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A b s t r a c t

OObbjjeeccttiivveess:: The smooth muscle is an important component of the lower urinary
tract, as normal voiding depends on its ability to respond appropriately to
stimulation. Impairment of the contractile capacity of the vesical smooth muscle
may be reflected in the global voiding function. Repeated intravesical instillations
with mitomycin C or farmorubicin have a prolonged effect on bladder volume
and compliance. The present study was undertaken to determine whether
previous intravesical instillations with mitomycin C and farmorubicin influence
the contractile responses of the smooth muscle of the bladder in rats.
MMaatteerriiaall  aanndd  mmeetthhooddss:: Forty Wistar rats were divided into four groups. Rats in
three of the groups had intravesical instillations of either mitomycin C,
farmorubicin, or saline. Rats belonging to the 4th group had no intravesical
instillations, and served as normal controls. The doses of drugs administered
were based on those used for therapeutic purposes. After an induction course of
three weeks, each bladder was cut in four strips (ventral, Elbadawi line, cranial
and dorsal). Thereafter 136 bladder strips underwent electrical field stimulation.
RReessuullttss:: Contractile responses did not differ significantly depending on bladder
location. The most intense contractile responses, however, were noticed in the
dorsal bladder strips, and the weakest responses in the cranial pole strips. Previous
intravesical instillations with chemotherapeutic agents did not influence the
contractile response of the smooth muscle of the bladder.
CCoonncclluussiioonn:: Repeated intravesical instillations with mitomycin C or farmorubicin
have no prolonged effect on the contractile strength of the isolated smooth muscle
of the bladder.

KKeeyy  wwoorrddss::  bladder, mitomycin C, farmorubicin.

Introduction

Approximately 80% of all bladder cancer patients first present with
superficial tumors of which 10 to 15% eventually become invasive [1, 2]. The
initial therapy for superficial bladder cancer is transurethral resection of all
visible tumoral growth. To improve local control and to reduce the risk of
progression, the majority of patients with high grade or recurrent malignancy
receive adjuvant intravesical chemotherapy or immunotherapy. The most
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commonly used chemotherapeutic agents are
mitomycin C (MMC) and farmorubicin. The latter may
occasionally cause mild to severe systemic side effects
such as skin rash, chills, fever or malaise. Local bladder
toxicity gives rise to dysuria, cystitis, frequency, and
hematuria [3]. The incidence of local complications
according to the literature ranges from 6% to 41% [3].

Experimental chemical cystitis has been studied
both histologically and radiologically [4-7].
Urodynamic investigations have shown prolonged
changes in bladder volume and compliance [8].
Either destruction of the glycosaminoglycan (GAG)
layer, edema of the musosa or a dysfunction of the
smooth muscle of the bladder wall causes these
changes. So far, no research has been carried out to
assess the effect of various intravesically instilled
chemotherapeutic agents on the contractile
response of the smooth muscle after electrical field
stimulation of Wistar rat bladder strips.

Material and methods

AAnniimmaallss:: Young adult female Wistar rats (age 13
weeks; median weight 217 g, range 187-255 g) were
obtained from IFFA CREDO (France). They were
selected as the experimental model because of their
availability and easiness to catheterize. The animals
were treated in accordance with the Animal Welfare
Act and the Guide for the Care and Use of Laboratory
Animals (NIH Publication 86-3, revised 1985). The local
ethical committee approved of the protocol. The rats
received food and water ad libitum, and were weighed
regularly for assessment of their general health.

The animals were randomized into four groups
of 10 rats each: the normal control group received
no instillations; the placebo-group was instilled with
the solvent (NaCl 0.9%) of the chemotherapeutic
agents; the MMC group and the farmorubicin group
were submitted to instillations of solutions
containing 1 mg/ml of these substances.

IInnttrraavveessiiccaall  ddrruugg  aaddmmiinniissttrraattiioonn:: The two
compounds used were MMC (Christiaens Pharma,
Belgium) and farmorubicin (Pharmacia & Upjohn,
Belgium).

EExxppeerriimmeennttaall  ddeessiiggnn

IInnssttiillllaattiioonnss:: In rats belonging to three of the
groups instillations were performed weekly for three

consecutive weeks. Heretofore the animals were
anesthetized with 3% enflurane (Abbott) in a 1:3
mixture of oxygen and nitrous oxide. For induction
of anesthesia the animal was placed in a sealed box
in which the anesthetic gas was delivered by means
of a Boyle apparatus. When the rat was anesthetized
it was transferred to a specially designed instillation
table. The bladder was emptied using a 22-gauge
catheter (Vasculon). The drugs were given in a
volume of 0.1 ml; the rats belonging to the NaCl
group received an equal volume of saline, whereas
the normal controls had no instillations. The
procedure was repeated every week during a 3-week
study period.

TTiissssuuee  pprreeppaarraattiioonn::  Rats were weighed and
brought under anesthesia with sodium pentobarbital
(50 mg/kg IP). The abdomen was opened, the aorta
was transsected and the bladder was dissected out
with a segment of the urethra and both ureters, and
freed of any adjacent structures. The bladder was
placed in 4°C oxygenated Krebs-Ringer solution (pH
7.35) for one night [9]. The bladder was then
transferred to a dissection plate, opened by a
longitudinal incision, pinned out mucosal side up,
and submerged in oxygenated Krebs-Ringer solution.
Four bladder strips were carefully cut with known
orientation and position in the bladder as described
in Figure 1. The strips were weighed and measured
before being suspended to avoid fluid absorption
during experimentation. The strips were suspended
on No. 00 noncapillary silk sutures in organ baths
(20 ml) containing Krebs buffer at 37°C, bubbled with
95% O2 – 5% CO2, the caudal end fixed and the
cranial part connected, via a slight stainless rod, to a
force transducer (EMKA force displacement transducer
– EMKA Technologies, France EJL SO45-2009 EMKA R
7389). The strips underwent stress relaxation under
a load for 30 minutes, were washed every 15
minutes, and adjusted to a 2.5 g tension.

EElleeccttrriiccaall  ssttiimmuullaattiioonn:: For electrical stimulation a
four-channel stimulator of EMKA technologies (EMKA
Technologies, France) was used. Tissues were
stimulated by means of platinum electrodes. A
rectangular biphasic current of 400 µs duration with
a frequency of 33.0 Hz was applied. The amplitude
of the current ranged from 400 to 800 mA.
Stimulation lasted until the contraction reached a
plateau phase. Contractile responses were recorded
with an adapted software program (Loslab, EMKA
Technologies, France). In the interval between
stimulations, the strips were washed for 10 minutes.

CChheemmiiccaallss:: The Krebs-Ringer buffer contained 4.7
mM KCl, 1.2 mM MgSO4.7H2O, 2.5 mM CaCl2.2H2O,
0.03 mM CaEDTA, 118 mM NaCl, 25 mM NaHCO3, 11.1
mM glucose, and its pH was 7.35. 
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TTaabbllee  II.. Bladder strip length, weight and CSA for each
location 

vveennttrraall eell--BBaaddaawwii ccrraanniiaall ddoorrssaall

length (mm) 12.4±1.7 12.2±1.4 8.1±2.0 12.4±1.6

weight (mg) 9.4±3.0 9.6±2.7 5.0±2.0 8.4±2.6

CSA (mm) 0.6±0.2 0.7±0.2 0.5±0.1 0.5±0.1

values are means ± SEM of single strips 



Arch Med Sci 2, September / 2005 91

SSttaattiissttiiccaall  aannaallyyssiiss:: All data are expressed as
mean ±1 standard error of the mean. Cross-sectional
area (CSA) of each strip was calculated as
weight/(length x density). Statistical analysis was
done using one-way ANOVA but for
multicomparisons t-tests with Bonferroni corrections
were resorted to. P<0.05 was considered significant.
For statistical computations SPSS release 10.0.7
(SPSS Inc, Chicago, 2001) was used.

Results

Six rats did not survive the study period; deaths
were related to the anesthesia, and occurred in all
groups. Thus upon completion of the study there
remained 9 rats in the normal control group, 9 in the
NaCl 0.9% group, 9 in the MMC group, and 7 in the
farmorubicin group.

Values for strip weight, length and cross-sectional
area are given in Table 1. The length and the weight
of strips from the cranial pole were significantly
different from those of strips taken from other sites.
However, cross-sectional areas did not differ. Results
are presented as contraction force (g) and
contraction strength divided by the cross-sectional
area (g/mm2).

All groups exhibited a similar response pattern
to electrical field stimulation. The contractile
responses reached a peak force at 720 mA. 

EEffffeecctt  ooff  ssttrriipp  llooccaattiioonn  oonn  ccoonnttrraaccttiillee
rreessppoonnssiivveenneessss

The bladder strips of the untreated rats were used
to compare the contraction force of the strips taken
from the four different locations. The absolute
contractile responses to field stimulation were
similar (Figure 2). However, the strongest contractile
responses were observed in the dorsal bladder strips,
and the weakest responses in the cranial pole strips.
Similarly, there were no differences between the
contractile responses of these strips after correction
for cross-sectional area (Figure 3). 

EEffffeecctt  ooff  cchheemmootthheerraappeeuuttiicc  aaggeennttss  
oonn  ccoonnttrraaccttiillee  rreessppoonnssiivveenneessss

The absolute contractile responses to field
stimulation of bladder strips were similar, although
the responses of the strips exposed to NaCl were
somewhat less intense than those of the strips
exposed to either MMC or farmorubicin (P=0.15 and
P=0.06, respectively) (Figure 4). There was no
difference between the normal-strips, on the one
hand, and the MMC and farmorubicin strips, on the
other hand (P=0.9 and P=0.5, respectively). Similarly,
there were no differences between MMC and
farmorubicin-treated strips (P=0.86). Even after

Contraction in isolated bladder strips

FFiigguurree  22.. Effects of strip location on contractile
responsiveness. 1) ventral strip, 2) el-Badawi's line, 3)
cranial strip, 4) dorsal strip
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FFiigguurree  11.. A. Anterior view. The bladder cut ventrally
right from midline and spanned open like a rectangle;
B. Four strips are chosen. 1) ventral, 2) el-Badawi's
line, 3) cranial, 4) dorsal
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FFiigguurree  33.. Effects of strip location on contractile
responsiveness after correction for strip cross
sectional area. 1) ventral strip, 2) el-Badawi line, 3)
cranial strip, 4) dorsal strip
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FFiigguurree  44.. Effects of chemotherapeutic agents on
contractile responsiveness
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correction for strip cross sectional area, no statistical
significant difference was found.

Discussion

Toxicity is the main dose-limiting factor in cancer
therapy. Therefore it is important to assess
qualitatively and quantitatively induced side effects
when comparing different treatments.

Several clinical studies report moderate to severe
acute complications following intravesical admi-
nistration of either MMC or farmorubicin [4, 10].

Systemic absorption is not the problem. The
plasma uptake of any drug administered intravesically
depends on its molecular weight and, to a lesser
degree on its lipid solubility. Systemic absorption of
drugs with a molecular weight greater than 300 is
minimal [11]. Because of the relatively high molecular
weight of MMC (MW 334) and farmorubicin (MW
342), the plasma uptake after intravesical
administration is minimal. Plasma uptake after
intravesical instillations of MMC has been investigated
by several authors and generally found to be lower
than 60 ng/ml. Absorption of farmorubicin instilled
into the bladder is generally discrete, and plasma
levels do not exceed 0.5 ng/ml [12-15].

The acute bladder symptoms are usually transient
and recede when administration of the drug is
interrupted. 

Recently, unlike earlier data had indicated, we
observed changes in bladder volume and compliance
after intravesical instillations with MMC and
farmorubicin in rats, which persisted three weeks
after cessation of therapy [8]. In the medical
literature there are even reports of permanently
contracted bladders after repeated instillations [16].
In this study we assessed whether functional
damage of the smooth muscle cells occurs after
repeated intravesical chemotherapy with MMC and
farmorubicin.

Before studying the contractility after intravesical
instillations, we investigated the contractile force of
the vesical smooth muscle taken from different sites.
The influence of the strip location is important to
know if several different rats are needed for
comparative purposes or if several strips from the
ventral and dorsal region of the same bladder can
be used.

Two different opinions prevail pertaining to the
structural organisation of the bladder in rats.
According to Gabella and Uvelius, the muscle fibres
in the ventral and dorsal walls of the bladder tend
to run in a preferential direction. These authors
found that the ventral aspect of the bladder in
female rats had a large component of longitudinally

oriented muscle fibres, whereas the dorsal side had
a large sheet-like component of circular muscle.
Laterally and at the cranial pole, the bundles criss-
cross in every direction and are probably oriented at
random [17]. Elbadawi stated that the muscle
bundles of the body unit have a "plexiform"
organisation without discernible "layers". According
to him, the ventral surface of the detrusor has a
vertical midline bundle that extends from its dome
to near its junction with the base region: short,
transversely oriented bundles derived from the
outlying detrusor muscularis are inserted on each
side of the midline bundle [18]. 

Longhurst et al. investigated the contractile force
of the dorsal and ventral strips of the urinary bladder
of male Sprague-Dawley rats. Both types of bladder
strips responded to electrical field stimulation in a
similar manner. These investigators also concluded
that the contractile response is independent of strip
length if data are expressed as tension/CSA [9]. We
evaluated the response to electrical stimulation of
four different regions of the bladder. The ventral
strips were cut with the smooth muscle bundles in
their preferential direction. Two ventral strips were
taken according to Elbadawi's description of the
ventral surface of the bladder with a thin bundle in
the midline extending from the dome to near the
junction. We found no statistically significant
difference in the contractile strength between the
different sites.

Observations from normal bladder strip
preparations do not necessarily apply to preparations
obtained from hypertrophic bladders such as those
from diabetic animals [9]. In the latter, both the
relative concentrations of connective tissue and
contractile proteins, and/or the orientation of the
smooth muscle fibres in the bladder may be
different. Also biochemical changes may have an
impact on energy utilisation. Therefore, the cross-
sectional area of each strip is calculated and taken
into account to determine the absolute contractile
responses. However, after correction for length and
weight, the overall results were the same. This is in
agreement with observations made by Longhurst et
al. [9]. Therefore the benefit of CSA in this kind of
studies is questionable.

Post and Stewart observed muscle fibrosis in mice
after irradiation of the bladder that resulted in a
decreased bladder capacity and increased frequency
[19, 20]. The fact that the whole bladder wall is
irradiated causes these histologic and urodynamic
changes. Intravesical instillations with MMC and
farmorubicin also decrease vesical capacity and
compliance. These urodynamic alterations persisted
three weeks after the end of the instillation period
[8]. However, during the present study we observed

Dirk P.J. Michielsen, Jean-Jacques Amy, Danny Coomans, Guy Storme, Jean-Jacques Wyndaele



Arch Med Sci 2, September / 2005 93

Contraction in isolated bladder strips

no changes in the contractile forces of the smooth
muscle of these bladders when assessed in vitro.
Therefore, the exclusive role of the smooth muscle
in these urodynamic changes can be excluded.
Changes such as destruction of the GAG-layer or
edema of the bladder mucosa must be investigated
in the future.

Conclusion

Repeated intravesical instillations with MMC or
farmorubicin have no effect on the contractile forces
of the smooth muscle of the bladder. 
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