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Distribution of interstitial cells of Cajal in the bladders of fetal rats 
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ABSTRACT

Objective: Myelomeningocele (MMC) is one of the most common reason of neurogenic bladder dysfunction 
in children. Although neurogenic bladder dysfunction occurrence is related with bladder innervation, also 
there are some changes seen in the smooth muscle and neural cells of the bladder. Interstitial cells of Cajal 
(ICC) are the pacemaker cells found in organs with peristaltic activity. Although it has been shown that ICC 
are diminished in the rat urinary bladder with traumatic spinal cord injury, there is no data about ICC in fetal 
rat bladders with MMC. This study has been conducted to investigate the ICC in the bladders of fetal rats 
with retinoic acid induced MMC.

Materials and methods: Time dated pregnant Wistar albino rats were divided into 3 groups. In MMC group, 
dams were fed with gavage solution containing 60 mg/kg all-trans retinoic acid dissolved in olive oil on 10. 
embryologic day. Sham group animals were fed only olive oil. Control group dams were fed with standard 
rat chow. Fetuses were delivered by cesarean section and harvested on 22. embryologic day. MMC was 
identified by observing MMC sacs at the back of the fetuses. Distribution of ICCs were evaluated using im-
munohistochemical staining.

Results: ICCs were found in all groups, which have the same morphological features that had been described 
earlier in the gastrointestinal tract and the bladder. The density of the ICC in the MMC group was found to be 
significantly decreased when compared with the control and the sham groups (p<0.05).

Conclusion: The density of the ICC in the urinary bladder decreased in the neurogenic bladder developed 
in MMC.

Keywords: Bladder contractility; bladder dysfunction; interstitial cells of Cajal; myelomeningocele; neuro-
genic bladder.

Introduction

A common variant of non-lethal neural tube de-
fects is Myelomeningocele (MMC) resulting in 
the development of neurogenic bladder (NB) and 
bowel dysmotility.[1,2] Besides, the bladder in-
nervation defects, several changes in the smooth 
muscle and neural cells have been described in 
histopathology reports of NB.[3,4] The interaction 
between the smooth muscle and neural cells is 
mediated through the interstitial cells of Cajal 
(ICC) which also controls bladder contractility.[5,6]

Interstitial cells of Cajal are the pacemaker cells 
found in human organs with peristaltic activity 
that were thought to be originating from the 
precursors of the smooth muscle cells.[7,8] Sev-
eral studies have shown that ICCs are widely 

distributed in the urinary tract of animals and 
humans.[5,9-13] Although the gastrointestinal and 
bladder ICCs seem to share the same morpho-
logical and receptor expressions, they function 
differently.[14] Different neurological and func-
tional conditions of the bladder have been as-
sociated with changes in the number of ICCs.[9] 

It has been shown that the number of ICCs de-
crease in the rat bladder after traumatic spinal 
cord injury.[12] Recently, the distribution of ICC 
in humans has been evaluated in children with 
neurogenic bladder.[13] However, there is no 
data on the presence and distribution of ICCs 
in fetal bladders with spinal cord injury due to 
MMC. Therefore, a study has been conducted 
to investigate the effect of neural injury on ICC 
in the bladders of fetal rats with retinoic acid- 
induced MMC.



Material and methods

The study protocol was approved by the Institutional Animal 
Care and Use Committee (13/2009). Time-dated pregnant Wis-
tar albino rats (210-300 g) were used in this study. Before start-
ing the experiment, time-dated primigravida Wistar albino rats 
were fed with standard rat chow and water, ad libitum. They 
were housed in separate cages with controlled temperature and 
12 hour light/dark cycle for at least 1 week. There were 3 experi-
mental groups;

Control group (n=5): Comprised of fetuses of dams which did 
not undergo any treatment and manipulation.

Sham group (n=7): Comprised of fetuses of dams fed with 2 mL  
olive oil through a feeding tube on the 10. embryologic day (E).

MMC Group (n=7): Comprised of fetuses of dams fed with 60 
mg/kg all-trans retinoic acid (Vesanoid, Roche, Basel, Switzer-
land) dissolved in 2 mL olive oil through a feeding tube on E 10 
as described by Danzer et al.[15,16] 

On the E 22, all dams were anesthetized with ether and the sur-
viving fetuses were harvested by cesarean section, then the dams 
were sacrificed by cervical dislocation. Fetuses that had a MMC 
sac at their dorsum were included in the MMC group (Figure 1). 
Experiments were continued until 7 surviving rat fetuses were 
obtained in the MMC group. Fetal urinary bladders were har-
vested under x10 magnification and the ICCs were evaluated in 
the anterior wall of corpus.

Histolopathological analysis
Fetal bladders were excised en bloc and fixed with 4% parafor-
maldehyde for 12 hours. Bladders were embedded in paraffin, 
4 µm serial sections were obtained and mounted on positively 
charged slides. Slides were deparaffinized in xylene and used for 
the immunohistochemical study.

Immunoperoxidase staining was done to determine the c-kit 
(CD117) protein expressing cells. After deparaffinization, to ex-
pose the antigens, the tissue sections were boiled with 10 mM 
ethylenediamine tetraacetic acid (EDTA) buffer at pH 6.0 for 10-
20 min followed by cooling down to room temperature for 20 
min. Mouse Monoclonal Antibody c-kit Oncoprotein (CD117) 
(Novacastra, Newcastle, UK) primary antibody in a 1:50 dilution 
and an anti-rabbit immuno-conjugate secondary antibody were in-
cubated with horseradish peroxide (HRP) - streptavidin solution 
(LSAB2 System-HRP, Code K0675; Dako Cytomation, Glostrup, 
Denmark). Slides were developed with 3-3’-diaminobenzidine 
(DAB; D4293; Sigma Aldrich), counterstained with Mayer’s he-
matoxylin, and examined under light microscope (Olympus BX-
51). Brown coloration was accepted as positive staining. 

Sections were also stained with 1% toluidin blue (CAS-92-31-
9, Chem Cruz, Santa Cruz Biotechnology Inc., Texas, USA) to 
identify Cajal cells in c-kit positive mast cells. Negative control 
samples were identically stained with study samples without pri-
mary antibodies.

Under light microscope at 40 xmagnification, ICCs were count-
ed on 10 different microscopic fields of view which were se-
lected randomly by the pathologist and expressed as count per 
unit area (100 µm2). The pathologist was blinded with respect to 
experimental groups when preparing and evaluating the speci-
mens. Morphological differences that had been described earlier 
in the gastrointestinal tract and the urinary bladder were used to 
distinguish the ICC from the mast cells.[5,17] The mean number of 
ICCs in 10 different microscopic fields of view were calculated 
for each fetus and scored to show the density of the ICC as: no 
count was scored as 0, 1-2 counts as 1, 3-4 counts as 2 and more 
than 4 counts as 3 points. 

After ANOVA test, Tukey’s test was used for statistical com-
parisons among groups. Statistical level of significance was set 
at p<0.05.

Results

In the present study, MMC was induced using retinoic acid in 
70% of the cases. 

With immunohistochemical staining, two groups of cells with 
c-kit positive staining were determined in all groups as ICCs and 
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Figure 1. Macroscopic appearance of rat fetus with 
myelomeningocele
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mast cells. ICCs were found within the muscle fibers and subu-
rothelium of the bladder. ICCs had fusiform cell bodies, large 
oval nuclei and two dendritic processes. Mast cells had large 
central round nuclei and they were localized at the mucosa and 
submucosal area (Figure 2). ICCs were found in all the groups 
(Figures 3 and 4). 

The mean ICC score was 0.86±0.75 in the MMC, 2.14±0.89 in the 
sham and 2.00±0.71 in the control group, respectively. The ICC 
score of the MMC group was found to be significantly less when 
compared with the control and sham groups (p<0.05) (Figure 5).

Discussion

Loss of voluntary control of micturition, detrusor/sphincter dys-
synergia and bladder overactivity are the symptoms of NB dys-
function coexisting with MMC.[1,2] In addition to morphological 
problems of the urinary bladder, the other main problems in the 
MMC are the impairment of the contractility response of the 
smooth muscle cells and lack of the relaxation response against 
contractile forces.[16] It has been shown that programmed trans-
differentiation from skeletal muscle cell to smooth muscle cell 
in the fetal detrusor occurs.[18] However, this differentiation was 
arrested in the fetuses with MMC. Intact neural support is neces-
sary both for normal smooth muscle development and for sur-
vival of the ICC in the fetal bladder.[18] 

The presence of ICCs in the urinary tract has been first described 
at guinea pig bladders by McCloskey and Gurney[19] in 2002 and 
at human urinary tract by Solari et al.[20] in 2003. Various studies 
have showed that ICCs are widely distributed in the urinary tract 
including renal pelvis, ureter, bladder and urethra.[20,21] Shafik 
et al.[22] displayed that ICC are abundant in the human bladder 
dome and appears to constitute the primary vesical pacemaker 
that initiates the slow waves spreading to the rest of the bladder 
wall. They also suggested that a deficiency or absence of these 
cells may be involved in the bladder motility disorders. 

A close relation between the neurons and ICC has been shown 
in the detrusor wall.[12] Disruption in neural integrity has been 
resulted in concomitant degeneration of ICC. They suggested 
that existence and survival of ICC mainly rely on neural release 
of trophic factors.[12] A recent study by Johnston et al.[6] showed 
that the human bladder contains a network of ICCs in the lamina 

Figure 4. Histopathology of the fetal rat bladder of the 
myelomeningocele group (arrow indicates mast cells) 
(Toluidin blue, x40)

Figure 3. Histopathology of the fetal rat bladder of the control 
group (arrow indicates interstitial cells of Cajal located in the 
muscular layer with fusiform cell body, thin cytoplasm, wide 
ovoid nucleus and two dentritic processes) (C-kit, x40)

Figure 2. Histopathology of a fetal rat bladder with an arrow 
indicating a mast cell (C-kit, x40)



propria, which is connected to cholinergic nerve plexus. Peri-
vascular ICCs are localized close to the vascular smooth muscle 
cells, whereas the detrusor ICCs are observed in smooth muscle 
bundles and associated with nerves, controlling the bladder con-
tractility.[6] 

Piaseczna-Piotrowska et al.[13] had examined the distribution of 
ICCs in different parts of the overactive neurogenic bladder wall 
of the children with MMC. They had found that the ICC are 
widely located in the trigone than the anterior wall of the cor-
pus of the urinary bladder. Additionally there is no significant 
difference in the distribution of ICC between the normal and 
overactive neurogenic bladders. [13] In the present study, our aim 
was to show the effect of neural injury occurred due to MMC on 
the distribution of ICC in the detrusor of fetal rats. Contrary to 
the literature, we found that the density of ICC decreased sig-
nificantly in the MMC group than the control and sham groups. 
We may hypothesize that neural trophic factors in fetal tissue 
may be also responsible from fetal development and/or survival 
of ICC. 

Different neurological or functional conditions of urinary blad-
der have been associated with the increase or decrease in the 
number of ICCs. Relaxed, dilated, and unobstructed bladders are 
related with decreased number of ICCs. Conversely overactive 
and obstructed bladders are related to increased number of ICCs.
[9,23,24] This phenomenon was explained as follows. The ICCs in-
creased in number as a result of increased peristaltic activity so 
as to overcome the bladder outlet obstruction.[25] We found that 
fetal cord injury due to MMC decreases the number of ICCs in 
detrusor. It is difficult to predict which clinical form of neuro-
pathic bladder will occur postnatally due to decrease in the num-
ber of ICCs in the fetal bladder. Our results may indicate relaxed 

hyper-compliant, and unobstructed bladder. However, changing 
clinical form to obstructed non-compliant bladder postnatally 
may associate with increase in the number of ICCs as a result of 
increased peristaltic activity to overcome the bladder outlet ob-
struction. Since the fetus has a tiny and very fragile bladder, we 
could not evaluate the volume and intravesical pressures of the 
fetal bladders. It was impossible to perform urodynamic studies 
on fetal rat bladders.

In the present study, we showed that ICCs are present in the 
bladders of both MMC and normal rat fetuses. When we com-
pared the three groups of fetuses, we have found that the den-
sity of ICC in MMC fetuses was significantly less than the 
other groups. Nevertheless, either the quantitative or qualita-
tive changes involving ICCs may cause detrusor dysfunction. 
We assume that the bladder dysfunction seen in MMC might 
be related to the decreased density of ICCs in the neurogenic 
bladder developed in MMC. For further studies should be con-
ducted with larger-sized experimental animals, and the density 
of ICCs and the contractility of the detrusor should be evaluated 
in combination.
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