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Introduction: Urethral stricture is a disease with a high recurrence rate. Angiotensin II via
AT1 receptor increases collagen formation through its effects on TGF-β1 and inhibition of
collagenase activity. In this study, we evaluated the antifibrotic effect of angiotensin II receptor
blocker on urethral stricture formation by creating a urethral stricture model in a male rabbit.
Material and methods: Thirty three male adult rabbits were separated into 3 groups (control,
treatment, and sham). Group I consisted of 15 rabbits with urethral stricture that did not undergo
any treatment, group II consisted of 15 rabbits with urethral stricture that were treated with
a daily dose of 15 mg/kg losartan, given orally. Group III consisted of 3 rabbits with normal
urethra and without any treatment. After 1, 2, and 4 weeks, the urethral tissues were collected,
processed, and examined for TGF-β1, MMP-1, collagen type I, and collagen type III using
enzyme-linked immunosorbent assay. Data were analyzed using 2-way analysis of variance
using SPSS version 20.0.
Results: Urethral TGF-β1 concentration in the treatment group was significantly lower during
the 2nd and 4th week of observation (p<0.0001), MMP-1 was significantly higher in the 1st,
2nd, and 4th week of observation (p<0.0001), collagen type I was significantly lower during the
2nd (p=0.001) and 4th week (p<0.0001), and collagen type III concentration was significantly
lower in the 2nd and 4th week of observation (p<0.0001).
Conclusion: Angiotensin II receptor blocker could limit the progression of urethral stricture.
The mechanism may be related to the AT1 blockage that leads to a decrease in TGF-β1 concentration, eventually resulting in lower collagen concentration due to increased MMP-1 activity.
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Urethral stricture is a disease where a spongiofibrotic tissue formed inside the urethral
lumen causes urethral lumen narrowing.1 These changes have various effects that could
impair patients’ quality of life. Urethral stricture can be traumatic, inflammatory, iatrogenic, or idiopathic.2 Every process that causes injury of the urethral epithelium or
the corpus spongiosum could eventually result in urethral stricture. Between 1992 and
2000 in the USA, the incidence of urethral stricture has reached 200–1,200 per 100,000
cases, with an increasing incidence in those aged >55 years.4 Treatment costs incurred
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by the US government to solve this reached US$191 million
in 2000. Unfortunately, in Indonesia, data about annual cost
for urethral stricture is still not available. In Hasan Sadikin
Hospital, over the period of 2007–2013, there were 221
patients with urethral stricture, with an average age of 41
years. The etiology of strictures was mainly trauma and infection whose rates stood at 64.25% and 35.75%, respectively.6
Histologically, there were extracellular matrix (ECM)
changes from normal urethral tissue in urethral stricture disease.9 The normal connective tissue of urethra was replaced
by dense connective tissue, and there were changes in the collagen type II-to-collagen type I ratio.10 According to a study
conducted by Ren et al,12 total collagen was significantly
increased in urethral stricture.
A recent study has shown the role of rennin/angiotensin
system (RAS) in the proliferation of fibroblasts and ECM
deposits. TGF-β1 is an important cytokine in the fibrogenic
process and has a role in stimulating the proliferation of
fibroblasts and extracellular deposits. Shirazi et al13 in 2007
concluded that application of topical angiotensin-converting
enzyme (ACE) inhibitor can significantly reduce the risk of
stricture recurrence. Even though, in the study, they did not
explain the direct effect of ACE inhibitor in urethral tissue
histologically, the study suggests that there might be a role
of renin angiotensin aldosterone axis in stricture formation
and recurrence.
The angiotensin II receptor blockers (ARBs) represent
a newer class of antihypertensive agents. The mechanism
of action differs from ACE inhibitors; both drugs affect the
RAS, but the ARB’s mechanism of action selectively inhibits
angiotensin II by competitive antagonism of the angiotensin
II receptors, those process showed ARB’s efficacy. A previous
study has shown that there was an antifibrotic effect of ARB
on kidney, heart, and liver tissues, but until now, there have
been no studies that aimed to determine directly the effects
of ARB on urethral tissue.
In this study, we aimed to determine the effect of ARB on
fibrotic process of the urethral tissue by measuring TGF-β1,
MMP-1, collagen type I, and collagen type III concentrations
using enzyme-linked immunosorbent assays (ELISAs) in
animal models with urethral stricture. Our study results will
help in providing an alternative therapy for urethral stricture
in the future.

Materials and methods
Thirty three male adult New Zealand rabbits with an average
weight of 2.64±0.47 kg were separated into 3 groups (control
group, treatment group, and sham group). Group I (control)
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consisted of 15 rabbits with urethral stricture that did not
undergo any treatment. Group II (treatment) consisted of 15
rabbits with urethral stricture that were administered a daily
dose of 15 mg/kg/d losartan orally. Group III (sham) consisted of 3 rabbits with normal urethra that did not undergo
any treatment.
The urethral stricture model was made by stricture tissue
coagulation, and observations were performed at 1, 2, and
4 weeks after coagulation. We used a thermal electrosurgical unit model AS300 110W (World Precision Instruments,
Sarasota, FL, USA) for creating the stricture. We performed
coagulation to the whole pendulare urethra in 15 mm length.
In the therapy group, ARB (losartan) was given at a dose of
15 mg/kg/d. The rabbits were then euthanized depending on
the different observation times, and the TGF-β1, MMP-1,
and collagen types I and III concentrations were evaluated by
ELISA. We used Rabbit Matrix Metalloproteinase-1 ELISA
kit (Catalog Number MBS702551) to detect rabbit MMP-1
concentrations in serum, plasma, and tissue homogenates. In
order to determine rabbit collagen concentration in serum,
plasma, and tissue homogenates, we used collagen type I
ELISA Kit (CSB-E06858Rb) and collagen III ELISA Kit
(Catalog Number LS-F42491).

Biochemical process
Urethra protein isolation

Tissue sample (rabbit urethra) were cut into small pieces,
grounded with a cold mortar and pestle, and then PBSTPMSF
5X V was added while grinding was continued. After dilution, the tissue sample was sonicated for 10 minutes and
centrifuged at 6,000 rpm for 15 minutes. Supernatant was
formed and sedimentation was observed; the sediment was
expelled and the supernatant fluid was treated with absolute
ethanol in a 1:1 proportion. The sample was then kept in a
–20°C freezer until sediment formed. The sample was then
centrifuged again at 10,000 rpm for 15 minutes at 4°C, the
dried pellet was air dried, and Tris Cl was added to the sample.

Measurement of TGF-β1 level with ELISA
We coated the microplate with protein from the rabbit’s
urethra in coating buffer for 2 hours at room temperature.
The sample was washed with washing buffer (PBST) 3 times
for 3 minutes each. After that, 50 µL BSA 1% was added,
incubated for 1.5 hours, washed again with washing buffer
(PBST) 3 times for 3 minutes each, and 100 µL biotinantibody TTGF-β1 (goat anti-Rabit TGF-β1) was added into
each well. This was then incubated for 1.5 hours at 37°C and
then washed with washing buffer for 3 minutes. One hundred
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microliters of HRP-Avidin was then added and incubated
for 1 hour at 37°C, followed by washing with the washing
buffer 3 times. TMB substrate was then added and incubated
for 20 minutes (room temperature). NaOH was added to the
sample, and the sample was viewed with an ELISA reader
at 450 nm wavelength.

Measurement of MMP1 level with ELISA
We coated the microplate with protein from the rabbit’s urethra in buffer coating for 2 hours at room temperature. The
sample was washed with washing buffer (PBST) 3 times for 3
minutes each. After that, 50 µL BSA 1% was added, incubated
for 1.5 hours, washed again with washing buffer (PBST) 3
times for 3 minutes each, and 100 µL biotin-antibody MMP1
was added into each well and incubated for 1.5 hours on 37°C.
This was followed by washing with a washing buffer for 3
minutes. One hundred microliters of HRP-Avidin was then
added and incubated again for 1 hour at 37°C, followed by
washing with a washing buffer 3 times. TMB substrate was
added and incubated for 20 minutes (room temperature).
NaOH was added to the sample, and the sample was viewed
with an ELISA reader at 450 nm wavelength.

Collagen1 amount measurement with ELISA
We coated the microplate with protein from the hare urethra in buffer coating for 2 hours at room temperature. The
sample was washed with washing buffer (PBST) 3 times for
3 minutes each. After that, 50 µL BSA 1% added, incubated
for 1.5 hours, washed again with washing buffer (PBST) 3
times for 3 minutes each, and 100 µL biotin-antibody Collagen1 was added on each well. The plate was incubated for
1.5 hours at 37°C, washed with washing buffer for 3 minutes,
and 100 µL of HRP-Avidin was then added and incubated
again for 1 hour at 37°C. Then this was washed with washing buffer 3 times. TMB substrate was added and incubated
for 20 minutes (room temperature). NaOH was added to the
sample, and the sample was viewed with an ELISA reader
at 450 nm wavelength.

Collagen3 amount measurement with ELISA
We coated the microplate with protein from the hare urethra in buffer coating for 2 hours at room temperature. The
sample was washed with washing buffer (PBST) 3 times
for 3 minutes each. After that, 50 µL BSA 1% was added,
incubated for 1.5 hours, washed again with washing buffer
(PBST) 3 times for 3 minutes each, and 100 µL biotinantibody conjugated Collagen3 was added into each well.
This was followed by incubation for 1.5 hours at 37°C and
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washing with a washing buffer for 3 minutes. One hundred
microliters of HRP-Avidin was then added and incubated
again for 1 hour at 37°C, followed by washing with a washing buffer 3 times. TMB substrate was added and incubated
for 20 minutes (room temperature). NaOH was added to the
sample, and the sample was viewed with an ELISA reader
at 450 nm wavelength.
This study was conducted after obtaining ethical clearance
from the Bioscience Institute, Brawijaya University Malang,
where the experiments were conducted. The experimental
protocol was approved by the Animal Use and Care Committee of the Brawijaya University Malang and the Indonesian
Health Ministry (no. 1031/2005) for experimental procedures
in laboratory animals (National Guideline for Scientific
Research in Indonesia: Use of Animal experiments). Data
were analyzed using 2-way analysis of variance (ANOVA)
and statistical analyses were performed using SPSS version
20.0 (IBM Corporation, Armonk, NY, USA).

Results
This study was conducted on 33 male adult New Zealand rabbits; 15 rabbits were included in the control group (group I),
15 in the treatment group (group II), and 3 in the sham group
(group III). The average body weight of the animals was 2.68
kg; the average body weight of the rabbits in group I was
2.7 kg, in group II was 2.6 kg, and in group III was 2.1 kg.
There was no significant difference in body weight between
groups I and II (p-value =0.475) (Table 1).

Urethral TGF-β1 concentration
Result of TGF-β1 examination using ELISA showed that
there was a concentration difference between group I (control) and group II (treatment). TGF-β1 concentration was
higher in the control group than in the treatment group in
the 2nd and 4th week of observation. Even though in the
1st week TGF-β1 concentration was higher in the treatment
group, there was a tendency for the concentration to reduce
over time in the treatment group compared with the control
group (Table 2 and Figure 1).
Statistical analysis was done using ANOVA. Before the
analysis was done, homogeneity test was done using Levene’s
Table 1 Average bodyweight of the rabbits in kilograms
1st week
2nd week
4th week
Average

Group I

Group II

Sham

3.11
2.565
2.56
2.7±0.35

2.815
2.41
2.66
2.6±0.57

2.4
2.0
2.1
2.13±0.25

p=0.475
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Table 4 MMP-1 concentration using ELISA

Table 2 TGF-β1 concentration using ELISA

Observation

Group I

Group II

11.07 (10.87–11.53)

17.94 (17.52–18.73)

19.68 (19.63–19.71)

13.37 (12.28–13.38)

26.55 (26.00–26.79)

9.82 (9.55–10.47)

Abbreviations: ELISA, enzyme-linked immunosorbent assay; TGF-β1, transforming
growth factor β1.

Table 3 Statistical analysis for TGF-β1 concentration

1st week
2nd week
4th week

Group I
(n=5)

Group II
(n=5)

Difference

p-value

2.41 (0.01)
2.98 (0.00)
3.27 (0.02)

2.89 (0.01)
2.59 (0.00)
2.28 (0.02)

0.48 (0.44; 0.52)
–0.39 (–0.40; –0.38)
–1.01 (–1.05; –0.94)

<0.0001
<0.0001
<0.0001

Abbreviation: TGF-β1, transforming growth factor β1.

Group I

Group II

1.34 (1.29–1.42)

3.72 (3.60–3.88)

0.811 (0.117–0.211)

4.01 (3.79–4.12)

0.59 (0.53–0.69)

5.78 (5.04–6.71)

Abbreviations: ELISA, enzyme-linked immunosorbent assay; MMP-1, matrix
metalloproteinase 1.

8
6
4
2
0

1st week

2nd week

Group I

30

Sham

Table 5 Statistical analysis for MMP-1 concentration

20
10
0
1st week
Group I

2nd week
Group II

4th week
Sham

Figure 1 TGF-β1 concentration pattern.
Abbreviation: TGF-β1, transforming growth factor β1.

test. The results for the 1st, 2nd, and 4th week were p1=0.810,
p2=0.010, and p4=0.528.
From statistical analysis using ANOVA, a significant difference in TGF-β1 concentration between group I and group II
was observed in the 1st week of observation (p<0.0001), 2nd
week of observation (p<0.0001), and 4th week of observation
(p<0.0001). Even though in the 1st week, TGF-β1 concentration was higher in group II, later in the observation period, the
concentration was lower than in group I (Table 3).

The result of MMP-1 examination using ELISA showed that
there was a higher MMP-1 concentration in group II compared to group I. The difference was seen even from the 1st
week of observation. Moreover, the MMP-1 concentration
in group II seemed to increase over time, compared with
MMP-1 concentration in group I which tends to decrease
(Table 4 and Figure 2).
130

Group II

4th week

Figure 2 MMP-1 concentration pattern.
Abbreviation: MMP-1, matrix metalloproteinase 1.

Urethral MMP-1 concentration
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1st week
Mean (range) (ng/mL)
2nd week
Mean (range) (ng/mL)
4th week
Mean (range) (ng/mL)

MMP-1 concentration (ng/mL)

1st week
Mean (range) (ng/mL)
2nd week
Mean (range) (ng/mL)
4th week
Mean (range) (ng/mL)

TGF-β1 concentration (ng/mL)
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1st week
2nd week
4th week

Group I
(n=5)

Group II
(n=5)

Difference

p-value

0.30 (0.02)
–0.25 (0.10)
–0.52 (0.05)

1.32 (0.02)
1.39 (0.10)
1.75 (0.05)

1.02 (0.97; 1.08)
1.64 (1.31; 1.97)
2.27 (2.12; 2.43)

<0.0001
<0.0001
<0.0001

Notes: Data in the table are shown as mean value of MMP-1 concentration between
groups. There was statistically difference between two groups (p-value <0.0001).
Abbreviation: MMP-1, matrix metalloproteinase 1.

Homogeneity test using Levene’s test revealed the data
for the 1st, 2nd, and 4th week as follows: p1=0.452, p2=0.002,
and p4=0.683. Statistical analysis using ANOVA showed that
there was a significant difference in the MMP-1 concentration
between group I and group II in the 1st week of observation
(p<0.0001), 2nd week (p<0.0001), and 4th week (p<0.0001)
(Table 5).

Urethral collagen type III concentration
The result of collagen type III examination using ELISA
showed that there was a concentration difference between
group I (control) and group II (treatment).
Even though in the 1st week, collagen type III concentration was higher in the treatment group, there was a tendency
for the concentration to reduce over time, compared with the
control group. In the 2nd and 4th week, collagen type III
concentration was higher in the control group than in to the
treatment group (Table 6, Figure 3).
Research and Reports in Urology 2018:10
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Table 6 Collagen type III concentration using ELISA
Group II

2.01 (1.97–2.04)

2.35 (2.23–2.52)

2.31 (2.24–2.36)

2.01 (1.94–2.05)

2.88 (2.58–3.12)

1.71 (1.62–1.81)

Abbreviation: ELISA, enzyme-linked immunosorbent assay.

1st week
Mean (range) (ng/mL)
2nd week
Mean (range) (ng/mL)
4th week
Mean (range) (ng/mL)

Group I

Group II

2.283 (2.266–2.302)

2.876 (2.768–3.019)

2.596 (2.284–2.828)

2.050 (1.919–2.092)

3.628 (3.546–3.695)

1.993 (1.998–2.002)

Abbreviation: ELISA, enzyme-linked immunosorbent assay.

Concentration (ng/mL)

Collagen type I

Collagen type III (ng/mL)
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1st week
Mean (range) (ng/mL)
2nd week
Mean (range) (ng/mL)
4th week
Mean (range) (ng/mL)

Table 8 Collagen type I concentration using ELISA

Group I

4
3
2
1
0
1st week

2nd week

Group I

Group II

1
0.5
0

1st week

2nd week

4th week

Observation time

Sham

Group I

Group III

Sham

Figure 4 Collagen type I concentration pattern.
Notes: Red line: group 1; blue line: group 3; green line: sham.

Table 7 Statistical analysis for collagen type III concentration
Group I
(n=5)

Group II
(n=5)

Difference

p-value

0.70 (0.02)
0.84 (0.01)
1.06 (0.03)

0.86 (0.02)
0.70 (0.01)
0.54 (0.03)

0.16 (0.11; 2.11)
–0.14 (–0.17; –0.11)
–0.52 (–0.60; –044)

<0.0001
<0.0001
<0.0001

Notes: Data in the table are shown as mean value of collagen type III concentration
between group I and II. There was statistical difference between two groups (p-value
<0.0001).

Homogeneity test using Levene’s test revealed the observation for the 1st, 2nd, and 4th week as follows: p1=0.628,
p2=0.332, and p4=0.658. Statistical analysis using ANOVA
showed that there were significant differences in collagen
type III concentration between group I and group II in the
1st week of observation (p<0.0001), 2nd week (p<0.0001),
and 4th week (p<0.0001) (Table 7).

Urethral collagen type I concentration
The result of collagen type I examination using ELISA
showed that there was a concentration difference between
group I and group II. Just like the pattern in collagen type
III, in the 1st week the concentration was higher in group II,
but there was a tendency for the concentration to reduce over
time in group II, compared with group I. In the 2nd and 4th
week, collagen type I concentration was higher in group I,
compared with group II (Table 8, Figure 4).
Homogeneity test using Levene’s test revealed the following data for the 1st, 2nd, and 4th week: p1=0.016, p2=0.508,
Research and Reports in Urology 2018:10

3
2.5
2
1.2

4th week

Figure 3 Collagen type III concentration pattern.

1st week
2nd week
4th week

4
3.5

Table 9 Statistical analysis for collagen type I concentration

1st week
2nd week
4th week

Group I
(n=5)

Group II
(n=5)

Difference

p-value

0.83 (0.01)
0.95 (0.03)
1.29 (0.01)

1.6 (0.01)
0.72 (0.03)
0.69 (0.01)

0.23 (–0.26; –0.19)
–0.23 (–0.33; –0.14)
–0.60 (–0.62; –0.58)

<0.0001
0.001
<0.0001

Notes: Data in the table are shown as mean value of collagen type I between two
groups. There was statistical difference between two groups (p-value <0.0001).

and p4=0.072. Statistical analysis using ANOVA showed that
there was a significant difference in collagen type I concentration between group I and group II in the 1st week of
observation (p<0.0001), 2nd week (p=0.001), and 4th week
(p<0.0001) (Table 9).

Discussion
Angiotensin II (AngII) has been recognized as a major vasoactive mediator in the RAS. The effects of AngII are seen
even in the cardiovascular and renal systems. The RAS is an
autonomous system and plays a role in fibrosis formation.
AngII is expressed and works on any tissues. AngII signal
is transferred through 2 receptors, which are AT1 and AT2.
AT1 receptors mediate the effects of AngII on the tissues,
which induce profibrotic effects, such as recruitment of
inflammatory cells, angiogenesis, cell proliferation, and
ECM accumulation.3 With the inhibition of AT1 receptors,
ie, by ARB drugs, the profibrotic effects can be inhibited.
Previous studies have shown the effect of ARB on the
submit your manuscript | www.dovepress.com
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inhibition of fibrotic processes in various organs such as
kidneys, liver, and heart.3–5
In this study, we noted an increase in TGF-β1 concentration over time in the control group. In contrast to the
treated urethral stricture group, TGF-β1 concentrations in
the control group were decreased at the 2nd and 4th week
of observations when compared with TGF-β1 concentration
at the 1st week. Although TGF-β1 concentration at the 1st
week in the treated stricture group was higher than that in
the untreated stricture group, TGF-β1 concentration in the
treated group showed a tendency to decrease. This is in
accordance with a study by el-Agroudy et al in 2003 who
stated that Losartan administration was able to decrease
the expression of TGF-β1 and interstitial fibrosis in kidney
tissue.5 This is because AngII is able to stimulate TGF-β1
gene activation through PKC-dependent and p38 MAPK
pathways, so that the inhibition of AngII mechanism of
action by way of resistance to the AT1 receptor will decrease
the expression of TGF-β1.7
Other findings in this study also showed an increase in the
concentration of MMP-1 at the 2nd and 4th week of observation compared with the MMP-1 concentration at the 1st
week in the untreated stricture group. In the treated stricture
group, it appears that the concentrations of MMP-1 were
higher since the 1st week compared with untreated stricture
group, and continued to increase in the 2nd and 4th week of
observation. This is influenced by the decline in TGF-β1 concentration that is affected by ARB administration. This result
is also in accordance with a study by Philips et al8 who found
inhibition of MMP-1 expression by TGF-β1 protein, anti-TGF
antibodies, and anti-TGF-β1 antibody in vitro. Under inflammatory conditions, TGF-β1 will decrease the expression of
MMP-1 (collagenase).9 MMP-1 has an important role in the
re-epitalialization process by keratinocyte migration and
remodeling of collagen, which is the key of wound healing.10
Briefly, AngII induces fibrosis not only through the increase
of ECM synthesis but also by decreasing the turnover rate
of the ECM. AngII through AT1 receptors induces TIMP-1
to inhibit MMP-1, which in turn inhibits the degradation of
ECM and results in fibrosis.11
The last finding of this research is the decrease of collagen
type I and collagen type III concentrations at the 2nd and 4th
week of observations when compared with the 1st week in
the treated stricture group. In the untreated stricture group,
it was shown that the concentrations of type I collagen and
type III collagen began to increase in the 2nd and 4th weeks
of observation compared with the treated stricture group.
Although in the 1st week of observation, type I and type III
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collagen concentrations in the treated stricture group was
higher than the untreated stricture group, it was shown that
type I and type III collagen concentrations in the treated
stricture group tended to decrease, and there were significant
differences at the 2nd and 4th week of observation. This
is consistent with a previous study by Ren et al12 in 2013
which showed that the AngII increases the synthesis of collagen types I and III, along with the increased expression of
TGF-β1 and TIMP-1, and those processes can be inhibited
by losartan in the skin tissue of patients with diabetes. This
study proves that the same possible mechanisms might be
occurring in urethral tissue.
The decrease of type I and type III collagen concentrations in this study was also associated with the decreasing
levels of TGF-β1 concentrations coupled with an increase in
the MMP-1 concentration. MMP1 has the ability to degrade
collagen (type I, II, and III), and collagen deposition is a
major component in urethral stricture. More specifically,
MMP-1 cleaves the helical region of collagen type I. MMP1
also has a role in the fibrotic process which can significantly
decrease collagen.12 In this study, the concentrations of type
I and type III collagen decreased with increasing MMP-1
concentrations during the 2nd and 4th weeks of observation.

Conclusion
ARBs (losartan) could limit the fibrotic progression of urethral injury into urethral stricture. The mechanism may be
related to the Angiotensin II blockage that leads to a decrease
in TGF-β1 concentration, eventually resulting in lower collagen concentration due to increased MMP-1 activity.
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