
Bladder dysfunction is one of the most common 
complications of diabetes mellitus (DM) affecting about 
40–80% of diabetic patients. It is characterized by impaired 
bladder sensation, increased bladder capacity, decreased 
bladder contractility and increased residual urine (1). 
Detrusor overactivity is the presence of inappropriate 
spontaneous detrusor contractions whilst the bladder is 
filling, which can lead to urgency, frequency and urinary 
incontinence (2). Detrusor overactivity affects a large 
percentage of the population, but the pathophysiological 
mechanisms involved remain unclear. In humans, 
overactive bladder, as an increase in detrusor smooth 
muscle sensitivity to muscarinic agonists, has been reported 
by several groups (3,4). Diabetic bladder dysfunction or 
diabetic cystopathy, which presents with urodynamically 
abnormal bladder function, is a frequently recognized 
complication of diabetes mellitus (5). Apoptosis may 
be important in the pathophysiology of DM cystopathy. 
However, the mechanism that induces bladder dysfunction 
remains unclear (6).
Animal models of diabetes  exhibit similar dysfunction of 
detrusor muscle to that seen in humans. Thus, in rats with 
diabetes induced by streptozotocin, the detrusor can exhibit 
overactivity and muscarinic receptor supersensitivity 
similar to that observed in the human overactive bladder 
(7). Diabetes-induced cell death has been observed in 
multiple organs in vivo (8). Oxidative stress induced by 
diabetes may play an important role in apoptosis under 
hyperglycemic conditions. Oxidative stress occurs as a 
result of the imbalance between reactive oxygen species 
(ROS) production and their neutralization by antioxidants 
(9).
Experimental studies showed that high-dose thiamine and 
benfotiamine new therapy could prevent incipient diabetic 
nephropathy in rats. Benfotiamine prevents experimental 
diabetic retinopathy as a complication of diabetes (10,11). 
Vitamin E is a well-known dietary antioxidant that can 
eliminate free-radical damage. It may be beneficial for the 
maintenance of good health and disease prevention (12).
The aim of this study is to test for potential protective effects 
of vitamin E on streptozotocin (STZ)-induced diabetic rats 
regarding diabetic bladder dysfunction, and search for the 
possible mechanism by which vitamin E can exert such 
protective effects.

Materials and Methods

Experimental Animals
Forty adult male white albino rats weighing 200-250 
gm were included in the experiment. The animals were 
provided by the Institutional Animal Care, Faculty of 
Medicine, Assiut University. All rats were housed in a room 
with controlled temperature (22°C ± 2°C), humidity (50% 
± 5%), and a 12-hour light/dark cycle and were fed on chow 
and water ad libitum. The experiment was performed after 
a stabilization period of seven days. The Ethics Committee 
of Faculty of Medicine, Assiut University, Egypt, has 
approved the experimental protocol.

Grouping and Diabetes Induction
The rats were randomly divided into 4 groups containing 
10 animals each: Group A: non-diabetic group of rats 
injected with saline as a control group. Group B: Diabetic 
group. Group C: Non diabetic group given vitamin E only 
“Sigma Chemical Co., St. Louis, MO” (13) being injected 
intraperitonealy (i.p.) in a dose of 40 mg/kg/d for 8 weeks. 
Group D:  diabetic rats given vitamin E (40 mg/kg/d i.p.) 
for 8 weeks.
Diabetes was induced by a single intraperitoneal injection 
of streptozotocin STZ  “Sigma Chemical Co., St. Louis, 
MO” (14) in a dose of 65 mg/kg body weight; dissolved 
in 0.01 M citrate buffer, pH 4.5. Plasma glucose levels 
were determined from tail vein blood samples (Gluco 
Dr, All Medicus, Gyeonggi-do, Korea) 2 days after STZ 
administration; Rats with a serum postprandial glucose 
level of 180–300 mg/dl were considered as mildly diabetic 
and were included in the experiment. All rats were kept 
under identical conditions for 8 weeks with free access to 
food and water. Eight weeks after the initial treatment, rats 
were fasted overnight and sacrificed; blood samples were 
then collected for measurement of plasma glucose levels. 

Solutions and drugs
Krebs solution, Streptozotocin, and carbachol were 
purchased from Sigma Chemical Company (St Louis, MO, 
USA). All reagents in this study for analytical grade  were 
obtained from Sigma Chemical Co. (St. Louis, MO, USA).

In vitro organ bath experiment
After urethane anesthesia (1.2 g/kg subcutaneously) and 
decapitation, a lower abdominal midline incision was 
made. The bladder was excised from each animal and 
through a longitudinal incision from the base to the dome 
each bladder was opened up to form a flat sheet. The base 
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and the top of the dome were carefully removed and 3–4 
longitudinal strips, depending on bladder size, were cut 
from the bladder body. Tissues were suspended in 15 ml 
organ baths containing Krebs bicarbonate solution (118.3 
mM NaCl, 11.7 mM D-Glucose, 24.9 mM NaHCO3, 4.7 
mM KCl, 1.15 mM MgSO4, 1.15 mM KH2PO4 and 1.9 mM 
CaCl2) including 5 μM indomethacin (a cyclooxygenase 
inhibitor), maintained at 37 °C and gassed with 95% O2 and 
5% CO2. The strips were placed under 2 g of tension and 
left to equilibrate for one hour and the tension developed by 
the tissues was measured using isometric force transducers 
(Pioden Controls Ltd, UK). Following equilibration for 60 
minutes, a cumulative concentration–response curve to the 
cholinergic receptor agonist carbachol (10_ 8 to 10_ 4 M) was 
obtained. Responses were compared between A, B, C and 
D groups bladder strips (15).

Tissue processing (Bladder Homogenates Preparation)
Wet weight of the bladder tissue samples was measured, 
then the samples were divided into pieces and transferred 
into tubes and homogenized to about 10% in 150 mM KCl 
at 4° C. The homogenates were centrifuged at 3000 rpm for 
15 min, then separated into aliquots and frozen at -80°C 
until used for different biochemical studies.

Nitrite analysis method:
Following centrifugation, 0.25 mL of 0.3 M sodium 
hydroxide (1.2 g NaOH completed to 100 mL with distilled 
water) was added to 0.5 mL of supernatant. After five 
minutes of incubation at room temperature, 0.25 mL 5% 
zinc sulphate was added for deproteinization. The mixture 
was centrifuged for 20 min at 3000 g. One millilitre of 
ethanol (0º C) was added to 0.5 mL supernatant, incubated 
at 0º C for 30 min and then centrifuged at 14 000 g. for 5 
min The final supernatant was used for nitrite determination 
(Sievers Model 280A NOA, Sievers Instruments Inc., 
USA). Standard solutions (25, 50, 75, 100 lM,and one and 
10 mM) from a 100 mM stock solution, obtained by the 
dissolution of 69 mg sodium nitrite in 10 mL deionized 
water, were used for the standard curve. The concentrations 
were calculated from the supernatant of prepared tissue 
specimens by using a standard curve (16).

Nitrate analysis method
Total nitrate levels were measured with NO analyzer 
(Sievers Model 280A, Sievers Instruments Inc., USA). 
Tissue specimens were deproteinized with 1/2 volume 
of 96% ethanol. Saturated VCL3 (Vanadium Chloride) 
solution in 1 M hydrochloric acid was filtrated and 5 mL 

of this reagent was treated with nitrogen gas for 10 min 
in the purge pipette. Circulating water bath, which heats 
the reagent up to 95 ºC and cold water condenser was 
applied to purge pipette. Hydrochloric acid vapour was 
drained with gas bubbler equipment containing 15 mL 
1 M sodium hydroxide. The velocity of gas flow in the 
chemiluminescence detector was controlled with needle-
valve apparatus allowing a 6 Torr pressure. The materials, 
which convert nitrate to NO via VCL3 and HCL (Hydrogen 
Chloride) reagents, were injected into the purge pipette. 
NO product was drained from the reaction chamber and 
determined with ozone-induced chemiluminescence. A 
standard curve (16) was employed to calculate various 
levels of nitrate (10–100 uM).
 
Tissue MDA analysis
The MDA levels were assayed for products of lipid 
peroxidation (17). Following centrifugation, the 
supernatants were removed and 750 uL of the solution was 
added to 750 uL of 0.67% thiobarbituric acid (TBA). The 
samples were heated at 100º C for 15 min, cooled at room 
temperature and centrifuged at 4000 g. Absorbances were 
measured at 532 nm. The bladder tissue lipid peroxidation 
levels were expressed as MDA equivalence with 1.56 X 10 
5/M coefficients (18).
 
Tissue GSH analysis
In the samples, the level of GSH was measured as 
described early (19). Tissue protein was obtained by the 
biuret’s method (20). To 200 μL of the supernatant, 8 ml 
of pH 6.8 phosphate buffer, 78 ml of 1 N NaOH, and 100 
μL Ellman’s solution were added and read at 412 nm after 
standing for 5 min. The activity (a) was calculated from a 
standard containing 15.34 g GSH/100 ml. GSH levels were 
presented as μmol/ g protein.

Determination of Glutathione Peroxidase (GPx) Activity:
GSH-Px activity was measured according to the method 
of Paglia and Valentine (21). In the presence of hydrogen 
peroxide, GSH-Px catalyse oxidation of glutathione. 
Oxidized glutathione is converted into the reduced form 
in the presence of glutathione reductase and NADPH, 
while NADPH is oxidized to NADP. Reduction in the 
absorbance change per minute and by using the molar 
extinction coefficient of NADPH, the GSH-Px activities 
of bladder tissues were calculated. GPx activity was 
expressed as substrates (nmol NADPH) transformed 
min−1 mg protein−1. 
Superoxide dismutase activity was measured by the 
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inhibition of pyrogallol autoxidation at 420 nm for 3 min 
according to the method of Marklund & Marklund (22). 
The activity was expressed as units per gram of tissues.

Determination of CAT Activity
CAT-like activity was measured by the decrease in the 
concentration of hydrogen peroxide after incubation with 
various volumes of the homogenates using the assay 
and methods described by Zini et al (23). The presence 
of hydrogen peroxide was assessed using horseradish-
peroxidase-dependent oxidation of phenol red to a blue 
derivative. After incubation at the room temperature, 
horseradish peroxidase and phenol red were added to react 
with the remaining hydrogen peroxide. The absorbance 
was read at 630 nm.
 
Active caspase-3 determination
Active caspase-3 was measured using a quantitative 
immunoassay kit (R & D Systems). A biotinilated inhibitor 
is bound to the large subunit of the active caspase-3. The 
inhibitor does not bind to the inactive caspase-3. The 
addition of streptoavidine during the ELISA allows the 
quantification of active caspase-3. The bladder caspase-3 
activity was determined by a colourimetric method (24). 

Cell death detection ELISA
Cell death detection ELISA was performed according to the 
manufacturer’s instructions. Optical density was read using 
an ELISA reader at 405 nm (25).

Statistical Analysis
Data were expressed as (mean ± SE) for all parameters. The 
data were analyzed using GraphPad Prism data analysis 
program (GraphPad Software, Inc., San Diego, CA, USA). 
For comparison of statistical significance between different 
groups Student Newman-Keuls t-test for paired data were 
used. For multiple comparisons, one-way analysis of 
variance (ONE- WAY-ANOVA) test followed by the east 
Significant Difference (LST). Correlations were assessed 
using Spearman’s non-parametric correlation coefficient ƍ 
as described by Knapp and Miller (26). A value of P ≤ 0.05 
was considered statistically significant.

Results
A summary of some of the characteristics of the rats used 
in this study is shown in Table 1. The serum glucose levels 
were significantly higher in the diabetic group than in the 
A, C, and D groups (p<0.001). The serum glucose levels 
of group D were significantly higher than those of group A 

and C (p< 0.05).
 Table (1) showed that all control, C and D groups rats 
showed an increase in body weight, as the initial body weight 
of each of these groups had significantly increased than 
their final body weights (p<0.001).Whereas the initial body 
weight of the diabetic rats was significantly different than 
the final body weights (p<0.05). The D group had increase 
in body weights significantly than B groups (p<0.001) but 
still significantly lowered than A and C (p<0.05).
Bladder weights at the end of the experiment were 
increased significantly in the diabetic rats by approximately 
2 times than A, C and, D groups (p<0.001). After vitamin E 
treatment, bladder weights of group D were not significantly 
different than those of A and C groups.
 
Contractile response to carbachol: Carbachol, which 
is a cholinergic receptor agonist, caused concentration-
dependent contractions on all bladder strips tested when 
added to the isolated organ baths cumulatively (10-9 to 10-3 

mol/L). The contractile responses in tissues from diabetic 
animals were significantly greater than in the age matched 
control tissues, C and D groups (P< 0.001). Treatment of 
group D with vitamin E improved the contractile responses 
of the bladder strip of D groups but still significantly higher 
than A and C groups (p< 0.05) (Fig. 1). There were no 
significant differences between the contractile responses in 
bladder strips from control and C groups.

Effects on tissue levels of nitrite and nitrate
Diabetic bladder strips had increased levels of nitrite and 
nitrate significantly higher than those of the other studied 
groups (p<0.001). Levels of nitrite and nitrate of D group 
after treatment with vitamin E were not significantly 
elevated different from those of A and C groups.(Fig 2)

Relation to MDA, GSH and antioxidants (SOD, CAT 
and GPx)
In the diabetic group (figure 3A), MDA levels of bladder 
tissues were found to be significantly higher than those 
of the other A ,C and, D groups (p < 0.001). Treatment of 
group D with vit E significantly reversed the elevations 
in MDA levels of the tissues, but still significantly higher 
compared with A and C group ( p < 0.01).
Diabetes caused significant reduction in GSH levels of 
urinary bladder tissues when compared to the control and 
C groups (p< 0.001). GSH levels have been increased 
significantly after vit. E treatment compared to the diabetic 
group (p<0.001), but still significantly lower than those of 
A and C groups Fig 3B with P<0.01. 
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Table 1. Plasma glucose levels, body weights and bladder weights of all groups

A B C D

Plasma glucose (mg/dl) 93.3±5.5 248.6±20.7a,b,c 91.8±6 NS 107±17.35 d’e

Initial body weight (gm) 225.4±16.38f 230.3±13.16 g 227.3±13.96 h 229.7±12.69 i

Final body weight (gm) 293.6± 18.58 256.1±17.57 a,b,c 293±18.62 NS 277±14.9 d’e

Baldder weight (mg) 121.4± 4.81 244 ± 9.17 a,b,c 122.3± 5.9 NS 129.7±12.1 d’e

Data are expressed   as mean ± SD.
a: p < 0.001 compared to A group          b: p < 0.001 compared to C group      c: p< 0.001 compared to D group
d: p < 0.05   compared to A group          e: p < 0.05 compared to C group       NS: non significant compared to A group
f: p < 0.001  compared to final body weight of group A.
g: p < 0.05   compared to final body weight of group B.
h: p < 0.001 compared to final body weight of group C.
i: p < 0.001  compared to final body weight of group D.
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Figure 1. Effect of carbachol (10_ 8 to 10_ 4 M)  on the contractile reponses of bladder strips of rats from control ,diabetic ,C and 
treated group with vit.E. Each group consists of 10 rats. ***p < 0.001,**p<0.01 compared with A group. ### p < 0.001, ## p<0.01 as 
compared with  B group. ++ p<0.01 as compared to C group.
(*) Significance versus control group.(#) Significance of values versus group B, (+ ) Significance of values versus group B ***/ (###) 
significant difference at P<0.001. NS :non significant as compared to group A. Data is presented as mean±SD
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Figure 3.  Tissue   levels of MDA, GSH and antioxidant enzymes activities in all studied groups. Each group consists of 10 rats. ***p 
< 0.001,**p<0.01 compared with A group. ### p < 0.001, ## p<0.01 as compared with  B group. ++ p<0.01 as compared to C group.
(*) Significance versus control group.(#) Significance of values versus group B, ***/ (###) significant difference at P<0.001.NS :non 
significant as compared to group A.
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Fig 3 C showed that significant reduction in GPx activities 
of diabetic bladder tissues compared to the control, C and 
D groups was detected (p<0.001). Vit E treatment of the 
diabetic rats reversed the changes in GPx activities back 
towards the normal levels and there were no significant 
differences between the activity of GPx in A, C and D 
groups.
The tissue levels of SOD of diabetic group were significantly 
lower than those of A,C and D groups (p < 0.001). Treatment 
of diabetic rats with vitamin E increased the SOD levels 
to the control levels as there was no significant difference 
between levels of D groups and those of A and C groups 
(Fig 3D).
The tissue levels of CAT of B groups were significantly 
lower than those A, C and D groups (p < 0.001).The 
tissue levels of CAT of D group were increased but still 

significantly lower than those of A and C groups with p < 
0.01 (Fig 3E).

Effect on caspase-3 activation
There were more than 2 fold increases of caspase-3 
activities in diabetic group compared to those of  A and C 
groups (p < 0.001).Treatment with vitamin E suppressed 
activities significantly less than those of B group but still 
significantly higher than those of A and C groups with p< 
0.01 (Fig. 4A).

Effect on cell death
Cell death detection by ELISA was further employed 
to characterize apoptosis. The data (Fig. 4B) showed 
that diabetic rats had increase in DNA fragments in the 
cytoplasmic fraction of cells significantly higher than 
those of A and C groups (p<0.001). These levels had been 
decreased significantly in group D in comparison to those 
of group B (p < 0.001). The levels of group D were still 
significantly lower than those of group A and C (p< 0.001).

Discussion
Several animal models have been employed to study the 
pathophysiology of type I, and type II diabetes mellitus. The 
most well established model is the streptozotocin (STZ)-
induced diabetic rat model as this demonstrates many of 
the complications known to occur in human diabetes (27).
In this study the blood glucose levels of group D were 
significantly decreased than those of  group Bafter vit E 
treatment. This finding is supported by Roldi et al (28), 
who reported that diabetic animals, that received vitamin 
E supplementation, exhibited a significant reduction 
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Figure. 4A: Caspase-3 activities in bladder tissues as a fold increase in the different groups. 4B: Cell death determined by ELISA. The 
ELISA detection was processed. The histone-associated DNA fragments were presented as the optical density at 405 nm.  Each group 
consists of 10 rats. ***p < 0.001, **p<0.01 compared with A group.
 ### p < 0.001, ## p<0.01 as compared with  B group. NS: non significant as compared to group A.++ p<0.01 as compared to C group
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in glycemia compared to controls indicating a positive 
effect of this antioxidant on blood glycemia. Shirpoor et 
al. (29) reported that diabetic rats that received vitamin E 
have a significant reduction in blood glucose and glycated 
hemoglobin compared with untreated diabetic animals. 
In this study there was a significant increase of bladder 
weights in the diabetic rats than the other studied groups. 
These findings are in agreement with the conclusions of 
Nsabimana and Ojewole (30), and Atalik et al. (31). Another 
report by Itoh et al. (32) concluded that bladder hypertrophy 
may be due to physiological adaptation to the increased 
urine volume, and that bladder function is impaired by 
neurogenic factors rather than by myogenic factors. The 
increased bladder capacity may be due to an adaptation to 
polyuria and/or the diabetes itself. These changes have been 
attributed to increased smooth muscle cells and urothelium, 
which plays an important role in the filling and distension 
mechanisms of the bladder, with a reduction of the collagen 
content as an early event, 3 days after STZ injection (33) 
and these results are supported by Beshay et al. (34) and 
Pitre et al. (33) who reported the development of bladder 
dysfunction in this model of rats, and was manifested by 
increased bladder capacity and mass as a compensatory 
mechanism to increased urine output.The bladder smooth 
muscle cell is the contractile unit responsible for normal 
bladder function. The parasympathetic nervous system 
plays an important role in the functional regulation of 
bladder smooth muscle. Histochemical and functional 
studies have shown that there is a diabetes-induced 
alteration in the cholinergic innervation and/or changes 
in the response of bladder smooth muscle to cholinergic 
agonist in experimental animals (35). Changes in the 
contractile responses after 8 weeks of diabetes in this study 
were observed which exhibited   increase of the contractile 
response to muscarinic agonist carbachol. The tissues from 
the diabetic animals were also supersensitive to carbachol. 
Latifpour et al. (36) noted that the densities of muscarinic 
receptors were significantly increased in bladder smooth 
muscle 8 weeks after the induction of diabetes.
In this study, diabetic rat bladder is heavier in weight and 
has altered contractile function compared with the normal 
bladder. The changes of diabetic bladder were observed by 
Tong, Chin & Cheng (37) who thought that these changes 
may be due to both excessive diuresis and the metabolic 
effects of diabetes on both nerve and muscle tissue. In 
support to these results Liu and Daneshgari (38) found in 
their study that diabetes caused a significant reduction of 
body weight compared with controls, although the bladders 
of diabetics weighed more than the controls. They reported 

that hypertrophy in diabetes is likely to be induced by 
diuretic effects of the disease. They concluded that such 
bladder remodeling could inevitably lead to distortion 
of the normal pattern of innervation, and other local 
neurogenic and myogenic changes, which may be the cause 
of diabetic bladder dysfunction. In support of these results, 
it was reported that carbachol-induced phasic activity was 
increased in diabetic rat bladder strips (39). 
In another study, Vahabi et al. (14) reported that the 
pathophysiology of detrusor overactivity remains 
incomplete. Although it is still unclear whether the 
uninhibited spontaneous contractions that are observed 
urodynamically in patients with detrusor overactivity are 
associated with the phasic activity seen in vitro, it is clear 
that in animal models and patients with detrusor overactivity 
this phasic activity is increased, and the mechanisms 
underlying this are not yet understood.
As NO is rapidly degraded within 5–6 sec, its stable end 
products -nitrite and nitrate- have been used to evaluate 
NO levels in tissues (40). This study, found that bladder 
tissue nitrite and nitrate levels were significantly higher in 
the diabetic than in the other studied groups. The increased 
levels of NO had been explained by Hunt et al. (41) as they 
found that hyperglycemia has been shown to increase free 
radical production. However, Wong et al (42) reported that 
advanced glycation end products (AGEs), protein-bound 
oxidation products of sugars, can also produce oxygenated 
free radicals. As AGEs have been reported to induce iNOS 
expression in some cell cultures, it is possible that AGEs 
induce iNOS in diabetic bladder smooth muscle cells in 
vivo by similar mechanisms.
In the present study, the levels of MDA, an end product 
of lipid peroxidation, are significantly increased in bladder 
tissues. This observation is in agreement with a previous 
study by Şener et al (43), in which elevated levels of lipid 
products were increased from 40 to 80 % above basal 
values as a result of oxidative stress.
The present results demonstrate that vitamin E treatment 
decreased the levels of MDA, nitrite, nitrate, and increased 
levels of GSH and the antioxidants activities of D group. 
These data possibly provide evidence that increased NO 
production mediates smooth muscle cell oxidative damage 
and the defective antioxidant defense system may contribute 
to the development of diabetic bladder dysfunction and 
thus is involved in the pathogenesis of bladder dysfunction 
in diabetic rats. Reduction in the enzyme activity observed 
in this study may reflect a reduction in the cellular defense 
to oxidants and an increased susceptibility of the bladder 
tissue to oxidative damage.
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Treatment with vitamin E improved the phasic activity in D 
group which possibly indicates that elimination of lipid and 
protein oxidation -as two important sources of free radical 
generation by vitamin E- may result in the recovery of the 
cell membrane to its normal physiologic state, and the insulin 
binds to the cell readily. In support to this finding Saito et 
al. (44) reported that although the precise mechanism of 
impaired contractile function has not been clarified, it is 
known that the oxidants alter contractile responses of 
tissues to various agents. For example, oxidants are known 
to alter vascular reactivity of coronary endothelial cells 
through the impairment of signal transduction system (45).
In addition Cai & Kang (46) found that in both clinical and 
experimental models of diabetes, ROS -induced oxidative 
stress is considered to be a key participant in causing tissue 
injury. In another study, Beshay and Carrier (47) reported 
that in diabetics, hyperglycemia might impair the enzyme 
activity through different possible mechanisms such as 
protein glycation, oxidation, and glycoxidation.
Our results demonstrated that in group D vitamin E 
treatment decreased MDA, nitrite, nitrate elevations 
significantly and reversed them back toward the control 
levels, and decreased the levels of GSH, SOD, CAT, and 
glutathione-Px activities of diabetic bladder tissues. Thus 
vitamin E could be protective against organ damage by 
preserving the cellular integrity. 
Caspases that participate in the apoptosis cascade have been 
divided into initiators and executioners. The exact order of 
the executioners and the position of specific caspases in the 
apoptotic pathway are still under investigation. Caspases-3, 
-6, and -7 are generally accepted to be executioners. 
Caspase-3 is considered a key effector caspase in many 
cells and mediates the cleavage of itself, other downstream 
caspases and other caspases (48). 
Increased activities of caspase -3 and cell death in diabetic 
bladder were decreased by vitamin E treatment back 
toward the normal levels. Taken together, these criteria 
to characterize apoptosis suggest that cell death caused 
by diabetes occurs by apoptosis. In support to our study, 
Beshay and Carrier (47) found a significant increase in the 
number of apoptotic cells of smooth muscle cell layers of 
diabetic bladder compared with controls. Moreover, Loeken 
(49) and Shirpoor et al. (50) reported that it was determined 
in some studies -examining different tissues- that vitamin E 
decreased apoptosis in DM.  
Sylvester (51) reported that antiapoptotic effects of vitamin 
E are primarily associated with its antioxidant activity. 
However, vitamin E has also been shown to induce protective 
effects and prevent apoptosis in some experimental model 

systems. Mehmet et al. (13) reported that vitamin E, known 
as an antioxidant, decreased apoptosis in urothelial cells of 
the urinary bladder in STZ-induced diabetic rats.

Conclusions
In summary our study revealed that vitamin E (known as an 
antioxidant), decreases apoptosis in tissues of the urinary 
bladder and has protective effects on detrusor contractility in 
STZ-induced diabetic rats. These data suggest that vitamin 
E treatment may be beneficial in delaying the progression 
of diabetic bladder dysfunction in this experimental animal 
model. Thus, vitamin E treatment in diabetic rats may be 
useful as a therapy to prevent oxidative damage. Oxidative 
stress plays a role in the pathogenesis of diabetes-induced 
bladder dysfunction in a rat model
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