
Isolation and Culture of Adult and Fetal Rabbit Bladder Smooth
Muscle Cells and Their Interaction With Biopolymers
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Purpose: The aim of this study was to test the feasibility of
isolation and culture of adult and fetal rabbit bladder smooth
muscle cells (SMCs) and comparison of their interactions
with different types of biodegradable biopolymers in cell
culture.

Methods: Bladder SMCs isolated from adult and fetus rabbits
were identified by immunostaining for smooth muscle �-ac-
tin and myosin. Growth kinetics of SMCs were estimated
using population doubling time (PDT) and thymidine label-
ing index (TLI). Poly (D, L-lactide-co-glycolide; PLGA) copol-
ymers were synthesized at 85:15 and 75:25 monomer ratios.
The porous scaffolds prepared from these polymers were
seeded with SMCs. The study compared the effectiveness of
adsorbing fibronectin and fetal calf serum (FCS) on these
biopolymers. The cells grown on these polymers were quan-
tified using a neutral red uptake assay.

Results: Over 90% of the 2 cell populations stained positive
for SMC marker proteins. Fetal SMCs were seen to emerge

from the tissue after 3 to 4 days, whereas adult SMCs were
seen after 5 to 6 days. However, estimated PDT of fetal and
adult SMCs was 85.2 and 54.5 hours, respectively, and TLI of
adult SMCs was also higher than with fetal SMCs. Prolifera-
tion on 75:25 PLGA was better than for 85:15 and for both
biopolymers; adsorption of FCS significantly affected cell
attachment relative to fibronectin.

Conclusions: Although fetal SMCs were shown to emerge
from explants early after seeding onto dishes, doubling time
and S-phase fraction of adult bladder SMCs were markedly
higher than of fetal derived cells. Adsorption of serum pro-
teins significantly enhances the attachment of both fetal and
adult SMCs to biopolymers.
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LOSS OR DYSFUNCTION of bladder tissue because
of birth defects, trauma, infection, inflammation, or

other conditions may lead to severe deterioration of life
quality, requiring bladder replacement or repair. Since
the first application of a free tissue graft for bladder
replacement by Neuhoff in 1917,1 numerous techniques
have come into use for reconstruction of the bladder.
Until now, replacement of malfunctioning or deficient
tissue has been performed with urologic or nonurologic
tissues and synthetic prostheses.2 Although reconstruc-
tion with these materials has saved and improved lives,
patients still suffered from numerous side effects.

Tissue engineering is emerging as an alternative ap-
proach.3 In tissue engineering, autologous or heterolo-
gous cells are isolated, propagated in cell culture, and
added to biocompatible biopolymers. Commonly used
polymers in these studies are polyesters of dl-lactic acid
and glycolic acid. These are nontoxic and biodegradable,
and the monomers that form on their degradation are
further metabolized and easily eliminated from the
body.4 These properties have resulted in FDA approval
for their use in humans. Three-dimensional scaffolds can
be formed using these polymers by various techniques
such as molding, extrusion, solvent casting, phase sepa-
ration, and gas-foaming techniques.5

Cell adhesion to these support materials is crucial to

their survival after the seeding of cells and has been
shown to affect the attachment, proliferation, and result-
ant tissue formation.6 Therefore, the modification of the
scaffolds by the adhesion or chemical cross linking of
extracellular matrix protein domains or the proteins
themselves recently have become important.

Selective cell culture and transplantation techniques
recently have been developed. As they circumvent the
problems related to rejection, the isolation and in vitro
expansion of autologous cells are preferred. To this aim,
a biopsy specimen is taken from the host tissue, after

From the Department of Pediatric Surgery, Kocaeli University
Medical Faculty, Kocaeli, Turkey; Department of Histology and Em-
bryology, Istanbul University Istanbul Medical Faculty, Department of
Medical Genetics, Kadikoy Vatan Hospital, Istanbul, Turkey; TUBI-
TAK Marmara Research Center, Department of Chemistry; and TU-
BITAK Research Institute for Genetic Engineering and Biotechnology
Gebze, Turkey.

Presented at the 49th Annual Congress of the British Association of
Paediatric Surgeons, Cambridge, England, July 23-26, 2002.

Address reprint requests to B. Haluk Guvenc, MD, Kocaeli Univer-
sity Medical Faculty, Department of Pediatric Surgery, Kocaeli,
41900, Turkey.

Copyright 2003, Elsevier Science (USA). All rights reserved.
0022-3468/03/3801-0004$35.00/0
doi:10.1053/jpsu.2003.50003

21Journal of Pediatric Surgery, Vol 38, No 1 (January), 2003: pp 21-24



which in vitro dissociated and expanded cells are seeded
onto the matrix surfaces and then implanted back into the
same host.7

In this study, we documented the feasibility of har-
vesting bladder SMCs from adult and fetal rabbits and
have compared their in vitro morphology and growth
characteristics. As a tissue engineering approach, porous
PLGA biopolymers at 85:15 and 75:25 monomer ratios
have been synthesized. Fetal calf serum or fibronectin
has been allowed to adsorb on these polymers, and the
effect of this treatment on the attachment and prolifera-
tion of fetus and adult SMCs has been investigated.

MATERIALS AND METHODS

Ten young adult New Zealand white rabbits and 12 fetuses at 25
days’ gestational age were used as the tissue donors. Adult and
time-mated pregnant rabbits were anesthetized with intramuscular
xylazine, 5 mg/kg, and ketamine, 25 mg/kg. After laparotomy, bladder
tissues approximately 2 cm2 in size were obtained by partial resection
of the bladder in the adult, whereas the whole bladder was resected in
fetus. The specimens were processed within one hour after surgical
removal.

The cells were cultured in Dulbecco’s modified eagle medium
(DMEM), supplemented with 10% fetal calf serum (Sigma Chemical
Co, St Louis, MO), 2 mmol/L L-glutamine, 100 U/mL penicillin, and
0.1 mg/mL streptomycin. The bladder wall was stripped of its mucosa
and placed in culture medium; detrusor smooth muscle was cut into
small pieces with scissors and lancets under sterile conditions. The
suspension was placed onto dishes for explant culture, and 10 mL
medium was added to each 100-mm dish. Cells were grown at 37°C in
an incubator with a humidified atmosphere of 5% CO2 in air.

Culture medium was changed twice weekly. When cultures reached
a confluence of about 80%, cells were resuspended by incubating them
with trypsin (Serva, 0.025%) and EDTA (Serva, 0.2%). They were
maintained and expanded with the same culture medium.

Immunocytochemistry

The isolated cells were identified as SMCs at second passage by
immunostaining for smooth muscle �-actin and myosin using mono-
clonal antibodies against these proteins (Sigma). In this indirect immu-
noperoxidase procedure (Biogenex, USA), the peroxidase activity was
visualized by incubation in 3-amino-9-ethyl-carbazole (AEC). The
slides were examined by light microscopy (Nikon, Tokyo, Japan).
Control sections were incubated in the absence of primary antibody.

Histologic Examination

To assess the adhesion of cells on microscope slides and biopoly-
mers, cells were examined using light microscope and scanning elec-
tron microscope (JEOL JSM-5200), respectively.

Cell Growth Assay

Second passage cells were used to estimate growth kinetics of both
fetal and adult origin SMCs. The Population Doubling Time (PDT) was
calculated by seeding about 1.5 million cells on flasks and counting
after 48 and 96 hours. The value obtained was standardized with the
formula shown below:

tD �
0.693

In
(X)

X0

� �t

where tD is population doubling time, X is cell number at the end of the
study, X0 is cell number at the beginning of the study, �t is the time
between 2 counts. For the thymidine labeling index (TLI) the S-phase
fraction rate, a mitotic cell cycle in which DNA synthesis occurs, was
determined by 3H-TdR incorporation and autoradiographic evaluation.

Biopolymers

Poly (D, L-lactide-co-glycolide; PLGA) copolymers were synthe-
sized at 85:15 (Mn 69.9 � 103 g � mol�1) and 75:25 (Mn 87.7 � 103 g �

mol�1) monomer ratios and porous sponges (� 25 mm) were formed
using a particulate leaching technique.8 The sponges prepared from
these polymers were sterilized with ethanol, incubated for 1 hour with
1 mg/mL fibronectin (Biological Industries, Israel) or 10% FCS con-
taining medium before seeding with 500 �L of cell suspension con-
taining 48,000 (adult) or 69,000 (fetus) cells in 6-well tissue culture
plates. After adding 2 mL of medium onto each well, the cells were
maintained for 7 days. The amount of cells present attached to the
polymers was quantified using a neutral red uptake assay.9

RESULTS

Cell cultures obtained from fetal tissue were seen to
emerge from the explants after 3 to 4 days, whereas adult
cells emerged after 5 to 6 days. First cell passage was
performed after 12 to 14 days when the cell cultures
reached confluence. Light and SEM findings of all SMCs
displayed characteristic spindle-shaped morphology and
centrally located round to oval nucleus. At low density,
multiple pseudopodia emanated from the cells until they
made contact with adjacent cells, whereupon becoming
classic spindle-shaped and forming a hill-and-valley ap-
pearance of the culture was observed (data not shown).

Immunocytochemistry showed that over 90% of the
adult and fetal cell populations stained positive for SMC
�-actin and myosin. Fetus and adult cell populations at
48th and 96th hour are shown in Fig 1. Estimated PDT in
fetal and adult culture was 85.2 hours and 54.5 hours,
respectively, indicating that PDT in fetal cells was sig-
nificantly lower than adult cells (P � .05 Student’s t
test). TLI ratio of fetus and adult SMC populations were
3.47% and 1.79%, respectively (P � .05). This finding
was parallel to those of PDT.

Cells were seeded on FCS or fibronectin-adsorbed
biopolymers, and after a 7-day incubation, their numbers

Fig 1. Fetal and adult SMCs numbers at 48th and 96th hours.
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were determined by the neutral red uptake assay (Fig 2).
On the 75:25 biopolymers, irrespective of FCS or fi-
bronectin adsorption, both fetal and adult cell numbers
were higher than the corresponding values for 85:15
biopolymers. Although the initial seeded adult cell num-
ber (48,000 per well) was lower than the fetal cells
(69,000 per well), 540 nm absorbance of adult cells were
higher; indicating a higher rate of proliferation. Cell
numbers on serum-adsorbed biopolymers were higher
than those with fibronectin except for adult cells on
85:15 PLGA.

DISCUSSION

The improvements of selective cell transplantation
have provided hope of a means of formation of a func-
tional bladder wall. Autologous tissue replacement has
potential anatomic and functional advantages. Engineer-
ing of tissue using autologous cells, already has been
applied in various clinical settings for a variety of dis-
orders including the use of engineered skin for burn
patients, urothelium for repair of hypospadias, cartilage
for knee replacement, and injectable chondrocytes for
treatment of vesicoureteral reflux.10-12

Several groups have studied the growth of urothelium
in vitro, and the physiologic and histologic characteris-
tics are well defined. There are a few studies on bladder

smooth muscle cell properties such as extracellular ma-
trix proteins and in vitro contractility testing.13,14 How-
ever, after bladder regeneration with matrices, histologic
investigations showed that urothelial regeneration was
rapid, but muscular layer was absent or poorly devel-
oped.15 Smooth muscle layer is important to achieve a
functional bladder wall. In this study we aimed to inves-
tigate and compare the growth properties of SMCs de-
rived from the fetal and the adult rabbit bladder in vitro.
We also studied their growth rates on commonly utilized
biopolymers.

Tissue specimens may be processed by enzymatic
digestion or mechanical disruption (tissue explant tech-
nique) methods before seeding onto dishes. We showed
that cutting tissues into small fragments before seeding is
feasible and cheap because all explants were cultured
easily. Light and SEM images showed that there were no
morphologic differences between fetus and adult cells.

After tissue explanation, fetal cells emerged from
tissue earlier than adult cells, but their PDT and TLI
values at second passage of culture showed that they
were proliferating significantly slower than adult cells.
SMCs display extensive plasticity of phenotype; this is
especially true in vascular tissue16 where most studies
have been performed because of its relevance to athero-
sclerosis. During in vivo rat aortic development, SMC
proliferation has been reported to decrease from 80% per
day (until embryonic day 18) in skin cells17 to an adult
rate of less than 0.006% per day in bladder SMCs.18 Our
results are contrary to the above findings. In our in vitro
study, the initial outgrowth of fetal cells from the ex-
plants are faster, but 2 passages made in the 10% FCS
containing cell culture medium may have adversely af-
fected the proliferation rate of fetus cells.

Contamination with other cells such as stromal cells
still is a common problem experienced by other observ-
ers. In this study, we have shown that cultures grew
with low stromal contamination and were stained
over 90% positive with SMCs marker protein antibod-
ies. We selected high glucose and calcium concentration
type of DMEM. It seems that meticulous dissection of
tissue and appropriate culture medium chosen for cell
culture are very important to achieve selective cell
strains.

Numerous studies have been made with PLGA
biopolymers, because these materials are designed as
biocompatible, biodegradable, and may be modified to
improve cell growth and proliferation. In some studies
with human bladder SMCs, PLGA with a 90:10 mono-
mer ratio has been used.7 In this study, adult and fetus
SMCs were seeded on 75:25 and 85:15 PLGA biopoly-
mers adsorbed with proteins and their ability to support
cell attachment and proliferation were compared. Be-
cause of its highly hydrophobic nature, 85:15 PLGA

Fig 2. Cell growth experiments performed by the neutral red

uptake assay. The indicated polymers were incubated for 1 hour with

1 mg/mL fibronectin or 10% FCS containing medium before seeding

with (A) 48,000 per well adult, (B) 69,000 per well fetus SMCs. The

assay was performed after 7 days in culture.
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enabled less cell growth than the more hydrophilic 75:25
PLGA irrespective of the type of protein adsorbed. This
finding is in parallel with reports indicating that moder-
ate surface wettability is essential for optimal cell attach-
ment onto polymer surfaces.19 As other cells, SMCs
interact with extracellular matrix proteins such as fi-
bronectin and vitronectin through a group of het-

erodimeric cell membrane proteins called integrins.20

Our results indicate that adsorption of FCS, which con-
tains 0.25 to 0.45 mg � ml�1 vitronectin, has resulted in
better cell proliferation compared with fibronectin-ad-
sorbed polymers. These results show the importance of
protein adsorption as a means of surface modification of
polymeric materials.
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