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1. Introduction
Although bladder and posterior urethral injuries are not 
usually life-threatening conditions in children, they may 
cause long-term morbidity that seriously affects patient 
quality of life. Serious complications may occur after 
bladder and posterior urethral injury including urinary 
incontinence, urethral stricture, impotence, and a need for 
intermittent bladder catheterization (1–3). The cause of the 
complications may depend on the injury itself, as well as 
the operations performed during the treatment. The main 
problem is fibrosis developing during wound healing. If 
the degree of fibrosis is reduced, many complications can 
be avoided. 

Mesenchymal stem cells (MSCs) can regenerate and 
differentiate into different cell and tissue types. MSCs 
reach damaged tissue, after which they regenerate and 
differentiate into the involved tissue type to promote 
the maintenance of function (4,5). A great number 

of stem cell studies have yielded promising results in 
experimental disease models (6–8). MSC therapy had 
been studied in the treatment of urological diseases like 
stress urinary incontinence, bladder dysfunction, and 
erectile dysfunction. Their results are quite successful (9). 
Wang et al. showed in their experimental study on rabbits 
that combined fibrin glue and MSC treatment in repairing 
urethral injury may improve neovascularization and 
smooth muscle formation (10). We did not find a study 
evaluating the histopathologic effects of mesenchymal 
stem cell therapy on uroepithelial wound healing. 

In our study, we evaluated the effect of MSCs in an 
experimental rat model of bladder and posterior urethral 
injury. 

2. Materials and methods
The current study was approved by the Animal 
Experimentation Ethics Committee of Ondokuz Mayıs 

Background/aim: To evaluate the effects of mesenchymal stem cell (MSC) therapy in an experimental bladder and posterior urethral 
injury model.

Materials and methods: The study subjects consisted of 40 male Wistar albino rats that were divided into four groups: control group (n 
= 10) (the bladder was only surgically opened and closed), sham group (n = 10) (surgical procedure), IVMSC group (n= 10) (surgical 
procedure and intravenous MSC treatment), and LMSC group (n = 10) (surgical procedure and local MSC treatment). Histopathological 
evaluation was performed for the degree of fibrosis and inflammation and the extent and intensity of staining of vascular endothelial 
growth factor (VEGF) and endoglin (CD105).

Results: There were no significant differences between the control and LMSC groups with respect to fibrosis (P = 0.070) or inflammation 
(P = 0.048). Fibrosis and inflammation were significantly lower in the IVMSC (P = 0.034 for fibrosis, P = 0.080 for inflammation) 
and LMSC (P = 0.01 for fibrosis, P = 0.013 for inflammation) groups when compared with the sham group. No significant differences 
regarding fibrosis and inflammation were observed between the IVMSC and LMSC groups (P = 0.198 for fibrosis, P = 0.248 for 
inflammation). A significant difference was noted between the sham and LMSC groups concerning VEGF staining intensity (P = 0.017). 
However, no significant difference was found among the groups with regard to the extent or intensity of CD105 staining (P > 0.05).

Conclusion: MSC treatment significantly decreased the development of fibrosis in a uroepithelial injury model.
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University (approval no. 2011/54). All surgical procedures 
were performed at the Research Center for Animal 
Experiments at Ondokuz Mayıs University. All animals 
were individually caged in a room under standard 
environmental conditions and were fed a standard rat diet.
2.1. MSC isolation
Male rats were used as donors to isolate MSCs. They were 
euthanized by ether inhalation. The medullary cavities 
were flushed with Dulbecco’s modified Eagle’s medium/
low glucose (DMEM-LG). Bone marrow was extracted 
from the medullary cavities of each rat’s femur, tibia, and 
humerus using a washing method. Cells suspended in 
DMEM-LG were added to tubes over an equal volume 
of Ficoll solution. To separate the mononuclear cells, 
the tubes were centrifuged at 900 rpm for 30 min. After 
mononuclear cells were removed from the interface, the 
cells were seeded at a concentration of 1 × 106/mL in 25-
cm2 (T25) cell culture flasks and suspended in DMEM-
LG containing 10% fetal bovine serum (FBS), 100 U/
mL penicillin, and 100 Ug/mL streptomycin. Cells were 
incubated at 37 °C and 95% humidity in an atmosphere of 
50 mL/L CO2. The medium was changed daily during the 
first 3 days and once every 3 days thereafter. Nonadherent 
cells were discarded. Cells were collected at 80%–90% 
confluence and amplified afterwards. After passages, the 
bone marrow cells became homogeneous. MSCs were 
stored at –80 °C. The cells, suspended at the time of use, 
were prepared in 1-mL insulin injectors at a concentration 
of 2 × 106 cells/mL for use in subjects. 
2.2. Experimental groups and surgical technique
Forty male Wistar albino rats weighing 280–300 g were 
used. The animals were divided into four groups. After 8 h 

of fasting, the rats were injected with a mixture of 80 mg/
kg ketamine HCl (Ketalar, Pfizer, Turkey) and 12 mg/kg 
xylazine (Rompun, Bayer, Turkey) intraperitoneally and 
then they were anesthetized. Preoperative intramuscular 
50 mg/kg ceftriaxone (Forsef, Bilim, Turkey) prophylaxis 
was administered. Povidione-iodine sterilization was 
performed before each procedure. At the beginning of 
this study, we did preliminary work in order to determine 
the appropriate surgical procedure. This was an original 
procedure for bladder and posterior urethral injury. 
Laparotomy was performed through a suprapubic vertical 
incision. The bladder was opened via an approximately 
1-cm-wide incision. Triangle-shaped tissue (length of 
each side, 0.5 cm; depth, <1 mm) was sectioned from the 
posterior bladder wall extending from the bladder trigone 
to the posterior urethra (Figure 1). 

In the control group (n = 10), no intervention was 
performed. After the surgical procedure in the sham group 
(n = 10), MSC treatment was not applied. In the IVMSC 
group (n = 10), MSCs were injected through the caudal 
vein. After the surgical procedure in the LMSC group (n = 
10), MSCs were injected locally at the defected tissue site 
intramuscularly (Figure 2).
2.3. Histopathological examination
The rats were sacrificed after 21 days. The specimens were 
suspended in 10% buffered neutral formol for 24 h before 
histological examination. The specimens with surgical 
injuries were embedded in paraffin, and 5-µm-thick slices 
were obtained. Tissue slides were stained with hematoxylin–
eosin and Masson’s trichrome for histological examination 
and immunohistochemical staining was performed using 
vascular endothelial growth factor (VEGF) monoclonal 

Figure 1. Bladder and posterior urethra injury model (triangle-shaped tissue was 
sectioned from the posterior bladder wall extending from the bladder trigone to the 
posterior urethra) (original).
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antibody (Thermo Scientific, USA) and endoglin (CD105) 
(Thermo Scientific, USA). Cytoplasmic staining was also 
evaluated in the immunohistochemical examination. 

Inflammation (lymphocytic infiltration) and fibrosis 
were scored as follows: 0, absence of fibrosis/inflammation; 
1, mild fibrosis/inflammation (<25%); 2, moderate 
fibrosis/inflammation (between 25% and 50%) and 3, 
value indicated severe fibrosis/inflammation (>50%) 
(Table 1) (11).

 A scoring system was developed to evaluate VEGF 
and CD105 staining in fibroblasts. The extent and intensity 
of staining in fibroblasts were evaluated for VEGF and 
CD105. The extent of staining was scored as follows: 0, 

less than 10%; 1, between 10% and 50%; and 2, ≥50%. For 
the staining intensity, no staining, yellow staining, brown 
staining, and dark brown staining were scored as 0, 1, 2, 
and 3, respectively (Table 2) (12).
2.4. Statistical analysis
SPSS 13.0 was used for statistical analysis. The chi-square 
or Fisher’s exact test was used for statistical analysis. A P 
value ≤ 0.05 indicated statistical significance.

3. Results
The intensity of fibrosis is shown in Figure 3. Only one case 
of mild fibrosis was found in the control group. In the sham 
group, all specimens displayed fibrosis (one, six, and two 

Figure 2. Mesenchymal stem cells were injected locally at the defected tissue site 
intramuscularly (original).

Table 1. Fibrosis and inflammation assessment score.

 Absent fibrosis/inflammation no 0

Mild fibrosis/inflammation <25% 1

Moderate fibrosis/inflammation 25%–50% 2

Severe fibrosis/inflammation >50%  3

Table 2. Vascular endothelial growth factor (VEGF) and endoglin (CD105) staining 
score.

Staining extent
<10%
10%–50%
>50%

0
1
2

Staining intensity 

No staining
Yellow staining
Brown staining 
Dark brown staining

0
1
2
3
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cases of mild, moderate, and severe fibrosis, respectively). 
In the IVMSC group, mild and moderate fibrosis were 
detected in five and two specimens, respectively. In the 
LMSC group, five specimens exhibited no fibrosis, whereas 
the remaining five specimens displayed mild fibrosis. In 
terms of the development of fibrosis, moderate or severe 
fibrosis was observed in more than half of the specimens in 
the sham group, whereas moderate or severe fibrosis was 
not detected in the LMSC group. Meanwhile, no fibrosis 
was observed in two specimens of the IVMSC group. 
There were no significant differences between the control 
and LMSC groups with respect to fibrosis (P = 0.070). 

Fibrosis was significantly lower in the IVMSC (P = 0.034) 
and LMSC (P = 0.01) groups when compared with the 
sham group. No significant differences regarding fibrosis 
were observed between the IVMSC and LMSC groups (P 
= 0.198). Statistical analysis of fibrosis scores and average 
scores of the groups is presented in Table 3. 

The intensity of inflammation is shown in Figure 4. In 
the control group, mild inflammation was found in two 
specimens. In the sham group, two, five, and two cases of 
mild, moderate, and severe inflammation, respectively, 
were detected. In the IVMSC group, five and two specimens 
displayed mild and moderate inflammation, respectively, 
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Figure 3. Intensity of fibrosis in the groups (IVMSC group: 
intravenous mesenchymal stem cell treatment group, LMSC 
group: local (intramuscular) mesenchymal stem cell treatment 
group).

Table 3. Fibrosis scoring P values and average values of groups (IVMSC group: intravenous mesenchymal 
stem cell treatment group, LMSC group: local (intramuscular) mesenchymal stem cell treatment group).

Groups Group average value Contrastive P value

Control 0.1
Sham -
IVMSC 0.011
LMSC 0.070

Sham 2.1
Control -
IVMSC 0.034
LMSC 0.001

IVMSC 1
Control 0.011
Sham 0.034
LMSC 0.198

LMSC 0.5
Control 0.070
Sham 0.001
IVMSC 0.198
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whereas two specimens exhibited no inflammation. In 
the LMSC group, three and one specimen displayed mild 
and moderate inflammation, respectively, whereas six 
specimens had no inflammation. There were no significant 
differences between the control and LMSC groups with 
respect to inflammation (P = 0.048). Inflammation was 
significantly lower in the IVMSC (P = 0.080) and LMSC 
(P = 0.013) groups when compared with the sham group. 
No significant differences regarding inflammation were 
observed between the IVMSC and LMSC groups (P = 
0.248). Statistical analysis of the inflammation scores and 
average scores of the groups is presented in Table 4. 

In the control group, the extent of VEGF staining was 
scored as 0, 1, and 2 in four, three, and two specimens, 
respectively, and the intensity score was 2 for all specimens. 
In the sham group, the extent of VEGF was scored as 0, 1, 
and 2 in one, three, and five specimens, respectively. The 
intensity scores were 1 and 2 in three and five specimens, 
respectively. In the IVMSC group, the extent of VEGF 
staining was scored as 0, 1, and 2 in one, four, and one 
specimen, respectively, and the intensity was scored 
as 2 in all specimens. In the LMSC group, the extent of 
VEGF staining was scored as 0 and 1 in five specimens 
each, and the intensity was scored as 2 for all specimens. 
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Figure 4. Intensity of inflammation in the groups (IVMSC group: 
intravenous mesenchymal stem cell treatment group, LMSC 
group: local (intramuscular) mesenchymal stem cell treatment 
group).

Table 4. Inflammation scoring P values and average values of groups (IVMSC group: intravenous 
mesenchymal stem cell treatment group, LMSC group: local (intramuscular) mesenchymal stem cell 
treatment group).

Groups Group average value Contrastive P value

Control 0.2
Sham -
IVMSC 0.033
LMSC 0.48

Sham 2
Control -
IVMSC 0.080
LMSC 0.013

IVMSC 1
Control 0.033
Sham 0.080
LMSC 0.248

LMSC 0.5
Control 0.48
Sham 0.013
IVMSC 0.248
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The difference between the sham and LMSC groups was 
statistically significant (P = 0.017), whereas no statistically 
significant differences were observed between the other 
groups. When the extent and intensity of staining were 
evaluated together, no significant differences were found 
among the groups (P > 0.05).

The extent of CD105 staining in the control group was 
scored as 0 and 1 in six and three specimens, respectively, 
and the intensity was scored as 2 for all specimens. In the 
sham group, the extent of CD105 staining was scored as 
0, 1, and 2 in one, seven, and one specimen, respectively, 
and the intensity was scored as 1 and 2 in one and eight 
specimens, respectively. In the IVMSC group, the extent of 
CD105 staining was scored as 0, 1 and 2 in one, four and 
one specimen, respectively, and the intensity was scored 
as 2 in all specimens. In the LMSC group, the extent of 
CD105 staining was scored as 0 and 1 in three and six 
specimens, respectively, and the intensity was scored as 
2 in all specimens. Evaluating the extent and intensity of 
CD105 staining separately or together, no differences were 
found among the groups (P > 0.05). 

4. Discussion
Bladder and posterior urethral injury in children represents 
severe trauma with high morbidity rates including urinary 
incontinence, urethral stricture, multiple operations, and 
a lifetime requirement for intermittent catheterization 
(3,13). The options for managing bladder and posterior 
urethral injuries are conservative treatment, immediate 
primary intervention, and intervention after the immediate 
period (14). However, there is no agreement regarding the 
standard care of these injuries in the literature (15,16). 
Eliot et al. reported that after primary immediate urethral 
realignment of 53 patients with posterior urethral injuries 
11 (21%) had erectile dysfunction, 2 (3.7%) had urinary 
incontinence, 36 (68%) had anastomotic strictures, and 
13 (24.5%) had significant strictures requiring a repeat 
procedure in their 11 years of follow-up (17). However, 
Webster et al. stated that the rate of urethral stricture was 
10% after late-term treatment in his clinical series (18). 
Mouraviev et al. mentioned that patients who undergo 
early realignment have lower incidences of erectile 
dysfunction and urinary incontinence than those who 
undergo delayed open urethroplasty (19).

Urethral stricture caused by the development of fibrosis 
secondary to surgical intervention may cause serious 
problems during long-term follow-ups. Incontinence may 
be associated with the severity of trauma, or it may develop 
during the management process for urethral strictures. 
Although some authors aim to decrease fibrosis via early 
interventions, some argue that better results are achieved 
with late interventions (3,20). Treatment is a challenging 
process in patients with bladder and posterior urethral 

injuries because its consequences are variable. Previous 
clinical series indicate that complications are less frequent 
if fibrosis is less severe (21,22). Thus, decreasing the rates of 
fibrosis and stricture can prevent a large number of future 
complications. Preventing the development of fibrosis 
appears more reasonable than many of the treatment 
measures performed after fibrosis develops. Accordingly, 
we conducted this study aiming to develop an alternative 
to available treatment modalities for preventing the 
development of fibrosis during uroepithelial recovery. 

MSCs are nonhematopoietic multipotent cells with 
the ability to differentiate into both mesenchymal and 
nonmesenchymal cells. These cells can be obtained by 
bone marrow by aspiration, and they do not require 
immunosuppression during the treatment course due to 
their low immunogenicity. Thus they are good candidates 
for experimental research (23). When MSC reproduction 
can be controlled, it is possible to differentiate the cells 
into the necessary cell types in in vitro laboratories. MSC 
treatments for heart muscle regeneration, degenerative 
bone diseases, diabetes mellitus, atherosclerotic blood vein 
regeneration, and central nervous system diseases, such as 
Alzheimer disease, Parkinson disease, and spinal injuries, 
have become more promising (24,25).

MSC treatment may have been successful in various 
experimental studies because it decreased serious 
morbidity caused by extensive fibrosis in models of 
bladder and posterior urethral injury. Our results indicate 
that MSC treatment is effective for reducing fibrosis. In the 
current study, although the sham group animals exhibited 
spontaneous recovery, more than half of the subjects 
had moderate fibrosis, and 25% had severe fibrosis and 
inflammation. In contrast, severe fibrosis or inflammation 
was not observed in the groups that received IVMSC or 
LMSC treatment.

An experimental study involving dogs indicated that 
MSCs applied intradermally to skin wounds have positive 
effects on healing (26). In an intestinal ischemic reperfusion 
model in rats, submucosal application of MSCs has been 
reported to significantly reduce damage in the villi of the 
mucosa compared with the control (27). Similarly, MSC 
application to the surgical site in subjects with ischemic 
left colon anastomosis has been shown to improve results 
and positive effects on tissue healing (28). In our study, no 
significant differences were found between the control and 
LMSC groups with respect to the development of fibrosis 
and inflammation. This result indicates that the local 
application of MSCs improves the healing process, making 
it comparable to intact tissue.

Zickri et al. compared the possible effect of 
intraperitoneal stem cell therapy on lung injury with that 
of intravenous stem cell therapy and found that the effect 
of intraperitoneal MSCs was slightly inferior to that of 
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intravenous MSCs (29). Our study, featuring two different 
strategies of MSC application (local and intravenous), 
provided additional data regarding the efficacy of different 
delivery methods for MSC treatment. Although the 
improvement of fibrosis and inflammation in the LMSC 
group is not statistically significant, it is better than that in 
the IVMSC group and if this treatment is given locally it 
can be more effective.

The results for inflammation were in line with those for 
fibrosis, and they show that MSCs have positive healing 
effects on inflammation. MSCs promote VEGF expression 
and they express CD105. CD105 is a marker that is 
positive in 95% of MSCs, and its presence is confirmed 
while isolating MSCs. VEGF and CD105 are regarded 
as markers of angiogenesis during wound healing. We 
evaluated VEGF and CD105 staining in all groups, but 
there was no significant difference among the groups. 
In the groups treated with MSCs, although fibrosis and 
inflammation scores were lower, mild staining for CD105 
and VEGF may indicate the potentially positive effects of 
MSCs on wound healing through these cytokines. Many 

studies have demonstrated that MSCs stimulate local 
stem cell sources by inducing cytokine-mediated effect 
in tissues such as the heart, neurons, and pancreas that 
do not have spontaneous proliferation ability (30,31). 
We suggest that VEGF and CD105 are not appropriate 
markers for evaluating healing in damaged cells due to the 
confounding effects of coexisting inflammation. 

In the current study, the effects of MSCs in damaged 
areas were assessed using the marked MSC or analyzing 
the SRY gene. To demonstrate the wound-healing effects 
of MSCs, different markers could be used.

In conclusion, the optimal management strategies for 
bladder and posterior urethral injuries have been debated 
for years. MSC treatment may reduce and even prevent 
fibrosis and inflammation, which are regarded as causes 
of remarkable morbidity. It appears that the application of 
MSCs, particularly LMSC treatment, can effectively reduce 
fibrosis. Further studies are needed to confirm the positive 
effects of MSCs on bladder and urethral wound healing by 
decreasing fibrosis and inflammation.

References

1. Pichler R, Fritsch H, Skradski V, Horninger W, Schlenck B, 
Rehder P, Oswald J. Diagnosis and management of pediatric 
urethral injuries. Urol Int 2012; 89: 136-142.

2. Delaney KM, Reddy SH, Dayama A, Stone ME Jr, Meltzer 
JA. Risc factors associated with bladder and urethral injuries 
in female children with pelvic fractures: an analysis of the 
National Trauma Data Bank. J Trauma Acute Care Surg 2016; 
80: 472-476. 

3. Aggarwal SK, Sinha SK, Kumar A, Pant N, Borkar NK, Dhua 
A. Traumatic structures of the posterior urethra in boys with 
special reference to recurrent strictures. J Pediatr Urol 2011; 7: 
356-362.

4. Minguell JJ, Erices A, Conget P. Mesenchymal stem cells. Exp 
Biol Med 2001; 226: 507-520. 

5. Ding DC, SHYU WC, Lin SZ. Mesenchymal stem cells. Cell 
Transplant 2011; 20: 5-14.

6. Kelahmetoglu O, Demir R, Okten G, Demir A, Alpaslan 
Pinarli F, Diraman E. The effect of mesenchymal stem cells and 
sildenafil on flap viability in perforator-based flaps for ischemia/
reperfusion injury: an experimental study. Microsurgery 2016; 
36: 402-409. 

7. Liu L, Chiu PW, Lam PK, Poon CC, Lam CC, Ng EK, Lai PB. 
Effect of local injection of mesenchymal stem cells on healing 
of sutured gastric perforation in an experimental model. Br J 
Surg 2015; 102: 158-168.

8. Bhansali S, Kumar V, Saikia UN, Medhi B, Jha V, Bhansali A, 
Dutta P. Effect of mesenchymal stem cells  transplantation on 
glycaemic profile & their localization in streptozotocin induced 
diabetic Wistar rats. Indian J Med Res 2015; 142: 63-71.

9. Wang K, Guan Y, Liu Y, Zhu M, Li T, An D, Qu L, Che Y, Zhang 
G, Zhang J, Zheng XL, Kong D. Fibrin glue with autogenic bone 
marrow mesenchymal stem cells for urethral injury repair in 
rabbit model. Tissue Eng Part A 2012; 18: 2507-2517.

10. Vaegler M, Lenis AT, Daum L, Amend B, Stenzl A, Toomey P, 
Renninger M, Damaser MS, Sievert KD. Stem cell therapy for 
voiding and erectile dysfunction. Nat Rev Urol 2012; 9: 435-
447. 

11. Ayyıldız A, Nuhoğlu B, Gülerkaya B. Effect of intraurethral 
mitomycin-C on healing and fibrosis in rats with experimentally 
induced urethral stricture. Int J Urol 2004; 11: 1122-1126.

12. Aydin O, Yildiz L, Kefeli M, Kandemir B. CD117 expression in 
normal, neoplastic, inflammatory, and reactive lesions of the 
thyroid. Pathol Res Pract 2008; 204: 359-365. 

13. Onen A, Subası M, Arslan H, Ozen S, Basuguy E. Long-term 
urologic, orthopedic, and psychological outcome of posterior 
urethral rupture in children. Urology 2005; 66: 174-179.

14. Kucukaydin M, Ciftler AN, Guzel M, Uysal M. Management of 
traumatic posterior urethral injuries in children. J Pediatr Urol 
2008; 4: 32.

15. Nerli RB, Koura AC, Ravish IR, Amarkhed SS, Prabha V, Alur 
B. Posterior urethral injury in male children: long-term follow 
up. J Pediatr Urol 2008; 4: 154-159. 

16. Voelzke BB, Breyer BN, McAninch JW. Blunt pediatric anterior 
and posterior urethral trauma: 32-year experience and 
outcomes. J Pediatr Urol 2012; 8: 258-263.  

17. Elliott DS, Barrett DM. Long-term follow-up and evaluation of 
primary realignment of posterior urethral disruptions. J Urol 
1997; 157: 814-816.

http://dx.doi.org/10.1159/000336291
http://dx.doi.org/10.1159/000336291
http://dx.doi.org/10.1159/000336291
http://dx.doi.org/10.1097/TA.0000000000000947
http://dx.doi.org/10.1097/TA.0000000000000947
http://dx.doi.org/10.1097/TA.0000000000000947
http://dx.doi.org/10.1097/TA.0000000000000947
http://dx.doi.org/10.1097/TA.0000000000000947
http://dx.doi.org/10.1016/j.jpurol.2011.03.003
http://dx.doi.org/10.1016/j.jpurol.2011.03.003
http://dx.doi.org/10.1016/j.jpurol.2011.03.003
http://dx.doi.org/10.1016/j.jpurol.2011.03.003
http://dx.doi.org/10.1177/153537020122600603
http://dx.doi.org/10.1177/153537020122600603
http://dx.doi.org/10.3727/096368910X
http://dx.doi.org/10.3727/096368910X
http://dx.doi.org/10.1002/micr.22396
http://dx.doi.org/10.1002/micr.22396
http://dx.doi.org/10.1002/micr.22396
http://dx.doi.org/10.1002/micr.22396
http://dx.doi.org/10.1002/micr.22396
http://dx.doi.org/10.1002/bjs.9724
http://dx.doi.org/10.1002/bjs.9724
http://dx.doi.org/10.1002/bjs.9724
http://dx.doi.org/10.1002/bjs.9724
http://dx.doi.org/10.4103/0971-5916.162116
http://dx.doi.org/10.4103/0971-5916.162116
http://dx.doi.org/10.4103/0971-5916.162116
http://dx.doi.org/10.4103/0971-5916.162116
http://dx.doi.org/10.1089/ten.tea.2011.0359
http://dx.doi.org/10.1089/ten.tea.2011.0359
http://dx.doi.org/10.1089/ten.tea.2011.0359
http://dx.doi.org/10.1089/ten.tea.2011.0359
http://dx.doi.org/10.1038/nrurol.2012.111
http://dx.doi.org/10.1038/nrurol.2012.111
http://dx.doi.org/10.1038/nrurol.2012.111
http://dx.doi.org/10.1038/nrurol.2012.111
http://dx.doi.org/10.1111/j.1442-2042.2004.00959.x
http://dx.doi.org/10.1111/j.1442-2042.2004.00959.x
http://dx.doi.org/10.1111/j.1442-2042.2004.00959.x
http://dx.doi.org/10.1016/j.prp.2008.01.003
http://dx.doi.org/10.1016/j.prp.2008.01.003
http://dx.doi.org/10.1016/j.prp.2008.01.003
http://dx.doi.org/10.1016/j.urology.2005.01.056
http://dx.doi.org/10.1016/j.urology.2005.01.056
http://dx.doi.org/10.1016/j.urology.2005.01.056
http://dx.doi.org/10.1016/j.jpurol.2008.01.068
http://dx.doi.org/10.1016/j.jpurol.2008.01.068
http://dx.doi.org/10.1016/j.jpurol.2008.01.068
http://dx.doi.org/10.1016/j.jpurol.2007.11.002
http://dx.doi.org/10.1016/j.jpurol.2007.11.002
http://dx.doi.org/10.1016/j.jpurol.2007.11.002
http://dx.doi.org/10.1016/j.jpurol.2011.05.010
http://dx.doi.org/10.1016/j.jpurol.2011.05.010
http://dx.doi.org/10.1016/j.jpurol.2011.05.010
http://dx.doi.org/10.1016/S0022-5347(01)65051-1
http://dx.doi.org/10.1016/S0022-5347(01)65051-1
http://dx.doi.org/10.1016/S0022-5347(01)65051-1


1919

DEMİREL et al. / Turk J Med Sci

18. Webster GD. Perineal repair of membranous urethral stricture. 
Urol Clin North Am 1989; 16: 303-312.

19. Mouraviev VB, Coburn M, Santucci RA. The treatment of 
posterior urethral disruption associated with pelvic fractures: 
comparative experience of early realignment versus delayed 
urethroplasty. J Urol 2005; 173: 873-876.

20. Singh A, Panda SS, Baipai M, Jana M, Baidya DK. Our 
experience, technique and long-term outcomes in the 
management of posterior urethral strictures. J Pediatr Urol 
2014; 10: 40-44.

21. Vashishtha S, Sureka SK, Kumar J, Prabhakaran, Kapoor R, 
Ansari MS. Predictors for recurrence after urethroplasty in 
pediatric and adolescent stricture urethra. J Pediatr Surg 2014; 
10: 268-273.

22. Engel O, Fisch M. Unsuccessful outcomes after posterior 
urethroplasty. Arab J Urol 2015; 13: 57-59.

23. Beggs KJ, Lyubimov A, Borneman JN, Bartholomew A, 
Moseley A, Dodds R, Archambault MP, Smith AK, McIntosh 
KR. Immunologic consequences of multiple, high-dose 
administration of allogeneic mesenchymal stem cells to 
baboons. Cell Transplant 2006; 15: 711-721. 

24. Joyce N,  Annett G,  Wirthlin L,  Olson S,  Bauer G,  Nolta JA. 
Mesenchymal stem cells for the treatment of neurodegenerative 
disease. Regen Med 2010; 5: 933-946. 

25. Cambria E, Steiger J, Gunter J, Bopp A, Wolint P, Hoerstrup SP, 
Emmert MY. Cardiac regenerative medicine: the potential of 
a new generation of stem cells. Transfus Med Hemother 2016; 
43: 275-281. 

26. Kim JV, Lee JH, Lyoo YS, Jung DI, Park HM: The effects of 
topical mesenchymal stem cell transplantation in canine 
experimental cutaneous wounds. Vet Dermatol 2013; 24: 242-
253.  

27. Jiang H, Qu L, Li Y, Gu L, Shi Y, Zhang J, Zhu W, Li J. Bone 
marrow mesenchymal stem cells reduce intestinal ischemia/
reperfusion injuries in rats. J Surg Res 2011; 168: 127-134.

28. Adas G, Arıkan S, Karatepe O, Kemik O, Ayhan S, Karaöz E, 
Kamalı G, Eryasar B, Ustek D. Mesenchymal stem cells improve 
the healing of ischemic colonic anatomoses. Langenbecks Arch 
Surg 2011; 396: 115-126.  

29. Zickri MB, Fadl SG, Metwally HG. Comparative study 
between intravenous and intraperitoneal stem cell therapy in 
amiodarone induced lung injury in rat. J Stem Cells 2014; 7: 
1-11. 

30. Bilen S, Pınarlı F, Ak F, Fadıllıoğlu E, Albayrak A, Boyuk G, 
Guler OG, Erden G. Treatment efficacy with bone marrow 
derived mesenchymal stem cells and minocycline in rats after 
cerebral ischemic injury. Stem Cell Rev 2013; 9: 219-225. 

31. Horie N, Pereira MP, Niizuma K, Sun G, Keren-Gill H, 
Encarnacion A, Shamloo M, Hamilton SA, Jiang K, Huhn S et 
al. Transplated stem cell-secreted vascular endothelial growth 
factor effects poststroke recovery, inflammation, and vascular 
repair. Stem Cells 2011; 29: 274-285.

http://dx.doi.org/10.1097/01.ju.0000152145.33215.36
http://dx.doi.org/10.1097/01.ju.0000152145.33215.36
http://dx.doi.org/10.1097/01.ju.0000152145.33215.36
http://dx.doi.org/10.1097/01.ju.0000152145.33215.36
http://dx.doi.org/10.1016/j.jpurol.2013.05.018
http://dx.doi.org/10.1016/j.jpurol.2013.05.018
http://dx.doi.org/10.1016/j.jpurol.2013.05.018
http://dx.doi.org/10.1016/j.jpurol.2013.05.018
http://dx.doi.org/10.1016/j.aju.2015.01.003
http://dx.doi.org/10.1016/j.aju.2015.01.003
http://dx.doi.org/10.3727/000000006783981503
http://dx.doi.org/10.3727/000000006783981503
http://dx.doi.org/10.3727/000000006783981503
http://dx.doi.org/10.3727/000000006783981503
http://dx.doi.org/10.3727/000000006783981503
http://dx.doi.org/10.2217/rme.10.72
http://dx.doi.org/10.2217/rme.10.72
http://dx.doi.org/10.2217/rme.10.72
http://dx.doi.org/10.1159/000448179
http://dx.doi.org/10.1159/000448179
http://dx.doi.org/10.1159/000448179
http://dx.doi.org/10.1159/000448179
http://dx.doi.org/10.1111/vde.12011
http://dx.doi.org/10.1111/vde.12011
http://dx.doi.org/10.1111/vde.12011
http://dx.doi.org/10.1111/vde.12011
http://dx.doi.org/10.1016/j.jss.2009.07.035
http://dx.doi.org/10.1016/j.jss.2009.07.035
http://dx.doi.org/10.1016/j.jss.2009.07.035
http://dx.doi.org/10.1007/s00423-010-0717-z
http://dx.doi.org/10.1007/s00423-010-0717-z
http://dx.doi.org/10.1007/s00423-010-0717-z
http://dx.doi.org/10.1007/s00423-010-0717-z
http://dx.doi.org/10.15283/ijsc.2014.7.1.1
http://dx.doi.org/10.15283/ijsc.2014.7.1.1
http://dx.doi.org/10.15283/ijsc.2014.7.1.1
http://dx.doi.org/10.15283/ijsc.2014.7.1.1
http://dx.doi.org/10.1007/s12015-012-9422-3
http://dx.doi.org/10.1007/s12015-012-9422-3
http://dx.doi.org/10.1007/s12015-012-9422-3
http://dx.doi.org/10.1007/s12015-012-9422-3
http://dx.doi.org/10.1002/stem.584
http://dx.doi.org/10.1002/stem.584
http://dx.doi.org/10.1002/stem.584
http://dx.doi.org/10.1002/stem.584
http://dx.doi.org/10.1002/stem.584

