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ABSTRACT
Introduction: Haemorrhagic cystitis (HC) can be chemically induced by cyclophosphamide (CYP) injection; it is mainly 
used as an immunosuppressive and antineoplastic drug. Tadalafil (TAD) a phosphodiesterase type-5 inhibitor has vasodilator, 
anti-inflammatory and anti-apoptotic effects. It is mainly used for the treatment of erectile dysfunction and pulmonary arterial 
hypertension.
Aim of the Work: This work aimed to verify the effect of tadalafil on apoptosis and proliferation on the injured bladder 
mucosa after chemically induced HC. 
Material and Methods: Thirty-six adult male albino rats were randomly divided into four groups; group I was the control 
group, group II was TAD-treated group, group III was CYP-treated group and group IV was TAD-CYP treated group. Groups 
III and IV were subdivided into two subgroups (a and b), subgroups IIIa and IVa were euthanized after one day while subgroups 
IIIb and IVb were euthanized after 10 days. Urinary bladder specimens were processed for light and electron microscopic 
examination and immunohistochemical analysis of caspase-3 and Ki-67. 
Results: Subgroup IIIa revealed haemorrhage and decrease of urothelium thickness with presence of denuded areas. Subgroup 
IIIb showed restoration of urothelium with focal denuded areas. Both subgroups showed a significant increase in apoptotic 
index while subgroup IIIb showed a significant increase in proliferative index. Subgroup IVa revealed a significant decrease 
in apoptosis associated with a significant increase in proliferation, thereby limiting cellular loss. Subgroup IVb; showed a 
significant decrease in both apoptosis and proliferation indicated prevention of the developed hyperplasia of the urothelium. 
By transmission electron microscopy, the terminal differentiation of superficial cells of group IV was expressed by presence 
of an angular contour.
Conclusion: TAD-CYP co-treatment provides a positive impact on the apoptosis, proliferation, and the histological changes 
of HC on urinary bladder mucosa. Therefore, further studies are required to elucidate the protective effect of TAD on CYP-
induced HC.
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INTRODUCTION                                                                 

Cyclophosphamide (CYP) is a nitrogen mustard 
alkylating agent. It is mainly used as an immunosuppressive 
and antineoplastic agent for the treatment of various 
cancers[1,2]. It exerts its cytotoxic effect by alkylation of 
guanine group of DNA molecule making the double strands 
unable to uncoil and separate, thus preventing multiplication 
of cells and leading them to induce apoptosis. These agents 
do not discriminate between cycling and resting cells, so 
they are even more toxic for rapidly dividing cells[3]. 

One of the most serious adverse effects of CYP is 
hemorrhagic cystitis (HC)[4]. It is important to elucidate the 
mechanism of CYP-induced HC in order to minimize the 
toxic and dose-limiting side effects. CYP is converted by 
oxidative enzyme cytochrome P450 in the liver into active 
product acrolein that is freely filtered by the kidneys to 
accumulate in the bladder[3]. Acrolein is the causative agent 
responsible for CYP-induced HC[5]. It increases reactive 

oxygen species (ROS) in the urothelium, thus inducing 
oxidative stress and depletion of antioxidant enzymes 
leading to neutrophil infiltration and necrosis[6]. Some 
researchers demonstrated an increase in proinflammatory 
mediators as interleukin-1β (IL-β), tumour necrosis 
factor-α (TNFα) after injection of CYP[7]. Additionally, 
previous studies demonstrated apoptotic changes in the 
testis with the use of CYP[8]. 

Elimination of the harmful secondary effects of 
CYP makes the treatment more comfortable and enables 
the patients to tolerate this cytotoxic drug. There have 
been many trials to impede CYP-induced cystitis with                                                                                                                            
pre-treatment with different drugs; such as 
2-mercaptoethane sulfonate (Mesna)[9], selenium[1], 
melatonin[10], and pomegranate[11]. These compounds 
have been shown to partially suppress the magnitude of                                                          
CYP-induced cystitis. Some investigators combined 
antioxidants as selenium and anti-inflammatory drugs as 
simvastatin together with CYP hoping for the elimination 
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of its urotoxicity[1,2]. Consequently, an antioxidant and anti-
apoptotic agent might provide a good preventive choice to 
reduce the hazardous effects of CYP without distressing its 
immunomodulatory effects[1].

Tadalafil, a phosphodiesterase type-5 (PDE5) inhibitor, 
was approved by the US Food and Drug Administration 
(FDA) for the treatment of erectile dysfunction and lower 
urinary tract symptoms secondary to benign prostatic 
hyperplasia[12,13]. PDE5 inhibitors are known to increase 
the amount of cyclic guanosine monophosphate (cGMP) 
and nitric oxide (NO) in the endothelium and smooth 
muscle of the corpus cavernosum, the prostate, and the 
bladder[14]. It was found that PDE5 is highly expressed 
in the lower urinary tract and its supporting vasculature. 
PDE5 inhibition potentially modulates bladder afferent 
nerve activity, decreases smooth muscle cell proliferation, 
and relaxes smooth muscle cells in the prostate, bladder 
neck, and their supporting vasculature leading to increase 
blood perfusion to the lower urinary tract[15]. Moreover, 
several preceding studies reported the anti-inflammatory 
and anti-apoptotic effects of tadalafil[16].

In rodents, a single dose of CYP injection causes 
severe destruction of the bladder urothelium by necrosis 
and apoptosis leaving few surviving cells[17]. After a 
few days; the survived cells maintain their capacity to 
proliferate and re-epithelialize and the denuded areas 
are observed as reversible hyperplasia, just for rapid 
maintaining of physical urothelial barrier lacking the 
terminally differentiated umbrella cells. The hyperplastic 
urothelium returns to normal by decreasing its proliferative 
capacity by enhancing apoptosis[18]. The urothelial 
regeneration is followed by terminal differentiation of the 
outermost urothelial cells. The extended damage done by 
CYP causes exposure of the undifferentiated apical cells 
with microvilli, which eventually turns into terminally 
differentiated superficial umbrella cells with rigid-looking 
microridges[19].

Caspase-3; one of the effector or executioner caspases, 
breaks down numerous substrates, including cytokeratins, 
plasma membrane cytoskeletal proteins, nuclear proteins, 
and others, which eventually induce the morphological 
and biochemical changes seen in apoptotic cells[20]. Ki-67 
is a classic marker of cell proliferation and an important 
prognostic indicator of aggressiveness, progression, and 
recurrence of tumors. Ki-67 is a DNA-binding nuclear 
protein that is preferentially expressed through all phases 
of the cell cycle wherein it is absent from resting cells in 
G0 phase, thus it is an excellent biomarker that express cell 
proliferation[21,22]. 

This work was carried out to verify the effect of tadalafil 
on apoptosis and proliferation in the injured urinary bladder 
mucosa after chemically induced haemorrhagic cystitis 
in adult male albino rats using different histological and 
immunohistochemical methods.

MATERIALS AND METHODS                                            

Experimental design
Thirty-six adult male albino rats (weighing 100-150g 

each) were housed in the animal house of the Histology 
department of the Faculty of Medicine, Tanta University. 
They were kept in plastic cages under adequate ventilation, 
temperature (25±2oC), and a 12h/12h alternating                        
light-dark cycle. Animals had free access to food and water 
ad libitum. The study was approved by the Research Ethics 
committee of the Faculty of Medicine, Tanta University 
(No. 34342/12/20). 

The rats were equally divided into four main groups
Group I (the control group) (n=6): this group was 

subdivided into two subgroups; Subgroup Ia (n=2) was 
left without treatment, and subgroup Ib (n=4) was given 
1 ml of distilled water through a gastric tube every day; 
to be subdivided equally into two subgroups; subgroup 
Ib1 was euthanized after one day while subgroupIb2 was 
euthanized after 10 days.

Group II (Tadalafil-treated group) (n=6): This group 
was treated with tadalafil (TAD) (Cialis®; Eli Lilly and 
Co pharmaceutical company, Cambridge, MA, USA) at a 
dose of 10mg/kg once daily for 10 days[23]. The crushed 
tadalafil tablets were dissolved in distilled water and orally 
administered through a gastric tube. 

Group III (CYP-treated group) (n=12): Acute 
cystitis was chemically induced by a single intraperitoneal 
injection of cyclophosphamide (CYP) (Sigma-Aldrich 
co., St. Louis, Missouri, USA ) at a dose of 100 mg/kg 
dissolved in distilled water[10]. The animals were further 
subdivided into two equal subgroups; subgroup IIIa was 
euthanized after one day of the treatment, and subgroup 
IIIb was euthanized after ten days of the treatment.

Group IV (CYP-TAD-treated group) (n=12): This 
group was treated with both TAD and CYP in the same 
doses and duration as described in groups II and III 
respectively. The animals were further subdivided into two 
equal subgroups; subgroup IVa was euthanized after one 
day of the treatment, and subgroup IVb was euthanized 
after ten days of the treatment.

At the appropriate time, the rats were euthanized with 
pentobarbital (40 mg/kg)[24] and the urinary bladders were 
rapidly dissected out. One half of the urinary bladder was 
processed for light microscopy, and the other half was 
processed for transmission electron microscopy. 

Light microscopic study

Urinary bladder specimens were immediately fixed in 
10% neutral buffered formalin, washed, dehydrated, cleared 
and embedded in paraffin. Sections of 5µm thickness were 
stained with hematoxylin and eosin (H&E)[25]. 
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Immunohistochemical staining for detection of Ki-
67 and activated caspase-3

Immunohistochemical staining was performed using 
the streptavidin-biotin-peroxidase complex technique 
to detect activated caspase-3 and Ki-67 antigens. After 
deparaffinization and rehydration, antigen retrieval was 
done by boiling in sodium citrate buffer (10 mM, pH 6.0) for 
10-20 min followed by cooling at room temperature for 20 
min. The endogenous peroxidase activity was blocked by 
3% hydrogen peroxide/methanol for 20 minutes followed 
by washing. The sections were incubated in 5% human 
serum albumin (blocking protein) for 30 minutes followed 
by washing three times in phosphate-buffered saline (PBS). 
The sections were then incubated overnight at 4°C with 
primary antibodies; anti-caspase-3 (PP229AA polyclonal 
antibody, obtained from Biocare Medical Company, USA) 
or anti-Ki67 (ab9260 polyclonal antibody, obtained from 
Sigma-Aldrich Company, Germany). The sections were 
further washed three times for 10 minutes each in PBS. The 
slides were incubated with biotinylated secondary antibody 
for 30 min at room temperature, then washed in PBS and 
incubated for one hour with ABC solution (peroxidase-
labelled streptavidin). The reaction was visualized with 
0.05% diaminobenzidine (DAB) and counterstained 
with hematoxylin before mounting[26]. Positive results 
of activated caspase-3 appeared as cytoplasmic and /or 
nuclear reaction, and for Ki-67 appeared as diffuse nuclear 
brown stain. Positive control for Ki‐67 was from the 
normal tonsil while for caspase‐3 was from the placenta. 
Negative control was run automatically by omitting the 
primary antibody[26]. 

Transmission Electron microscopic study
Small pieces (1 mm3) of the urinary bladder specimens 

were fixed in 2.5% buffered glutaraldehyde (pH 7.3) for 2h 
at 4°C. Specimens were postfixed in 1% osmium tetroxide 
(pH 7.3) and then were dehydrated in ascending grades of 
alcohol and then passed through two changes of propylene 
oxide and embedded in epoxy resin. Ultrathin sections                                                                                                       
(60 nm thick) were cut, mounted on copper grids, and stained 
with uranyl acetate and lead citrate[27]. The grids were then 
examined and photographed with the transmission electron 
microscope JOEL (JEOL-JEM-100 transmission electron 
microscope (Tokyo, Japan) at the Electron Microscopic 
Unit, Faculty of Medicine, Tanta University.

Morphometric study
A Leica microscope (DM500, Switzerland) coupled 

to a Leica digital camera (ICC50, Switzerland) was used 
for image acquisition. The software “ImageJ” (version 
1.48v National Institute of Health, Bethesda, Maryland, 
USA) was used for image analysis in Faculty of Medicine, 
Tanta University. Ten different non-overlapping randomly 
selected fields from each slide at a magnification of 400 
were examined to quantitatively evaluate: 

1. The mean urothelium thickness (µm)

2. Apoptosis index (number of caspase-3 immunopositive 
cells x 100 / the total number of urothelial cells)[28,29].

3. Proliferation index (number of Ki-67 immunopositive 
cells x 100 / the total number of urothelial cells)[28,29].

Statistical analysis
The data were analyzed by using one-way analysis 

of variance (ANOVA) followed by Tukey’s test for 
comparison between the groups using statistical package 
for social sciences statistical analysis software (IBM 
SPSS Statistics for Windows, IBM Corp, Version 22.0. 
Armonk, NY, USA). Differences were regarded significant 
if the probability value p < 0.05 and highly significant if                                  
p < 0.001[30].

RESULTS                                                                               

During the study period no mortality was recorded in 
the experimental animals. 

Light Microscopic findings

H&E staining

Groups (I&II)
H&E stained sections from both control subgroups 

and tadalafil-treated group similarly revealed the normal 
histological architecture of the urinary bladder with its 
highly folded lining mucosa composed of urothelium and 
lamina propria. The urothelium was formed of transitional 
epithelium consisting of three to five rows; the superficial 
layer was formed of dome-shaped cells with characteristic 
angular contour bulging into the lumen, followed 
immediately by numerous pear-shaped cells then finally 
a basal layer resting on the lamina propria. The lamina 
propria containing blood capillaries was subdivided into a 
superficial layer and a deep one. The muscular layer was 
subdivided into three interlaced layers of smooth muscle 
cells; thin inner and outer longitudinal layers and a thick 
middle circular layer (Figures 1,2). 

Group (III)
H&E stained sections from subgroup IIIa (after 1 day 

of a single injection of CYP) revealed haemorrhage and 
extensive loss of urothelial cells. The urothelium showed 
a marked decrease in its thickness to be formed of one or 
two rows of cells. Focal ulcerated areas with detached cells 
leaving denuded areas of the underlying highly cellular 
lamina propria (Figure 3). Most cells coalesced with 
vacuolated cytoplasm and dark pyknotic nuclei. The deep 
lamina propria appeared less cellular with empty spaces 
enclosing congested blood capillaries (Figure 4). 

Moreover, sections from subgroup IIIb (after 10 days 
of a single injection of CYP) showed restoration of the 
transitional epithelium lining the mucosal folds, which 
appeared formed of many layers, however, focal loss of 
urothelium leaving denuded areas of lamina propria in 
addition to sloughed tissues in the lumen were still detected 
in certain areas. Most of the urothelial cells were vacuolated 
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with dark pyknotic nuclei and wide intercellular spaces. 
The submucosa was disrupted with focal areas of massive 
mononuclear cells infiltration and dilated congested blood 
vessels (Figures 5,6). 

Group (IV)
Histological examination of sections from subgroup 

IVa (after 1 day of receiving both CYP&TAD) showed an 
apparent decrease of the urothelium thickness compared 
to the control, yet, it was formed of two or more urothelial 
cells. However, there were few focal areas of separation and 
cell loss with no evident denuded areas. Some superficial 
cells appeared enlarged and vacuolated. The submucosa 
still showed neutrophils infiltration and dilated congested 
blood capillaries (Figure 7).

Nevertheless, examination of sections from subgroup 
IVb (after 10 days of receiving both CYP&TAD) revealed 
an almost full restoration of urothelium thickness with 
apparently normal cells, furthermore, the superficial dome 
cells were evident with their characteristic angular contour, 
yet, minimal separations between urothelial cells were 
still observed. The lamina propria appeared normal with 
no inflammatory cells nor congested dilated capillaries. 
(Figure 8).

Morphometrical analysis of the mean urothelium 
thickness (µm) of subgroups IIIa and IVa (5.94±1.02, 
13.54±2.1 respectively) revealed a significant decrease 
compared to the control (31.68±5.36), Whereas subgroup 
IIIb (37.28±2.99) showed a significant increase compared 
to the control, while subgroup IVb (34.66±6.38) showed 
a non-significant difference from the control. Moreover, 
subgroup IVa was significantly higher than subgroup IIIa, 
while subgroup IVb was significantly lower than subgroup 
IIIb (Table 1) (Histogram 1).

Immunohistochemical staining for detection of 
caspase-3

Immunohistochemical staining for detection of 
activated caspase-3 in both control subgroups and tadalafil-
treated group showed scanty caspase-3 positive cells in the 
outer layer of the urothelium (Figure 9). Whereas, sections 
from subgroup IIIa revealed numerous caspase-3 positive 
cells in the urothelium and lamina propria (Figure 10). 
Moreover, sections from subgroup IIIb depicted many 
caspase-3 positive cells at all layers and lamina propria 
(Figure 11). On the other hand, sections from subgroup IVa 
showed some caspase-3 positive cells in the urothelium and 
lamina propria (Figure 12). Yet, sections from subgroup 
IVb revealed only a few caspase-3 positive cells in the 
urothelium (Figure 13).

Morphometrical analysis of the mean percentage of 
caspase-3 positive cells (apoptosis index) of subgroups 
IIIa, IIIb and IVa (25.67±4.69, 19.33±3.07, 11.91±3.22 
respectively) revealed a significant increase compared to 
the control (6.26±1.02), whereas subgroup IVb (8.06±2.69) 
recorded a non-significant difference from the control. 

Moreover, subgroups IVa and IVb were significantly 
lower than subgroups IIIa and IIIb respectively (Table 1) 
(Histogram 2).

Immunohistochemical staining for detection of                
Ki-67

Immunohistochemical staining for detection of                                                      
Ki-67 in both control subgroups and tadalafil-treated group 
showed few Ki-67-positive cells almost limited to the basal 
cell layer and lamina propria (Figure 14). Whereas, sections 
from subgroup IIIa revealed numerous Ki-67 positive 
cells particularly in the basal and intermediate layers                                                                                                         
(Figure 15). Nevertheless, sections from subgroup 
IIIb depicted a massive number of Ki-67 positive cells 
occupying the whole layers (Figure 16). On the other 
hand, sections from subgroup IVa revealed numerous                                                                  
Ki-67 positive cells particularly in the basal and 
intermediate layers (Figure 17). In addition, sections from 
subgroup IVb depicted only a few Ki-67 positive cells 
almost limited to the basal cell layer (Figure 18).

Morphometrical analysis of the mean percentage of 
Ki-67-positive cells (proliferation index) of subgroups IIIb 
and IVa (23.91±4.81, 17.65±3.16 respectively) revealed a 
significant increase compared to the control (11.55±2.61), 
whereas subgroup IIIa and IVb (12.26±3.66, 14.12±3.91 
respectively) recorded a non-significant difference from the 
control. Moreover, subgroup IVa was significantly higher 
than subgroup IIIa, while subgroup IVb was significantly 
lower than subgroups IIIb (Table 1) (Histogram 3).

Transmission electron microscopic study

Groups (I and II)
Ultrathin sections of the superficial urothelial cells of 

both control subgroups and tadalafil-treated group were 
characterized by the irregular angular contour. The apical 
plasma membrane had dense plaques interspersed with 
narrow zones of the normal membrane. The cytoplasm 
showed euchromatic nuclei with prominent nucleoli, apical 
electron-lucent fusiform vesicles and normal pleomorphic 
mitochondria (Figures 19,20). The superficial cells were 
interdigitated and held together by intact intercellular 
junctions in the form of zonula occludens, zonula adherens, 
and desmosomes between and along the lateral sides of 
cells (Figure 20).

Group (III)
Ultrathin sections from subgroup IIIa revealed 

disrupted apical plasma membrane of the superficial cells 
with presence of cell remnants. The cells had rarefied 
cytoplasm with empty spaces and cytoplasmic vacuoles. 
Absences of fusiform vesicles and wide intercellular spaces 
were observed. Some nuclear degenerative changes in the 
form of abnormal chromatin distribution were detected 
and some cells lost their nuclei (Figure 21). There were 
many shrunken cells in between the few remnant layers 
characterized by electron-dense cytoplasm and nuclear 
condensation adjacent to the nuclear membrane with a 
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severely irregular plasma membrane (Figure 22). Apoptotic 
bodies with condensed nuclear fragments and irregular 
membrane were frequently noticed in between cells in 
different layers (Figure 23). Sections from subgroup IIIb 
still depicted the loss of the characteristic angular contour of 
the apical plasma membrane, wide intercellular spaces, and 
cytoplasmic vacuoles. Nuclear changes were in the form of 
indented and shrunken hyperchromatic nuclei (Figure 24).
Group (IV)

Ultrathin sections from subgroup IVa revealed some 
superficial cells with the characteristic angular contour 
of the apical plasma membrane with multiple fusiform 
vesicles underneath. The intercellular spaces and junctions 
were intact. The cytoplasm of some urothelial cells 
contained multiple secondary lysosomes and cytoplasmic 
vacuoles. Most of the nuclei appeared normal with large 
nucleoli (Figure 25). On the other hand, sections from 
subgroup IVb showed that almost all cells were apparently 
normal with an apical angular contour. The cytoplasm 
contained electron-lucent fusiform vesicles, apparently 
normal mitochondria, and some vacuoles. Moreover, 
the intercellular spaces were intact with the presence of 
intercellular junctions. The nuclei depicted the normal 
appearance (Figure 26).  

Fig. 1: A photomicrograph of a section of the urinary bladder of a control 
group showing the folded mucosa composed of the urothelium (U) and 
lamina propria (P). The muscle layer is formed of three interlaced bundles 
of inner longitudinal (IL), middle circular (MC), and outer longitudinal 
(OL).  (H&Ex200, scale bar=100µ)

Fig. 2: A photomicrograph of a section of the urinary bladder of a control 
group showing the urothelium formed of surface dome-shaped cells (thin 
arrow), intermediate pear-shaped cells (arrowhead) and basal layer resting 
on basal lamina (wavy arrow). The lamina propria is differentiated into 
superficial dense (S) and deep loose layers (D). (H&E x400, scale bar=50µ)

Fig. 3: A photomicrograph of a section of the urinary bladder of subgroup 
IIIa showing haemorrhage (star), marked decrease of the urothelium 
thickness to be formed of one or two rows of cells (thin arrow) with 
focal ulcerated areas and loss of urothelial continuity forming localized 
denuded areas (curved arrow). (H&E X400, scale bar=50µ) 

Fig. 4: A photomicrograph of a section of the urinary bladder of subgroup 
IIIa showing coalesced cells with vacuolated cytoplasm and deeply 
stained nuclei (thin arrow). The deep lamina propria appears less cellular 
with empty spaces (D) with dilated congested blood capillary (star). 
(H&E X400, scale bar=50µ)   

Fig. 5: A photomicrograph of a section of the urinary bladder of subgroup 
IIIb showing the restoration of the urothelium (thin arrow) and the 
presence of sloughed tissues in the lumen (arrowhead). Note the wide 
intercellular spaces (wavy arrow). The submucosa reveals focal areas of 
massive mononuclear cells infiltration (I) and dilated congested blood 
vessels ( star ). (H&E X200, scale bar=100µ); (inset, ×1000, scale                  
bar=20 µ)
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Fig. 6: A photomicrograph of a section of the urinary bladder of subgroup 
IIIb showing a part of the mucosa lined with few layers of urothelial cells 
and another ulcerated part with a denuded area of lamina propria (thick 
arrows). Some cells have vacuolated cytoplasm (wavy arrow) and dark 
pyknotic nuclei (curved arrow). Note the sloughed cells in the lumen 
(arrowhead). (H&E X400, scale bar=50µ) (inset, ×1000, scale bar=20 µ)

Fig. 7: A photomicrograph of a section of the urinary bladder of subgroup 
IVa showing an apparent decrease of the urothelial thickness (U) with 
focal separations and cell loss (thin arrows). Some superficial cells are 
enlarged with vacuolated cytoplasm (thick arrows). Submucosa shows 
empty spaces, dilated congested blood capillaries (star), and neutrophil 
infiltration (I).  (H&E X400 scale bar=50µ)   

Fig. 8: A photomicrograph of a section of the urinary bladder of subgroup 
IVb showing restored urothelium thickness. The superficial cells show 
their characteristic angular contour (thick arrows) with some separations 
between urothelial cells (thin arrows). Notice apparently normal lamina 
propria. (H&E X400,  scale bar=50µ)   

Fig. 9: A photomicrograph of a section of the urothelium of a control 
group showing scanty caspase-3 positive cells in the outer layer of the 
urothelium (thin arrow). (caspase-3 X1000, scale bar=25 µ)

Fig. 10: A photomicrograph of the urothelium of subgroup IIIa showing 
numerous caspase-3 positive cells in the urothelium and lamina propria 
(thin arrows). (caspase-3 X1000, scale bar=25 µ)

Fig. 11:  A photomicrograph of the urothelium of subgroup IIIb showing 
many caspase-3 positive cells at all layers of urothelium and lamina 
propria (thin arrows). (caspase-3 X1000, scale bar=25 µ)
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Fig. 12: A photomicrograph of the urothelium of subgroup IVa showing 
some caspase-3 positive cells in the urothelium and lamina propria (thin 
arrows). (caspase-3 X1000, scale bar=25 µ)

Fig. 13: A photomicrograph of the urothelium of subgroup IVb showing 
few caspase-3 positive cells in the urothelium (thin arrows).( caspase-3 
X1000, scale bar=25 µ)       

Fig. 14: A photomicrograph of a section of the urothelium of a control 
group showing few ki-67 positive cells mainly in the basal layer of 
the urothelium and lamina propria (thin arrows). (Ki-67 X 1000,                                   
scale bar=25 µ)

Fig. 15: A photomicrograph of the urothelium of subgroup IIIa showing 
several Ki-67 positive cells in the basal and intermediate layers besides 
the lamina propria (thin arrows). (Ki-67 X 1000, scale bar=25 µ) 

Fig. 16: A photomicrograph of the urothelium of subgroup IIIb showing 
a massive number of Ki-67 positive cells occupying the whole layers 
reaching up to the superficial layer (thin arrows). (Ki-67 X 1000, scale 
bar=25 µ) 

Fig. 17: A photomicrograph of the urothelium of subgroup IVa showing 
numerous Ki-67 positive cells limited to basal and intermediate layers 
(thin arrows). (Ki-67 X 1000, scale bar=25 µ) 
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Fig. 19: An electron micrograph of the urothelium from a control group 
showing irregular dense plaques at the apical surface (thin arrow) and 
a nucleus exhibiting normally dispersed chromatin with prominent 
nucleolus (N). TEM × 2000  

Fig. 20: A higher magnification of the previous figure showing a 
minimal intercellular space with interdigitation (curved arrow) and intact 
intercellular junctions formed of zonula occludens (ZO), zonula adherens 
(ZA) and desmosome (D). The cytoplasm contains normal pleomorphic 
mitochondria (M) and multiple fusiform electron-lucent vesicles (wavy 
arrow).TEM × 5000. 

Fig. 18: A photomicrograph of the urothelium of subgroup IVb showing few Ki-67 positive cells limited to the basal layer and lamina propria (thin arrows). 
(Ki-67 X 1000, scale bar=25 µ) 
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Fig. 21: An electron micrograph of subgroup IIIa showing a focal 
disruption of the apical plasma membrane (thin arrow), cell remnants 
(arrowhead), absence of fusiform vesicles and wide intercellular space 
(wavy arrow). The cytoplasm appears rarefied with empty spaces (star). 
Note a cell with a nucleus exhibiting a decreased chromatinic rim (N1) 
while the other cell lost its nucleus (N2).TEM × 1500.

Fig. 22: An electron micrograph of subgroup IIIa showing a shrunken cell 
separated from the other surrounding cells (stars). The plasma membrane 
is severely irregular (arrow), the cytoplasm is electron-dense and the 
nucleus is indented with chromatin condensation adjacent to the nuclear 
membrane (N).TEM × 2000.

Fig. 23: An electron micrograph of subgroup IIIa showing an apoptotic 
body in between urothelial cells. It has an irregular membrane (thin 
arrow) and contains fragments of the nucleus with condensed chromatin 
(N). TEMx1500

Fig. 24: An electron micrograph from subgroup IIIb showing superficial 
urothelial cells with loss of the characteristic angular contour (thin 
arrows), wide intercellular spaces (curved arrows) and cytoplasmic 
vacuoles (wavy arrows). Note the hyperchromatic shrunken nucleus (N1) 
and the other indented one (N2).TEM × 1000.
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Fig. 25: An electron micrograph of the urothelial cells from subgroup IVa 
showing the characteristic angular contour (thin arrow), fusiform vesicles 
(double arrows) and intact intercellular junctions (arrowhead). The 
cytoplasm contains secondary lysosomes (wavy arrow) and cytoplasmic 
vacuoles (thick arrow). The nucleus (N) appears normal with a large 
nucleolus (curved arrow). TEMX2000

Fig. 26: An electron micrograph of the urothelial cells of subgroup IVb 
showing angular contour of the apical plasma membrane (thin arrow), 
fusiform vesicles (double arrows) and normal shaped mitochondria (wavy 
arrow). Notice an apparently normal nucleus (N) and intact intercellular 
junction (arrowhead).  TEMX2000

Table 1: Morphometrical analysis of the different study groups

Parameters Group I Group II
Group III Group IV

Subgroup IIIa Subgroup IIIb Subgroup IVa Subgroup IVb

Mean urothelium thickness (µm) 31.68±5.36 31.49±5.96 5.94±1.02a,b 37.28±2.99a,b 13.54±2.1a,b,c 34.66±6.38d

Apoptosis index 6.26±1.02 6.11±1.19 25.67±4.69a,b 19.33±3.07a,b 11.91±3.22a,b,c 8.06±2.69d

Proliferation index 11.55±2.61 11.862.09 12.26±3.66 23.91±4.81a,b 17.65±3.16a,b,c 14.12±3.91d

Data is expressed as mean±standard deviation, a indicates significance versus group I, b indicates significance
versus group II, c indicates significance versus subgroup IIIa, d indicates significance versus subgroup IIIb.

Histogram 1: Morphometric analysis of mean urothelium thickness of 
the urinary bladder (μm) * indicates significance versus the control group.

Histogram 2: Morphometric analysis of the mean area percentage (%) of 
caspase-3-positive cells (Apoptosis index), * indicates significance versus 
the control group.
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Histogram 3: Morphometric analysis of the mean area percentage 
(%) of Ki67-positive cells (Proliferation index). * indicates 
significance versus the control group.

DISCUSSION                                                                       

HC commonly develops in patients receiving CYP as 
a part of their treatment against cancer and autoimmune 
diseases[1]. The urothelial damage done by CYP is mainly 
due to the passage of the active product acrolein into 
the urinary bladder producing a redox imbalance in the 
urothelium[31]. 

CYP treatment causes massive destruction of the 
urothelium by both necrosis and apoptosis, followed by 
regeneration of the surviving cells[32]. It happened similarly 
in the current work after 1 day of a single injection of 
CYP (subgroup IIIa). The histological findings were in 
the form of haemorrhage and a noticeable decrease of 
urothelium thickness with numerous ulcerations and 
denudation with affection of the lamina propria. Most cells 
had the characters of necrosis in the form of destruction 
of the apical plasma membrane, cytoplasmic vacuoles, 
karyolysis, and widening of intercellular spaces. 

After 10 days from CYP injection (subgroup IIIb), 
despite the urothelium was formed of many different 
layers; focal denuded areas were still observed, also the 
cytoplasm was vacuolated with dark hyperchromatic 
nuclei. In both periods of this group, the mucosa appeared 
oedematous with dilated congested blood vessels and 
massive inflammatory cellular infiltrations. Our results 
were consistent with several studies[23,33-35] further 
more explained as a single injection of CYP triggers an 
inflammatory reaction in the urinary bladder[10,11].

In the current work, the apoptotic index revealed a 
highly significant increase in subgroups IIIa and IIIb 
compared to control. The apoptotic index was elevated at 
day 1 and declined at day 10; it confirms that apoptosis 
comes early after necrosis to play a vital role in cell 
elimination. Apoptosis usually occurs near the areas of 
necrosis to permit the removal of the damaged cells that do 
not undergo necrosis[10,17]. This explanation is demonstrated 
by active caspase-3 immunohistochemistry and confirmed 
also by electron microscopy. A plentiful number of 
apoptotic bodies as well as shrunken cells with irregular 

cell membrane and condensed fragmented nuclei were 
noticed among the necrotic cells in all cell layers. Also, 
caspase-3 positive cells have been seen in all cell layers, 
suggesting that cells of all urothelial layers are responsive 
to apoptotic stimuli[17]. 

The immunolocalization of acrolein in the wall of the 
urinary bladder in rats has been documented after CYP 
injection; it was consistent with the elevation of IL-6 in 
both serum and bladder tissue[23]. Moreover, the elevation 
of the inflammatory cytokines IL-1β, TNFα, and platelet-
activating factor (PAF) were also recorded to be implicated 
in the pathophysiology of CYP-induced HC[2,35,36].

Souza-Filho et al.,[37] observed an increase in the 
inducible Nitric oxide synthase (iNOS) with a concomitant 
decrease of the constitutive NOS after CYP injection leading 
to release of a large amount of NO over a long duration 
by immune cells inducing a cytotoxic effect. Acrolein 
raises ROS by catalyzing the reaction of glutathione to 
glutathionyl-propionaldehyde (GTPD) that activates 
nuclear factor kappa B (NF-κB) apoptotic pathway. NF-κB 
binds with several enzymes, particularly xanthine oxidase 
and aldehyde dehydrogenase, forming superoxide radicals 
that react with NO producing peroxynitrite radicals and 
subsequently commit cells to necrosis or apoptosis[38]. 

In the current work, the CYP-TAD treated group showed 
amelioration of the previous histological findings. After 
one day (subgroup IVa); the thickness of the urothelium 
decreased but not as much as subgroup IIIa, in addition to 
a few localized areas of cell loss with no evident denuded 
areas. The submucosa showed congested blood vessels 
with mild neutrophil infiltration. After ten days (subgroup 
IVb), the thickness of the urothelium appeared normal and 
the cells exhibited their normal features, in addition, the 
mucosa seemed normal with no congested blood vessels or 
inflammatory cells. 

Subgroup IVa revealed a significant increase in 
apoptotic index compared to control, but still lower than 
subgroups IIIa and IIIb, although subgroup IVb revealed 
a non-significant difference compared to the control. This 
was in accordance with Baek et al.[42] who found that 10 mg/
kg of TDF repressed the apoptotic neuronal cell death and 
boost cell proliferation in the hippocampus of maternal-
separated young rats, this was in addition to the previously 
mentioned studies about the anti-apoptotic activity of TAD 
on different organs[39-41]. 

The predictable mechanism of the anti-inflammatory 
effect of TAD on HC is the augmentation of NO/cGMP 
signaling pathway that induces smooth muscle cell 
relaxation resulting in increased blood perfusion in the 
bladder[43-45]. Moreover, the increased cGMP and the 
activation of mitochondrial potassium ATP (ATPK+) 
channels have a direct and indirect anti-apoptotic effect 
through a variety of signaling pathways, as activation 
of protein kinase C (PKC) and (PKG). Opening of 
mitochondrial ATPK+ channel may prohibit apoptosis as 
it inhibits the mitochondrial accumulation of Ca+, and 
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also by preserving the inner mitochondrial membrane 
potential[41,46]. Also, it has been shown that sildenafil 
induces an increase of cytochrome-c secretion, up-
regulation of Bcl2/Bax ratio, and decrease of apoptotic 
protease activating factor-1 (APAF1) level through NO 
signaling pathway having an important role in inhibiting 
apoptosis[41,47,48].

Many studies attributed the anti-apoptotic properties 
of TAD to ROS inhibition[49] and also the block of the 
development of inflammatory cytokines and reduction 
leukocyte aggregation[50,51]. Furthermore, TAD has the 
ability to inhibit the secretion of pro-inflammatory 
cytokine IL-8 in human myofibroblasts and endothelial 
cells[52,53]. PDF5 inhibitors reduce both the activity and the 
expression of NADPH oxidase resulting in the inhibition 
of superoxide production in endothelial and smooth muscle 
cells[49].

In the current study, the proliferation index revealed a 
significant increase in subgroups IIIb and IVa compared 
to control, while subgroups IIIa and IVb revealed                                       
a non-significant change compared to control. While                   
Ki-67 positive cells in subgroup IIIa were mainly limited 
in the basal and intermediate layers, they were occupying 
all the layers in subgroup IIIb in contrast to the control 
urothelium, where only the basal cells regenerate. 
Detection of proliferation index by Ki-67 expression was 
working hand in hand with the estimation of the urothelial 
thickness. There was a significant decrease in subgroups 
IIIa and IVa compared to control, on the other hand, 
subgroup IIIb revealed a significant increase compared 
to control. Moreover the urothelial thickness of subgroup 
IVa was significantly higher than subgroup IIIa, while 
subgroup IVb was significantly lower than subgroup IIIb. 

In this study, the differentiation process was reflected by 
the ultrastructural findings that revealed absence of dense 
plaques in the superficial luminal cells in group III, while 
the characteristic angular contour appeared in some cells 
in subgroup IVa and almost all cells of subgroup IVb.  It 
appears that, following TAD treatment, the differentiation 
process was faster than CYP group, as all luminal cells had 
already reached the differentiated state after 10 days. 

Recently, several studies mentioned that TAD 
shortens the time of healing and fastens the regeneration 
period in different organs[54-56]. Hoke et al.,[57] found that 
intra-cardiac injection of preconditioned adipose stem 
cells (ASCs) with PDE5 inhibitor-sildenafil helped 
regeneration and improved the survival of cardiomyocytes 
following myocardial infarction. Additionally, it has 
been mentioned that administration of different doses of 
sildenafil accelerated the regeneration and the mitotic 
rate of hepatocytes after partial hepatectomy[58]. Sildenafil 
also significantly enhanced the release of growth factors 
(GFs) as vascular endothelial growth factor (VEGF), beta 
fibroblast growth factor (b-FGF), insulin-like growth 
factor (IGF), and angioprotein-1. These GFs would 
stimulate urothelium proliferation, blood vessel formation/

maturation, regeneration of neuromuscular junction, and 
smooth muscle layer reorganization[59]. 

CONCLUSION                                                                    

The results of this study showed that TAD (PDE-5 
inhibitor) co-treatment ameliorated HC induced by CYP 
in rats. TAD, at a dose (10 mg/kg), inhibited apoptosis, 
controlled proliferation of urothelial cells, and also 
stimulated their terminal differentiation faster during 
regeneration and restoration of the urothelium and the 
underlying lamina propria of the urinary bladder. 

RECOMMENDATIONS                                                          

Further studies are required to elucidate the protective 
effect of TAD on CYP-induced HC to be included more 
safely in the chemotherapy regimens of cancer patients and 
patients complaining of autoimmune diseases.
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الملخص العربى

تأثير تاداالفيل على الموت المبرمج وانتشار الخاليا على الغشاء المخاطي المبطن للمثانة 
البولية بعد االلتهاب النزفي المستحث كيميائيَا؛ دراسة هستولوجية وهستوكيميائية 

مناعية

شيرين شوقي العبد، مروة عوض عبد الحميد إبراهيم، منى تيسير صادق 

قسم الهستولوجيا وبيولوجيا الخلية - كلية الطب - جامعة طنطا

أنه يستخدم بشكل  النزفى كيميائيًا عن طريق حقن سيكلوفوسفاميد، حيث  المثانة  التهاب  يتم استحداث  مقدمة البحث: 
أساسي كدواء مثبط للمناعة ومضاد لألورام. يمتلك تاداالفيل المثبط للنوع الخامس من إنزيم الفوسفودايستريز خواص 
مضاده لاللتهاب ومضادة للموت المبرمج للخاليا بجانب كونه موسع لألوعية الدموية.  كما أنه من الشائع إستخدامه فى 

عالج ضعف االنتصاب وارتفاع ضغط الدم الشرياني الرئوي. 
الهدف من البحث: يهدف هذا البحث إلى التحقق من تأثير تداالفيل على الموت المبرمج وانتشار الخاليا في غشاء المثانة 

المبطن المتضرر نتيجة االلتهاب النزفي المستحث كيميائيًا.
المجموعة  البيضاء عشوائيًا على أربعة مجموعات.  الجرذان  تم تقسيم ستة وثالثين من ذكور  البحث:  مواد و طرق 
األولى كانت المجموعة الظابطة، عولجت المجموعة الثانية بتاداالفيل، وعولجت المجموعة الثالثة بالسيكلوفوسفاميد 
أما الرابعة فقد عولجت بتاداالفيل والسيكلوفوسفاميد معًا. تم  تقسيم المجموعة الثالثة والرابعة بالتساوي إلى مجموعتين 
فرعيتين (a و b)، المجموعتين الفرعيتين  IIIa و IVa تم التضحية بهما بعد يوم واحد، بينما تم التضحية بالمجموعتين 
واإللكتروني  الضوئي  المجهري  للفحص  البولية  المثانة  عينات  معالجة  تم  أيام.  عشرة  بعد   IVb و   IIIb الفرعيتين 

والتحليل الهستوكيميائي المناعي لل ki67 و caspase-3 متبوًعا بقياسات مورفومترية مختلفة.
نتائج البحث: أظهرت المجموعة الفرعية IIIa نزيف و نقص فى ُسمك الظهارة البولية مع وجود تقرحات  تعرية للنسيج 
الطالئي. أظهرت المجموعة الفرعية IIIb إستعادة للظهارة البولية مع وجود مناطق محددة بها تعرية للنسيج الطالئي. 
المجموعة  أظهرت  بينما  للخاليا  المبرمج  الموت  فى  إحصائية  داللة  ذات  زيادة  أظهرتا  الفرعيتان  المجموعتان  كلتا 
الفرعية IIIb زيادة ذات داللة إحصائية فى انتشار الخاليا. أظهرت المجموعة الفرعية IVa نقًصا ذا داللة إحصائية 
فى الموت المبرمج وزيادة ذات داللة إحصائية فى انتشار الخاليا مما أدى الى الحد من فقد الخاليا. أظهرت المجموعة 
الفرعية IVb نقًصا ذا داللة إحصائية فى كل من الموت المبرمج وانتشار الخاليا مما يشير الى الحد من التضخم الحادث 
فى الظهاره البولية. وقد تم التعبير عن التمايز النهائى فى الخاليا السطحية  للمجموعة الرابعة بوجود الخط الكفافي 

الزاوي وذلك عن طريق الميكرسكوب اإللكتروني النافذ.
اإلستنتاج: أظهرت النتائج أن العالج المتزامن لتاداالفيل مع السيكلوفوسفاميد له تأثير إيجابى على موت الخاليا المبرمج 
وانتشارها وأيًضا على التغيرات الهستولوجية نتيجة التهاب الظهارة البولية النزفي. لذلك هناك حاجة الى المزيد من 

الدراسات لتوضيح الدور الوقائى لتداالفيل على االلتهاب النزفى المستحث بالسيكلوفوسفاميد.


