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Abstract: Recent investigations provide evidence for the role of oxidative injury in the progression of bladder dys-
function after partial bladder outlet obstruction (PBOO). It is of interest to study the correlation between the morpho-
logical and molecular changes induced by bladder obstruction and to investigate the efficacy of kaempferol. Twenty-
four rats were randomly divided into: group 1 sham-operated control rats; group 2 sham-operated rats received oral 
kaempferol (100 mg/kg/day); group 3 PBOO rats; group 4 PBOO rats received oral kampferol at the same dose. 
Four weeks after surgery, urinary bladders were processed for histopathological examinations by light and electron 
microscopes, real-time RT-PCR analysis [smooth muscle myosin (SMM), non-muscle myosin (NMM) and isoforms of 
caldesmon (h-CaD and l-CaD) mRNA] and biochemical assays [catalase (CAT), superoxide dismutase (SOD) and ni-
tric oxide (NO) levels]. Mast cell count and immunohistochemical localization of Ki-67 and muscle actin were carried 
out. PBOO induced deleterious histopathological changes, increase in Ki-67 and muscle actin immune expressions, 
down regulation of SMM and h-CaD mRNA and up regulation of NMM and I-CaD mRNA and enhancement of tissue 
oxidative stress markers. Kaempferol effectively reversed these alterations through its antioxidant, anti-proliferative 
and anti-inflammatory capacity. The clinical application of kaempferol could represent a novel approach for coun-
teracting bladder injury due to PBOO. 
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Introduction

Bladder outlet obstruction (BOO) is a prevalent 
clinical issue that happens in numerous ail-
ments, such as benign prostatic hyperplasia 
(BPH) in male [1] and pelvic organ prolapse in 
female [2]. Patients with BOO go through an ini-
tial stage of adaptation, followed by a compen-
sation stage with stable bladder structure and 
function before progressing to decompensa-
tion [3]. Urinary tract complications include 
post void residual urine retention, bladder 
diverticula, hydronephrosis, bladder calculi, 
and renal insufficiency [4]. In chronic cases, 
renal failure may occur [5]. 

Smooth muscle myosin (SMM) is composed of 
a pair of myosin heavy chains (MHCs) and two 
pairs of intertwined myosin light chains. SMM 
isoforms, predominantly found in the urinary 

bladder, demonstrate a faster more phasic con-
tractile nature [6]. Non-muscle myosin (NMM) II 
is a member of the myosin class II family. The 
expression of NMM in bladder smooth muscles 
ranges between 0 and 10% of total myosin and 
may contribute to tonic force maintenance [7].

Caldesmon (CaD) is an actin-associated pro-
tein, expressed as two isoforms, l-CaD and 
h-CaD. l-CaD is found in non-muscle cells 
whereas h-CaD is bound to thin filaments in 
smooth muscle cells. h-CaD regulates smooth 
muscle contraction, via the phosphorylation of 
myosin light chain [8]. In PBOO, the overexpres-
sion of l-CaD could be useful in estimating the 
degree of detrusor contractile dysfunction [9].

Flavonoids are polyphenol compounds naturally 
exist in many plants and botanical products 
commonly used in traditional medicine [10]. 
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Flavonoids have become popular in terms of 
health protection because of their anti-isch-
emic, vaso-relaxant and anti-oxidant activities 
[11]. Among them, Kaempferol (3,5,7-trihydro- 
xy-2-(4-hydroxyphenyl)-4H-1-benzopyran-4-fla-
vone) is widely present in broccoli, chives, tea, 
grapes, tomatoes and strawberries [12]. The 
antioxidant activity of several flavonoids was 
evaluated and kaempferol is considered as one 
of the strongest scavengers for the fenton-gen-
erated hydroxyl radical [13]. Kaempferol also 
has anti-carcinogenic, cardio-protective, anti-
aging and anti-postmenopausal bone loss 
properties [14-16].

Many patients undergo obstruction relief pro-
cedures such as prostatectomy but many of 
them still report persistent storage symptoms 
[17]. So, it is vital to look for suitable and suc-
cessful management.

Accordingly, the aim of our study is to correlate 
the morphological and molecular changes 
induced by bladder obstruction and to investi-
gate efficacy of kaempferol in improving these 
changes in a rat model of PBOO.

Material and methods

Chemicals

Kaempferol (yellow powder; CAS No. 520-18-3; 
purity of ≥ 97%) was purchased from Sigma-
Aldrich (St. Louis, MO, USA) and stored in a dark 
container at room temperature. 

Experimental animals

Twenty-four adult male albino rats (200-250 g 
weight; 7-9 week age) were obtained from the 
Breeding Animal House of the Faculty of 
Medicine, Zagazig University, Egypt. The ani-
mals were housed in plastic cages with stain-
less steel wire-bar lid and maintained under 
standard laboratory conditions at 23 ± 1°C, 
relative humidity 55 ± 5% and photoperiod of 
12 h-dark and light. They were fed with com-
mercial pellet diet and allowed ad libitum 
access to food and drinking water. Animals 
were acclimatized to the laboratory conditions 
for 7 days prior to the experiment. All studies 
were performed in accordance with institution-
al guidelines for the care and use of experimen-
tal animals and approved by the Ethical 
Committee of Zagazig University (Egypt). 

Experimental protocol

Rats were randomly divided into 4 groups (6 
rats each) and maintained for 4 weeks. Group 1 
served as sham-operated control rats. Group 2 
was sham-operated and supplemented with 
kaempferol (100 mg/kg b. w./day; dissolved in 
5% dimethylsulfoxide [DMSO]; by oral gavage) 
[18-20]. Group 3 was subjected to partial blad-
der outlet obstruction (PBOO) [21]. Group 4 
consisted of PBOO rats that received kampferol 
at the same previous dose and route. Kampferol 
administration started after PBOO induction 
following a previously published method [22].

Operative procedures 

Animals were anaesthetized with intramuscular 
injection of ketamine (15 mg/kg) and xylazine 
(5 mg/kg) [23]. The bladder base and proximal 
urethra were exposed through a lower midline 
incision. A 4-0 nylon thread was tied loosely 
around the urethra in the presence of an intra-
luminal indwelling polyethylene tube (1 mm in 
diameter). The abdomen wall was closed after 
the polyethylene tube was removed leaving the 
urethra partially obstructed. 

The sham-operated rats underwent the same 
procedures except that the thread placed 
around the proximal urethra and the polyethyl-
ene tube was not tied. Ampicillin (50 mg/kg/
day) was administered via drinking water for 3 
days to prevent postoperative infection [24]. 

At the end of the experimental period, rats were 
sacrificed by intra-peritoneal administration of 
pentobarbital (40 mg/kg). The bladder of each 
animal was dissected out carefully and blotted 
dry. A part of the bladder was used for biochem-
ical assays and the other for histological 
assessment. For biochemical analysis, tissues 
were frozen immediately in liquid nitrogen and 
stored at -80°C until the preparation of tissue 
homogenates.

Histopathological study 

Haematoxylin and eosin (H&E) stain: Specimens 
for light microscopy were fixed in 10% saline 
formalin and processed to prepare 5-μm-thick 
paraffin sections for H&E stain [25].

Ultrastructural study: Specimens for electron 
microscopy were immediately fixed in 2.5% 
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phosphate-buffered glutaraldehyde (pH 7.4), 
post fixed in 1% osmium tetroxide in the same 
buffer at 4°C, dehydrated and embedded in 
epoxy resin. Ultrathin sections were obtained 
(Leica ultra-cut UCT), stained with uranyl ace-
tate and lead citrate [26], examined and photo-
graphed (JEOL JEM 1010 transmission electron 
microscope; Jeol Ltd, Tokyo, Japan) in the 
Regional Center of Mycology and Biotechnology 
(RCMB), Al-Azhar University, Egypt.

Toluidine blue stain: Semi-thin sections were 
also obtained (Leica ultra-cut UCT), stained 
with toluidine blue and examined by light 
microscope.

Immunohistochemical study: Immunohistoche- 
mical staining for localization of Ki-67 and mus-
cle actin was carried out by means of the avidin 
biotin complex (ABC) method (Dako ARK™, 
Peroxidase, Code No. K3954, Dako, Glostrup, 
Denmark) following the manufacturer’s instru- 
ctions.

Paraffin sections (4 μm) were dewaxed, hydrat-
ed and microwaved in citrate buffer, pH 6, for 
antigen retrieval. Endogenous peroxidase was 
eliminated by incubation in 10% H2O2 in phos-
phate-buffered saline (PBS), pH 7.4. Nonspecific 
binding was blocked in a normal mouse serum 
at room temperature. Then, the sections were 
incubated with the specific primary antibody 
overnight (4°C): anti Ki-67 antibody (rabbit poly-
clonal antibody; No. ab15580; dilution 1 µg/ml; 
Abcam, Cambridge, UK) and anti- muscle actin 
antibody (rabbit monoclonal antibody; No. 
ab156302; dilution 1/250; Abcam, Cambridge, 
UK). The sections were incubated with biotinyl-
ated secondary antibodies followed by labeled 
horseradish peroxidase. 3, 3’-diaminobenzi-
dine (DAB) was used as chromogen that result-
ed in a brown-colored precipitate at the antigen 
site. Sections were counterstained with haema-
toxylin. Negative control sections were incubat-
ed with PBS instead of the primary antibody. 
Stained slides were analyzed by light micros-
copy [27].

Real-time reverse transcriptase polymerase 
chain reaction (RT-PCR) 

Total RNA was extracted from the frozen blad-
der tissues using TRIzol reagent (Invitrogen; 
Carlsbad, CA, USA) according to the manufac-
turer’s protocol. The resulting RNA was quanti-

tated by spectrophotometry at 260/280 nm. 
RNA was reverse transcribed into complemen-
tary DNA (cDNA) using a Quanti Tect Reverse 
Transcription Kit (Qiagen). SYBR Green PCR kit 
(Roche Diagnostics) and cDNA synthesized 
from 1 μg total RNA in a 20 μL reaction volume 
were subjected to PCR according to the manu-
facturer’s instructions. In all reactions, GAPDH 
was used as a housekeeping gene for stan-
dardization. For smooth muscle myosin (SMM), 
non-muscle myosin (NMM) and caldesmon iso-
forms (h-CaD and l-CaD), the following primer 
pairs (Operon, Huntsville, AL) were used: SMM 
heavy chain (Forward 5’-TTTGCCATTGAGGCC- 
TTAGG-3’; Reverse 5’-TTTGCCATTGAGGCCTTA- 
GG-3’), NMM heavy chain (Forward 5’-TGAG- 
AAGCCGCCACACATC-3’; Reverse 5’-CACCCGT- 
GCAAAGAATCGA-3’), h-CaD (Forward 5’-CAG- 
AAGGGAAGTCGGTAAATGAAA-3’; Reverse 5’-TC- 
TTCTTTGGCCTCTTTGTCCTT-3’), l-CaD (Forward 
5’-CAAATCCGAGCAGAAGAATGACTG-3’; Rever- 
se 5’-TCTTCTTTGGCCTCTTTGTCCTT-3’], GAPDH 
(Forward 5’-CCTCGTCTCATAGACAAGATGGT-3’; 
Reverse 5’-GGGTAGAGTCATACTGGAACATG-3’). 
All samples were run in duplicates and PCR 
reactions were performed according to the fol-
lowing protocol: denaturation at 95°C for 10 
min followed by 40 cycles of 95°C for 15 s, then 
60°C for 60 s. PCR products were electropho-
resed on 2% agarose gel stained with ethidium 
bromide and visualized by UV detector (BioRad 
Laboratories Inc., Hercules, CA). The final PCR 
product for each sample was quantified using a 
computing densitometer (Gel Doc EQ; Biorad 
Laboratories, Hercules, CA) and software 
(Quantity One). The relative expression of each 
gene was calculated as the ratio of the respec-
tive gene amplified to that of the housekeeping 
gene. Altered mRNA levels in experimental 
groups were expressed as fold changes based 
on 2-ΔΔCT analysis.

Biochemical analysis of tissue antioxidant en-
zymes 

Bladder homogenates preparation: Tissues 
were homogenized in ice-cold phosphate buff-
ered saline (pH 7.4). The homogenates were 
centrifuged (8000× g, 30 min, 4°C) to obtain 
cell-free supernatant. Commercially available 
kits (Bio Diagnostic Company, Dokki, Giza, 
Egypt) were used for biochemical analysis. 

Catalase (CAT): CAT activity was measured by 
the decrease in the concentration of hydrogen 
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peroxide after incubation with various volumes 
of the homogenates, as described earlier [28]. 
Results were expressed as units per milligram 
of protein.

Superoxide dismutase (SOD): The SOD meas-
urement was based on the principle that xan-
thine reacts with xanthine oxidase to form 
superoxide radicals, that form a red formazon 
dye when react with INT (2-(4-iodophenyl)-3-(4-
nitrophenol)-5-phenyltetrazolium chloride). The 
SOD activity is assayed by the degree of in- 
hibition of this reaction [29]. Results were 
expressed as units per milligram of protein.  

Nitric oxide assay: Combined nitrate/nitrite 
(NOx) measurement was used to determine 
total NO concentration using a nitrate/nitrite 
fluorometric assay kits. Nitrate is converted to 
nitrite by nitrate reductase. Nitrite reacts with 
the fluorescent probe DAN (2, 3 diaminonaph-
thalene). The fluorescent intensity is propor-
tional to the total nitric oxide production. 
Results were expressed as mmol/mg protein 
[30]. 

Morphometric study

The Leica QWin 500 image analyzer computer 
system (Leica Ltd, Cambridge, UK) was used. 

Figure 1. H&E-stained sections in urinary bladder of albino rats of the study groups. A-C: Group 1, mucosa (M), 
transitional epithelium (E), lamina propria (LP) blood capillaries (wavy arrow), Musculosa (MU), Serosa (S). Nuclei of 
smooth muscle fibers (arrow), connective tissue (C). D and E: Group 3, transitional epithelium (E), dark stained nu-
clei (arrow), cytoplasmic vacuolations (curved arrow), lamina propria (LP), cellular infiltration (bifid arrow), congested 
blood vessel (wavy arrow), thick musculosa (MU), interstitial connective tissue (C). F and G: Group 4, transitional 
epithelium (E), vacuolated cells (curved arrow), lamina propria (LP), blood capillaries (wavy arrow), nearly normal 
muscle layer (MU), nuclei (arrow), connective tissue (C). 
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The data analyzed by Leica QWin 500 software 
with the aid of a digital camera connected to an 
optical microscope (Olympus). The thickness of 
epithelium (µm) and muscle coat (mm) was 
measured in H&E stained sections. Positive 
cells in anti-Ki 67 immune stained sections and 
mast cells in toluidine blue-stained sections 
were counted. The area percentage of positive 
immune reactivity in anti-muscle actin immune-
stained sections was also measured. 

All measurements were evaluated on images 
captured at a final magnification (400×) except 
for mast cell count (1000×). Using the interac-
tive measure menu, 5 non-overlapping fields 
were analysed per each slide for each animal. 
The measurements were performed by an 
investigator who is blinded to the source of the 
samples and the results.

Statistical analysis

SPSS statistical software version 20 for 
Windows was used to evaluate the data. Values 
were expressed as means ± standard error of 
means (SEM). Data were statistically analyzed 
by using ANOVA test followed by post hoc mul-
tiple comparisons. The probability values (P) 
less than 0.05 were considered significant and 
highly significant when the P values were less 
than 0.001 [31].

Results

Histopathological results

The light and electron microscopic examina-
tions of groups 1 and 2 showed similar results. 
Only morphological results of the control group 
1 were presented.

H&E stain results: Light microscope examina-
tion of group 1 revealed normal structure of the 
urinary bladder; mucosa, musculosa and sero-
sa (Figure 1A). The folded mucosa composed 
of transitional epithelium and underlying lami-
na propria (Figure 1B). The musculosa is 
formed of smooth muscle fibers with acidophil-
ic cytoplasm and elongated nuclei arranged in 
different directions and separated by intersti-
tial connective tissue (Figure 1C).

The transitional epithelium of group 3 appeared 
thick with dark stained nuclei and cytoplasmic 
vacuolations around the nuclei of many cells. 
The lamina propria contained cellular infiltra-

tion and congested blood vessels (Figure 1D). 
The musculosa was formed of thickened 
smooth muscle fibers with acidophilic cyto-
plasm and some shrunken nuclei (Figure 1E).

Examination of group 4 showed nearly normal 
structure of the bladder mucosa and musculo-
sa away from few vacuolated urothelial cells 
(Figure 1F and 1G). 

Ultrastructural changes: Electron microscope 
examination of group 1 revealed that the cells 
of superficial layers of transitional epithelium 
had euchromatic nuclei, angulated luminal bor-
der and lenticular vesicles. Junctional complex-
es and extensive membrane interdigitations 
appeared between adjacent cells (Figure 2A 
and 2B). The basal epithelial cells had euchro-
matic nuclei and cellular interdigitations. They 
rested on regular basement membrane with 
underlying connective tissue (Figure 2C). 
Smooth muscle fibers of the musculosa were 
separated by narrow intercellular spaces with 
few collagen fibrils in between. Their cytoplasm 
contained dense bodies and dense plaques 
under the sarcolemma (Figure 2D).

The ultrathin sections of group 3 showed wid-
ened intercellular spaces and disrupted junc-
tional complexes between the cells of the 
superficial and middle layers of the urothelium. 
The urothelial cells appeared with irregular het-
erochromatic nuclei and vacuolations (Figure 
2E and 2F). Neutrophils were detected in 
between the urothelial cells; they had lobulated 
nuclei and lysosomes rich cytoplasm (Figure 
2G). Some mast cells were seen in between the 
cells of the transitional epithelium, they had 
heterochromatic nuclei and different sized 
electron dense granules (Figure 2H). Lamina 
propria showed increased collagen fibrils and 
mast cells compared with group 1 (Figure 2I). 
Myocytes revealed indistinct dense bodies. The 
intercellular spaces were widened and filled 
with increased collagen fibrils (Figure 2J).

Examination of ultrathin sections of group 4 
revealed more or less normal transitional epi-
thelial cells with euchromatic nuclei. The super-
ficial cells had few cytoplasmic vacuolations 
and restored cellular interdigitations and junc-
tions. The basal cell layer rested on regular 
basement membrane and the cells were adher-
ent to each other (Figure 2K and 2L). Myocytes 
appeared with normal dense bodies, narrow 
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Figure 2. An electron micrograph of sections in the urinary bladder of adult male rats of all study groups. A-D: Group 
1. A: Superficial layers of transitional epithelium, euchromatic nuclei (N), cellular interdigitations (bifid arrow), cel-
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intercellular spaces and collagen fibers (Figure 
2M).

Toluidine blue stain results: Examination of 
semi-thin sections stained with Toluidine blue 
revealed scanty mast cells in group 1 (Figure 
3G). Group 3 showed increased number of 

mast cells in the connective tissue between the 
muscle fibers of musculosa compared with 
group 1 (Figure 3H). The number of mast cells 
was about normal in group 4 (Figure 3I).

Immunohistochemical results: Immunohisto- 
chemically stained sections for Ki 67 of group 1 

lular junction (ovoid shape). B: Higher magnification, angulated luminal border (arrow), lenticular vesicles (curved 
arrow), membrane interdigitations (bifid arrow), junction (wavy arrow). C: Basal layers of transitional epithelium, 
regular basement membrane (BM), collagen fibers (F), connective tissue cells (C), cellular interdigitations (bifid 
arrow), euchromatic nuclei (N). D: Smooth muscle fibers with minimal intercellular spaces (*), collagen fibrils (F), 
dense bodies (arrow head), dense plaques (wavy arrow). E-J: Group 3. E&F: Superficial and middle layers of transi-
tional epithelium, lenticular vesicles (curved arrow), vacuolations (V) irregular heterochromatic nuclei (N), disrupted 
junctional complexes (wavy arrow). G: Neutrophils (double arrow), lobulated nucleus (N), lysosomes (arrow), urothe-
lial cells (*), vacuolations (V). H: Mast cells (M) with granules (arrow), heterochromatic nucleus(N), urothelial cells 
(*), vacuolations (V), lumen (L). I: Lamina propria (LP), connective tissue cells (C), collagen fibrils (F), mast cells 
(M), granules (arrow), heterochromatic nucleus (N). (J) Smooth muscle cells (MU), indistinct dense bodies (arrow 
head), nucleus (N), vacuolations (V), wide intercellular spaces (*), increased collagen fibrils (F). K-M: Group 4. K&L: 
Superficial and basal layers of urothelium with angulated luminal border (arrow), lenticular vesicles (curved arrow), 
cellular interdigitations (bifid arrow), intercellular junctions (wavy arrow), euchromatic nuclei (N), vacuolations (V), 
regular basement membrane (BM), connective tissue cell (C). M: Myocytes (MU), nuclei (N), dense bodies (arrow 
head), dense plaques (wavy arrow), intercellular spaces (*), collagen fibrils (F).

Figure 3. Sections in the urinary bladder of albino rats of study groupS. A, D, G: Group 1. B, E, H: Group 3. C, F, I: 
Group 4. A-C: Nuclear immune reaction for ki 67, positive reactions (arrow). D-F: Cytoplasmic immune reaction for 
muscle Actin. G-I: Toluidine blue stained semi-thin sections, mast cells (arrow), connective tissue (C), muscle fibers 
(MU). 
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showed positive nuclear reaction in few urothe-
lial cells (Figure 3A). Group 3 revealed many 
positive urothelial cells (Figure 3B). In Group 4, 
few positive cells were seen (Figure 3C).

Examination of the sections stained for muscle 
actin revealed positive cytoplasmic reactions of 
myocytes in group 1 (Figure 3D). Group 3 
showed increased positive immunoreactions 
compared with control (Figure 3E). The immu-
noreactions in group 4 were near normal 
(Figure 3F).

Prevalence and seriousness of lower urinary 
tract symptoms increase with age [32]. 
Numerous complications can happen in cases 
of partial urinary bladder obstruction [33]. 

In the current study, obstructed rats showed 
increase in epithelial thickness which was con-
firmed by morphometric analysis. This might be 
explained by the epithelial hyperplasia. The 
enhanced proliferation of the epithelium was 
evident by the highly significant increase in 
number of positive immunoreactions for the 

Figure 4. Real-time RT-PCR analysis in rat urinary bladder of the study groups. 
A: Expression of smooth muscle myosin (SMM) and non-muscle myosin 
(NMM). B: Expression of caldesmon isoforms; h-CaD and l-CaD. Expressions 
are normalized to GAPDH, the housekeeping gene. Values are expressed as 
mean ± standard error of means (SEM) of n = 6 animals; a: P value com-
pared with group 1; b: P value compared with group 3; *: significant differ-
ence (P<0.05); **: highly significant difference (P<0.001).

Real-time PCR results

The real time RT-PCR analysis 
demonstrated no difference 
between group 1 and 2. Group 
3 showed significant down 
regulation of SMM (0.64 fold) 
and h-CaD (0.81 fold) genes 
and up regulation of NMM 
(5.65 fold) and 1-CaD (4.7 
fold) genes. Group 4 revealed 
non-significant changes in 
SMM, h-CaD and 1-CaD ex- 
pression, while the NMM 
expression was significantly 
increased (2.07 fold) com-
pared to group 1 (Figure 4). 

Biochemical results for tissue 
antioxidant enzymes

Assay of CAT and SOD activi-
ties and NO levels were illus-
trated in (Table 1) after statis-
tical analysis.

Morphometric results

Our statistically analyzed re- 
sults for epithelial and musc- 
le thickness measurements 
were represented in (Table 2). 
The number of anti-Ki-67 im- 
munostained cells, the area 
percentage of positive anti-
muscle actin immunoreactivi-
ty and the number of mast 
cells were summarized in 
(Table 3).

Discussion
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cell proliferation marker, Ki-67, compared with 
the control. Transitional epithelium exhibits a 
great ability to turnover within 24-48 h, in 
response to injury [34]. The mechanical stretch 
stress could increase the expression of several 
mitogens acting on urothelial cells [35], such as 
epidermal growth factor (EGF) [36], transform-
ing growth factor-alpha and fibroblast growth 
factor [37]. 

In contrast, we observed some epithelial cells 
with apoptotic nuclei and inflammatory cell in- 
filtrations in obstructed rats. Inflammation 
increases major cytokines such as tumor 
necrosis factor (TNF-α), interleukin (IL-6) and 
inducible nitric oxide synthase (iNOS) which in 
turn stimulate apoptosis [38]. 

Our ultrastructure examination of the epithelial 
cells revealed wide separations between cells 
which could be explained by disruption of 
urothelial junctional complexes. Our findings 
were in consensus with other researchers [39] 
who speculated that altered E-cadherin and 
a-catenin expression may be involved in disin-
tegration of the cell-cell adhesion. We also 
recorded vacuolations of the cytoplasm of epi-

thelial cells which could be explained by 
increased permeability of the urothelium due to 
obstruction [40]. 

In the present work, obstructed rats showed a 
highly significant increase in the muscle layer 
thickness compared with the control. This could 
be explained by hypertrophy of the muscle 
fibers. We recorded a strong expression of mus-
cle actin immune-reactivity. Real-time RT-PCR 
analysis revealed significant down regulation of 
smooth muscle myosin (SMM) and h-CaD 
mRNA and up regulation of non-muscle myosin 
NMM and 1-CaD mRNA. Our results were in 
agreement with other authors who illustrated 
that PBOO altered detrusor SMM isoforms com-
position with overexpression of NMM. They also 
added that the contractility of detrusor muscle 
was attenuated and switched from phasic to 
more tonic [41, 42]. Mechanical stretch stress-
es change gene expression and transcription in 
epithelial cells and smooth muscle cells that 
deregulate the synthesis of many proteins and 
enzymes, including contractile cytoskeleton 
proteins and proteins regulating extracellular 
matrix deposition [43]. In the same context, our 
ultra-structural results revealed widened spac-

Table 1. Catalase (CAT), superoxide dismutase (SOD) and nitric oxide (NO) levels in different groups
Group 4Group 3Group 2Group 1

13.67 ± 0.56**,b7.33 ± 0.67**,a16.50 ± 0.7615.67 ± 0.76CAT (U/mg protein)
0.47 ± 0.013*,a,**,b0.26 ± 0.014**,a0.49 ± 0.0110.52 ± 0.014SOD (U/mg protein)
141.17 ± 3.71**,b211.83 ± 3.28**,a124.83 ± 2.57132.83 ± 2.43NO

Values are expressed as mean ± standard error of means (SEM) of n = 6 animals; a: P value compared with group 1; b: P value 
compared with group 3; *: significant difference (P<0.05); **: highly significant difference (P<0.001).  

Table 2. Epithelial and muscle thickness of different groups
Group 4Group 3Group 2Group 1

45.60 ± 1.71**,b68.79 ± 2.07**,a40.83 ± 1.6141.12 ± 1.36Epithelial thickness (µm)
0.91 ± 0.036**,b1.57 ± 0.036**,a0.86 ± 0.0290.82 ± 0.024Muscle thickness (mm)

Values are expressed as mean ± standard error of means (SEM) of n = 6 animals; a: P value compared with group 1; b: P value 
compared with group 3; **: highly significant difference (P<0.001).

Table 3. Number of anti-Ki-67 immune-stained cells, area percentage of positive anti-muscle Actin 
immune reactivity and the number of mast cells in different groups

Group 4Group 3Group 2Group 1
5.67 ± 0.76**,b17.67 ± 1.28**,a4.17 ± 0.63.83 ± 0.6Anti-Ki-67
60.83 ± 5.47*,b83.33 ± 2.31**,a46.67 ± 2.448.33 ± 2.78Anti-muscle Actin 
0.83 ± 0.43**,b4.50 ± 0.43**,a0.17 ± 0.170.33 ± 0.21Mast cells

Values are expressed as mean ± standard error of means (SEM) of n = 6 animals; a: P value compared with group 1; b: P 
value compared with group 3; *: significant difference (P<0.05); **: highly significant difference (P<0.001).
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es between muscle cells with enhanced depo-
sition of collagen fibers. The aggregated colla-
gen fibers result in stiffening of the bladder 
wall, which may be the main cause of voiding 
dysfunction [44]. 

Our morphometric results revealed a highly sig-
nificant increase in the number of mast cells in 
the bladder tissues of obstructed rats com-
pared with the control. It was postulated that 
destroyed or dysfunctional urothelial cells pro-
duce cytokines such as stem cell factor that 
can stimulate proliferation and activation of 
mast cells [45]. The increased number of mast 
cells containing 5-hydroxytryptamine (5-HT) 
induces bladder contraction, that may be relat-
ed to the storage symptoms in patients with 
BOO [46].

Oxidative stress is postulated to take a role in 
bladder pathology. Nitric oxide cooperates with 
the superoxide radical to generate peroxyni-
trite, one of the most toxic reactive nitrogen 
species [47]. In the current study, oxidative 
stress was evaluated. There were highly signifi-
cant decreases in catalase (CAT) and superox-
ide dismutase (SOD) activities and a highly sig-
nificant increase in nitric oxide (NO) level com-
pared with the control. Similar results were 
reported by other researchers [48]. 

The alleviative effects of antioxidants on blad-
der dysfunction in animal models of PBOO gave 
the evidence for the role of oxidative injury in 
obstructed bladder [49, 50]. Kaempferol, a fla-
vonoid present in various natural plants, is a 
potent peroxynitrite scavenger [51]. Upon co-
administration of kaempferol, we revealed an 
improvement of the structural and ultrastruc-
tural changes of bladder induced by PBOO. 

We recorded a highly significant decrease in 
Ki-67 and muscle actin immunohistochemical 
expressions compared with the obstructed 
group. Real-time RT-PCR analysis showed up 
regulation of SMM and h-CaD mRNA and down 
regulation of NMM and 1-CaD mRNA compared 
with the obstructed group. The anti-prolifera-
tive effect of Kaempferol could be attributed to 
its capability to induce nuclear DNA degrada-
tion and cell cycle arrest [52]. Kaempferol 
inhibits the activity of several enzymes involved 
in cell growth and signal transduction pathway 
[53]. 

Kaempferol attenuates tissue inflammation by 
its potent ability to inhibit expression of pro-
inflammatory cytokines by inflammatory cells 
[54]. Regarding mast cells, our study showed 
highly significant decrease in their number 
compared with the obstructed group. This was 
explained by the anti-allergic and anti-asthmat-
ic activities of kaempferol via inhibiting IgE 
mediated release of pro-inflammatory media-
tors [55]. 

In the current study, kaempferol effectively  
suppressed PBOO-induced oxidative stress. 
Kaempferol co-treatment provided significant 
increase in CAT and SOD activities and highly 
significant decrease in NO level compared to 
the obstructed group. In line with our observa-
tions, previous study reported that kaempferol 
inhibited protamine sulphate induced ROS for-
mation in urinary bladder [56]. Kaempferol is 
considered an inhibitor of inducible nitric oxide 
synthase (iNOS) that inhibits NO production, 
and also it removes the cytotoxic effects of 
nitric oxide [20, 57].

In conclusion, PBOO induced deleterious histo-
pathological changes, increase in Ki-67 and 
muscle Actin immune expressions, down regu-down regu-
lation of SMM and h-CaD mRNA and up regula-
tion of NMM and 1-CaD mRNA and enhance-
ment of tissue oxidative stress markers. 
Kaempferol effectively reversed these altera-
tions. The potency of kaempferol was correlat-
ed well with its antioxidant, anti-proliferative 
and anti-inflammatory capacity. The clinical 
application of kaempferol could represent a 
novel approach for counteracting bladder injury 
due to PBOO. Further, it is recommended to 
consume foods enriched in kaempferol espe-
cially in old age.
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