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ABSTRACT 
 
Objective: Bladder outlet obstruction is a common urological problem that associated 
with many cellular changes and remodeling of urinary bladder detrusor smooth 
muscle. This study was designed to determine the changes in Rho kinase (ROCK) and 
isoprostane levels in urinary bladder homogenate after partial bladder outlet 
obstruction (PBOO); and to evaluate the contractile response of isolated rat detrusor 
muscle after PBOO. Methods: The present work was carried out on 30 male albino 
rats that were divided into 3 groups (10 rats/group): group I: consisted of normal 
rats, they were sham operated and considered as control group, group II: consisted of 
rats that were undergone PBOO for 14days, group III: consisted of rats that were 
undergone PBOO for 28 days. The following parameters were assessed in rats of all 
groups: urinary bladder weight, levels of both Rho kinase and isoprostane in the 
tissues of urinary bladder as well as the contractile response of detrusor muscle both 
spontaneously and in response to acetyl choline. Results: The present study revealed 
a significant increase in the weight of urinary bladder in rats of PBOO of group II 
and III as compared to sham operated control of group I.  There was a significant 
increase in the mean value of Rho kinase and isoprostane in the tissue of the urinary 
bladder after obstruction. 14 days after obstruction was associated with a significant 
increase in the mean value of Rho kinase which was significantly high compared to 
group I (sham operated rats) and group III (28days of obstruction), 28 days of 
obstruction was associated with decrease in the mean value of Rho kinase compared 
to 14 days of obstruction, however, its value was above the control. Regarding the 
contractile response, PBOO was associated with increased spontaneous activity of 
detrusor muscle and increased tonic response to acetyl choline which was 
significantly high after 14 and 28 days of obstruction compared to the control. 
Conclusion: The results of the present study demonstrated that Rho kinase and 
isoprostane levels were elevated after bladder outlet obstruction and that Rho kinase 
could play a crucial role in the regulation of rat urinary bladder smooth muscle 
contraction and tone. Therefore, Rho kinase inhibitors may prove to be 
therapeutically useful in the treatment of lower urinary tract disorders associated 
with changes in the physiology of bladder smooth muscle contractility. 
Keywords: Urinary bladder-Obstruction- Contractility- Rho kinase- Isoprostane. 
Abbreviations: PBOO: Partial bladder outlet obstruction. MLC: Myosin light chain 
RNOS: Reactive nitrogen and oxygen species. ROCK: Rho kinase. 
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INTRODUCTION 
 

Bladder outlet obstruction (BOO) 
is a common urological problem 
which mainly results from benign 
prostatic hyperplasia or congenital 
anomalies. It leads to an impaired 
ability of the bladder to store and 
empty urine. This dysfunction can be 
associated with drastic loss of smooth 
muscle function and bladder 
contractility in some cases, whereas 
other cases develop severely 
hypertrophied and hypercontractile 
bladder.(1) Despite the high prevalence 
of BOO, the mechanisms responsible 
for bladder dysfunction induced by 
BOO remain poorly understood and 
are the subject of intensive 
investigation.(2) 

Changes in the urinary bladder 
contractility are one of the main 
pathophysiological changes 
accompanying bladder obstruction.(3) 
Contraction and relaxation of urinary 
bladder smooth muscle is mediated by 
variation in the intracellular free 
calcium [Ca2+]. Rise in intracellular 
Ca2+ promotes binding to calmodulin 
(CaM), which in turn activates the 
phosphorylation of myosin light chain 
(MLC) by myosin light chain kinase 
(MLCK), resulting in smooth muscle 
contraction. Recently, however, 
secondary mechanisms have been 
identified that can modulate smooth 
muscle contractility independently of 
Ca2+.(4) Protein kinase C and Rho 
kinase(ROCK) pathways are the two 
main regulatory mechanisms for 
inhibition of myosin light chain 
phosphatase (MLCP) preventing the 
dephosphorylation of MLC, which 
leads to Ca2+-sensitization of the 
smooth muscle.(5,6,7) However; there 

are no definite data on the expression 
of ROCK or MLCK in detrusor 
muscle from bladders with 
obstruction- induced hypertrophy. 

     ROCKs are serine/threonine 
kinases of 160 kDa that are involved 
in many cellular functions. Two 
ROCK isoforms have been identified: 
ROCK-I (also known as ROKβ or 
p160ROCK) and ROCK-II (also 
known as ROKα or Rho kinase). 
ROCK-I, ROCK-II and the ROCK 
activators  are expressed in many 
tissues, including the urinary bladder 
of different species, at both the 
mRNA and the protein level.(8,9) ROK 
α has 64% sequence identity with 
ROKβ and these two isoforms share 
90% in their kinase domain although 
the exact functional difference 
between these two isoforms are not 
clearly defined. In addition, ROCK 
plays role in other functions as it 
stimulates the phospholipid 
phosphatase activity of PTEN 
(phosphatase and tensin homologue), 
a human tumor suppressor protein. In 
this way, PTEN is important to 
prevent uncontrolled cell division as  
exhibited in cancer cells.(10)  ROCKS 
play a role in membrane blebbing, a 
morphological change seen in cells 
committed to apoptosis.(11)Several 
studies have found that ROCK plays 
an important role in the regulation of 
rat urinary bladder smooth muscle 
contraction and tone.(8,9) 

There is also mounting evidence 
that ischemia/reperfusion (I/R) is a 
major etiologic factor in the 
progression of bladder dysfunction 
associated with bladder outlet 
obstruction. I/R results in production 
of reactive nitrogen and oxygen 
species (RNOS) which likely play a 
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role in the development of bladder 
dysfunction related to bladder outlet 
obstruction.(12) The physiological 
consequences of cellular and 
subcellular membrane oxidation 
include decreased mitochondrial 
function, nerve damage and 
contractile dysfunction. It has been 
shown that oxidative stress markers 
were significantly increased as early 
as 3 days following PBOO surgery in 
experimental animals. Isoprostane (8-
iso PGF2α) is a product of oxidative 
stress that may causes potent smooth 
muscle contraction.(13,14) 

    A number of different animal 
models have been used to test 
hypotheses regarding the 
pathophysiological mechanism of 
overactive bladder. Partial bladder 
outlet obstruction in animals mimics 
certain aspects of overactive bladder 
symptomatology in humans and a 
large number of studies have reported  
changes in detrusor properties in these 
animal models.(15,16)Therefore, the 
goal of the current study was to 
investigate the changes in Rho kinase 
and isoprostane levels in the urinary 
bladder tissues after partial bladder 
outlet obstruction (PBOO); and to 
evaluate the extent of contribution of 
Rho kinase to changes of the 
contractile response of isolated rat 
detrusor muscle after partial bladder 
outlet obstruction. 
 
MATERIAL & METHODS 

 
Animal model 

This study was conducted on 30 
male albino rats (200-250gm). Ethics 
committee approval was obtained and 
all animal experiments were 
performed in accordance with the 

guidelines set out by Ethical 
Committee of Alexandria University. 
The rats were maintained in controlled 
environment with food and water 
available ad libitum under 12 hours 
light/ dark cycles. The animals were 
randomly assigned to three 
experimental groups (10rats/group): 
group I: consisted of normal healthy 
rats, they were sham operated and 
considered as control group, group II: 
consisted of rats that were undergone 
PBOO for 14days, group III: consisted 
of rats that were undergone PBOO for 
28 days. 
Operative procedures for creating 
partial bladder outlet obstruction 
(PBOO) 

Animals were anesthetized with 
ketamine (100 mg/kg body wt). After 
the animal was shaved and prepared 
under sterile conditions, a 3-French 
coude-tip silicone catheter was passed 
into the bladder, and the bladder neck 
and urethra were exposed via a 
midline and retroperitoneal incision. 
Partial outlet obstruction was created 
by passing a 2-0 silk suture around the 
urethra. Subsequently, the urethra and 
catheter were ligated and the catheter 
was removed. The presence of the 
catheter ensured that the ligature did 
not significantly compress the urethra. 
Finally, the incision was closed. Sham 
operated rats underwent a similar 
procedure with a dissection around the 
urethra, but without a urethral 
ligature.(2,17) The bladder obstruction 
was maintained for 14 and 28 days in 
the studied rats. Data collected from 
sham-operated rats were used as a 
control. 

At the time of sacrifice the 
urinary bladders were removed and 
weighted. The removed bladder 
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specimens were immediately used for 
measurement of Rho kinase and 
isoprostane levels as well as strips 
from detrusor muscle were used for 
assessment of the contractile response. 
I-Biochemical Methods 
Urinary bladder Homogenization: 

A small part of urinary bladder 
was dissected into approximately 1-
2mm pieces and they were 
homogenized in 7 ml of ice-cold 
extraction buffer contain: (1% Triton 
X-100, 10 mmol/l MgSO4, 1 mmol/l 
EDTA, 1 mmol/l dithiothreitol, 0.5 
mol/l NaCl,1% protease inhibitor 
cocktail, 20 mmol/l HEPES (pH 
7.5).The homogenate was centrifuged 
at 1500 x g for 10 minutes to remove 
tissue debris. The supernatant was 
taken and stored at −80 °C until being 
used.(18) A modification of the method 
of Lowry was used for the 
determination of protein in the 
homogenate.(19) 

1- Estimation of Rho kinase levels 
by immunoassay.(20)  
Principle of the assay: (Brought by 
Cell Biolabs, INC) 

This assay employs quantitative 
enzyme immunoassay to monitor 
ROCK activity using its physiological 
substrate. It developed for detection of 
the specific phosphorylation of 
Myosin phosphatase target subunit 1 
(MYPT1) at Thr696 by ROCK. A 
strip well microtiter plate has been 
precoated with a recombinant 
MYPT1.  After incubating the 
substrate wells with ROCK samples 
(10µl/well), the phosphorylated 
MYPT1 has been detected by an anti-
phospho-MYPT1  
(Thr696) antibody.  A recombinant 
active ROCK-II is also provided as a 
positive control. 

2- Estimation of isoprostane( 8-iso-
PGF2α) levels by ELISA 
(OxiSelect™ Kit).(21,22) 

Cell Biolabs’ 8-iso-PGF2α kit is a 
competitive enzyme-linked 
immunoassay (ELISA) for 
determining levels of 8-iso-PGF2α 
.An antibody to 8-iso-PGF2α was 
incubated in pre-coated microtiter 
plate wells. Upon washing, 8-iso-
PGF2α standards or treated samples 
(50µl/well) were mixed with an HRP 
conjugate and added simultaneously 
to the wells. The unconjugated, or free 
8-iso-PGF2α and 8-iso-PGF2α-HRP 
conjugate competes for binding to the 
antibody bound to the plate. After this 
brief incubation and wash, a substrate 
to the HRP is added. The HRP activity 
results in color development that is 
directly proportional to the amount of 
8-iso-PGF2α conjugate bound to the 
plate and inversely proportional to the 
amount of free 8-iso-PGF2α in the 
samples or standards. The 8-iso-
PGF2α content in an unknown sample 
was determined by comparing with 
the known predetermined standard 
curve.  
II- Measurement of contractile 
response.(23)  

The bladders were removed and 
placed in ice-cold Kreb’s solution. 
Bladder muscle strips, approximately 
1 mm × 5 mm and dissected free of fat 
and serosa, were placed in an organ 
bath of 0.2 ml capacity and perfused 
at a rate of 1 ml min-1 with freshly 
prepared Kreb’s solution containing 
NaCl 119 mM, KCl 4.4 mM, 
NaHCO3 20 mM, NaH2PO4 1.2 mM, 
MgCl2 2.5 mM, glucose 11 mM, 
CaCl2 2.5 mM, in distilled water pH 
7.2, aerated with 95% O2, 5% CO2 
and warmed to 37Co. The two ends of 
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the muscle strip were attached to an 
isometric force transducer (Model 
Letica- Panlab.S.I), the contractions 
were recorded using polygraph 2006, 
panlab S.I. The muscle strip was 
allowed to equilibrate for 1 hour under 
resting tension of 1 gm until stable 
baseline was attained. The amplitude 
of the contractions were recorded 
using polygraph, calibrated as the 
number of small square displacement 
of the recording pin, and expressed in 
gram tension. 

Bladder muscle strips from 
studied rats were examined for 
spontaneous contractile activity as 
well as the contractile responses of 
bladder muscle strips from all studied 
groups were examined against 
different concentrations of acetyl 
choline (10-8 to 10-4 M). Successive 
concentrations were applied at about 5 
minute intervals in the same tissue. 
When maximal response was attained, 
the segments were washed and left for 
10 minutes to recover baseline 
contraction. Muscle strips were 
gradually stretched to a point at which 
they responded maximally to acetyl 
choline (usually 1 gm tension). The 
amplitude of contractions (gm 
tension) was averaged. 
Statistical analysis: 

Tabulation and analysis of data 
was done using one way analysis of 
variance (ANOVA). Association 
between different parameters was 
determined using Pearson,s correlation 
coefficient ( r ) and statistical 
significance was set at P < 0.05. 
 

RESULTS 
 

Partial outlet obstruction of the 
rat urinary bladder results in several 

significant changes in both the 
structure and function of the bladder 
that include: 
1-Bladder weight: 

Bladder weight was significantly 
increased by obstruction. The mean 
bladder weight of rats after 14 and 28 
days of obstruction (group II and III) 
was significantly higher as compared 
to the sham operated control group 
(group I). (Table 1) 
2-Expression of Rho kinase at the 
Protein Level in the urinary bladder 
tissues:  

There was a significant increase 
in the mean values of Rho kinase in 
the tissue of the urinary bladder after 
obstruction; 14 days after obstruction 
was associated with a significant 
increase in the mean value of Rho 
kinase (mean= 0.0570±0.0111ng/mg 
protein) which was significantly 
higher compared to group I (sham 
operated rats) and group III (28 days 
of obstruction), (p=0.0001). 28 days 
of obstruction was associated with a 
significant decrease in the mean value 
of Rho kinase compared to14 days of 
obstruction, however, its value was 
above the control group (Table II).  
3-Isoprostane assay: 

As demonstrated in table II; the 
mean values of isoprostane was 
peaked at 14 days of obstruction in 
group II (148.48±9.7313 pg/mg 
protein), it was statistically significant 
higher compared with the other two 
studied groups (p=0.0001). 28 days of 
obstruction in group III was 
associated with increased levels of 
isoprostane compared with sham 
operated group (group I). However, 
28 days of obstruction in group III 
was associated with significant 
decrease in the mean value of 
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isoprostane compared to 14 days 
obstruction group. 

Pearson`s correlation was 
performed between the 2 studied 
parameters in each group separately. 
(n=10 rat / group), positive correlation 
was found between Rho kinase and 
isoprostane in the three studied groups 
;(r= 0.967) (p=0.0001). (Fig. I) 
4-Contractile response of detrusor 
muscle: 

a. Spontaneous activity: 
Muscle strips from rat bladder 

showed significant increase in the 
amplitude of spontaneous contraction 
after PBOO compared to control 
group ; such increase was more after 
14 days obstruction 
(mean=1.95±0.211) than 28 days 

obstruction group (mean = 
1.88±0.169). However such difference 
was not statistically significant. 

b. Response to acetyl choline 
(Ach).  

 Administration of Ach produced 
concentration dependent increase in 
the force of contraction in the control 
group starting with a low 
concentration of acetylcholine, 
increasing gradually with the maximal 
response developed to 100µm Ach. 
However, bladder outlet obstruction 
for 14 or 28 days was associated with 
significant increase in the sensitivity 
to Ach, where greater concentration of 
Ach was associated with significant 
increase in the amplitude of 
contraction. (Table III) (Figure 2). 

 
 
Table1. Bladder weight in the different studied groups.  
Group Bladder weight (Gm) 
Group I (sham operated) 0.109 ± 0.005* 
Group II (14 days of obstruction) 0.174 ± 0.024* 
Group III (28 days of obstruction) 0.242 ± 0.035* 

*P < 0.05. 
 
Table II: Rho kinase (ng/mg protein) and isoprostane levels (pg/mg protein) in 
the different studied groups. 

 
Studied parameters Group I 

"sham operated 
control group" 

Group II 
"14 days of 
obstruction" 

Group III 
"28 days of 
obstruction" 

ANOVA, 
p 

Rho kinase (ng/mg 
protein) 
Range 
Mean±S.D. 

0.006 - 0.0074 
0.0069±0.0004a 

0.0420 - 0.0750 
0.0570±0.0111b 

0.0190 - 0.0220 
0.0201±0.0011c 

 
 
162.7 
0.0001* 

Isoprostane  (pg/mg 
protein) 
range 
Mean±S.D. 

92.0 - 97.80 
95.59±1.6783a 

135.90 - 165.20 
148.48±9.7313b 

105.30 - 126.80 
114.97±7.8131c 

 
 
135.4 
0.0001* 

* Means significant.  - Same letters means not significant. 
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Table III: Comparison between the three studied groups regarding contractile 
response 

 Group I 
"Sham operated 
control group"  

Group II 
"14 days of 
obstruction" 

Group III 
28 days of 
obstruction" 

ANOVA, 
p 

Spontaneous 
contractions (gm 
tension) 
Range 
Mean±S.D. 

 
 
 
0.6-1.2 
0.865±0.0163a 

 
 
 
1.62-2.52 
1.95±0.211b 

 
 
 
1.65-2.45 
1.88±0.169b 

 
 
 
12.65 
0.013* 

Response to 
aceytlcholine 
(gm tension) 
Range 
Mean±S.D. 

 
 
 
2.1-2.4 
2.22±0.065a 

 
 
 
3.1-3.8 
3.45±0.022b 

 
 
 
3.1-3.9 
3.60±0.107b 

 
 
 
19.85 
0.011* 

* Means significant.  - Same letters means not significant. 
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Fig. 1: Correlation between Rho kinase and isoprostane levels in the different studied 

groups. 
 

 

 
a 1 

 
a 2 

Fig. 2: Contractile response of urinary bladder smooth muscle.  a1. Spontaneous 
contractions after PBOO. a2. Contractions in response to acetylcholine after PBOO 

 
 



 
 
Bull. Egypt. Soc. Physiol. Sci. 32 (2) 2012                                                    Dief et al.                                 

 
8 

DISCUSSION 
 

Bladder outlet obstruction is a 
common urologic problem associated 
with numerous and substantial 
changes in the urinary bladder smooth 
muscle including altered smooth 
muscle contractility. Initially there is 
enlargement in bladder mass 
accompanied by smooth muscle 
hypertrophy. These hypertrophic 
changes allow the bladder to 
temporarily counteract the resistance 
of the obstruction. Eventually, 
however, the bladder detrusor 
function deteriorates and the 
obstructed bladder undergoes 
decompensation, a process associated 
with the loss of smooth muscle 
function.(24) The present study focused 
on the role of Rho kinase and 
isoprostane after partial bladder outlet 
obstruction (PBOO) in rats as well as 
the effect of Rho kinase on detrusor 
smooth muscle contractility after 
PBOO.  

The current results found an 
incremental change in Rho kinase 
with a different pattern after 
obstruction; there was a significant 
increase of Rho kinase contents 14 
days after obstruction; however, 
prolonged duration of obstruction up 
to 28 days was associated with 
significant decrease in the Rho kinase 
contents. The previous findings were 
in agreement with a subsequent study 
by Takahashi et al.(25) they found an 
increase in the expression of RhoA, 
ROKα, and ROK β after 4 weeks of 
bladder outlet obstruction in male rats. 
similarly, Aydin et al.(26) reported an 
approximately two folds increase in 
the expression of both of these ROK 
isoforms in male rats after 2 weeks of 

BOO consistent with the above 
studies Lin and colleagues(27) had 
studied the effect of different duration 
of obstruction on corpus cavernosum 
smooth muscle of rabbit; they 
reported that 4 weeks of obstruction 
was associated with over expression 
of both isoforms which decreased 
significantly after 8 weeks of 
obstruction.  

Expression of both ROK isoforms 
was intensely studied by many 
researchers.  The changes in the Rho 
kinase isoforms during bladder 
obstruction appear to differ between 
animal species. In obstructed rabbit 
urinary bladder 2 weeks of obstruction 
was associated with over expression 
of Rho kinase β while Rho kinase α 
was unchanged.(28) However, Guven 
et al.(29) examined the expression of 
ROK up to 8 weeks of obstruction 
which demonstrated that ROK α was 
increased whereas ROK β was 
decreased at both protein and mRNA 
levels. It has been suggested that the 
Rho kinase isoforms can have 
different cellular functions.   

It was found that the duration of 
obstruction is not the only factor 
which affects the expression of Rho 
isoforms but the age of rats could play 
a role in that as shown by Guven et 
al;(30) In young rabbits, the expression 
of ROKα increased in 1 to 7 days in 
obstructed groups and decreased in 
the 14 days, while it increased 
progressively in the old rabbits, both 
at the mRNA and protein levels. 
There was a significant decrease in the 
expression of ROKβ in young 
obstructed rabbits, which gradually 
decreased during the course of 1–7 
days obstruction period and increased 
after 14 days of obstruction. In old 
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groups, there was a decrease in 
expression after 1 day of obstruction 
and values remained at a decreased 
level throughout the course of the 
study. Therefore, this pattern of 
upregulation of ROKα and down 
regulation of ROKβ may be attributed 
to the faster adaptive changes of 
young rabbit bladder. 

The increase of bladder weight is 
a major alteration in all models of 
bladder obstruction. We have 
observed that after 4 weeks of partial 
obstruction, bladder weight in the 
animals of obstructed group was 2 
times higher than in control group. 
This fact could occur due to the 
presence of hypertrophy and 
hyperplasia of vesical wall. (31) 

Moreover, the present study 
demonstrated changes in the detrusor 
muscle contractility after obstruction 
in the form of increase in the 
amplitude of spontaneous contraction 
after different durations of obstruction 
with increased sensitivity to 
increasing dose of acetylcholine. The 
role of spontaneous contractions was 
studied by Akino (32) who reported that 
spontaneous detrusor muscle 
contractions might participate in the 
generation of overactive bladder 
syndrome. 

Su et al.(33) reported that smooth 
muscle of the rabbit urinary bladder 
undergoes significant functional 
alterations in response to partial outlet 
obstruction, the most striking of these 
alterations is the significant increase 
in spontaneous phasic activity and 
significantly enhanced sustained 
response which make the detrusor 
muscle difficult to relax, such 
enhanced sustained components may 
be also physiologically important 

during more prolonged micturition in 
bladder with urinary outflow 
obstruction. They attributed such 
changes to the effect of obstruction 
that induce numerous changes in 
contractile protein isoforms, changes 
in expression levels of contractile 
regulatory proteins. Several studies 
have shown that after partial bladder 
outlet obstruction, the primary 
isoform of myosin in the smooth 
muscle cells changes from SM-B to 
SM-A The SM-A isoform of myosin 
is characterized by a slower actin-
activated myosin ATPase activity.(34) 
Moreover, changes in calcium 
handling in the bladder smooth 
muscle cell was observed. These 
numerous and widespread changes 
may be compensatory in nature and 
important in maintaining bladder 
function to face the obstruction. (35)  

The significant decrease in the 
relaxation response to acetylcholine or 
electrical field stimulation was also 
observed in corpus cavernosum 
smooth muscle of PBOO rabbit and 
the reversal of obstruction was 
associated with time dependent 
increase in response to acetylcholine 
or electrical field stimulation. (27) 

The mechanisms involved in the 
altered cholinergic responses of the 
hypertrophic bladder are matter of 
debate; several researches had focused 
on the integrated action of Rho kinase 
and protein kinase C signaling 
pathways. Contraction and relaxation 
of the urinary bladder smooth muscle 
involves both electromechanical 
coupling where changes in membrane 
potential affects intracellular calcium 
and pharmaco-mechanical coupling 
where receptor activation increases 
calcium and recruits calcium 
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sensitization pathways. It was reported 
that the Rho kinase modulation of  the 
urinary bladder force is most likely to 
be attributable to calcium sensitization 
with increase in intracellular calcium 
that affect the electromechanical 
coupling. (36) 

The Rho kinase mediated 
increase in calcium sensitivity may 
alter the balance between MLCK and 
phosphatase activities, previous 
results showed that the basal level of 
MLC phosphorylation is elevated in 
bladder smooth muscle of obstructed 
animal compared with control, which 
may be responsible for increased 
spontaneous activity in obstructed 
bladder. (33) 

Rho kinase inhibitor (Y-27632) 
was found to causes a significant 
decrease in bladder tension and it 
attenuated the PBOO related detrusor 
overactivity in rats. (37) On the basis of 
these considerations one can speculate 
from a therapeutic perspective that, 
Rho kinase inhibition would 
preferentially target the pathological 
phasic activity rather than inhibit the 
physiological receptor mediated 
bladder emptying and therefore appear 
to be a novel strategy for the 
management of bladder 
overactivity.(38) 

The current study had also 
focused on the role of oxidative stress 
in the pathophysiology of PBOO; the 
level of isoprostane (8-iso PGF2-
alpha) as a product of oxidative stress 
was significantly increased after 14 
days of obstruction and declined by 
more prolonged duration of 
obstruction to 28 days. Several 
authors had published that the 
production of free radicals is 
remarkable secondary to PBOO. 

Nitrotyrosine, which has been 
demonstrated to be a marker of free 
radical damage due to reactive 
nitrogen species (RNS), has been 
shown to be significantly elevated 
with PBOO. (13,39)  

The production of free radicals 
following PBOO is attributed to 
ischemia and reperfusion which 
accompanying the obstruction. It has 
been shown that during bladder 
emptying, the increased intra-wall 
tension results in blood vessels 
compression, decreased blood flow 
and tissue hypoxia. Although these 
changes occur in normal bladder, the 
extent of effects is significantly 
exaggerated in obstructed 
hypertrophied bladder. Both reactive 
oxygen species and reactive nitrogen 
species are generated following the 
cycles of I/R. (40) 

Reactive oxygen species (ROS) 
has been shown to activate the ROK 
pathway as Jin et al; 2004 (41) 
demonstrated that the ROK signaling 
pathway is activated by ROS in rat 
aorta. Since the over distension-
induced oxidative stress in rat 
bladders is associated with ROS 
production, ROS-induced ROK 
activation may be intimately involved 
in bladder smooth muscle function 
and dysfunction. 

It has been shown that the rabbit 
bladder synthesizes isoprostane   and 
releases it to the urine. Production of 
isoprostane in the bladder increases 
with nerve stimulation-induced 
contraction. Exogenous isoprostane 
causes significant bladder smooth 
muscle contraction.  The excitatory 
effect of 8-iso PGF2-alpha on smooth 
muscle contraction is mediated 
through a receptor coupled to tyrosine 
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kinase(s) and Rho-kinase, but not 
through mobilization of Ca2+. 
Instead, they would seem to increase 
the sensitivity of the contractile 
apparatus to Ca2+ such that even 
basal levels of [Ca2+] are sufficient to 
produce contraction. (42) 

In conclusion, the results of the 
present study demonstrated that Rho 
kinase is expressed normally in the rat 
urinary bladder and elevated after 
bladder outlet obstruction and that 
Rho kinase plays a role in the 
regulation of rat urinary bladder 
smooth muscle contraction and tone. 
Therefore, Rho kinase inhibitors may 
prove to be therapeutically useful in 
the treatment of lower urinary tract 
disorders associated with changes in 
the physiology of bladder smooth 
muscle contractility. The reactive 
oxygen species isoprostane (8-iso 
PGF2-alpha) may play a role in the 
detrusor muscle overactivity 
accompanying the obstruction. 
However, much still remains to be 
elucidated about the RhoA/ROK 
pathway in detrusor dysfunction 
including whether true functional 
differences exist between ROKα and 
ROKβ, which may be extremely 
important in generating some type of 
isoform-selective inhibitors, In 
addition, there are still many 
discrepancies between different 
species with regard to ROK function.  
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التغيرات التى تحدث فى العضالت الملساء للمثانة البولية و دور انزيم 
  الروكاينز و االيزوبروستان بعد االنسداد الجزئى لمخرج البول فى الفئران

  
  جيھان محمد شرارة  -ادھم راشد محمد -عبير اإلمام ضيف

  جامعة االسكندرية - كلية الطب- -الكيمياء الحيوية  -قسم الفسيولوجى
  
  
مخرج البول من االعراض المھمة و المتكررة فى امراض المسالك مجرى يعتبر انسداد  :قدمةالم

ذه  ذا اجريت ھ ة و ل ة البولي اء  للمثان ى العضالت الملس رات ف ون مصحوبا بتغي ا يك ا م ة و دائم البولي
جة ا ى انس تان ف ادة االيزوبروس اينز و م زيم الروك ى ان ى تحدث ف رات الت د التغي ة لتحدي ة الدراس لمثان

تجابة  ى اس دث ف ى تح رات الت ة التغي ذلك دراس ول و ك رج الب ى لمخ داد جزئ داث انس د اح ة بع البولي
   .العضالت الملساء لھذا االنسداد

 
ى  ٣٠اجريت ھذه الدراسة على  :الطريقة م تقسيمھم ال و ت مجموعات كل  ٣فأر ابيض ذكر البين

ة و  ١٠من المجموعة االولى مكونة . فئران ١٠مجموعة تحتوى على  ران طبيعي فئران تحتوى على فئ
ة الضابطة ن  -ھى المجموع ة م ة مكون ة الثاني ى   ١٠المجموع ى ف داد جزئ م تعريضھم النس ران ت فئ

ة ٢٨يوم وقد استمر ھذا االنسداد لمدة  ١٤مخرج البول لمدة  ران . يوم فى المجموعة الثالث ح الفئ د ذب بع
اس مستويات انزيم الروكاينز و مادة االيزوبروستان و دراسة تم اخذ عينات من نسيج المثانة البولية لقي

 .انقباضات العضالت الملساء التلقائية و كذلك بعد استخدام عقار االستيل كولين لتحفيز العضالت
 

ائج د التعرض : النت ران بع ة للفئ ى وزن المثانةالبولي وظ ف اع ملح ة ارتف ذه الدراس ائج ھ ت نت اثبت
اينز و . لالنسداد  فى المجموعتين الثانية و الثالثة مقارنة بالمجموعة الضابطة زيم الروك ا مستوى ان ام

و ول فى المجم ة و االيزوبروستان فقد ارتفع ارتفاعا ذو داللة احصائية بعد انسداد مخرج الب عتين الثاني
الثالثة مقارنة بالمجموعة الضابطة وقد كانت ھذه الزيادة بنسبة اعلى فى المجموعة الثانية  اما استمرار 

يوم فقد ادى الى نقصان تركيز انزيم الروكاينز مقارنة بالمجموعة الثانية و لكنه  كان  ٢٨االنسداد لمدة 
ا عن انقباضات ا. مرتفعا عن المجموعة الضابطة ة ام ادة االنقباضات التلقائي وحظ زي د ل لعضالت فق

ول  ى لمخرج الب للعضالت و كذلك زيادة االنقبضات المستحثة بعقار االستيل كولين بعد االنسداد الجزئ
  .يوم مقارنة بالمجموعة الضابطة ٢٨او  ١٤لمدة 

 
اينز و االيزو: الخالصة زيم الروك تنتاج ان مستوى ان د من نتائج ھذه الدراسة يمكن اس بروستان ق

ه  وم ب ذى يق دور ال ى ال دل عل ا ي ول مم ى لمخرج الب ارتفع فى انسجة المثانة البولية بعد االنسداد الجزئ
تخدام  ن اس الى يمك ة و بالت ة البولي اء للمثان ات العضالت الملس تحكم بانقباض ى ال اينز ف زيم الروك ان

    .سداد مخرج البولعقارات مثبطة النزيم الروكاينز لعالج بعض االمراض المصاحبة الن
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