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Structural Changes in the Urinary Bladder of

Streptozotocin-Induced Diabetic Rats and the
Possible Protective Role of Insulin
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ABSTRACT

Introduction: Diabetes mellitus possesses severe adverse effects on the urinary bladder. Urinary bladder
dysfunction is a common health problem affecting diabetic patients causing recurrent infections and urinary
incontinence. Objective: To evaluate the histopathological changes in the tissue of urinary bladder in
Streptozotocin (STZ) diabetic rats and the protective role of insulin. Methods: Thirty rats were classified into
three groups: a control group which received no treatment (Group A), STZ diabetic group (Group B) and
Insulin diabetic group (Group C). Animals were sacrificed after six weeks and urinary bladders were
harvested and processed for light and electron microscopy. Results: Several histopathological changes were
observed in the urinary bladder of the diabetic group including an increase in the thickness of the
urothelium, epithelial cells with dark nuclei and large lenticular vesicles, and wide intercellular spaces with
numerous collagen fibers. Treatment with insulin reduced the pathological changes induced by STZ.
Conclusion: Diabetes mellitus caused significant pathological changes in the urinary bladder of
experimental rats. For instance, treating diabetic animals with insulin prevented the development of
damaging effects of diabetes on the urinary bladder.
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INTRODUCTION

Diabetes mellitus is a complex of metabolic disorder
which is commonly associated with insufficiency
of insulin secretion or insulin resistance. It is
manifested by hyperglycemia, altered metabolism
of lipids, carbohydrates and proteins with an
increased risk of complications of vascular diseases.
Diabetes mellitus can be classified into two types;
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insulin dependent (IDDM) and non-insulin dependent
(NIDDM). The terms IDDM and NIDDM are also known
as type | and type 2 diabetes mellitus, respectively.
Type | diabetic is mainly caused by Bcell destruction,
which is usually immune-mediated. Majority of the
IDDM patients develop absolute insulin deficiency
and they are liable to develop diabetic ketoacidosis.
On the other hand, NIDDM is mainly caused by insulin
resistance. NIDDM is so far the most prevalent form
of the disease.'?

Urinary bladder dysfunction is one of the major
complications of diabetes mellitus. Diabetes induces
time-dependent pathological changes in the bladder
and its main mechanism is attributed to neurological
dysfunction.?® Furthermore, evidence of post-voiding
residuals is encountered in the bladder of diabetic


file:///C:/Users/HP/Documents/IMJM/IMJM%20Dec%202018%20Issue/Proofread%20by%20Dr%20Ailin/2017-11-5%20-%20post%20edit.doc#_ENREF_1#_ENREF_1
file:///C:/Users/HP/Documents/IMJM/IMJM%20Dec%202018%20Issue/Proofread%20by%20Dr%20Ailin/2017-11-5%20-%20post%20edit.doc#_ENREF_1#_ENREF_1

IMJM Volume 17 No. 3, December 2018

patients which may lead to urinary tract infection.*
The common bladder dysfunction is usually due to
hyporeflexia of detrusor muscle. However, some
patients may have detrusor overactivity without
evidence of hyporeflexia.” This overactivity was
thought to be due to an increase in beta-nerve
growth factor, a gene product responsible for
neuronal survival and growth, which leads to
alterations in the properties of sodium and
potassium channels in the bladder afferent fibers.®

A rise in sympathetic markers and tyrosine
hydroxylase in  addition to a decrease
in  parasympathetic markers and vesicular

acetylcholine transporter were observed in the
smooth muscle layer of the bladder in diabetic
patients.” This observation was inconsistent with the
increased capacity, decreased tone, and dilated
state observed in diabetic patients. STZ induced -
diabetes was reported to have severe adverse
effects on the urinary system of experimental
animals in previous studies. For instance, STZ
induced-diabetes enhanced the endothelial-
myofibroblast transition and contributed to the
early development and progression of diabetic renal
interstitial fibrosis.® Moreover, Diabetes mellitus
markedly altered the expression of the gap junction
protein Cx43 wurinary bladder. These changes
probably contributed to the early development of
higher detrusor activity in diabetic rats.” The aim of
the present study was to assess the underlying
histological changes in experimentally STZ-induced
diabetic rats. Moreover, the protective effect of
insulin on the bladder of diabetic rats was
evaluated.

MATERIALS AND METHODS

1. Drugs: Streptozotocin (STZ) (Sigma Chemical Co.,
USA) was used to induce diabetes in animals.
Induction of diabetes was confirmed 24 hours after
STZ injection by assessment of serum glucose
concentration from tail vein blood sample using a
standard glucometer (LifeScan, USA). Rats were
considered to be diabetic if their blood glucose
level was 200 mg/dl or more according to Rizk etal. °
Rats were injected with a 1U dose of insulin
subcutaneously daily." The insulin used in the
experiment was Humulin N, NPH/type (Eli Lilly Co.,
USA).

2. Animals: The study was conducted in the Animal
Lab, Cairo University. Thirty adult male albino rats

weighing 200-250 g were obtained from Animal
House, Faculty of Medicine, Cairo University. The
animals were kept in metabolic cages with rat feed
and normal water ad libitum.

3. Experimental design: Animals were divided into
three groups: Group (A) a control group which
received no treatment, Group (B) a diabetic group
which was intraperitoneally injected with 60mg/kg
body weight of STZ and Group (C) a diabetic group
which was treated with insulin. All animals were
sacrificed after six weeks of treatment and urinary
bladders were harvested. Urinary bladder specimens
were fixed in buffered formol saline for preparation
of paraffin blocks, 5 pym sections were stained by
H&E and Mallory’s trichrome stain."" Specimens for
electron microscopy were immediately fixed in 2.5%
glutaraldehyde buffered with 0.1 M phosphate buffer
at pH 7.4 for 2 hours at 40C. Then, specimens were
embedded in Embed-812 resin in BEEM capsules.'
Ultrathin sections were cut and stained with uranyl
acetate and lead citrate and examined under JEOL
JEM 1010 electron microscope in Electron Microscope
Research Laboratory (EMRL), Department of
Histology, Faculty of Medicine, Zagazig University.
Olympus CX 41 image analyzer software was used
for image analysis and morphometric study. The
diameter of the whole urinary bladder and the
thickness of its muscle layer were measured.

4, Statistical analysis was performed using Statistical
Package for the Social Sciences software (SPSS
version 22.0) . Data were analyzed using one way
ANOVA followed by LSD. P value =< 0.05 was
considered significant. Results were expressed as
means =SD.

RESULTS
Histopathological Analysis

Histopathological analysis of the bladder tissue of
group (A) showed normal features of epithelium and
muscolosa [Figure 1.]. Meanwhile, the bladder tissue
of group (B) showed that thickness of transitional
epithelium was increased compared to the control
group [Figure 2. A&B]. The smooth muscle cells
were hypertrophied with abundant cytoplasm and
relatively widely spaced nuclei [Figure 2. C]. Using
Mallory’s trichrome stain, a marked increase of the
collagen fibers in the lamina propria and in between
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the muscle fibers was observed [Figure 2. D]. In superficial layer [Figure 3. A&B]. Smooth muscle
group (C), a thinner epithelium was observed bundles were observed in loose connective tissues
compared to the diabetic group. The lamina propria  [Figure 3. C]. By Mallory’s Trichrome stain, there
contained collagen fibers and connective tissue were abundant collagen fibers in the lamina propria
cells. Cellular infiltration also appeared in its and in between muscle fibers [Figure 3. D].

Figure 1. Histologic features of urinary bladder of the control group. A. Showing normal features of epithelium and muscolosa.
Mucosa (1); musculosa (l1); serosa (IIl); transitional epithelium (E); lamina propria (L): musculosa (M); loose connective tissue (C) (H&E,
x100). B. Showing layers of transitional epithelium (E) with prominent acidophilic surface membrane (arrow). The lamina propria is
seen in two zones; a dense subepithelial zone (L1) and a deeper loose connective tissue one (L2) (H&E, x400). C. Showing part of the
musculosa with bundles of smooth muscle fibers (M) in different directions. Connective tissue (C) (H&E, x400). D. Showing collagen
fibers (C) in the lamina propria (L) and in between the muscle bundles (M). Blood vessels (arrows) are also noticed in the lamina
propria (Masson’s Trichrome, x100).

Figure 2. Histologic features of urinary bladder of the diabetic group. A. Showing thick transitional epithelium (E); a thick layer of
muscle fibers (M); serosa (S) (H&E, x100). B. Showing thick layer of transitional epithelium (E) with dark nuclei (arrows); lamina
propria (L) consisting of superficial dense and deep loose connective tissue (H&E, x400). C. Showing smooth muscle fibers (M) with
homogeneous cytoplasm and elongated nuclei; collagen fibers (C) (H&E, x400). D. Showing numerous collagen fibers (C) (Masson’s
Trichrome, x100).
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Figure 3. Histologic features of urinary bladder of the diabetic group treated with insulin. A. Showing relatively large
smooth muscle bundles (M) (H&E, x100). B. Showing transitional epithelium (E); darkly stained nuclei (arrows); (H&E,
x400). C. Showing hypertrophy of smooth muscle fibers (M); interstitial connective tissue (C). (H&E, x400). D. Showing
abundant collagen fibers (C) in the lamina propria and in between the muscle fibers (M); Blood vessels (arrows) (Masson’s

Trichrome, x100).

Electron Microscopic Analysis

In Group (A), cells of the transitional epithelium
showed extensive cell membrane interdigitations
and euchromatic nuclei containing patches of
heterochromatin. The luminal border showed
angulations and outer thick electron dense line.
Moreover, collagen fibrils, fibroblasts, and blood
capillaries were observed in the underlying
connective tissue [Figure 4. A]. Using higher
magnification;  irregular intermediate cells,
euchromatic nuclei, and minimal intercellular
spaces were observed. Cytoplasm showed abundant
free ribosomes, little cisternae of the rough
endoplasmic reticulum, and few mitochondria
[Figure 4. B]. Muscle fibers were outlined by
minimal intercellular spaces with central and
heterochromatic nuclei. Dense plaques were
observed under the sarcolemma [Figure 4. C].

Meanwhile, electron microscopy of the group (B)
revealed wide intercellular spaces between the
surface epithelium. Cells showed electron-dense
cytoplasm and nuclei. The angular luminal border
was observed [Figure 5. A&B]. Mast cells were
observed between the superficial cells near the

lumen. Their cytoplasm was occupied by granules of
different sizes and electron densities [Figure 5. C]
Excess collagen fibrils were observed in the lamina
propria between the connective tissue cells
[Figure 5. D]. Smooth muscle fibers with
homogeneous cytoplasm and indented nuclei were
noticed [Figure 5. E]. Histological features of group
(C) were similar when compared to group (A). Large
epithelial cells with euchromatic nuclei containing
patches of heterochromatin and extensive
interdigitations were observed [Figure 6. A&B].
Smooth  muscle fibers with central and
heterochromatic nuclei were observed [Figure 6. C].

Morphometric Analysis

Morphometric measurements of the bladder
diameter of all groups showed an obvious increase in
the diameter of bladder in diabetic group compared
to control and insulin-treated groups [Table 1].
Moreover, assessment of epithelial and muscle
thickness revealed that the urinary bladder of the
diabetic group showed a significant (P value < 0.05)
increase in epithelial thickness [Table 1] and smooth
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muscle layer thickness [Table 1] compared to and insulin-treated groups were insignificantly
control group. Meanwhile, results of the control different.

Figure 4. Electron microscopic features of urinary bladder of the control group. A. Showing transitional epithelium
with lenticular vesicles (arrows); cell membrane interdigitations Jhead arrow); euchromatic nuclei (N); angulated
luminal border (star); thick outer dense line (double arrows); blood capillaries (b); fibroblast (f) (x6000). B. Showing
middle and basal layers with cellular interdigitations (head arrows); lenticular vesicles (double arrows); rough
endoplasmic reticulum (r); ribosomes (Rl); mitochondria (arrows) ( x12000). C. Showing smooth muscle fibers with
heterochromatic nuclei (N); collagen fibrils (C); dense bodies (arrows). Dens plaques (head arrow) (x12000).

Figure 5. Electron microscopic features of urinary bladder of the diabetic group. A. Showing the transitional
epithelium with wide intercellular spaces (double arrows); electron-dense cytoplasm (C) and nuclei (N); Large lenticular
vesicles éarrows); angulated luminal border (head arrow) (x6000). B. Showing electron-dense cytoplasm in superficial (S{
and middle (M) layers of the transitional epithelium; irregular indented electron dense nuclei (N) containing periphera
heterochromatin (x13000). C. Showing intraepithelial mast cell (head arrows); granules of different electron densities
(arrows); heterochromatic nucleus (N) (x12000). D. Showing abundant collagen fibrils (C) between the connective tissue
cells (arrows); an arteriole (A) (x6000). E. showing smooth muscle cells (M); few dense bodies (arrows); nuclei (N); thick
peripheral heterochromatin; wide intercellular spaces filled with collagen fibrils (C) (x14000).
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Table 1 Diameter, epithelial thickness, and muscle
thickness of experimental groups

Control : . Insulin
group Diabetic group treated group
Diameter 646.7 + *1839.98 + 938.7 +
(Pixels) 70.7 72.3 135.9
Epithelial
: 133.6 + *331.8 141.4 +
thickness
(pixels) 11.9 27.1 16.8
Muscle
h 298.4 + *1071.89 + 420
thickness - y
(pixels) 119 177.3 153.4
DISCUSSION

Diabetic cystopathy is a well-known complication of
diabetes mellitus which occurs in 25-85% of cases."
It is manifested by an impaired bladder sensation,
an increase in bladder capacity, and a reduction in
detrusor muscle contractility. Other signs including
detrusor overactivity, urgency, and frequency are
further reported.’ These complications of diabetes
are typically not life-threatening but can be very
debilitating as they often progress throughout the
patient’s life and are associated with significant
healthcare economic burden. Despite their common
occurrence, the mechanism of diabetes-related
urological problems is not well understood.™
Previous studies revealed the damaging effects
of STZ induced-diabetes on bladder tissue. STZ
induced-diabetes contributed to the early
development and progression of diabetic renal
interstitial fibrosis.® Moreover, early development
of thick detrusor muscle in STZ-induced diabetic
rats was noticed which was mainly contributed to
the markedly altered expression of the gap junction
protein Cx43 in the urinary bladder tissue.’

In the present study, the transitional epithelium of
the urinary bladder of the control group showed
normal structure consisting of many layers arranged
in three layers of cells: superficial, intermediate
and basal cells. However, the variability observed
in the number of layers may be due to the plane of
the section or the degree of distension of the
bladder. ™"

On the other hand, examination of the transitional
epithelium of the diabetic group showed an
increase in its thickness with widening of the
intercellular spaces. Moreover, the nuclei were
darkly stained. This was in accordance with Harry
et al."” who reported an increase in expression of B-
actin, a gene product associated with cell

structure, in bladders as early as the first week
following induction of diabetes which indicated
cellular hypertrophy. Furthermore, Pinna et al.'
mentioned that there was a progressive increase in
the thickness of urothelium of diabetic rats due to
the increase in DNA synthesis. On the other hand,
we found out that the diabetic group treated with
insulin revealed a normal thickness of epithelium
which was quite similar to the control group.

Electron microscope examination of the transitional
epithelium of the diabetic group revealed widened
intercellular spaces with numerous and large
lenticular vesicles. Some cells appeared with
electron-dense cytoplasm. Similar findings were
reported by Rizk et al.® who stated that some of the
deeper cells of the urothelium had become electron
dense two months after induction of diabetes. It
was suggested that these changes were a part of a
pre-apoptotic stage. Apoptosis was also reported by
Staiger et al."” who reported an increase in the
apoptotic cells in endothelial cells and smooth
muscle cells of coronary arteries in diabetic rats.
Sharma et al. ®and Seven et al.*' reported a rise in
cellular damage in bladders of diabetic rats and it
was attributed to the liberation of free radicals. In
contrast, Khan et al. ? showed an increase in
cellular proliferation and a decrease in apoptosis in
the urothelial cells of urinary bladders six months
after induction of diabetes.

In the diabetic group treated with insulin, we
noticed that the cells of the transitional epithelium
showed minimal intercellular spaces, prominent
euchromatic nuclei, and numerous mitochondria.
This may suggest that insulin may prevent or delay
the adverse effects of diabetes on the epithelium.
Staiger et al." reported that treatment with insulin
prevented cellular apoptosis that occurred in the
endothelium of the coronary artery of the diabetics.
In the present study, examination of the lamina
propria of the control group revealed normal
architecture. Eika et al. ' reported that the
collagen component of the bladder wall changes in
amount as well as in quality in the diabetic rats.
Bezuijen et al. 2 attributed the increase in
production of collagen to the hyperactive detrusor
myocytes and stromal fibroblasts. We noticed that
the lamina propria of the diabetic rats treated with
insulin showed a slight increase in the collagen
fibers compared to the control group. However, Eika
et al. " reported that insulin was able to prevent
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the changes in collagen fibers that occurred in the
diabetic bladder.

Mast cells were observed in the lamina propria and
in between the cells of urothelium in diabetic rats
of this study. Kuroki et al. * reported the same
findings and it was attributed to the inflammatory
conditions which are common with diabetes. Mast
cells play an important role in allergic conditions by
initiating inflammatory response known as
immediate hypersensitivity reaction due to
exposure to antigen. The first exposure to antigen
leads to sensitization of mast cells by binding of IgE
antibodies to the receptors of the plasmalemma of
mast cells. On a subsequent exposure to the same
antigen, it binds to IgE on mast cell surface leading
to release of mediators such as histamine,
leukotriene, prostaglandins, and bradykinins. We
noticed the presence of inflammatory cells in the
lamina propria of the diabetic rats treated with
insulin indicating the presence of infection. Edward
et al. » reported an increase in the frequency of
urinary tract infection in severe cases of diabetic
women treated with insulin.

In the present investigation, the diabetic group
revealed numerous congested blood vessels in the
lamina propria. The process of development of new
blood vessels (angiogenesis) is induced by a potent
growth factor known as vascular endothelial growth
factor which is released into the bloodstream as a
result of complications related to diabetes %.
However, Tamart et al. ¥ mentioned that the rise
in the formation of advanced glycation end
products (AGEs) was generally regarded as one of
the main mechanisms responsible for vascular
changes in patients with diabetes.

The smooth muscle fibers of the diabetic group
were swollen and hypertrophied. Moreover, the
intercellular spaces were wide and filled with
collagen fibers. Lincoln et al.®® reported
hypertrophy of the smooth muscle of the bladder
wall in experimental diabetic rats. Ayan et al."
reported that the disturbance of detrusor muscle
function was due to the affection of the nerve
fibers which were observed to be beaded,
vacuolated, and fragmented. Furthermore, Harry et
al.'” found that the sympathetic and sensory
neurons were affected at an early stage in diabetes.
It was suggested that diabetes causes a delay in the
first sensation to void bladder during its filling and
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that leads to an increase in bladder capacity
which was interpreted as sensory impairment.? This
altered urodynamic response with development of
poor contractility of the hypertrophied muscle
leads to impaired bladder emptying and residual
urine. Despite all theories explaining the adverse
effects of diabetes on urinary bladder, the exact
underlying mechanism of diabetes-induced alteration
in detrusor smooth muscle contractility and bladder
dysfunction are not yet well understood.

Insulin-treated group showed relatively thick bundles
of muscle fibers. Myocytes showed dense bodies in
the cytoplasm and dense plaques under the
sarcolemma. Al Jaroudi et al.*® reported that muscle
hypertrophy did not occur in the heart of diabetic
rats treated with insulin and concluded that early
treatment with insulin prevents many complications.
Our results revealed an increase in thickness in the
epithelium and muscle layer of the bladder in the
diabetic group compared to the control and insulin-
treated group. A previous study reported thickening
of muscolosa layer of the bladder along with the loss
of nerve function and anatomical loss of
neuromuscular nerve terminals in diabetic rats.>

CONCLUSION

The present study revealed the damaging effect of
STZ-induced diabetes on the urinary bladder of rats.
Thickening of mucosa and muscolosa, abundant
deposition of collagen fibers in the lamina propria,
and wide intercellular spaces were observed in
the urinary bladder of diabetic animals. However,
treatment with insulin was found to be effective in
preventing these adverse effects. Thus, early control
of diabetes and frequent evaluation of bladder
function are recommended for diabetic patients to
prevent or at least delay the complications.
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