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Morphological Characteristics of Smooth Muscle Cells
Isolated from the Rat Ductus Deferens
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Abstract: The aim of this study was to establish a method of isolating and culturing smooth muscle cells from the
ductus deferens of rats. Smooth muscle cells were prepared from ductus deferens by explanting technique after dissection
of adventitia and intimae, and cultured in vitro. The identification of the smooth muscle cells were verified by using anti
a-smooth muscle actin (a-SMA) immunohistochemistry studies. The result suggested that the cells are multi-morphous,
showing long fusiform or star shapes. The apophysis of cells contacted and coalesced to each other, in some regions the
cells overlapped in multilayer, while in the other regions they formed monolayer that fluctuated and showed a
“peak-valley” shape. They presented a positive reaction through immunohistochemistry studies. The purity of the cells
was more than 99% through this method. The culturing of smooth muscle cells by explanting technique is simple and
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stable.
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Algesia is one of the most common symptoms in
clinics. At present, the therapeutic efficacy of chronic
algesia is not ideal, and the usage of analgesics has been
limited due to its serious adverse reactions. Thus
widespread development in the investigation of
analgesics is required. The Traditional Chinese Medicin-
es (TCMs) may have the potential efficacy of analgesia,
detumescence. Many of them were regarded as effective
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in the treatment of headaches, toothaches and trigeminal
neuralgia.

It is difficult to study the active components from
the TCMs (Huang et al, 2004). However, cell membrane
chromatography has high application value, according to
its high-flux, high efficiency and low financial cost (Li &
He, 2007; Yu et al, 2007). It indicated that opioid drugs
can affect the opioid receptor to produce an analgesic
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effect. The opioid receptor has at least 8 kinds of
sub-types, of which the rat ductus deferens is considered
to contain the € receptor (Xu et al, 2002). In the paper,
smooth muscle cells were isolated and cultured from the
ductus deferens of rats, which may be used in the study
of analgesic in TCMs.

1 Materials and methods

1.1 Animals

Adult male SD rats, body weight approximately 300
g, purchased from Guangdong Province Medical Science
Experimental Animal Center (SCXK, Guangdong,
2003-0002, Guangdong Province Animal Detection
Centre, Proof No. 2007A003).
1.2 Reagents

PBS buffer (pH7.4); Trypsinase was purchased
from AMRESCO. DMEM was purchased from Gibco.
Fetal bovine serum was purchased from HyClone.

Penicillin and streptomycin were purchased from Genom.

a-SMA, SABC kit (SA1021), DAB kit (AR1022) were
purchased from Boster, China.
1.3 Primary culture of tissue pieces

A rat was injected with an intraperitoneal injection
of 30 mg/kg pentobarbital sodium and depilation was
performed in the operating field. After alcohol
disinfection, a 3—4 cm transverse incision on the
hypogastrium was made to isolate the two ductus
deferens. They were disassociated and placed in asepsis
PBS (containing 100 U/mL penicillin and 100 U/mL
streptomycin), and rinsed 3 times every 2 mins to
remove debris. The tunica adventitia ductus deferens was
removed with micro-forceps under an anatomical
microscope. The lumens was split with micro-scissors to
peel off the endodermis and then the smooth muscle
tissue was put into the asepsis PBS (containing 100U/mL
penicillin and 100U/mL streptomycin) and rinsed 3times
every 2mins. The tissue was cut into small masses of 1
mm’ with micro-scissors. The tissue masses were
adhered uniformly to the bottom of the culture flask
every 0.5cm with a cyrto-mouth dropper. Then it was
left to lie in the incubator for lhr after resupination.
Culture fluid (DMEM) was added into the flask and
turned it over slowly. Finally, they were cultured in the
incubator at 37°C, which contained 95% air and 5% CO,.
The cell shape and its growing condition were observed
every day. The culture fluid, which contained 20% fetal
bovine serum, was changed every 2—3 days.

1.4 Serial subcultivation

Passage: After cultivation for 18-25 days, the
primary cells grew intensely to form flakiness on the
bottom with the cells overlapping and aggregating with
each other. For the amplification, the primary cells were
collected when the cells covered about 80% of the
bottom of the flask.

The cell culture fluid was poured away and the cells
were washed with PBS twice under 37°C, then 0.02%
EDTA was used to wash them again. The cell
dissociation buffer was added, which contained 0.2%
trypsin and stood for 1-3 mins. Cell dissociation and
detachment was observed under a microscope. Then
DMEM containing 10% fetal bovine serum was added to
the flask to terminate the digestion. The cell suspension
was transferred to a 15mL centrifuge tube and
centrifuged at 1000r/min for Smins and the supernatant
was thrown away. Then 2mL of culture fluid was added
to the flask. Finally, the dropper was used to blow the
cells to produce cell suspension. One drop of suspension
was added to the blood cell counting chamber to
calculate the number of cells under a microscope. By the
density of 1x10°/mL, the culture fluid was added to 25
cm?® culture flask, and incubated under 37°C with 95%
air and 5% CO,. Cell shape and its growing condition
were observed every day and the culture fluid containing
10% fetal bovine serums was changed every 2—3 days.
1.5 Drawing of growth curve of smooth muscle cells

The cells were collected when they were in an
exponential phase of growth, and the cell culture fluid
was poured away and the cells were washed with PBS
twice at 37°C, then washed again with 0.02%EDTA. The
cell dissociation buffer, which contained 0.2% trypsin,
was added and stood for 1-3mins. The cell dissociation
and detachment conditions were observed under a
microscope. DMEM containing 10% fetal bovine serum
was added to terminate the digestion. To ensure the cells
distributed uniformly, the flask was blown on. The cells
were inoculated on a 24-pores cell culture plate with a
density of 1x10*/mL. Three pores of cells were taken out
to calculate the cell amount after 1, 3, 5, 7, 9, 11 days
and the culture fluid was changed every 3 days. The
average cell amount in each period was calculated and a
growth curve drawn.

1.6 Identification with immunohistochemistry
staining

Anti a-smooth muscle actin(a-SMA) immunohisto-
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chemistry staining was used to identify the smooth
muscle cells in 3 or 4 generations.

A sterile glass cover was coated with polylysine and
placed into a 6-pore—plate and cell suspension was added
to cultivate the plates. The glass cover was taken off and
fixed with 4% paraform for 90mins. Then 3% H,0, was
used to soak it for 30mins in order to kill the endogenous
peroxydase and washed with distilled water 3 times. A
solution of 5% BSA confining liquid was pipetted on to
the plates and stood at room temperature for 20 mins.
Type I antibody (IgG2a of mice) was added to the plates,
which were stood at 37°C for lhr. They were washed
with PBS 3 times for 2 mins each time. The goat anti
mouse IgG, which was treated with biotin, was pipetted
on to the plates. The plates were then stood at 37°C for
1hr and washed with PBS 3times for 2mins each time.
Lastly, SABC was added and stood at 37°C for 1hr, then
washed with PBS 4 times for Smins each time. DAB was
used to colour, ethanol to dehydrate; xylene to make it
transparent and to make it possible to mount by neutral
resin (Liu et al, 2005; Zhang et al, 2005).

2 Results

2.1 The growth condition of smooth muscle cell in
vitro
New cells appeared after 6 to 7 days from the time

Fig. 1

A

of cultivation in the incubator. Their distribution and
amount were non-uniform. About 20 days later, the cells
covered the bottom of the culture flask and then growed
to the next generation. The second generation began after
7-9 days. The cytoplasms of cells were plentiful and the
nuclei appeared elliptic or rounded; 1-3 units of dark
color nucleolus could be observed. The cells were
multi-morphous, showing long fusiforms or star-shaped;
the apophysis of cells contacted and coalesced to each
other. In some regions the cells formed multilayer that
overlapped, while the other regions formed monolayer
that fluctuated and are represented as a “peak- valley”
shape (Fig.1A, B).

The growth curve of smooth muscle cells appear as
an “S” shape. At the beginning, the amount of the cells
decreased. After 2—4 days, the cells began a logarithmic
growth phase. The cell growth was in plateaue phase at
7-11 days (Fig.2).

2.2 The identification of immunohistochemistry
staining

After being treated with anti a-SMA immunohisto-
chemistry staining, the dyeing disc had a positive signal
(the cytoplasm was brown but the nucleus could not be

stained).The purity of smooth muscle cell was more than
99%. (Fig.3).

The smooth muscle cells of rat ductus deferens

A.  Primary cells(x200); B. Cells of passage 1 (x100).

3 Discussion

This experiment applied the explanting technique to
cultivate the smooth muscle cells of rat ductus deferens.
The advantage of this technique was that it was
economical and easy to control. However, it was also

susceptible to being polluted by heterocells, such as
fibroblasts and endothelial cells (Jing et al, 2001; Liu et
al, 2005). Therefore, it is important to eliminate the
pollution of heterocells through stripping the intima and
extima of the ductus deferens. Since the fast growing
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Fig. 2 Growth curve for the smooth muscle cells of
the rat ductus deferens

fibroblasts were similar with the smooth muscle cells in
morphology, the principle in stripping the extima was
same and must be thorough. On the other hand, intima
has good ductibility, the terminal of intima can be nipped
to drag reversely until all the intimas were peeled away.

Thus the heterocells can be eliminated after passage of
2-3 times. The purity of the smooth muscle cells was
more than 99% through identification by anti a-SMA
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