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Short Communication

A direct contact between astrocyte
and vitreous body is possible in the
rabbit eye due to discontinuities in
the basement membrane of the
retinal inner limiting membrane
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Abstract

Different from most mammalian species, the optic nerve of the rabbit
eye is initially formed inside the retina where myelination of the axons
of the ganglion cells starts and vascularization occurs. Astrocytes are
confined to these regions. The aforementioned nerve fibers known as
medullated nerve fibers form two bundles that may be identified with
the naked eye. The blood vessels run on the inner surface of these
nerve fiber bundles (epivascularization) and, accordingly, the accom-
panying astrocytes lie mostly facing the vitreous body from which they
are separated only by the inner limiting membrane of the retina. The
arrangement of the astrocytes around blood vessels leads to the
formation of structures known as glial tufts. Fragments (N = 3) or
whole pieces (N = 3) of the medullated nerve fiber region of three-
month-old male rabbits (Orictolagus cuniculus) were fixed in glutar-
aldehyde followed by osmium tetroxide, and their thin sections were
examined with a transmission electron microscope. Randomly located
discontinuities (up to a few micrometers long) of the basement mem-
brane of the inner limiting membrane of the retina were observed in the
glial tufts. As a consequence, a direct contact between the astrocyte
plasma membrane and vitreous elements was demonstrated, making
possible functional interactions such as macromolecular exchanges
between this glial cell type and the components of the vitreous body.

Key words

« Astrocyte

« Basement membrane

« Inner limiting membrane
« Vitreous body

« Rabbit retina

« Plasma membrane

The axons of the ganglion cells, before
becoming the nerve fibers of the optic nerve,
are enveloped by a myelin sheath inside the
rabbit eye where they are grouped into two
bundles of nerve fibers, the medullated nerve
fibers, clearly visualized with the naked eye.
This is the only region where a partial vascu-

larization occurs whereas the remainder of
the rabbit retina is avascular. This is also the
only retinal region where astrocytes occur
(1-5).

It has been known for years that some
types of astrocytes are located around or
between the vitreous blood vessels that run
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on the inner surface of the medullated nerve
fibers. These anatomical structures are re-
ferred to as glial tufts and have been de-
scribed both at the light and at the electron
microscope level (6,7). Recently, they were
also studied by our group using immuno-
staining for glial fibrillary acidic protein
(GFAP) in association with transmission and
scanning electron microscopy (1). Thus, we
observed that whole astrocytes lie appar-
ently outside the retinal tissue proper, being
located between a blood vessel and the inner
limiting membrane. This means that the sur-
face of the astrocyte is separated from the
vitreous body only by a very thin basement
membrane of the inner limiting membrane of
the rabbit retina.

That investigation also provided indica-
tions for the occurrence of discontinuities of
the inner limiting membrane which would
make possible a direct contact between the
vitreous body and the astrocyte plasma mem-
brane. Since the retinas used for these stud-
ies were fixed only in formaldehyde and
subsequently handled for several days for
the immunohistochemical technique, the lack
of basement membrane at some spots of the
retina could be the result of an artifact. There-
fore, we decided to re-examine the subject
by processing the rabbit eyes according to
the protocol described below. The scope of
our investigation, however, was to examine
this novel morphological finding and not to
describe again the cellular composition of
the glial tuft.

Three-month-old male albino rabbits
(three for each series of experiments) were
anesthetized with sodium thiopental injected
into the marginal vein of the ear and killed by
intracardiac perfusion of a fixative consist-
ing of 2% glutaraldehyde (electron micros-
copy grade) plus 2% formaldehyde (freshly
prepared from paraformaldehyde) in 0.1 M
Sorensen’s phosphate buffer, pH 7.2, at room
temperature (26-27°C), for 15 min. After
perfusion, the eyes were enucleated and cut
behind the limbus with a sharp razor blade in
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order to facilitate penetration of the fixative.
The eyes were immersed in the same fixative
and kept at 4°C for 5 h. After washing in 0.1
M phosphate buffer, the wall of the posterior
segment of the eye was cut into small pieces
comprising all regions of the retina. These
fragments were refixed in 1% osmium tetrox-
ide in 0.1 M phosphate buffer for 2 h at 4°C.
Then, the tissues were dehydrated in graded
ethanol, cleared in propylene oxide and em-
bedded in LX112 resin (Ladd Research Ind.,
Burlington, VT, USA).

In another series of experiments, the
medullated nerve fiber region of the rabbit
retina was carefully dissected with a mini-
mum of manipulation on the attached vitre-
ous body and processed in foto for resin
embedding as above. After completion of
polymerization, the blocks containing the
medullated nerve fibers were cut perpen-
dicularly with a fine saw and the slices re-
embedded in the same resin in order to ob-
tain cross-sections of the above retinal re-
gion. The semithin sections were stained
with toluidine blue and, after selection, the
blocks were further trimmed for ultramicro-
tomy. The thin sections were contrasted with
uranyl acetate and lead citrate, and exam-
ined with a Philips model 208 transmission
electron microscope.

Due to their morphological features and
peculiar location (reviewed in 1), the astro-
cytes were promptly identified on regular
electron micrographs of rabbit retinas. They
were found only where an epivascularization
of the retina occurred, i.¢., in the medullated
nerve fiber region that indicates the origin of
the optic nerve in rabbits. This is also the
retinal region where glial tufts were observed,
and it is known that astrocytes are the main
glial cell type found in these tufts. The astro-
cytes were also located in the retinal core
where glial tufts did not occur. Besides the
bundles of cytoplasmic intermediate fila-
ments (known to contain GFAP), it is note-
worthy that rabbit astrocytes contained many
lysosomes and complex dense bodies indi-
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cating intracellular digestive activities (Fig-
ure 1). Glycogen granules were sparse and
scarce not only in the peripheral processes
(Figure 1, inset) but also in other regions of
all astrocytes including those more inter-
nally located in the retina of the rabbits.
Together with GFAP-containing intermedi-
ate filaments, glycogen granules are a mor-
phological feature of astrocytes. Several types
of cell junctions, notably gap junctions, were
conspicuous in the glial tufts, a clear indica-
tion that they are made up by several astro-
cytes (Figures 1 and 2). As reported previ-
ously, observations on semithin resin sec-
tions and on specimens prepared for trans-
mission and scanning electron microscopy
indicated quite clearly that some of the rab-
bit astrocytes are apparently located outside
the retina. This was based on observations of
whole astrocytes abutting the vitreous body,
that is, they were located between the vitre-
ous body and the wall of small blood vessels
running longitudinally on the medullated
nerve fibers (1-5).

Examination of 10 to 20 electron micro-
graphs per eye revealed that the basement
membrane of the inner limiting layer was
continuous, without any gap, all over the
rabbit retina except in some regions where
astrocytes were found projecting toward the
vitreous body, e.g., the glial tufts. The dis-
continuity of the basement membrane was
observed not only on the tips of astrocyte
microvilli but also in those regions where a
direct contact of the astrocyte surface with
the vitreous elements was not so conspicu-
ous (Figures 1 and 2). This was detected in
all six rabbits used for the present report.
Glial cells of the oligodendrocyte lineage (6)
were not obvious on regular electron micro-
graphs.

In view of the good quality of the tissue
fixation and the reproducible findings in all
six rabbits, the discontinuity of the basement
membrane, as described above, can hardly
be explained by the occurrence of artifacts
during the preparation of the retinas for elec-
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Figure 1. Electron micrograph of the rabbit retina at the site of a glial tuft. Contrast with
uranyl acetate and lead citrate. Bar = 1 ym. The regular retina is seen in the upper portion
with a continuous inner limiting membrane with its basement membrane (BM) separating
the retina from the vitreous body (V). Most of the figure is occupied by a glial tuft. Part of a
capillary (cap) is observed on the left. Portions of several astrocytes may be identified by
cytoplasmic bundles of intermediate filaments (F). Cell junctions are indicated by arrows.
Note lysosomes (L) in the astrocyte cytoplasm. Even at this relatively low magnification,
interruptions of the basement membrane around the astrocytes may be observed (arrow-
heads). The inset at the upper right corner shows a peripheral process with glycogen
granules (arrowheads) close to intermediate filaments (F). 40,000X.
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Figure 2. High power view of a glial tuft abutting the vitreous body (V). Bar = 0.5 um. Note
gap junctions (arrows) and discontinuities of the basement membrane around the astro-
cytes (arrowheads).
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tron microscopy examination. The disconti-
nuity was observed at random sites and there-
fore was not due to mishandling, such as
inadvertent pulling of the vitreous body dur-
ing dissection of the eye. Such discontinui-
ties were detected both when the retinas
were chopped into small fragments and when
the medullated nerve fiber regions were pro-
cessed in toto. Therefore, a direct contact
between the vitreous body and the plasma
membrane of the astrocytes possibly occurs.
The only known cell type found inside
the vitreous matrix is the hyalocyte (8) and
its role in the vitreous physiology is still
debatable. Now, we are describing a situa-
tion in which interactions between the plasma
membrane of another cell type and vitreous
macromolecular compounds may occur.
The functional meaning of this unusual
location of astrocytes cannot be unraveled
by morphological methods only. Therefore,
we are performing additional experiments
aimed at clarifying the interactions between
vitreous body and astrocytes. In one of them,
slices of retina with or without astrocytes
were assayed for transferrin synthesis and
secretion. While synthesis occurred in all
slices, transferrin secretion was observed
only in the astrocyte-containing retina, an
indication that, together with oligodendro-
cytes and the ciliary body (9,10), the astro-
cytes may be a source of vitreous transferrin.
In fact, experiments carried out with cells in
culture have demonstrated transferrin secre-
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tion by both astrocytes and oligodendrocytes
(11,12). These investigations also revealed
that these cell types contain transferrin mes-
senger RNA. Experiments are also being
designed to verify if the astrocytes are in-
volved in the digestion and elimination of
vitreous components in view of the ubiquity
of digestive vacuoles in their cytoplasm.
However, these experiments have been dif-
ficult to carry out in view of the toxicity of
the usual tracers (particularly ferritin) for the
vitreous body. Another point to be consid-
ered is the unusual pattern of vascularization
of the rabbit retina which might be a conse-
quence of the also unusual pattern of forma-
tion of the optic nerve in this animal species.
In this case, the astrocytes around the blood
vessels (1) would be required for the forma-
tion of the blood-brain barrier (13) that is
essential for the proper functioning of the
retina.

Finally, this peculiar arrangement of as-
trocytes in the rabbit retina could indicate
that the astrocytes are actually located out-
side the central nervous system.
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