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Sciatic-conditioned medium and retinal cells

Effects of sciatic-conditioned medium
on neonatal rat retinal cells in vitro
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Abstract

Schwann cells produce and release trophic factors that induce the
regeneration and survival of neurons following lesions in the periph-
eral nerves. In the present study we examined the in vitro ability of
developing rat retinal cells to respond to factors released from frag-
ments of sciatic nerve. Treatment of neonatal rat retinal cells with
sciatic-conditioned medium (SCM) for 48 h induced an increase of
92.5 ± 8.8% (N = 7 for each group) in the amount of total protein. SCM
increased cell adhesion, neuronal survival and glial cell proliferation
as evaluated by morphological criteria. This effect was completely
blocked by 2.5 µM chelerythrine chloride, an inhibitor of protein
kinase C (PKC). These data indicate that PKC activation is involved in
the effect of SCM on retinal cells and demonstrate that fragments of
sciatic nerve release trophic factors having a remarkable effect on
neonatal rat retinal cells in culture.
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Neuronal differentiation and survival are
supported by several microenvironmental
signals in the nervous system (1) throughout
its development as well as in its adult phase
(2). Some of these signalling molecules are
generally named cytokines and include inter-
leukins, growth factors, differentiation fac-
tors and neurotrophic factors (3). These mol-
ecules are produced by target cells, afferent
cells, glial cells and also by neurons them-
selves in an autocrine mechanism (4). There
is much evidence that cytokines increase the
survival of neurons, promote neurite exten-
sion and induce phenotypic changes (2,3).

After lesion, Schwann cells, the glial ele-
ments of the peripheral nervous system
(PNS), produce and release several cyto-
kines including nerve growth factor (NGF),

brain-derived neurotrophic factor (BDNF),
neurotrophin-3 (NT-3), ciliary neurotrophic
factor (CNTF), interleukin-6 (IL-6), tumor
necrosis factor alpha (TNFα), and leukemia
inhibitory factor (LIF) (5-10). In this context
these cytokines are usually named lesion
factors (5,6). The ability of Schwann cells to
promote experimentally remyelination and
regeneration in central axons is of particular
interest. Accordingly, these cells have a re-
markable potential for inducing regeneration
throughout the nervous system.

To study the action of factors released by
a peripheral nerve on developing central neu-
rons, we analyzed the effect of sciatic-condi-
tioned medium (SCM) on neonatal rat retinal
cells. SCM increased survival and cell adhe-
sion of retinal cells in vitro. Our data suggest

Brazilian Journal of Medical and Biological Research (1998) 31: 1439-1442
ISSN 0100-879X Short Communication



1440

Braz J Med Biol Res 31(11) 1998

P.M.M. Torres et al.

that lesion factors released by fragments of
sciatic nerve have a remarkable effect on
neonatal rat retinal cells in culture.

Primary cultures were prepared using pro-
cedures previously described (11). Briefly,
Lister Hooded neonatal rats at postnatal day
1 (P1) were killed by decapitation and their
retinas dissected free from scleral tissue and
pigmented epithelium in a calcium- and mag-
nesium-free balanced salt solution (CMF).
The retinas were incubated in CMF contain-
ing 0.1% trypsin (Worthington, Freehold,
NJ, USA) for approximately 16 min at 37oC.
The cells were mechanically dissociated us-
ing a polished Pasteur pipette and added to
plastic Petri dishes (35 mm) at a plating
density of 1.0 x 105 cells/cm2 in complete
culture medium (199; Gibco, Gaithersburg,
MD, USA) containing 2 mM glutamine, 100
µg/ml streptomycin + 100 U/ml penicillin
(Sigma Chemical Co., St. Louis, MO, USA)
and 5% fetal calf serum. The SCM was
obtained from adult Lister Hooded rats using
a method developed in our laboratory. The
rats were killed by ether asphyxia and seg-
ments of the sciatic nerves (approximately 2
cm) were dissected in CMF solution con-

taining 200 µg/ml streptomycin + 200 U/ml
penicillin. The nerves were minced into frag-
ments of 2 mm and incubated in a 35-mm
Petri dish with complete culture medium (2
ml) at 37oC in an atmosphere of 5% CO2/
95% air. The medium was changed com-
pletely twice a week. The supernatant thus
obtained after 14 days in vitro was sterilized
by filtration through a membrane of 0.2 µm
and kept at 4oC. To test the effect of SCM,
the supernatant was diluted 1:1 in complete
culture medium. Retinal cells received com-
plete culture medium or SCM and/or 2.5 µM
chelerythrine chloride immediately after plat-
ing and were kept in vitro for 48 h at 37oC in
an atmosphere of 5% CO2/95% air. The
morphological changes induced by SCM
were visualized by light microscopy and the
total amount of protein was quantified by the
method of Lowry et al. (12).

It was easy to observe that SCM induced
an increase in retinal cell adhesion, neuronal
survival and glial cell proliferation. When
retinal cells were plated onto tissue culture
dishes without previous treatment with poly-
L-ornithine they formed very small cell clus-
ters (Figure 1A). However, when SCM was
added to the cultures, the size of each indi-
vidual cluster was significantly increased
(Figure 1B). Each cluster comprised glial
cells firmly attached to the Petri dish and
neuronal cells lying on the top of glial cells
(Figure 1B).

In order to quantify the effect of SCM we
used the method of Lowry to compare the
total amount of protein in control cultures
with cultures treated with SCM. SCM in-
duced an increase of 92.5 ± 8.81% (N = 7) in
the amount of protein when compared with
control cultures (Figure 2). This result corre-
sponds to morphological alterations de-
scribed in Figure 1A,B.

To determine if the effect of SCM was
mediated by protein kinase C (PKC), we
studied the effect of a specific inhibitor of
this enzyme in cultures treated with SCM.
The results showed that 2.5 µM chelerythrine

Figure 1 - Phase contrast photo-
micrographs of retinal cells kept
in culture for 48 h. Control cul-
tures (A) and cultures treated
with sciatic-conditioned medium
1:1 (B). The plating density was
1.0 x 105 cells/cm2. Note the
presence of large clusters (as-
terisk) of neuronal cells (arrow)
over glial cells (arrowhead) in the
cultures. Magnification bar: 50
µm.
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chloride inhibited 80% of the SCM effect
(Figure 2). However, the treatment with 2.5
µM chelerythrine chloride alone did not de-
crease the total amount of protein when com-
pared with control cultures, indicating that
the reduction of the SCM effect was not due
to the toxicity of the drug (Figure 2).

The purpose of this study was to investi-
gate the effect of factors released by adult
peripheral nerves on developing central ner-
vous system cells (CNS) in vitro. Schwann
cells are the predominant cell type in the
sciatic nerve (13) and our in vitro data sug-
gest that the effect of SCM could be due to
cytokines released by Schwann cells follow-
ing incubation of sciatic fragments in vitro.
Schwann cells are the cellular component
for successful PNS regeneration (13) and in
a CNS model in which regeneration cannot
proceed, these cells are essential elements
for the support of central axon regrowth (5).

Our results indicate that Schwann cells
present in sciatic nerve fragments synthesize
and secrete factors that support survival, cell
adhesion and glial cell proliferation of reti-
nal cells in culture. Laminin is known to be
synthesized by Schwann cells in vitro (14)
and SCM could contain this or other substra-
tum-binding matrix proteins that promote
neuritic outgrowth and cell adhesion. How-
ever, preliminary results indicate that pread-
sorption of SCM does not mimic the effect
produced by SCM on retinal cells.

Initially the cells respond to extracellular
stimuli through a series of signal transduc-
tions across the cell membrane. Many of the
proteins mediating this process have been
identified as PKC-like enzymes. PKC con-
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Figure 2 - Effect of sciatic-condi-
tioned medium on the protein
content of retinal cultures. The
cells were incubated for 48 h
with control medium (CT), sci-
atic-conditioned medium (SCM)
1:1, 2.5 µM chelerythrine chlo-
ride (CC) or SCM + CC. The plat-
ing density was 1.0 x 105 cell/
cm2. Data are reported as the
mean ± SEM, percent of con-
trol, for 4 independent experi-
ments, each performed in dupli-
cate. *P<0.001 compared to the
48-h control (ANOVA followed
by the Newman-Keuls test). The
protein content of control cul-
tures was ≅50 µg/Petri dish.

stitutes a structurally homologous family of
enzymes that are activated by cell mem-
brane lipids and that catalyze the rapid and
reversible phosphorylation of serine or threo-
nine residues in a wide variety of proteins.
By this mechanism, PKC modulates the bio-
logical functions of these proteins, control-
ling diverse processes including growth, dif-
ferentiation, neural development, synaptic
transmission and axonal regeneration (15).
The inhibition of the effect of SCM on the
retinal cells in culture by 2.5 µM chelerythrine
chloride suggests that a PKC transduction
pathway is involved. However, a complete
understanding of the mechanisms by which
SCM activates this PKC pathway in retinal
cells is not available.
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