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Background: This study describes and compares three surgical procedures for the construction of urethral 
stricture (US) models in rabbits.
Methods: Forty adult male rabbits were allocated to four groups: 36 rabbits were randomly assigned to 
three experimental groups, while the remaining 4 were assigned to a sham group. The penis was separated 
from the rectum. Then along the ventral midline, a longitudinal penile skin incision was made while 
ensuring that the urethral mucosa was intact and the muscular layer was not completely incised. In group 
1 (n=12), ventral semi-circumferential mucosa electrocoagulation of a 1-cm length of the anterior urethra 
was performed until ulceration occurred. In group 2 (n=12), the ventral urethral mucosa was incised, and 
electrocoagulation of the dorsal semi-circumferential mucosa was performed. In group 3 (n=12), whole-
circumferential mucosa electrocoagulation was performed. In group 4 (n=4), no special treatment was 
performed. Four weeks later, urethrography, urethroscopy, and histological evaluation were carried out.
Results: The weights of the rabbits in the four groups were comparable. There was no significant 
difference between groups 2 and 3 with regard to operative time, but the operative time in these groups 
was significantly longer than that in group 1 (group 2 vs. group 1: P<0.05, group 3 vs. group 1: P<0.001). 
After the surgery, urinary fistula with infection occurred in one rabbit in group 1, and one rabbit died due to 
urethral atresia in group 3. According to the urethrography and urethroscopy findings, 9 out of 12 rabbits 
in group 1, 5 out of 12 rabbits in group 2, and 11 out of 11 rabbits in group 3 developed US, while no 
rabbits in the sham group developed US. Histopathological examination revealed injury to the urothelium, 
inflammatory infiltration, a decrease in the amount of blood vessels and smooth muscle fibers, and a decrease 
in the amount of collagen fibers.
Conclusions: Compared with the semi-circumferential procedures, the whole-circumferential procedure 
had a higher success rate. Therefore, this procedure seems to have potential for the construction of long-
segment rabbit US models.
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Introduction

A large number of men suffer from urethral stricture (US) 
disease worldwide each year (1). US is characterized by 
ischemic spongiofibrosis and a reduction in the diameter 
of the urethral lumen (2-4), and is known to lead to 
lower urinary tract symptoms, infection, fistulas, sepsis, 
bladder calculi, and even renal failure in severe cases (5). 
Urethrotomy has been thought to be the first-line therapy 
in the treatment of US, but it cannot be completely cured 
even after repeated urethroplasties. Tissue engineering 
might be a promising approach for the treatment of US, but 
the risk factors and mechanisms for failure with different 
designs and graft materials need to be better understood (6). 
Therefore, it is important to establish an appropriate animal 
model of US for in-depth investigation into new methods 
for the treatment of US.

Rabbit and dog models of US could be constructed by 
open surgery, electrocoagulation with or without endoscopy, 
electro-resection using a pediatric resectoscope, the blast 
method with a special instrument, and administration of 
specific drugs, among others (7). For example, stricture 
formation was established in 12 male minipigs by ligation, 
urethrotomy, or thermocoagulation (8). However, despite 
the fairly good success rates of such animal models, open 
surgery may be linked to a high incidence of urethral fistula 
formation and severe wounds. Moreover, these are models 
of urethral defects, rather than US specifically. Because 
incision depth is not easily controlled with electro-resection, 
the reproducibility of models produced by it is limited. 
Further, electrocoagulation by video-urethroscopy has a 
failure rate of >40% because of epithelial cell regeneration 
(9,10). The blast method also has disadvantages because 
it causes injury to the surrounding tissues or the nerve 
and requires open surgery (11). Finally, drug-induced 
models are too effort-intensive because medicines such as 
bleomycin need to be infused into the urethral submucosal 
tissue every second day for up to six weeks (12).

Additional animal models for research on US are 
required because of the disadvantages of existing models. 
Therefore, we constructed an ideal novel rabbit model of 
US with commonly available electrocoagulation equipment 
in this study. We present the following article in accordance 
with the ARRIVE reporting checklist (available at https://
tau.amegroups.com/article/view/10.21037/tau-22-104/rc).

Methods

Animals

Forty New Zealand white male rabbits (weighing 3.0–3.5 kg)  
were included. Thirty-six rabbits were randomly allocated 
to three experimental groups, and 4 rabbits were assigned 
to the sham group with the random number table method 
(by ZWW): the ventral semi-circumferential group (group 
1, n=12), the dorsal semi-circumferential group (group 2, 
n=12), the whole circumferential group (group 3, n=12), 
and the sham group (group 4, n=4). These rabbits were 
housed individually with controlled temperature and 
humidity and kept under a 12-h light/dark cycle. They 
had free access to laboratory water and food. The external 
meatus and urinary stream were periodically observed. 
Experiments were performed under a project license (No. 
PZSHUTCM210926003) granted by the Animal Ethics 
Committee of Shanghai University of Traditional Chinese 
Medicine, in compliance with Shanghai University of 
Traditional Chinese Medicine guidelines for the care and 
use of animals.

Surgical procedure

All the surgical procedures were performed by the 
same surgeons. Except for the process of urethral 
electrocoagulation, most of the procedures were the 
same as we described in previous research (13,14). After 
general anesthesia via intravenous administration of 
sodium pentobarbital, the rabbits were placed. An 8-Fr 
urethral catheter was placed in the urethra. Then along 
the ventral midline, a longitudinal penile skin incision 
was made after the penis was separated from the rectum. 
However, the urethral spongiosum was not completely 
incised. In group 1 (n=12), ventral semi-circumferential 
mucosa electrocoagulation of a 1-cm length of the urethra 
was performed until ulceration occurred (Figure 1A). In 
group 2 (n=12), the ventral urethral mucosa was incised, 
and dorsal semi-circumferential mucosa electrocoagulation 
was performed (Figure 1B). In group 3 (n=12), the ventral 
urethral mucosa was incised and whole-circumferential 
mucosa electrocoagulation was performed (Figure 1C). 
In group 4 (n=4), no special treatment was performed 
before the incision was sutured (Figure 1D). Then 6/0 
vicryl sutures (Ethicon, Somerville, NJ, USA) was used for 
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anastomosing the margin of the mucosal edge of the normal 
urethra. Finally, we closed the corpus spongiosum using the 
routine method and immobilize the catheter for bladder 
drainage for one day. 

Retrograde contrast urethrography 

Urethrography was performed at 4th week after the 
procedure in living rabbits that did not have urinary fistula. 
They were placed under general anesthesia in the supine 
position. A catheter was then inserted into the urethral. 
An image intensifier (Philips, Eindhoven, NL, USA) was 
applied for the urethrography images acquisition, while 
iobitridol (GE Pharmaceuticals Company, Shanghai, China) 
and normal saline in the 1:1 blend was used as the contrast 
medium. Urethrography was performed in a blinded 

manner by the same radiologist. The contrast medium 
injection was performed by the same researcher, and the 
configuration of the lumen was visualized by radiography.

The diameter of the stricture’s narrowest point was 
measured on urethrograms to assess the percentage of 
urethral constriction. The diameter of the urethra was 
measured at the same point in the sham group. The 
stricture was considered to be significant if the urethral 
lumen diameter was more than 50% smaller than that of the 
sham group (15,16).

Retrograde urethroscopy

With the rabbits under anesthesia, the external urethral 
orifice was disinfected with 0.05% chlorhexidine. Then 
2% lidocaine jelly was used for lubrication of the urethra. 

Figure 1 Surgical procedures for construction of urethral stricture models. (A) The entire mucosa of the ventral semi-circumferential was 
electrocoagulated (group 1). (B) The urethra was incised along the ventral median line, and then the entire mucosa of the dorsal semi-
circumferential was electrocoagulated (group 2). (C) The urethra was incised along the ventral median line, and then the entire mucosa 
of the whole-circumferential was electrocoagulated (group 3). (D) The urethra was incised along the ventral medial line and then sutured, 
without any electrocoagulation (group 4).

A B C D
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Urethroscopy was performed by the same surgeon, who 
used a 13-Fr pediatric cystoscope to assess the degree of 
urethral stricture (17). 

Histological evaluation 

The entire urethra of the rabbits was exposed and harvested 
after humane euthanasia through injection of a lethal 
pentobarbital. Then, we cut the urethra along the lateral 
side of the corpus spongiosum to expose the complete 
medial surface of the urethra. The tissues were then 
cryoprotected in 30% sucrose-water for 24 hours and 
sectioned at 8-µm thickness. Immunofluorescence staining 
with an anti-pan cytokeratin antibody (AE1/AE3) (ab961, 
Abcam) was implemented to assess the urothelial cell layer, 
while smooth muscle cells (SMCs) were detected with an 
anti-alpha smooth muscle antibody (ab7817, Abcam), and 
vascular tissue was stained with anti-von Willebrand factor 
antibody (ab778, Abcam).

Statistical analysis 

Data were analysed using SPSS 21.0. The final measurement 
data are expressed as the mean ± standard deviation (SD), 
while count data are presented as the rate (%). The Mann-
Whitney U-test was applied to compare measurement data 
between two experimental groups, while the chi-square 
test was used for comparison of count data. P<0.05 were 
considered significant. 

Results

Model construction 

The rabbits included in this study were of the same age, 

and there was no statistical difference between the groups 
in terms of weight before surgery (Table 1, Figure 2A). The 
mean operative time was 18.58, 21.25, 22.08, and 15.25 min  
in groups 1, 2, 3, and 4, respectively (Figure 2B). The 
operative time of groups 2 and 3 was comparable, but it was 
statistically longer than that in group 1 (group 2 vs. group 
1: P=0.02, group 3 vs. group 1: P<0.001). No technical 
problems of the procedure were encountered. During the 
study period, urinary fistula with infection occurred in one 
rabbit in group 1. In group 2, five rabbits showed slight 
urethral bleeding within 12 h after the procedure, and in 
group 3, six rabbits showed slight urethral bleeding within 
12 h of the procedure and one rabbit died due to urethral 
atresia at 4 days after the procedure. Urethral specimens 
were successfully obtained at 4 weeks after the procedures.

Urethroscopy and urethrography findings

US was successfully established in nine (75%) rabbits in 
group 1, five (41.67%) in group 2, and eleven (91.67%) in 
group 3 (Figure 2C). The mean urethral diameters were 
1.99, 2.62, and 0.88 mm in groups 1, 2, and 3, respectively. 
In the cases in which US was successfully established, the 
mean urethral diameters (measured at the narrowest point 
of the strictures) were 1.57, 1.8, and 0.96 mm in groups 1, 2, 
and 3, respectively (Figure 2D). US was not observed in any 
of the rabbits in group 4 by urethrography or urethroscopy 
(Figures 3,4). The mean diameter measured at the same 
point of the urethra was in the sham group 4.23 mm. The 
results of urethroscopy are shown in Figure 4.

Histological findings

The stricture sites could be clearly observed in specimens 

Table 1 Data of study groups at the day of surgery and the 4th week after surgery

Parameters Group 1 Group 2 P value
a

Group 3 P value
b

P value
c

Group 4 P value
d

Weight, kg 3.23±0.16 3.19±0.13 0.55 3.24±0.13 0.93 0.27 3.31±0.19 0.61

Operative time, min 18.58±1.88 21.25±3.52 0.02 22.08±1.83 <0.001 0.13 15.25±1.71 <0.001

Number of success, n (%) 9 (75%) 5 (41.67%) 0.1 11 (91.67%) 0.27 0.009 0 (0%) <0.001

Urethral diameter, mm 1.99±0.83 2.62±0.76 0.07 0.88±0.54 0.001 <0.001 4.23±0.22 <0.001

Urethral diameter of success, mm 1.57±0.36 1.8±0.28 0.18 0.96±0.49 0.01 0.005 4.23±0.22 <0.001
a-c

, statistical analysis was performed with Mann-Whitney U test for each two experimental groups in measurement data, while Chi-
Square Test in counting data. 

a
, between groups 1 and 2; 

b
, between groups 1 and 3; 

c
, between groups 2 and 3. 

d
, statistical analysis was 

performed with Kruskal-Wallis H test for four groups.
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from the experimental groups (Figure 5A-5C), while the 
urethral structure was smooth in samples from the sham 
group (Figure 5D). In the sham group, light microscope 
observations after hematoxylin and eosin (HE) staining of 
urethral sections revealed a normal urothelium (Figure 6A),  
and Masson staining revealed normal smooth muscle and 
collagen fiber configuration (Figure 6B). However, the 
electrocoagulation site in the experimental groups showed 
urothelial injury and lymphocyte aggregation (Figure 6C), 
as well as abnormal smooth muscle and collagen fiber 
structure (Figure 6D).

Immunohistochemistry analysis of cryosections with an 
anti-pan cytokeratin antibody (which reacts with urothelial 
cells) and observation under a confocal laser scanning 

microscope showed a decrease in the extent of urethral 
epithelium in the experimental groups (Figure 7A-7F). 
Reaction with the anti-von Willebrand factor antibody 
showed that the blood vessel content was significantly less 
in the experimental groups (Figure 7G-7L). Staining of 
SMCs with an anti-alpha smooth muscle antibody showed 
that there were fewer SMCs in the experimental group 
samples (Figure 7M-7R).

Discussion

US can have a s ignif icant adverse effect  on both 
psychosocial and physical well-being and is a significant 
healthcare burden that has immense health economic 

Figure 2 Characteristics of the study groups on the day of surgery and at the fourth week after surgery. (A) Weight of the rabbits on the 
day of surgery. (B) Operative time in the four groups. (C) The number of successful models in the four groups. (D) Urethral diameter of 
successful models in the experimental groups (groups 1–3) and normal urethral diameter in the sham group (group 4). The Mann-Whitney 
U-test was used to compare measurement data between the two experimental groups, while the chi-square test was used to compare count 
data. *, P<0.05, **, P<0.01, ***, P<0.001.
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impact (18,19). Management of US is mainly based on the 
stricture site, length, and etiology, that is, whether it is 
located in the posterior or anterior urethra, and whether it 
is a primary or recurrent stricture; the common treatment 
methods are dilation, endoscopic direct vision internal 
urethrotomy, and various urethroplasty techniques (20). 
However, the recurrence rate after surgery is considerably 
high. Therefore, there is still a lot of ongoing research 
on the prevention and treatment of US worldwide. 
Some adjunctive treatments that have been investigated 
include wool soaked with bevacizumab, mitomycin C, and 
5-fluorouracil; intralesional administration of mitomycin C, 
steroids, captopril, hyaluronidase, and platelet-rich plasma; 
drug-coated (paclitaxel) balloon dilatation; drug-coated 

(e.g., steroids) catheter insertion; brachytherapy; nasogastric 
administration of tadalafil; oral steroids; and tamoxifen 
(16,21-23). These studies were mostly conducted on animal 
models, but to date, there is no standard animal model of 
US. Validation of different techniques in diseased animal 
models, which mimic the underlying pathological condition 
in patients, is necessary to evaluate new treatments for US.

At present, several methods including electrocoagulation, 
electrodesiccation, open surgery, induction of localized 
injury with the blast method, and drug induction have been 
used to establish animal models of US (10,24-27). However, 
most of these methods require special or expensive surgical 
instruments, such as pediatric urethroscopes. Moreover, 
these methods are associated with complications and may 

Figure 3 Retrograde urethrography findings of the study groups. (A) The ventral semi-circumferential electrocoagulation group (group 1). 
(B) The dorsal semi-circumferential electrocoagulation group (group 2). (C) The whole-circumferential electrocoagulation group (group 3). 
(D) The sham group (group 4).

Figure 4 Retrograde urethroscopy findings of the study groups. (A) The ventral semi-circumferential electrocoagulation group (group 1).  
(B) The dorsal semi-circumferential electrocoagulation group (group 2). (C) The whole-circumferential electrocoagulation group (group 3). 
(D) The sham group (group 4). Black arrows point to the stricture site.
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yield inconclusive modeling results (28). In contrast to 
the previous methods, for the method proposed in the 
present study, the instruments required are available at most 
hospitals, and the bleeding volume is less than that with 

open surgery. Importantly, the success rate is considerably 
high.

Although rats, dogs, and minipigs are currently used to 
model US, rabbit is more commonly used to model US 

Figure 5 Macroscopic findings of the resected urethral samples. (A) The ventral semi-circumferential electrocoagulation group (group 1). (B) 
The dorsal semi-circumferential electrocoagulation group (group 2). (C) The whole-circumferential electrocoagulation group (group 3). (D) 
The sham group (group 4).

Figure 6 Histological findings of the resected urethral samples. (A) HE staining of urethral tissue from the sham group (original 
magnification, ×100). (B) Masson staining of urethral tissue from the sham group (original magnification, ×100). (C) HE staining of urethral 
tissue from the experimental groups (original magnification, ×100). (D) Masson staining of urethral tissue from the experimental groups 
(original magnification, ×100). Scale bar =50 µm. The images for the experimental groups are of samples taken from group 3.
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Figure 7 Immunohistochemistry findings of the resected urethral samples. Urothelial cells were stained with anti-pan cytokeratin antibody; 
binding of the antibody to urothelial cells results in emission of green light. Uninjured tissue showed an intact urinary tract epithelium 
(A-C), while injured tissue showed loss of urinary tract epithelium (D-F). Endothelial cells were stained with anti-von Willebrand factor 
antibody. Uninjured tissue showed abundant blood vessels (G-I), while injured tissue showed fewer blood vessels (J-L). Smooth muscle cells 
were stained with anti-alpha smooth muscle antibody. Uninjured tissue showed normal smooth muscle structure and numbers (M-O), while 
injured tissue showed irregular smooth muscle structure and a low number of smooth muscle cells (P-R). Scale bar =50 μm.
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because it has several advantages over other animal models 
(8,13,29,30). Therefore, rabbits were used for modelling 
US in the present study. One of the main advantages is that 
the urethral internal diameter of adult New Zealand male 
rabbits is similar to that of a 1-year-old male infant, and 
the histological and morphological features, such as the 
epithelium and corpus spongiosum, are similar to those of 
the human male urethra (31). Another advantage is that we 
have conducted experiments on rabbits and are familiar with 
the anatomy, which is suitable for manipulation and simple 
to work with. Finally, it is inexpensive and easily accessible, 
and this makes the current model an attractive one for 
future research too.

At the maximum applied pressure, the cross-sectional 
area was positively correlated with both the age and the 
weight of the animals. Therefore, when using this model, 
it is important to accurately match the rabbits in terms 
of both age and weight (32). We selected rabbits of the 
same age in this study, and the weights of the rabbits were 
comparable between the groups. Additionally, no technical 
problems were encountered during the procedures, which 
were relatively easy to perform and required only a short 
operative time. It should be noted that there was one 
additional step in the surgical approach used in group 2: the 
ventral urethra needs to be incised before electrocoagulation 
of the dorsal urethral mucosa. As a result of the added step, 
the operative time was statistically longer in group 2 than in 
group 1. However, the operative time between group 3 and 
group 2 was not statistically different. Little bleeding was 
encountered during the procedures and very few hematurias 
were observed after the procedures. The hematurias were 
mainly attributed to the electrocoagulation technique we 
used, but it might have been caused by penile erection 
in some rabbits. However, the hematurias were mild and 
resolved spontaneously after 12 h without any specific 
treatment.

In terms of model success rate, group 3 had the highest 
success rate (Figure 2C): with the exception of one rabbit 
that died due to urethral atresia, all the remaining rabbits 
developed US. The model was successfully established 
in nine (75%) rabbits in group 1, but the successful rate 
between group 3 and group 1 was not statistically different 
(P=0.27). This is possibly ascribed to the small sample 
size. The effect of confounding factors could be decreased 
by increasing the number of experimental animals. This 
might lead to two different scenarios. In the first one, 
there would still be no significant difference between the 

two groups, and the investigator would have to select 
tissues for electrocoagulation based on the experimental 
needs and their own experience. In the second scenario, 
the significance of the difference between the two groups 
would increase, and we would recommend the whole-
circumferential electrocoagulation method (group 3) for 
construction of rabbit models of US. The failure rate in 
group 2 was 58.33%; this may be attributed to the good 
blood supply to the spongiosum (9). However, the specific 
mechanism needs further study. With regard to urethral 
diameter, the degree of stricture in group 3 was significantly 
higher than that in group 2 (P=0.01) and group 1 (P=0.005).

US is associated with multiple factors. With regard to 
the pathological mechanism, cicatricial stricture mainly 
results from hyperplastic scar formation followed by 
destruction of urethral integrity and tissue morphology 
and excessive wound repair. In the experimental animals 
in our study, the main histologic features of US were the 
presence of urothelium injury and inflammatory infiltration  
(Figure 6C,6D), a decrease in the amount of smooth muscle 
fibers (Figure 7O,7R), and a reduction in the amount of 
blood vessels (Figure 7I,7L). These features are similar to 
those observed in human urethral stricture disease. Previous 
studies have concluded that if urine extravasation is not 
prevented with suprapubic vesical diversion, the post-
traumatic inflammatory reaction may be severe and may 
lead to urethral atresia (33,34). This implies that urine 
extravasation is a significant factor in the development of 
US and explains why Hu et al. (7) did not perform urine 
drainage in rabbits without severe urinary retention. In 
their study, multiple sites in the distal urethra were injured 
by a holmium: YAG laser. Urethroscopy indicated cicatricial 
stricture with 33–50% luminal diameter narrowing. The 
degree of US caused by their experimental method is 
limited (≤50%), whereas with our method, the extent of 
damage was greater and adhesions easily developed after 
surgery. Further, in this study, the experimental rabbits were 
catheterized for 1 day.

In this study, we have described the construction of a new 
rabbit US model that could be feasible in contexts where 
it is difficult to obtain cystoscopes or other equipment 
that is typically required for the construction of such US 
models. From a surgical perspective, a note should be made 
that this technique just involves one common surgical 
instrument and one simple procedure. Based on the success 
rate of the three procedures that were evaluated, ventral 
semi-circumferential electrocoagulation is recommended. 
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Alternatively, whole-circumferential electrocoagulation 
can be considered according to experimental needs, as 
it could result in excessive urethral stricture or even 
urethral atresia and death of the animal. However, only 
dorsal semi-circumferential electrocoagulation is not 
recommended based on its low success rate. Despite the 
promising findings, it is necessary to apply these procedures 
and further observe this model in larger sample sizes to 
confirm our findings. Moreover, as scar formation caused 
by electrocautery may not have the same characteristics as 
strictures caused by urethritis or straddle trauma in humans, 
this animal model may not be suitable for all kinds of 
human anterior urethral strictures.

Conclusions

The procedures used for the construction of the US model 
in this study resulted in very little bleeding. Compared 
with the semi-circumferential procedure, the whole-
circumferential procedure had a higher success rate for the 
construction of rabbit US models. We have proposed a 
new, economic, and easy procedure for establishing US that 
has a high success rate and good reproducibility in rabbits. 
This could be a promising alternative for the construction 
of animal US models that would be ideal objects for future 
investigations on the treatment of US. 
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