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Abstract

 

This paper reports on the development of an entirely new intestinal smooth muscle cell (ISMC) culture model using
rat neonates for use in pharmacological research applications. Segments of the duodenum, jejunum and ileum
were obtained from Sprague-Dawley rat neonates. The cell extraction technique consisted of ligating both ends
of the intestine and incubating (37 ºC) in 0.25% trypsin for periods of 30–90 min. Isolated cells were suspended in
DMEM-HEPES, plated and allowed to proliferate for 7 days. Cell culture quality was assessed via a series of viability
tests using the dye exclusion assay. In separate experiments, tissues were exposed to trypsin for varying durations
and subsequently histological procedures were applied. Cell purification techniques included differential adhesion
technique for minimizing fibroblasts. Selective treatments with neurotoxin scorpion venom (30 

 

µ

 

g mL

 

–1

 

) and
anti-mitotic cytosine arabinoside (6 

 

µ

 

M

 

) were also applied to purify respectively ISMC and myenteric neurones
selectively. The different cell populations were identified in regard to morphology and growth characteristics via
immunocytochemistry using antibodies to smooth muscle 

 

α

 

-actin, 

 

α

 

-actinin and serotonin-5HT

 

3

 

 receptors. Based
on both viability and cell confluence experiments, results demonstrated that intestinal cells were best obtained
from segments of the ileum dissociated in trypsin for 30 min. This provided the optimum parameters to yield highly
viable cells and confluent cultures. The finding was further supported by histological studies demonstrating that
an optimum incubation time of 30 min is required to isolate viable cells from the muscularis externae layer. When
cell cultures were treated with cytosine arabinoside, the non-neuronal cells were abolished, resulting in the
proliferation of cell bodies and extended neurites. Conversely, cultures treated with scorpion venom resulted in
complete abolition of neurones and proliferation of increasing numbers of ISMC, which were spindle-shaped
and uniform throughout the culture. When characterized by immunocytochemistry, neurones were stained
with antibody to 5HT

 

3

 

 receptors but not with antibodies to 

 

α

 

-smooth muscle actin and 

 

α

 

-actinin. Conversely,
ISMC were stained with antibodies to 

 

α

 

-smooth muscle actin and 

 

α

 

-actinin but not with antibody to 5HT

 

3

 

 receptors.
The present study provides evidence that our method of dissociation and selectively purifying different cell
populations will allow for pharmacological investigation of each cell type on different or defined mixtures of
different cell types.
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Introduction

 

Studies of stimulus-contraction coupling of the smooth
muscle cells have been largely performed on intact tissue.
Although considerable information about the function of
these tissues has been reported, results obtained from the

intact tissue normally emerge from the complex network
of organized smooth muscle cells into a multicellular unit
rather than from the individual properties of the contractile
cells themselves.

Thus, cell culture has become a valuable technique for
studies of physiological properties of muscle cells (Lieberman
et al. 1987). When specific cells are extracted from primary
tissues and cultured, cells usually propagate, expand and
divide into replicates assuming a uniform constitution
(Freshney, 2005). Experiments in the cultivation of different
cell populations from the small intestine, however, have
proven difficult. For intestinal smooth muscle cells
(ISMC) this is primarily related to the loss in phenotypic
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characteristics (Thyberg et al. 1985). Muscle cells are
highly differentiated, which is evident from the large
proportion of contractile filaments within the cell, and
thus must undergo a process referred as ‘phenotypic
modulation’ for mitosis and an increase in the cell number
to occur (Chamley-Campbell et al. 1979; Owens, 1989).
There is evidence that such a proliferation process leads to
a decrease in the number of contractile proteins and hence
change in the phenotypic properties of cells, resulting in
a loss of the contractile response (Chamley-Campbell et al.
1979).

Furthermore, the complex layered nature of the
gastrointestinal tract makes it difficult to acquire pure
preparations of individual cell types. These difficulties
are further compounded by the limited availability of
adult animal species from which successful ISMC cultures
can be established (Bitar & Makahlouf, 1986; Benham
et al. 1986; Oishi et al. 2000). The increasing difficulty in
obtaining viable proliferating cells with increasing age is
mainly due to the onset of differentiation, the increase
in fibrous connective tissue and the decrease in un-
differentiated proliferating cells (Freshney, 2005). Conversely,
embryonic or neonatal tissue disperses more readily and
gives a higher number of proliferating cells compared to
adult tissue (Freshney, 2005). Moreover, it has been
reported that the phenotype of cultured neonatal smooth
muscle cells is very stable in terms of its contractile profile
(Yamashita et al. 1994) and less damaged by the dissocia-
tion process than is that of ISMC obtained from adult tissue
(Chlopcikova et al. 2001).

However, when dealing with neonatal tissue, techniques
for cellular dissociation require the support of advanced
optical equipment because of the small size of the tissues
(Smirnov et al. 1992; Frings et al. 2000). Although enzymatic
and mechanical techniques of disaggregation usually
give better yields in neonatal tissue due to its softness
compared with adult tissue (Schaffer et al. 1997), this can
be disadvantageous as cell cultures grown with this
technique are more representative of the whole tissue
(Freshney, 2005). Nevertheless, such limitations in the
disaggregation of cells from neonatal tissue can be
minimized if methods are employed to monitor the gradual
dissociation from a specific region of the intestine. Further-
more, monitoring of morphological features of cultures
combined with cell sorting through differential adhesion
(Glazier & Graner, 1993) or selective treatments of ISMC
(Blennerhassett & Lourenssen, 2000) and myenteric
neurones (Blennerhassett & Lourenssen, 2000) may provide
the parameters necessary for acquisition of highly pure
cell preparations from neonatal tissue.

Although many of these initial concerns have been
largely overcome, it remains a challenge to develop a cell
culture model consisting entirely of a single cell type that
can be used subsequently as a reliable tool for studies of
basic pharmacological properties of the cells. The aim of

this study is to develop a cell culture model to establish
and characterize three main cell populations from the
intestine using a combination of differing enzymatic
dissociation times, cell viability testing and histological
techniques to determine the optimum parameters for
cell dissociation of different cell types from primary tissue.
This study also aims at developing selective purification
techniques to obtain specific cell populations from different
intestinal layers and to characterize fully the individual cell
types via immunocytochemistry studies.

 

Materials and methods

 

Cell culture technique

 

Cells were isolated from the small intestine of 1–4-day-old
Sprague-Dawley rat neonates. The animals were killed by
cervical dislocation of the neck. Segments of the duodenum,
jejunum and ileum were removed and ligated at both ends
using cotton thread. These segments were exposed to
0.25% porcine trypsin and 0.1% EDTA at varying dissocia-
tion times of 30, 45, 60, 75 and 90 min at 37 

 

°

 

C. After
trypsinization a cell suspension was collected and centrifuged
at 450 

 

g

 

 for 5 min. The supernatant was discarded, leaving
a pellet of cells that were then suspended in DMEM-HEPES
supplemented with 10% fetal calf serum (FCS); 100 U mL

 

–1

 

penicillin and 100 

 

µ

 

g mL

 

–1

 

 streptomycin solution; 2 m

 

M

 

 

 

L

 

-
glutamine; 2.5% rat serum (RS); 0.2% amphotericin B.
Cells were cultivated in 25 cm

 

2

 

 cell culture flasks at 37 

 

°

 

C
and the medium was changed at 48-h intervals.

 

Cell confluence and cell viability experiments

 

Preliminary experiments were designed to investigate the
main cell culture parameters (dissociation time, source of
the tissue and animal age) required to optimize the cell
culture techniques, and thus allow the collection of the
maximum number of viable cells from the primary tissue.
To examined this, cells were isolated from the different
intestinal regions (duodenum, jejunum and ileum, 

 

n

 

 = 16),
and the optimal dissociation time per intestinal region was
determined by experiments involving collection of cells
after trypsinization for 30, 45, 60, 75 and 90 min (

 

n

 

 = 4).
This later experiment was subsequently repeated for tissue
derived from animals that were 1, 2, 3 and 4 days old
(

 

n

 

 = 4).
For each preparation, isolated cells were monitored for

cell growth, and cultures were assessed for their ability to
reach confluence within a 7-day period. In this study a cell
culture was considered confluent when the entire cell
culture surface was completely covered by well spread
cells. This was assessed qualitatively. To assess the optimal
dissociation technique quantitatively, the percentage of
viable cells for each of these preparations was also measured
by the trypan blue exclusion assay. Optimal parameters for
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cell culture were subsequently determined on the basis of
which dissociation time, intestinal region and neonatal
age range yielded the largest number of viable cells and
cell cultures.

 

Histology

 

Segments of the duodenum, jejunum and ileum were
incubated in 0.25% trypsin for 15, 30, 45, 60, 75 and
90 min. Segments were rinsed in Hanks’ balanced salt
solution and fixed in 10% buffered formaldehyde (Sigma,
St Louis, MO, USA) and left overnight. Preparations were
then processed by dehydration in serial alcohols (70%,
80%, 90% each for 3 h and in 100% three times each for
2 h). This was followed by impregnation in Histoclear
(Agar Scientific, Essex, UK) I (1 h) and Histoclear II and
III (for 2 h each). The tissues were infiltrated by pure wax
(two changes of wax, each for 2 h) and then embedded
in fresh wax. Blocks were labelled and stored at 4 

 

°

 

C. For
sectioning, wax blocks were removed individually from the
refrigerator and immediately attached to a pre-cooled
microtome. Sections were cut at a thickness of 5–7 

 

µ

 

m;
these were floated in a preheated water-bath (30 

 

°

 

C) and
picked up singly on slides pre-coated with poly-

 

L

 

-lysine
(Menzel-Glaser, Braunschweig, Germany). The slides were
left to air dry at room temperature until stained.

After deparaffination (two changes of Histoclear each
for 5 min) and hydration in descending grades of alcohols
(two changes of 100%, 70%, and tap water each for 5 min),
slides were stained with Herovici’s picropolychrome
(Herovici, 1963). Tissue sections were stained progressively
from the nucleus (black) by incubation for 5 min each in
two solutions, A and B. Solution A consisted of 0.25 g
celestine blue, 2.5 g iron alum, dissolved and boiled for
3 min in 50 mL of distilled water. Subsequent to this,
solution A was supplemented with 10 mL cold glycerol.
Solution B consisted of 100 mL 5% aqueous solution of
aluminium sulphate heated to boiling point, to which a
further 50 mL of 1% of alcoholic solution of haematoxylin
was added over 5 min and the resultant solution boiled for
a further 3 min. After cooling, 100 mL of distilled water,
10 mL 4% aqueous FeCl

 

3

 

 and 1 mL HCl was added. Sub-
sequently, the cytoplasmic stain (yellow-green) was
performed by incubation of the sections for 2 min in solution
C, where solution C consisted of a mixture of 0.25 g
metanil yellow, 60 mL distilled water, and 5 drops acetic
acid. This was followed by incubation for 2 min in solution
D (mixture of 60 mL distilled water and 5 drops of acetic
acid) and a further 2 min incubation in solution E (a mixture
of 60 mL distilled water and 2 drops of saturated aqueous
LiCO

 

3

 

). The sections were finally stained with connective
tissue stain (red and blue) by incubation for 2 min in solution
F (a mixture of a solution 1 : 0.05 g methyl blue in 50 mL
distilled water and solution 2 : 0.1 g of acid fuchsin in
50 mL of saturated aqueous picric acid). After mixing

solution 1 and solution 2, the resultant solution was supple-
mented with 10 mL of glycerol and 0.5 mL of saturated
aqueous LiCO

 

3

 

. Between applications of solutions A–F the
sections were washed for 2 min in running water. After the
final incubation in solution F the sections were incubated
for a further 2 min in 1% acetic acid.

Lastly, tissue sections were dehydrated in serial alcohol
solutions (1 min each), incubated in Histoclear for 2 min
each, mounted on glass slides using Histomount (Agar
Scientific) and examined using a Nikon Eclipse 80i bright
field microscope.

 

Isolation of intestinal smooth muscle cells and 
myenteric neurones

 

Following 30 min trypsinization, viable cells were success-
fully isolated from the primary tissue, plated onto plastic
cell culture flasks and the medium changed after 48 h.
These cultures consisted predominantly of ISMC, neuronal
cells and fibroblasts.

In subsequent experiments these cells were purified
through a differential adhesion technique, which mini-
mized the number of fibroblasts from the culture. This was
obtained by plating the suspension of mixed population
of cells into plastic cell culture flasks and incubation for
30 min at 37 

 

°

 

C. During this time, fibroblast-type cells
adhered to the surface (Yaffe, 1968). The remaining
non-adherent cells were removed, plated onto a second
cell culture flask and monitored until reaching confluence.
Cell preparations consisted mainly of ISMC and neuronal
cells and were called ‘cocultures’.

In some cultures, neurones were purified through
selective removal of non-neuronal cells by pretreatment
with antimitotic cytosine arabinoside (6 

 

µ

 

M

 

) following 24 h
plating. Treatment with cytosine arabinoside containing
media was carried out for 3 days; this was then replaced
with normal medium and neuronal cells were allowed to
proliferate for another 4 days.

ISMC purification was obtained primarily through the
differential adhesion technique for 30 min to minimize
the number of fibroblasts in culture. The remaining
non-adherent cells were removed with the medium into a
second flask and differential adhesion was applied for 5 h.
Subsequently, the medium was aspirated, replaced by fresh
medium and cells were allowed to proliferate for 24 h. Cells
in culture were then treated with scorpion venom 

 

Maurus
palmatus

 

 (30 

 

µ

 

g mL

 

–1

 

) containing media for 24 h before
being replaced with normal media. The cell population now
comprised mostly intestinal smooth muscle cells, which
were allowed to proliferate and reach confluence. Cells
were then passaged and plated at a 1 : 2 dilution and
allowed to proliferate for 24 h before being exposed
again to a second treatment with scorpion venom 

 

Maurus
palmatus

 

 (30 

 

µ

 

g mL

 

–1

 

). Following this treatment, ISMC were
uniform throughout the culture with no apparent neurones.
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Immunocytochemistry

 

At confluence, cocultures and purified cell populations
of neurones and ISMC were grown on glass coverslips
overnight, fixed in 2% formaldehyde for 5 min and kept in
phosphate buffered saline (PBS) until used for immuno-
staining experiments.

Dual-label immunocytochemistry with 

 

α

 

-smooth muscle
actin and 5HT

 

3

 

 receptor antibodies was carried out to
verify the nature of cells growing in the cocultures and
moreover to confirm the purity of newly attained ISMC
and myenteric neurones in culture. Briefly, cells were made
permeable by incubation in PBS containing 0.1% Triton X-
100 for 15 min. Slides were then bathed in PBS containing
2% goat serum for 30 min before incubation for 60 min
with 

 

α

 

-smooth muscle actin [1 : 100 in PBS–1% bovine
serum albumin (BSA)] at room temperature. This followed
incubation with TRITC-labeled secondary antibody (1 : 30
in PBS–1% BSA) for 60 min at room temperature. Slides
were subsequently incubated with the neuronal marker
5HT

 

3

 

 receptor (5 

 

µ

 

g mL

 

–1

 

) antibody for 120 min at room
temperature followed by incubation with fluorescein
isothiocyanate (FITC)-labeled secondary antibody (1 : 80 in
PBS–1% BSA) for 60 min at room temperature. Incubations
were preceded by three washes with PBS.

Antibodies to 

 

α

 

-actinin were also used to confirm the
nature of the purified ISMC in culture. Slides were incubated
with anti 

 

α

 

-actinin antibodies (1 : 400 PBS–1% BSA) for
60 min at room temperature followed by incubation in
anti-mouse secondary antibody labeled with Alexa Fluor
(1 : 400 PBS–1% BSA) for 60 min at room temperature.
Both incubations were preceded by three washes with PBS.

Negative controls were carried out in which primary
antibodies were replaced with PBS. Preparations were
mounted using DAPI (4

 

′

 

,6

 

′

 

-diamidino-2-phenylindole).
DAPI is known to form fluorescent complexes with natural
double-stranded DNA and is therefore useful for marking
the cell nucleus (Sulston et al. 1983). Stained samples were
observed with a Nikon Eclipse 80i fluorescence micro-
scope, and images were digitally captured with 

 

SOP

 

 (

 

ACT

 

-2

 

U

 

)
software. Digital recombination of images using 

 

ADOBE

PHOTOSHOP

 

 was applied for the dual labelling of neurones
and ISMC.

 

Compounds

 

Tissue culture reagents, trypsin-EDTA, formaldehyde, Triton
X-100, BSA, antibodies, DAPI, cytosine arabinoside, scorpion
venom, glycerol, aluminium sulphate, haematoxylin, HCl,
acetic acid, celestine blue, metanil yellow, methyl blue,
picric acid, and acid fuchsin were purchased from Sigma.
Aqueous FeCl

 

3

 

, aqueous LiCO

 

3

 

, and iron alum were pur-
chased from Alfa Aesar (Karlsruhe, Germany). Histoclear
and Histomount were purchased from Agar Scientific.
Poly-

 

L

 

-lysine was obtained from Menzel-Glaser. Glass

coverslips and microscope slides were obtained from
ULTIMA (Packard Ltd, Illinois, USA).

 

Statistical analysis

 

Comparative results were given as means ± SE. The signi-
ficance of the differences was tested by one-way 

 

ANOVA

 

followed by the Bonferroni adjustment test.

 

Results

 

Enzyme treatment and dissociation

 

Intestinal cell preparations harvested from segments of
both the jejunum and the ileum yielded significantly
(

 

P

 

 < 0.05 and 

 

P

 

 < 0.001, respectively) higher numbers of
confluent cultures compared with the duodenum (Fig. 1A).
Lower trypsinization times of 30, 45 and 60 min yielded
higher numbers of confluent cultures in segments of
the duodenum, jejunum and ileum compared to longer
trypsinization times of 75 and 90 min (Fig. 1B).

The cell viability assay also demonstrated that seg-
ments from both the jejunum and the ileum yielded a
significantly (

 

P

 

 < 0.05 and 

 

P

 

 < 0.01, respectively) higher
percentage of viable cells compared with the duodenum
(Fig. 2A). Similarly, shorter trypsin incubation times of 30,
45 and 60 min resulted in a higher percentage of viable
cells (Fig. 2B). Further dissociations at 75 and 90 min led
to significant (

 

P

 

 < 0.05 and 

 

P

 

 < 0.001, respectively)
reduction in the percentage of viable cells from the
jejunum, and significant (

 

P

 

 = 0.001 and 

 

P

 

 < 0.001,
respectively) reduction in viability of cells harvested from
the ileum (Fig. 2B).

However, no significant differences in cell viability or
number of cultures reaching confluence were observed in
relation to the age range of neonates (Figs 1C and 2C).

Results obtained for the different intestinal regions, the
varying trypsin dissociation times and age range of
neonates, clearly demonstrate that extraction of cells from
the ileum gives better yield and higher viability than did
cell preparations from the jejunum and the duodenum.

 

Histology

 

Histology was used to identify the regions of the intestine
from which cells were being harvested in relation to the
different trypsinization times (Fig. 3A). Following 30 min
exposure to trypsin, cells from the serosa and part of the
muscularis externae were extracted (Fig. 3C). Trypsiniza-
tion for 45 min enabled harvesting of cells from the entire
muscularis externae (Fig. 3d). Further trypsinization led to
complete removal of the submucosal layers (Fig. 3E–G).

Results obtained from cell viability and preliminary
cell culture experiments in correlation with those from
histological studies suggest that trypsinization for 30 min
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provides the optimum parameters for harvesting of sufficient
numbers of viable ISMC and neurones.

 

Differential adhesion – morphological description of 
cell types

 

Morphologically, cell populations isolated from the
neonatal intestine consisted of ISMC, neurones and
fibroblasts. Thus, techniques for purifying cells were
adopted to separate different cell types and yield pure
cultures of individual cell types.

The differential adhesion technique was primarily
applied to minimize the number of fibroblasts in culture.
Cell attachment times were determined via time-lapse

video microscopy, in which a frame was captured every
15 min. Monitoring of these cultures showed that fibroblasts
attached first to the surface (after approximately 30 min),
followed by smooth muscle cells (1–5 h); lastly, a major
number of clusters of neurones started adhering after 5 h.
The differential adhesion technique for depletion of
fibroblasts resulted in cocultures of ISMC and neurones
with uniform distribution of myenteric neurones among
the ISMC (Fig. 4A–C).

 

Purified ISMC

 

For purified ISMC cultures, the differential adhesion
technique was again employed primarily for fibroblast
removal, followed by incubation for 5 h, allowing
attachment of sufficient numbers of ISMC. The differential

Fig. 1 Intestinal cell cultures obtained from the duodenum, jejunum and 
ileum reaching confluence (A). Intestinal cell cultures harvested at 
varying trypsin dissociation times taken from different intestinal regions 
reaching confluence (B). Intestinal cell cultures taken from different age 
range of neonates reaching confluence (C). Each point represents the 
mean ± SE; n = 16 (A) n = 4 (B,C) *P < 0.05, **P < 0.01 and 
***P < 0.001 taken as significant differences in the group.

Fig. 2 Percentage of viable cells obtained from the duodenum, jejunum, 
and ileum (A). Percentage of viable cells harvested at varying trypsin 
dissociation times taken from different intestinal regions (B). Percentage 
of viable cells taken from different age range of neonates (C). Each point 
represent the mean ± SE; n = 16 (A,B) n = 4 (C). *P < 0.05, **P < 0.01 
and ***P < 0.001 taken as significant differences in the group.
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adhesion technique considerably decreased the numbers
of neurones in culture, although sparse clusters of neu-
rones were observed throughout the culture of ISMC
(Fig. 5B). Morphological monitoring clearly demonstrated
that treatment with scorpion venom resulted in an

increase in the proportion of ISMC in cultures (Fig. 5C)
compared to untreated cultures. Furthermore, treatment
with scorpion venom (30 

 

µ

 

g mL

 

–1

 

) induced a selective
dose-dependent neurotoxicity without affecting ISMC. It
was also observed that single dose treatment was not

Fig. 3 (A) Section from intact jejunum and the distribution of the respective layer following 
Herovici’s staining. (1) serosa, (2) muscularis externae [longitudinal smooth muscle cells (SMC)], 
(3) myenteric plexus, (4) muscularis externae (circular SMC), (5) submucosa, (6) villi. Section from 
the jejunum following incubation with the dissociation enzyme trypsin for 15 min (B), 30 min (C), 
45 min (D), 60 min (E), 75 min (F) and 90 min (G). Scale bar = 100 µm.

Fig. 4 Coculture of intestinal preparations at day 1 showing ISMC-like and rounded clusters of neurones (A). By day 2, ISMC developed into relatively 
uniform layer throughout the culture with intervening areas of characteristically developed myenteric neurones (arrows) (B). By day 5, ISMC were 
arranged in multilayered regions with intervening neurones showing extending neurites (arrows) from the myenteric neurones in coculture with ISMC. 
Scale bar = 100 µm.
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sufficient to abolish completely the presence of neurones.
We hypothesized that the presence of neurones in cultures
obtained from neonatal intestine is inevitable, as neuronal
activity is extremely high at this stage of tissue develop-
ment. Thus, upon confluence, cells were passaged and
exposed to a second dose of scorpion venom (30 

 

µ

 

g mL

 

–1

 

),
which subsequently led to multilayered regions of spindle-
shaped ISMC with no apparent neurones (Fig. 5D).

 

Purified myenteric neurones

 

For purified neuronal cultures, accessory cells were
removed by a single treatment with antimitotic cytosine
arabinoside (6 

 

µ

 

M

 

), resulting in a complex network of pure
neurones by day 7 (Fig. 6A–C).

 

Immunocytochemistry

 

Dual-label immunocytochemistry on cocultures showed
clusters of myenteric neurones adjacent to ISMC, which were
identified by positive staining with antibodies to serotonin-
5HT

 

3

 

 receptors and 

 

α

 

-smooth muscle actin, respectively
(Fig. 7A). Purified ISMC cultures stained positive for 

 

α

 

-smooth
muscle actin, displaying multilayered regions of actin
filaments, and negative for antibodies raised to 5HT

 

3

 

receptors, confirming the absence of neurones (Fig. 8A–B).
Similarly, purified myenteric neurones stained positive for
anti-5HT

 

3

 

 receptor antibodies in the large cell bodies and
extended neurites, but negatively for 

 

α

 

-smooth muscle
actin (Fig. 9A). Additional immunocytochemistry included
staining with anti 

 

α

 

-actinin antibodies, which also stained

Fig. 5 Cells at day 1 (A) and following 
differential adhesion to minimize numbers of 
neurones and fibroblasts resulted in cultures of 
ISMC-like and few clusters of neurones 
(arrows) (B). At day 2, the neurotoxicity 
following pre-treatment with scorpion venom 
(30 µg mL–1) increased proliferation of ISMC 
(C). Incubation with second dose of scorpion 
venom resulted in cultures displaying 
multilayered spindle-shaped cells, which were 
uniform throughout the culture (D). Scale 
bar = 100 µm.

Fig. 6 (A) At day 1, mixed populations of cells in culture. Following treatment with cytosine arabinoside (6 µM) non-neuronal cells are removed and 
neurones start to develop processes (B). By day 7, the neuronal cells have enlarged cell bodies with neurites that extended throughout the culture (C). 
Scale bar = 100 µm.
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positive on the ISMC cultures, equally showing multilayered
regions of actinin filaments (Fig. 10A,B).

Discussion

The cell dissociation method reported in the present study
provide evidence that the regions of the intestine from
which cells are isolated, as well as the length of time

allowed for trypsinization, influences the viability and
growth rate of cells in culture. In support of these studies,
histological procedures also established that an increase in
trypsinization times leads to gradual dissociation from the
outermost layers into the inner layers of the intestine. This
suggests that this method can be used to determine the
estimated time required for isolation of single cell type
populations from specific intestine layers.

Fig. 7 Coculture preparations with dual-label 
staining directed to 5HT3 receptors (green) and 
µ-smooth muscle actin (red) antibodies for 
characterization of neurones and ISMC 
respectively. DAPI mount was used for labeling 
cell nucleus (blue). Positive diffusion of the 5HT3 
receptors antibody within the neuronal cell 
bodies opposed by neighbouring cells 
identified as ISMC (A). Negative controls 
showed no staining to both primary antibodies 
(B). Scale bar = 25 µm.

Fig. 8 ISMC preparations with dual-label 
staining directed to 5HT3 receptors (green) and 
α-smooth muscle actin (red) antibodies for 
confirmation of the nature of the purified 
ISMC. DAPI mount was used for labeling cell 
nucleus (blue). Uniform ISMC actin filaments 
stained positive throughout the culture (A,B). 
Negative labeling to 5HT3 receptors antibody 
confirmed the absence of the neurones in the 
preparation (A,B). Negative controls showed no 
staining to both primary antibodies (C,D). Scale 
bar = 25 µm.

Fig. 9 Neuronal preparations with dual-label 
staining directed to 5HT3 receptors (green) and 
α-smooth muscle actin (red) antibodies for 
confirmation of the nature of the purified 
neurones. DAPI mount was used for labeling 
cell nucleus (blue). Neuronal cell bodies and 
extended neurites stained positive to 5HT3 
receptors antibody (A). Negative immunoreactivity 
to α-smooth muscle actin antibody confirms 
the absence of the ISMC in the preparation (A). 
Negative controls showed no staining to both 
primary antibodies (B). Scale bar = 25 µm.
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Previous studies performed on the isolation of ISMC
from neonatal tissue reported the use of dissection under
sophisticated optical control. The techniques involved the
removal of the entire muscularis externae layer with the
support of an advanced microscope and fine forceps
(Frings et al. 2000) or specific removal of the longitudinal
muscle layer with the help of stereomicroscopes (Smirnov
et al. 1992). The method developed here, however, consisting
simply of tying both ends of the intestine prior to dissoci-
ation, provides an inexpensive technique for isolation of
intestinal cells from neonatal tissue, which can be adjusted
for isolation of specific intestinal layers. Although this may
also be achieved via microdissection techniques, microdissec-
tion systems are expensive, unavailable to many researchers,
and isolation of large numbers of intestinal cells such as
presented here would prove extremely time consuming or
even impracticable in complex tissues (Kwapiszewska
et al. 2004).

In an attempt to separate and culture different cell
types, the differential adhesion technique was used, which
minimized the number of fibroblastic cells in culture as
well as allowed separating large number of neurones from
ISMC. The differential adhesion technique has already
been shown to be a useful method of separating fibroblasts
and myogenic cells (Richler & Yaffe, 1970; Gareth et al.
1990; Rando & Blau, 1994; Qu et al. 1998).

Further selective purification of ISMC was attained
through treatment with scorpion venom Maurus palmatus.
According to numerous morphological (Vachon, 1952)
as well as some biochemical (Goyffon & Kovoor, 1978)
characteristics, scorpion venoms are divided into two

groups: buthoids and chactoids. The buthoids, due their
relevant medical importance, have been widely studied
and their toxicity targets the excitation of axonal membranes
by modification of their ionic conductance (Romey et al.
1975; Catterall, 1980; Pelhate & Zlotkin, 1982). The chactoids,
including scorpio Maurus palmatus, have been poorly
investigated as they were thought to be medically non-
significant (Goyffon & Kovoor, 1978). On the basis of this
information, scorpion venom Maurus palmatus was
assessed for purity and the most prominent characteristic
present in the toxin components was the co-operativity
between the two toxin units (paralytic fraction and the
lethal factor), which when investigated through neuro-
physiological studies showed interaction with insect
axonal preparations and extremely low toxicity compared
with other buthoid venoms. Results also revealed that
scorpion Maurus palmatus possesses co-operative interaction
and blocking/suppressing effects on the ionic conductance
for both potassium and sodium ions. It seems that the dis-
turbance of the electrolyte balance in both ions affects cell
membrane integrity and nerve transmission through inter-
ference with the conductance of axons (Lazarovici et al.
1982; Possani et al. 1999). Thus, treatment in culture with
this toxin caused selective abolition of neurones, which
when compared with untreated cultures contained rela-
tively higher numbers of ISMC but otherwise identical
cultures (Blennerhassett & Lourenssen, 2000) and no
disturbance to ISMC population. Moreover, it has been
postulated that the presence of neurones in vitro might
correlate with the decrease in serum availability in culture
resulting in decreased proliferation of ISMC (Blennerhassett

Fig. 10 ISMC preparations stained with 
smooth muscle actinin antibodies (green) for 
confirmation of the nature of the purified 
ISMC. DAPI mount was used for labeling of cell 
nucleus (blue). Uniform ISMC actin filaments 
stained positive throughout the culture (A,B). 
Negative controls showed no staining to 
primary antibodies (C,D). Scale bar = 25 µm.
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& Lourenssen, 2000). Hence, removal of the neurones may
increase the availability of serum proteins and promote an
increase in the proliferation of ISMC.

Myenteric neurones were purified through antimitotic
treatment with cytosine arabinoside. Pretreatment with
this drug has been primarily used to purify neurones
derived from dorsal root or superior cervical ganglia
(Ecclestoni et al. 1989; Blennerhassett & Lourenssen, 2000)
as it inhibits DNA replication of non-neuronal cells
(Harrington & Perrino, 1995). In the present study a single
treatment with cytosine arabinoside resulted in the
complete removal of accessory cells (ISMC and fibroblasts)
and rapid proliferation of myenteric neuronal cells bodies
with extended neurites.

Further, attempts were made to examine the purity of
the cultures using immunocytochemistry. Such experiments
on cocultures confirmed the presence of both ISMC and
neuronal cell populations. Antibodies to α-smooth muscle
actin displayed a uniform distribution of ISMC among
positively stained myenteric neurones to antibodies raised
to 5-HT3 receptors. Anti-smooth muscle α-actin antibodies
represent a useful tool for the study and characterization
of smooth muscle in culture (Skalli et al. 1986). Receptors
to 5HT3, on the other hand, are expressed in the enteric
nervous system (Richardson et al. 1985; Mawe et al. 1986;
Johnson & Heinemann, 1995) and play important roles in
the enteric physiology stimulating neuronal activity.
Recent studies on isolated myenteric neurones obtained
from the mice small intestine have shown immunoreactivity
to antibodies raised to 5HT3 receptors in neurones, labeling
both neurites and cell bodies (Liu et al. 2002). Thus, in the
present studies 5HT3 receptors antibodies was used as a
marker for myenteric neurones. In such experiments the
purified myenteric neurones showed uniform expression
of 5HT3 receptors within the cell bodies extending to the
processes and no immunoreactivity to α-smooth muscle
actin. Furthermore, purified ISMC cultures showed uniform
expression and distribution of α-smooth muscle actin and
no expression of 5HT3 receptors. Additionally, purified ISMC
also displayed intense diffuse labeling in the cytoskeleton
of the majority of cells following staining with antibodies
raised to α-actinin. Distribution of α-actinin in single isolated
muscle cells filaments has been revealed to be present in high
concentration throughout the cytoplasm (Fay et al. 1983).

Although this work shows that ISMC and myenteric neu-
rones can be readily dissociated from the neonatal intes-
tine, the use of these cells in viable pharmacological assays
still needs to be confirmed. However, studies performed
on ISMC and myenteric neurones isolated from newborn
rats have revealed that such preparations possess the abil-
ity to re-aggregate after 1 day in culture (Schaffer et al.
1997; Frings et al. 2000), and that neonatal ISMC contract
in culture at frequencies similar to the ISMC in the intact
tissue (Schultheiss & Diener, 1999; Frings et al. 2000). There
is also evidence that cultured neonatal ISMC respond to

cholinergic agonists and show inhibition of contraction by
selective antagonists (Frings et al. 2000). Thus, it is highly
likely that neonatal ISMC may be used in the development
of new cell-based pharmacological assays.
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