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Glial cells in crustaceans

Electron microscopy of glial cells
of the central nervous system in
the crab Ucides cordatus
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Abstract

Invertebrate glial cells show a variety of morphologies depending on
species and location. They have been classified according to relatively
general morphological or functional criteria and also to their location.
The present study was carried out to characterize the organization of
glial cells and their processes in the zona fasciculata and in the
protocerebral tract of the crab Ucides cordatus. We performed routine
and cytochemical procedures for electron microscopy analysis. Semithin
sections were observed at the light microscope. The Thiéry procedure
indicated the presence of carbohydrates, particularly glycogen, in
tissue and in cells. To better visualize the axonal ensheathment at the
ultrastructural level, we employed a method to enhance the unsatur-
ated fatty acids present in membranes. Our results showed that there
are at least two types of glial cells in these nervous structures, a light
one and a dark one. Most of the dark cell processes have been
mentioned in the literature as extracellular matrix, but since they
presented an enveloping membrane, glycogen and mitochondria -
intact and with different degrees of disruption - they were considered
to be glial cells in the present study. We assume that they correspond
to the perineurial cells on the basis of their location. The light cells
must correspond to the periaxonal cells. Some characteristics of the
axons such as their organization, ensheathment and subcellular struc-
tures are also described.
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Invertebrate glial cells show a variety of
morphologies depending on species and lo-
cation and have been classified according to
certain relatively general morphological or
functional criteria and according to their
position (1,2).

In the crustacean nervous system there is
good anatomical and physiological evidence
for an insulating sheath with nodes, and
rapid saltatory conduction (3). The sheath is
composed of many laminae, each one con-
taining cytoplasm and forming a seam. The
axons can be wrapped simply by a single

glial process or in groups, or by complex,
tightly packed multiple layers resembling
vertebrate myelin (4). However, there are
important differences from vertebrate my-
elin. The most evident one is that the laminae
do not connect to form a spiral and that the
nuclei of the sheath cells lie inside the sheath
(3).

The participation of neuroglia in the
blood-brain barrier is another important func-
tion of glial cells (5,6). Unlike the situation
in higher vertebrates, where the blood-brain
barrier is formed by tight junctions in endo-
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thelial cells lining central nervous system
capillaries (7), in Crustacea the barrier is
formed by glial perineurium surrounding the
ganglia (8,9). However, the most widely held
belief about the functions of glial cells is that
they interact metabolically with neurons,
providing a trophic supply, exchanging me-
tabolites and removing catabolites. This is
supported by the presence of glycogen and
of large numbers of vesicular and granular
inclusions inside the glial cell cytoplasm (9).

The aim of the present study was to char-
acterize the organization of glial cells and
their processes by electron microscopy (EM)
and correlate it with the extracellular matrix
distribution in the protocerebral tract (PT)
and in the zona fasciculata (ZF) of the crab
Ucides cordatus. We carried out routine pro-
cedures (optic lobes were dissected and fixed
by immersion in 2.5% glutaraldehyde and
4% paraformaldehyde in 0.1 M cacodylate
buffer, pH 7.3, post-fixed in 1% osmium
tetroxide and embedded in Epon) and the
same procedure with the addition of 0.1%
tannic acid in the fixative to stain the extra-
cellular matrix (10); semithin sections stained
with toluidine blue were observed at the
light microscope level. We applied the
method of Thiéry to identify glycogen (11),

and the method of Angermüller and Fahimi
(12) to demonstrate at the EM level unsatur-
ated fatty acids such as those present in
biological membranes for better visualiza-
tion of the axonal ensheathment. The PT and
the ZF were chosen because their structural
elements are mostly axons and glial cells.

Toluidine blue-stained transversal semi-
thin sections of the fascicles in the ZF showed
axons of different diameters. Glial cell nu-
clei could be seen at the periphery and also
among axon bundles. Some of them were
very close to the axons. Surrounding the fas-
cicles we observed a more intensely stained
material which was continuous among fi-
bers. In the PT a similar organization could
be seen, i.e., projections departing from cell
bodies continuous with an intensely stained
material surrounding both the tract and the
fibers. This dense material also enveloped
the hemolymph vessels.

In routine and cytochemical preparations
for EM, many aspects of the cytoarchitecture
of these structures could be better visualized
and are described as follows: a) axons - they
confirmed our previous light microscopy
observation that the differently sized axons
were not organized in a regular pattern in the
ZF or the PT, i.e., large axons, grouped or

Figure 1 - A, Electron micrograph
of the protocerebral tract (PT)
treated according to Anger-
müller and Fahimi (12). Observe
that there is no relationship be-
tween the axon diameter and
thickness of the ensheathment.
Note vesicular structures (ar-
rows) and mitochondria inside
the axons (arrowheads). Also
note the dark (stars) and light
(asterisks) glial processes. Bar:
1.0 µm. B, Electron micrograph
of the PT showing a light glial
cell enveloping an axon (aster-
isk). Glial cell nucleus (N). Note
that the outermost ensheath-
ment of this axon is composed
of a dark cell process (star). Bar:
0.6 µm.
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not, were dispersed among small ones, also
grouped or not. Transversal sections of fi-
bers exhibited differences in axonal ensheath-
ment. We could not see any relationship
between axon diameter and thickness of the
wrappings. Groups of thinner fibers were
occasionally circled by a glial process. These
features were better visualized by the method
of Angermüller and Fahimi, since the mem-
branes resulted more electrondense. This
method also revealed vesicular structures of
different sizes inside the axons, probably
originating from the endoplasmic reticulum.
The cytoplasm of these axons presented many
mitochondria, especially at the periphery,
and fibrillar structures. Occasional microtu-
bules could also be observed (Figure 1A). b)
Glial cells - two types of processes could be
noted surrounding the axons both in the ZF
and in the PT: a light one and a dark one.
Some axons were enveloped by alternating
dark and light processes and others, only by
light ones, which could be single or multiple.
Some of the light processes were clearly
associated with their cell nuclei which are
located close to the axons and others had
their nuclei among the fibers (Figure 1B). It

is interesting to note that the innermost pro-
cess enveloping each axon was always of the
light type (Figure 1A and B). They contain
microtubules, mitochondria and rosettes of
glycogen aggregates, as confirmed by the
method of Thiéry. The glycogen could be
found dispersed in the cytoplasm, surrounded
by a membrane, or among fibrillar material.
Small vesicles could be occasionally seen
(Figure 2A). Many peripheral cells presented
their cytoplasm filled with positive material
after the Thiéry procedure, especially in the
ZF. Electrondense processes (dark processes)
were seen along the periphery of the PT and
intermingling among fibers and bundles as
well as surrounding vessels. A similar aspect
could be seen in the ZF. An interesting fea-
ture is that we could observe the same glyco-
gen aggregates in this type of process. A
closer observation revealed that they are
mainly composed of fibrils with a smaller
diameter than microtubules. These fibrils
could be better observed when transversally
sectioned (Figure 2A). In the ZF occasional
mitochondria were immersed in these pro-
cesses. Figure 2B shows that they present
different degrees of disruption, which could

Figure 2 - A, Electron micrograph
of the PT treated according to
Thiéry showing glycogen aggre-
gates in the cytoplasm of dark
(large arrows) and light (large ar-
rowheads) glial cell processes.
Note that both the dark and the
light processes clearly present a
plasma membrane (thin arrows).
Microtubules are observed in
the light process (double small
arrowheads) and also gap junc-
tions (small arrowheads). Bar:
0.3 µm. B, Electron micrograph
of the zona fasciculata treated
according to Thiéry (11). The
dark process displays mitochon-
drial profiles in different degrees
of disruption (arrowheads). Ob-
serve a plasma membrane be-
tween the dark and light pro-
cesses (curved arrows). Bar: 0.4
µm.
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be better visualized at the periphery of the
fascicles of the ZF and of the PT. Vesicles
were seen in close proximity to them. We
occasionally observed some membranous
formations between light and dark processes.
The dark processes presented a plasma mem-
brane (Figure 2A). Between glial cells and
axons and between glial cells there were gap
junctions arranged along different extensions
of the plasma membrane (Figure 2A) similar
to those first reported by Cuadras and col-
leagues (13). Other types of junctions were
not observed. By adding tannic acid to the
fixative, collagen bundles could be identi-
fied in the outermost region of the PT and
ZF, but not near the dark processes.

It is known that in the vertebrate brain,
glycogen, the form in which cells store glu-
cose, is localized almost exclusively in as-
trocytes (7). In invertebrates (insects),
Tsacopoulos and colleagues (14) demon-
strated that glial cells around the photore-
ceptor neurons contain large amounts of this
form of metabolic reserve and Wigglesworth
(15) showed that glycogen is stored in large
amounts in perineurial cells. Our results us-
ing the Thiéry method confirmed that it is
suitable to study morphological aspects of
glial cells in crustaceans, since it can be used
as a label for these cells. The electronmicro-
graphs permitted us to easily identify axons
and glial cells in routine as well as in cyto-
chemically treated material. Axons never
presented glycogen and displayed many mi-
tochondria and filamentous structures (Fig-
ure 1A). An interesting feature was that,
unlike vertebrate axons, they presented few
if any microtubules. All these features con-
trasted with those presented by glial cells.
Routine and Thiéry methods showed that
glycogen and also some mitochondria are
present in the two types of processes (light
and dark) described here. So, we assumed
that these processes belong to two types of
glial cells. Some investigators who worked
with crustaceans have considered structures
similar to the dark processes described in

this work to be extracellular matrix, which
they called connective tissue (16), or extra-
cellular cement substance (1), or collagen
layers (17). We disagree with at least part of
this view. After an accurate observation, we
have some arguments favoring the cellular
nature of these structures: 1) they are sur-
rounded by a plasma membrane, not always
evident, 2) they exhibit glycogen granules
among fibrillar constituents, which are con-
sidered to be a strictly intracellular reserve,
3) they present mitochondria and light vacu-
oles, and 4) cell bodies peripheral to the ZF
and the PT, whose cytoplasm shows loosely
packed fibrils among glycogen granules, dis-
play the same pattern as those seen in the
dark processes.

If all these dark processes were consid-
ered to be extracellular matrix, this fact would
be strikingly different from the vertebrate
nervous system. As a matter of fact, our
electron micrographs clearly demonstrated
that there is not much space between axons
and glial cells. Since the matrix is present, it
may be restricted to small spaces among
cells, between cells and vessels and between
cells and the outermost limits of the nervous
structure.

On the basis of these  considerations, we
propose that the light and dark processes
correspond to the glial cells called periaxonal
and perineurial glia, respectively (18), since
the former were continuous with nuclei close
to axons and the latter were continuous with
a cell body located at the periphery of both
structures studied by us.

Regarding the mitochondria in the
perineurial glial processes, our electron mi-
crographs showed that they present different
degrees of disruption when they are located
at the periphery of the fascicles of the ZF and
of the PT and that this disruption may be
absent in the inner aspects of these nervous
structures.

Taken together, the observations con-
cerning the perineurial glial projections sur-
rounding axons, fascicles, tract and hemo-
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lymph vessels led us to propose that the dark
material results from a maturation process
where the synthesis and accumulation of
fibers and glycogen inside the glial cells
cytoplasm occur in a manner that in some
aspects resembles that of keratinization in
the skin of vertebrates (19). As a result of
this maturation process, the organelles pres-
ent in these cells must progressively disap-
pear as clearly shown in the present study for
mitochondria. Our proposal is that these glial
cell processes with a quite homogeneous
dense material mature to act as an insulating

envelope that can be compared to the myelin
sheath of vertebrates. This highly special-
ized glial wrapping may be one of the fea-
tures responsible for the high conduction
velocities of nerve impulses in crustaceans
(3,20).
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