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Abstract Knowledge regarding human bladder smooth
muscle cell (SMC) physiology is very limited. Only a few
specific medical therapies for bladder disorders have
therefore been established. The objective of this study
was to develop a model for videomicroscopy of bladder
SMC contractions. Cells were isolated from human cy-
stoprostatectomy specimens and cultured in a modified
EMEM medium. These cells were identified as SMCs by
means of immunohistochemistry. For videomicroscopy,
the culture flasks were coated with a viscous agent to
allow cell contraction. Contractions were visualized by
means of a cell culture microscope with a time-lapse
videosystem. For cholinergic stimulation of the cells,
acetylcholine, in concentrations ranging from 100 puM to
10 mM, was applied. The percentage of contracting cells
within the observation field was evaluated for quanti-
tative analysis. In control experiments without contrac-
tile stimulant 6% of the cells were observed to contract.
Stimulation with acetylcholine induced a significant
dose-dependent increase to 47% in contracting cells.
These results demonstrated that videomicroscopy is an
appropriate tool to investigate the contraction mecha-
nisms of bladder SMCs. This model offers the possibility
of studying drug effects on the human detrusor in vitro.
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Introduction

Human detrusor dysfunction leads to a severe loss in
quality of life. Detrusor instability may cause urge
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symptoms and incontinence, whereas hypocontractility
can induce residual urine formation leading to recurrent
urinary tract infections. The exact mechanisms of blad-
der smooth muscle cell (SMC) contractility are still not
completely understood. Therefore, only a few specific
pharmacological agents have been established in the
therapy of human detrusor disorders. Most of these
drugs deal with the cholinergic activation of the bladder
muscle. Anticholinergic substances, for example, are
used in the treatment of bladder spasticity, whereas
cholinergic stimulants can improve bladder emptying in
the hypocontractile detrusor. However, these agents are
unspecific and therefore present side effects in other or-
gan systems with a cholinergic innervation. Most in vitro
research has been performed on isolated bladder muscle
tissue strips [6, 7, 13, 14, 22, 23]. In these models,
however, influences from neighboring cells and connec-
tive tissue components make interpretations very
difficult sometimes. Only a few studies exist on the in-
vestigation of bladder SMC contractions on a cellular
level [5, 8, 10, 11, 21]. A cell culture model of human
detrusor cells may lead to a better understanding of the
contraction mechanisms. The aim of this study was to
develop a model for videomicroscopy of SMC contrac-
tions. Using this model, contraction mechanisms as well
as pharmacological effects can be investigated in vitro.

Material and methods

Cells were isolated from human bladder tissue obtained from
cystoprostatectomy specimens from patients with bladder cancer.
Tissue specimens were examined histologically by fast frozen sec-
tion to exclude tumor invasion. Cells were cultured using a tissue
explant culture technique. Bladder detrusor tissue was cut into
small pieces, which were attached to the bottom of the culture flask
(Falcon Labware, Meylan, France). A modified Eagle’s mimimal
essential medium (EMEM) , with 10% fetal calf serum, 1% peni-
cillin-streptomycin solution, and 2.5% EMEM nonessential amino
acids, was used. A first cell passage with trypsin was performed,
when about 50% of the culture flask was covered with cells.
Further passages followed in intervals of 4-7 days depending
on growth velocity. Cells were characterized using immunohisto-



chemistry for the specific SMC markers: actin, myosin, and desmin.
For the identification of fibroblastic features of the cells, a specific
fibroblast antibody was used (Dianova, Hamburg, Germany).
Genital skin fibroblasts, as well as the prostatic carcinoma cell line
LNCaP, served as controls. In contraction experiments, culture
flasks were coated with Cell-Tak (Collaborative Biomedical Prod-
ucts, Bedford, Mass.), a mixture of polyphenolic proteins from
mussels in a concentration of 4 pg/cm?. For videomicroscopy, a cell
culture microscope with a magnification of X200 was used. An
incubation chamber around the microscope maintained constant
physiological conditions for the cells. Because of the low contrac-
tion velocity, a video system with a time-lapse system was
mandatory. This system allowed an observation in sequences
representing 1.1 sec real time per frame. Nine to twenty-six (mean
15) cells were observed in the video field in each experiment. After a
control period of 1 h, acetylcholine dissolved in culture medium in
concentrations ranging from 100 pM to 10 mM was added as the
contractile cholinergic stimulant. The cells were observed for a
further 2 h after addition of the agent. In control experiments an
equal amount of culture medium without stimulant was added. For
adrenergic stimulation of the cells, phenylephrine was used. Con-
centrations of 10 and 100 uM, which have previously been shown
[3] to induce contractions of prostatic SMCs, were applied. Con-
traction studies with acetylcholine were also performed in human
prostatic SMCs and rhabdosphincter muscle cell cultures. For
quantitative analysis, video sequences were observed at 50 times the
velocity. Only those cells showing shortenings of at least 25% of
initial cell length within 30 sec were defined as contracting. The
percentage of contracting cells in the video observation field was
evaluated. For statistical evaluation, the Kruskal-Wallis test was
used.

Results

After 3-5 days, cells were seen to emerge from the tissue
slices. A first cell passage was performed after 10-14
days. Only cells with stromal configuration were ob-
served in the culture. Immunohistochemistry demon-
strated these cells to express typical SMC markers, such
as actin (Fig. 1), myosin, and desmin. A negative
staining was seen with the fibroblast antibody, identi-
fying these cells as SMC. Genital skin fibroblasts, which
served as control, were negative for the SMC markers
but positive for the fibroblast antibody, whereas pros-

Fig. 1 Immunohistochemistry demonstrates a positive staining for
specific SMC markers like o-actin
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tatic carcinoma cells were negative for all markers.
Contraction studies started with the second to third cell
passage. Coating of the culture flasks was essential to
allow cell contraction. Without coating only sporadic
contractions were observed. Contraction velocity, how-
ever, was not altered by culture flask coating. The fastest
contractions (<1 sec) were also seen at real time
velocity; however, a better documentation was provided
by the time-lapse system (Fig. 2). Contractions appeared
as shortenings of the cells and could be distinguished
clearly from other cell movements, such as pseudopadal
extension. A maximum shortening of 80% was ob-
served. The number of contracting cells, however, and
not the degree of cell shortening, in contrast to investi-
gations with single-cell electrical stimulation [10],
showed significant differences between different dosages
of acetylcholine. Under control conditions without
contractile stimulant 6% of the cells were seen to con-
tract during the 2-h observation period. Addition of
acetylcholine induced a dose-dependent increase of cell
contractility. Acetylcholine was shown to be most ef-
fective at a concentration of 10 mM, with 47% of cells
contracting (Fig. 3). Two hours after the addition of the
agent the contraction rate was seen to decrease. There-
fore, the observation was not prolonged. Phenylephrine
as an adrenergic stimulant had no effect on the con-
traction rate. In human rhabdosphincter cells acetylch-
oline showed a similar contractile response [4]. A
significant increase in the contraction rate of sphincter
cells was observed at a concentration of 10 mM. Pros-

Fig. 2 Videomicroscopy allowed an excellent documentation of cell
contractions. The cells marked by arrows were seen to contract within
this microscopic field
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Fig. 3 Cholinergic stimulation of the cells with acetylcholine (ACh)
induced a dose-dependent increase of contracting cells to a maximum
of 47%. The histogram presents values and standard deviations of 22
independent experiments with nine cell strains

tatic stromal cells, however, which have been shown
to be activated by adrenergic stimulants such as
phenylephrine, did not contract upon stimulation with
acetylcholine.

Discussion

Detrusor smooth muscle has not been studied as ex-
tensively as that of other tissues, such as the vascular or
respiratory system. Owing to this lack of knowledge,
medical treatments of bladder dysfunctions like detrusor
instability are still far from satisfactory. Understanding
the contraction mechanisms of bladder SMCs may be
the key to establishing new drugs for the treatment of
bladder dysfunctions. Various models have been estab-
lished for the investigation of detrusor physiology. In
vivo studies use mainly laboratory animals, such as cats,
rats, and others [9, 12]. However, published work has
shown important differences between humans and lab-
oratory animals in detrusor physiology, which make
studies on human tissue more relevant [20]. Most in-
vestigators studying detrusor physiology use isolated
muscle strips obtained from humans or animals. In these
studies changes in tissue tension are measured after the
application of contractile stimulants in special organ

baths [6, 7, 13, 14, 22, 23]. Tissue preparations contain
SMCs as well as nonmuscular components representing
properties of the whole detrusor muscle. In this model
experimental results depend strongly on tissue prepara-
tion and quality, making interpretation and comparison
of different experiments difficult. Furthermore, experi-
ments must be performed immediately after tissue iso-
lation, when the cells are still viable. The knowledge of
detrusor physiology on a cellular level may lead to the
development of more selective drugs for the treatment of
bladder dysfunctions. Investigations can be performed
either with cell culture models or freshly isolated cells
[10]. The advantage of a cell culture model compared
with isolated cells is the great number of cells available,
allowing various experimental assays in the same cul-
ture. Primary cell cultures can be obtained from tissue
specimens either by enzymatic digestion [19, 24] or a
tissue explant culture [1, 11, 18]. Because of the limited
amount of tissue available, the explant culture technique
was used. Primary cell cultures very often do not com-
pletely differentiate to the cell type of the original tissue.
Stromal cells like SMCs and fibroblasts do not represent
stable cell phenotypes, showing transitions between the
two cell types [2, 17]. By using the modified EMEM
medium it was possible to culture cells expressing spe-
cific features of SMC as shown by the immunohisto-
chemistry. A negative immunohistochemical staining
with the specific fibroblast antibody characterized the
cells as well-differentiated SMCs. However, conditions
in a two-dimensional cell culture are quite different to
those found in the natural environment of the human
tissue. In a cell culture flask, for example, no supporting
extracellular matrix is present. Only few reports exist of
experiments with detrusor SMC cultures. In these
studies, mainly receptor physiology or intracellular cal-
cium fluctuations have been investigated [5, 8, 11, 21].
Results demonstrate, for example, an increased calcium
uptake in cells after cholinergic stimulation. Our results
demonstrate that videomicroscopy is an applicable
method for the documentation of SMC contractions. As
shown in vivo and in vitro, acetylcholine induces cell
contractions by activation of muscarinic receptors on
detrusor cells [16]. Anticholinergic medication is the
main therapeutic option in the treatment of detrusor
instability. The maintenance of cholinergic responses in
culture adds credibility to this system as a representative
model of human detrusor physiology. To identify con-
tractions after cholinergic stimulation as a specific phe-
nomenon, cells were also stimulated with the adrenergic
agent phenylephrine. This agent has been shown to be
an effective contractile stimulant for prostatic SMCs [3].
In the present study, however, phenylephrine did not
increase the contraction rate of bladder SMCs. Acety-
Icholine was also applied to other muscle cell cultures. In
prostatic SMCs, for example, which have previously
been shown [3] to be stimulated by adrenergic agents
(phenylephrine), no contractile response was observed
after the application of 100 uM to 10 mM acetylcholine.
Acetylcholine, however, significantly increased contrac-



tility of cultured human rhabdosphincter cells [4]. These
results demonstrate that videomicroscopy of cultured
bladder SMCs is a reliable and specific model for the
investigation of detrusor physiology and pathophysiol-
ogy. This easy model allows an investigation of drug
effects on a cellular level and might help to reduce ex-
pensive clinical studies or animal experiments. Investi-
gation of additional contraction stimulants might offer
promising therapeutic innovations in the treatment of
detrusor dysfunctions [18].

References

1.Baskin LS, Howard PS, Duckett JW, Snyder HM, Macarak EJ
(1993) Bladder smooth muscle cells in culture: identification and
characterization. J Urol 149: 190

2.Buoro S, Ferrarese P, Chiavegato A, Roelofs M, Scatena M,
Pauletto P, Passerini-Glazel G, Pagano F, Sartore S (1993)
Myofibroblast-derived smooth muscle cells during remodelling
of rabbit urinary bladder wall induced by partial outflow
obstruction. Lab Invest 69: 589

3.Corvin S, Bosch ST, Eder I, Thurnher M, Bartsch G, Klocker
H (1998) Videoimaging of prostatic stromal-cell contraction: an
in vitro model for studying drug effects. Prostate 37: 209

4.Corvin S, Strasser H, Bosch ST, Salvermoser W, Maneschg C,
Bartsch G, Klocker H (1998) An in vitro model for videomi-
croscopy of human rhabdosphincter cell contractions. Eur Urol
34: 290

5.Eckert RE, Wilhelm A, Schwantes U, Utz J, Alloussi S, Trau-
twein W, Ziegler M (1995) Modulation der zytoplasmatischen
Ca?*-Konzentration isolierter Myozyten des Detrusor vesicae
durch Anticholinergika. Akt Urol 26: 4

6.Ehren I, Iversen H, Jansson O, Adolfsson J, Wiklund NP (1994)
Localization of nitric oxide synthase activity in the human
lower urinary tract and its correlation with neuroeffector
responses. Urology 44: 683

7.Elliott RA, Castleden CM, Miodrag A, Kirwan P (1992) The
direct effects of diethylstilboestrol and nifedipine on the con-
tractile responses of isolated human and rat detrusor muscles.
Eur J Clin Pharmacol 43: 149

8.Fry CH, Gallegos CRR, Montgomery BSI (1994) The actions
of extracellular H" on the electrophysiological properties of
isolated human detrusor smooth muscle cells. J Physiol 480: 71

9.Gillberg PG, Sundquist S, Nilvebrant L (1998) Comparison of
the in vitro profiles of tolterodine with those of subtype-selec-
tive muscarinic receptor antagonists. Eur J Pharmacol 349: 285

10. Glerum JJ, van Mastrigt R, Romijn JC, Griffiths DJ (1987)
Isolation and individual electrical stimulation of single smooth-

253

muscle cells from the urinary bladder of the pig. J Muscle Res
Cell Motil 8: 125

11.Harriss DR (1995) Smooth muscle cell culture: a new approach
to the study of human detrusor physiology and pathophysiol-
ogy. Br J Urol 75: 18

12.Hegde SS, Choppin A, Bonhaus D, Briaud S, Loeb M,
Moy TM, Loury D, Eglen RM (1997) Functional role of M2 and
M3 muscarinic receptors in the urinary bladder of rats in vitro
and in vivo. Br J Pharmacol 120: 1409

13.Hertle L, Nawrath H (1990) Effects of papaverine on human
isolated bladder muscle. Urol Res 18: 227

14.Kato T, Saito M, Kondo A (1995) Effects of magnesium ions
on detrusor contraction in rat. Urol Int 54: 204

15.Marsh KA, Harriss DR, Hill SJ (1996) Desensitization of
muscarinic receptor-coupled inositol phospholipid hydrolysis
in human detrusor cultured smooth muscle cells. J Urol 155:
1439

16.Rivera L, Prieto D, Hernandez M, Benedito S, Garcia-Sacristan
A (1991) Distribution and function of cholinergic receptors in
the sheep detrusor muscle. J Auton Nerv Syst 34: 95

17.Roelofs M, Wein AJ, Monson FC, Passerini-Glazel G, Kote-
liansky VE, Sartore S, Levin RM (1995) Contractility and
phenotype transitions in serosal thickening of obstructed rabbit
bladder. J Appl Physiol 78: 1432

18.Saenz de Tejada I, Mueller JD, de las Morenas A, Machado M,
Moreland RB, Krane RJ, Wolfe HJ, Traish AM (1992)
Endothelin in the urinary bladder. I. Synthesis of endothelin-1
by epithelia, smooth muscle and fibroblasts suggests autocrine
and paracrine cellular regulation. J Urol 148: 1290

19.Schot R, van Asselt E, van Mastrigt R (1993) A method
for isolating smooth muscle cells from urinary bladder with
low concentrations of collagenase and papain: the relation
between calcium concentration and isolated cell length. Urol
Res 21: 49

20.Sibley GNA (1984) A comparison of spontaneous and nerve-
mediated activity in bladder muscle from man, pig and rabbit.
J Physiol 354: 431

21.Sugita M, Tokutomi N, Tokutomi Y, Terasaki H, Nishi K
(1998) The properties of caffeine- and carbachol-induced
intracellular Ca®>" release in mouse bladder smooth muscle
cells. Eur J Pharmacol 348: 61

22.Tonini M, Messori E, Franceschetti GP, Rizzi CA, Castoldi
AF, Coccini T, Candura SM (1994) Characterization of the
5-HT receptor potentiating neuromuscular cholinergic trans-
mission in strips of human isolated detrusor muscle. Br J
Pharmacol 113: 1

23.van Asselt E, Schot R, van Mastrigt R (1993) Cell length
measurements in longitudinal smooth muscle strips of the pig
urinary bladder. Urol Res 21: 253

24. Wellner MC, Isenberg G (1995) cAMP accelerates the decay of
stretch-activated inward currents in guinea-pig urinary bladder
myocytes. J Physiol 482: 141



