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Axonal Outgrowth and Cell Migration in vitro from 

Nervous System of Cockroach Embryos 

Abstract. Brain and ganglia of embryonic Periplaneta americana were grown 
for 2 to 3 weeks in a chemically defined medium. Nerve fibers sprouted vig- 
orously from intact brains and ganglia, interconnecting nerve cultures, and adja- 
cent cultures of the digestive tract. Glia, tracheal, and nerve cells were present in 
large numbers in the migratory zone surrounding the explants. 
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We report the successful in vitro cul- 
ture of the brain, the ganglia, and the 
gut of embryonic cockroaches. Success 
in this case hinged on the discovery of 
a suitable culture medium consisting of 
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oothecae that were collected daily and 
incubated at 29?C to obtain embryos 
that were 16 to 18 days old. Brains, as 
well as subesophageal and thoracic gan- 
glia and the entire digestive tract, were 
surgically removed under aseptic condi- 
tions and gently pressed onto a small 
cover slip. The latter was placed in a 
culture chamber consisting of glass ves- 
sels (internal diameter, 13 mm; height, 
7 mm) containing 0.18 ml of the above- 
mentioned medium. Five to six culture 
chambers were placed in each petri dish 
and stored in a desiccator containing 95 
percent air and 5 percent carbon diox- 
ide. Incubation was at 29?C in a water- 
saturated atmosphere, attained by plac- 
ing wet cotton in the desiccator and in 
the petri dish. The cultures were exam- 
ined daily with an inverted microscope. 
After 1 or 2 weeks, they were studied 
and photographed by Zeiss-Nomarski 
optics and then stained with toluidin 
blue or by a modified Cajal technique 
(I). 

Up to 95 percent of the explants 
showed substantial development, includ- 
ing the outgrowth of axons and the 
centrifugal migration of other cell types. 
The following description is based on a 
study of 500 cultures, each containing 
5 to 6 explants. 

By the end of the 2nd day of culture, 
the brains or ganglia showed axonal 
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Fig. 1. Photomicrograph of living culture taken with the interference differential (Zeiss-Nomarski) microscope, showing nerve 
cells in the migratory zone around brain explant from a 16-day embryo 12 days in vitro. Large dilatations are evident on the axon 
of two nerve fibers. Arrow points to junction of the axon of one nerve cell with another nerve fiber; n, nerve cells (X 300). Fig. 
2. Silver-stained (Cajal-DeCastro) preparation of the migratory area around brain explant from an 18-day embryo 9 days in vitro. 
Nerve fibers are encrusted on the surface of a large glial cell. To the left, arrows point to a fragment of glial cytoplasm adhering to 
nerve fibers (X 640). Fig. 3. Photomicrograph of living culture taken with the interference differential (Zeiss-Normarski) micro- 
scope, showing migratory area around brain explant of a 16-day embryo 15 days in vitro; n, nerve cells (x 256). 
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outgrowth that continued during the life 
of the culture. Some axons consisted 
of tiny filaments that joined with others 
to form large fiber bundles which, in 
turn, often split again into thin fila- 
ments. Other outgrowths consisted of 
large fiber bundles that separated into 
thin fibers whose growing tips spread 
fanlike along the glass surface (see 
cover). The outgrowing axons branched 
repeatedly and formed connections with 
each other and with the outgrowth of 
other explants. The ending of an axon 
on another axon was characterized by a 
small enlargement reminiscent of a syn- 
apse. This interpretation is supported by 
preliminary microscopic studies. 

The size of the individual axons 
varied enormously. It was possible to 
see, in the same outgrowing zone, barely 
visible filaments alongside large axons 
that, after fixation, showed intense Cajal 
staining. Round or fusiform dilatations 
were seen in most of the large fibers 
(Fig. 1). The beaded character of these 
insect axons is in accord with the histo- 
logical studies reported by Wigglesworth 
(2). 

In addition to axons, the outgrowth 
from ganglia included three other rec- 
ognizable cell types: glia, tracheoblasts, 
and neurons. The glial cells were most 
numerous and consisted of several differ- 
ent types. Particularly noteworthy were 

giant flattened cells that formed a car- 
petlike layer around the explants and 
showed remarkable affinity for the axons 
(Fig. 2). Smaller glial cells enveloped 
the axons in the manner of the Schwann 
cells of vertebrates. Another type of 
glial cell was characterized by intracel- 
lular vacuoles and glycogen inclusions. 

The outgrowing zone also contained 
a second distinct cell type consisting of 
round cells that showed a large vacuole 
that often displaced the surrounding cy- 
toplasm into a thin periodic acid-Schiff 
positive ring. We believe these cells to 
be tracheoblasts-an interpretation sup- 
ported by the large number of these 
cells surrounding gut explants. 

The third cell type consisted of neu- 
rons (Figs. 1 and 3). In living cultures 
they were easily distinguished by their 
oval cell bodies, their prominent nucle- 
olus, and the presence of an axon that 
could often be followed for a consider- 
able distance to its termination on other 
axons (Fig. 1). The identity of these cells 
as neurons has been confirmed by elec- 
tron microscopic studies which demon- 
strated the presence of neurofilaments. 
The exit of neurons from the ganglia 
raises the question whether the nerve 
cells of invertebrates, unlike those of 
vertebrates, may be endowed with the 
ability to move. Our studies suggest an 
alternative interpretation: namely, that, 
as the glial cells migrate from the ex- 
plants, the tightly adhering neurons are 
passively pulled out. 

As illustrated in Fig. 4, explants sep- 
arated by 1 or 1.5 mm developed rich 
interconnections, both cellular and axon- 
al. This seems to be the direct result of 
the centrifugal migration of cells and 
the outgrowth of axons. A similar thig- 
motropic effect was described by Marks 
and co-workers between combined 
transplants of leg regenerates and thor- 
acic ganglia (3). It has not yet been 
determined whether directed outgrowth 
can be provoked by explants of tissues 
other than ganglia and gut. 

JOHN S. CHEN 
RITA LEVI-MONTALCINI 

Department of Biology, Washington 
University, St. Louis, Missouri 63130 

Fig. 4. Array of explants of intact brains (B), three fused thoracic ganglia (G), hemi- 
section subesophageal ganglia (S), and intact digestive tracts (D) from a 17-day 
embryo. The explants were fixed after 9 days of culture and stained with the silver 
Cajal-DeCastro technique. Fibrillar and cellular bridges interconnect facing explants 
(X 47). 
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