
SUMMARY

In the present study we used electron micro-
scope techniques to analyze the effect of ethanol
on the inner layers of chick embryo retinas. We
show that these layers are very strongly affected
by alcohol during development, with a delay in
differentiation, a considerable degree of destruc-
turing of the inner layers, accompanied by a loss
of the inner prolongations of Müller cells, and
the glial cells’ location at the retinal inner layers
(inner plexiform layer and optic nerve fiber
layer) replacing these degenerated inner prolon-
gations. We performed a count and statistical
study of the axonal loss from the optic nerve
fiber layer of the retinas of ethanol-treated
embryos and observed a loss of total axons,
mostly of myelinic axons.
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INTRODUCTION

Alcohol can produce defects in the central ner-
vous system (CNS) (Abel, 1998). In the retina,
the alterations reported include hypoplasia, atro-
phy, and changes in the course of the optic
nerve (Beattle et al., 1983; Strömland, 1981a and
b; 1985; Chan et al., 1991; Chmielewski et al.,
1997), together with alterations in the synapto-
genesis of the inner plexiform layer (IPL)
(Chmielewski et al. 1997).

The glial cells of the chick retina can be clas-
sified in three types: 1) Müller cells (MCs) - glia

able to develop the functions of astrocytes, oligo-
d e n d rocytes, ependymocytes, and micro g l i a l
cells that, during development, behave as radial
glial cells to direct neuronal migration and help
in retinal lamination (Prada et al., 1989; 1998;
Willbold et al., 1998); 2) oligodendrocytes, which
penetrate the retina from the optic nerve and are
found in its peripapillary regions (Ono et al.,
1998), containing a myelin-specific pro t e i n
(MOSP) (Prada et al., in preparation); and 3) per-
icytes, which arise from the vascular structures of
the pecten root. These migrate into the re t i n a
and are distributed in the innermost layers; when
d i ff e rentiated, they presumably act as micro g l i a
and macrophages (Prada et al., in pre p a r a t i o n ) .

Here, using optical and electron microscope
techniques and axonal counts, we analyzed the
effect of alcohol on glial cell populations in the
retina of the chick embryo.

MATERIAL AND METHODS

We used 25 fertile eggs of White Leghorn chick-
ens incubated at 37º C and a humidity of 80-90%.
The embryos were injected at E-6 with 100 µl of
ethanol (50% v/v) in physiological saline direct-
ly into the vitelline sac (Means et al., 1988). The
embryos were left to incubate until sacrifice at E-
9, E-12, or E-18. The stages were as in the tables
of Hamburguer and Hamilton (1951). Some
embryos were studied as controls, injecting them
under the same experimental conditions with
100 µl of a sterile saline solution. The animal
care protocols used in our laboratory and Uni-
versity vivaria conform to the current national
legislation (decree 223/1988. BOE no. 67) and
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guidelines from the Council of the European
Communities (86/609/CEE).

Fifteen of the embryos were sacrificed by
immersion in a 0.9% sodium chloride solution.
The eyes were enucleated in the same solution,
and the retinas extracted complete. These were
then mounted flat on gelatinized slides and left to
dry until they adhered. The retinas were then
stained with quick-acting Panoptic method.
Observations were perf o rmed using an axioplan
Zeiss microscope fitted with a photographic cam-
era; the photos were taken on Ilford 400 ASA film.

The remaining 10 embryos were sacrificed at
E-18, at 4º C for study of the retinas by electron
microscopy using the method described by Palay
and Chan Palay (1974) for the CNS. Ultrathin sec-
tions at 600-800 Å were obtained using an Ultra-
cut ultramicrotome with a diamond blade and
stained with uranyl acetate and lead citrate
(Richardson, 1960). They were then examined
under a Jeol 100C transmission electron micro-
scope at 80 KV.

The counting of myelinic and amyelinic
axons was performed in the retinas processed
for electron microscope study.

RESULTS

We observed that alcohol administration pro-
duces a general delay in the differentiation of
retinal cells. This is seen above all in the gan-
glion cell layer (GCL) (Fig. 2a, arrow) and in the
optic nerve fiber layer (ONFL) (Figs. 1 and 2)
where, at E-18, there were still abundant growth
cones (Fig. 2a, cc).

In alcohol-treated embryos, the GCL elicits a
considerable degree of destructuring, with
increased intercellular spaces (Figs 1 and 2, *)
and reduced cell body size. This reduction in GC
size is essentially due to a loss of cytoplasmic
mass, with a loss of organelles and mitochondr-
ial degeneration (Fig. 1, arrow), leaving the GC
reduced practically to the size of its nucleus
(compare Figures 1 and 2, gc – experimental
retinas – with Figure 3, gc – a control retina).

The ONFL undergoes a degeneration and
destructuring of the inner prolongations of the
MCs (compare Fig. 3, m – a control retina – with
Figs. 1 and 2, m – experimental retinas). How-
ever, the inner limiting membrane, formed by
the inner feet of the MCs, remains unaffected
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Fig. 1.- Ultrathin section of the GCL and ONFL of an embryo at E-18 exposed to 100 µl of ethanol (50% v:v) at E-6. Asterisks: increased
intercellular spaces; gc: ganglion cells; m: inner prolongations of Müller cells; p: differentiated glial cell from pericytes arising from
the vascular zone of the pectin; ilm: inner limiting membrane. Scale bar: 10 µm.



(Figs. 1 and 2, m, ilm). It also includes vesicles
in different phases (Fig. 2c, curved arrows) com-
patible with endocytotic vesicles.

The increase in intercellular spaces men-
tioned above in connection with the GCL is
more evident and pronounced in the ONFL
(Figs. 1 and 2, *). Numerous vacuoles are seen

(Fig. 2, v), possibly resulting from the degenera-
tion of myelinic axons (compare Figs. 1 and 2 –
experimental, where these axons are not seen –
with Fig. 3, ma – control).

The Graphic 1 shows a comparative study of
the number of myelinic and amyelinic axons in
alcohol-treated embryos and control embryos. A
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Fig. 2.- Ultrathin sections of the GCL and ONFL of an embryo at E-18 exposed to 100 µl of ethanol (50% v:v) at E-6. Asterisks: increased
intercellular spaces; a: astrocyte; gc: ganglion cells; m: inner prolongations of Müller cells; hollow arrow: growth cone in the GCL;
arrows: growth cones in the ONFL; v: vacuoles; arrowheads: vesicles; ilm: inner limiting membrane. Scale bars: 1 µm.



decrease of approximately 20% can be seen in
the total number of axons in the ONFL of the
experimental embryos compared with the con-
trols. In the ONFL of the treated embryos, only

0.9% of the myelinic axons remain, as compared
with 80.1% of the amyelinic ones, while in the
ONFL of the control embryos, myelinic axons
constitute 5.4% of the total, and amyelinic ones
94.6%.

Despite the destructuring and degeneration of
the inner prolongations of the MCs and the loss
of axons, the ONFL is seen to retain its typical
packing (Figs. 1 and 2). This can be explained
partly by the presence of astrocytes, which adopt
the position of the inner prolongations of the
MCs in the ONFL (Fig. 2b, a). In the inner plex-
iform layer (IPL), the normal position of these
astrocytes remains unaltered (Fig. 2a, a).

The pericytes that migrate through the ONFL
during development are unaltered in the experi-
mental retinas. This is seen in Fig. 4, showing
pericytes in the process of migration during
stages E-9, E-12, and E-18 in control retinas
(photographs a, b, and d, respectively) and
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Graphic 1.- Percentaje of myelinic and amyelinic axons in the
ONFL of control embryos and embryos treated with
100 µl of ethanol (50% v:v) at E-6.

Fig. 3.- Ultrathin section of the GCL and ONFL of a control embryo at E-18. gc: ganglion cells; m: inner prolongations of Müller cells; ma:
myelinic axons. Scale bar: 1 µm.
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Fig. 4.- Flat mount of the ONFL of retinas of chick embryo, showing glial cells migrating through this layer. a (E-9), c (E-12) and f (E-18):
retinas of control embryos; b (E-9), d (E-12), e (E-12) and g (E-18): retinas of embryos treated at E-6 with 100 µl of ethanol (50%
v:v). a, b, c, e, f and g: x 200; d: x 1000.



experimental retinas (photographs e, f, and g,
respectively). The count of this cell population
shows that no appreciable difference occurs dur-
ing development in adopting their migratory
positions through the inner layers of the retina
(Fig. 1, p).

DISCUSSION

It is currently accepted that alcohol causes a
delay in development (Miller, 1986; Quesada et
al., 1990; Chmielewski et al., 1997). In the re t i-
nas of alcohol-treated embryos, this is seen in
the existence at E-18 of numerous growth cones
in the GCL (Fig. 2a, hollow arrows) and ONFL
(Fig. 2a, arrows). The same is not seen in the
retinas of control embryos (Fig. 3). The pre s e n t
findings are in agreement with those of
Chmielewski et al. (1997) in that the retinal lay-
ers most affected by alcohol are the innerm o s t
ones, above all the GCL and ONFL. More o v e r, a
d e c rease of some 20% occurs in the total num-
ber of axons in the ONFL in experimental
embryos compared with controls; this loss is
83.4% of myelinic axons versus 15.4% of
amyelinic ones. This confirms the axonal loss in
the optic nerve, producing its hypoplasia,
described by Strömland and Pinazo-Durán
(1994) in the rat, and by Strömland (1985) and
Chan et al. (1991) in children with FA S .

In humans and higher vertebrates, lesions to
the nervous system (NS) (medulla and optic
nerve) have been reported to elicit a failure of
the nerve fibers to reach the target cells and
make functional contact (Berry, 1979; Reier,
1979; Reier et al., 1983; Wujek et al., 1984). In
lower vertebrates, however, the opposite eff e c t
has been demonstrated: the nerve fibers are
functionally regenerated (Gaze, 1959; 1960;
Attardi et al., 1963). In all cases of lesioned
zones of the NS, “reactive astrocytes” have been
found. In higher vertebrates, these act as an
obstacle to neuronal growth (Berry, 1979; Reier
et al., 1983; Wujek et al., 1984), whereas in fish-
es (Wo l b u rg, 1981) and amphibians (Reier, 1979;
Reier et al., 1983; Stensaas et al., 1977) they pro-
vide an appropriate medium for cell re g e n e r a-
tion. We found that in the retina of the alcohol-
t reated chick embryo the glial cells of the re t i n a l
inner layers can carry out the function of these
“ reactive astrocytes”, since the astrocytes are
located in the ONFL, adopting the position of
the inner prolongations of the MCs that have
degenerated (Fig. 2b, a). More o v e r, the glial cells
arising from pericytes that migrate from the vas-
cular zone of the pecten are situated in the
i n n e rmost part of the ONFL, presumably incre a s-
ing their probable function as microglia and
m a c rophages, and substituting the inner pro l o n-
gations of the MCs.

ACKNOWLEDGEMENTS

This work was mainly supported by the Conse-
jería de Educación y Ciencia of the Junta de
Andalucía.

REFERENCES

ABEL L (1998). Fetal alcohol syndrome: the “American para-
dox”. Alcohol & alcohol, 33, (3): 195-201.

ATTARDI DG and SPERRY RW (1963). Preferential selection of
central pathways by regenerating optic nerve fibres. Exp
Neurol, 189: 671-698.

BEATTLE JO, DAY E, COCKBURN F and GARG RrA (1983). Alco-
hol and the fetus in the west of Scotland. Br Med J, 287:
17-20.

BERRY M (1979). Regeneration in the central nervous sys-
tem. In: Smith WT, Cavanagh JB (eds.). Recent advances
in Neuropathology. Churchill Livingstone, Edinburgh,
67-111.

CHAN T, BOWLL R, O’KEEFE M and LANIGAN B (1991). Ocular
manifestations in fetal alcohol syndrome. Fr J Ophthal -
mol, 75: 524-526.

CHMIELEWSKI CE, HERNÁNDEZ LM, QUESADA A, POZAS JA,
PICABEA L and PRADA FA (1997). Effects of ethanol on the
inner layers of chick retina during development. Alco -
hol, 14: 313-317.

GAZE RM (1959). Regeneration of the optic nerve in Xeno-
pus laevis. Q J Exp Physiol, 44: 209-308.

GAZE RM (1960). Regeneration of the optic nerve in
amphibians. Int Rev Neurobiol, 2: 1-40.

HAMBURGUER V and HAMILTON HL (1951). A series of normal
stages in the development of the chick embryo. J Mor -
phol, 88: 48-92.

MEANS L, BURNETTE M and PENNINGTON S (1988). The effect
of embryonic ethanol exposure on detour learning in
the chick. Alcohol, 5: 305-308.

MILLER MW (1986). Effects of alcohol on the generation and
migration of cerebral cortical neurons. Science, 233:
1308-1311.

ONO K, TSUMORI T, K ISHI T, YOKOTA S and YASUI S (1998).
Developmental appearance of oligodendrocytes in the
embryonic chick retina. J Comp Neurol, 398: 309-322.

PALAY SL and CHAN PALAY V (1974). Cerebellar cortex; cytol-
ogy organization. Springer-Verlag, Berlin.

PRADA FA, ESPINAR A, CHMIELEWSKI CE, DORADO ME and
GÉNIS-GÁLVEZ JM (1989). Regional adaptation of Müller
cells in the chick retina. A Golgi and electron micro-
scopical study. Histol Histopathol, 4: 309-315.

QUESADA A, PRADA FA, ESPINAR A and GÉNIS-GÁLVEZ JM
(1990). Effect of ethanol on morphohistogenesis and
differentiation of cerebellar granule cells in the chick
embryo. Alcohol, 7: 419-428.

REIER PJ (1979). Penetration of grafted astrocytic scars by
regenerating optic nerve axons in Xenopus tadpoles.
Brain Res , 164: 61-68.

RE I E R PJ, ST E N S A A S LJ and GU T H L (1983). The astrocytes as an
impediment to regeneration in the central nervous sys-
tem. In: Kao CC, Bunge RP, Reier PJ (eds.). Spinal cord
R e c o n s t r u c t i o n. Raven Press, New York, pp 163-195.

RICHARDSON KC, JARETT L and FINKE EH (1960). Embedding
in epoxy resins for ultrathin sectioning in electron
microscopy. Stain Technol, 35: 313-323.

STENSAAS LJ and FERINGA ER (1977). Axon regeneration
across the site of injury in the optic nerve of newt Trit -
urus pyrrhogaster. Cell Tissue Res, 179: 501-516.

STRÖMLAND K (1981a). Eyeground malformations in the fetal
alcohol syndrome. Neurophysiol, 12: 970-978.

C. E. Chmielewski, J. A. Chmielewski, A. Quesada, A. Jiménez-Rubio and F. A. Prada 



STRÖMLAND K (1981b). Malformations of the eyes in fetal
alcohol syndrome. Acta Ophthalmol, 59: 445-446.

STRÖMLAND K (1985). Ocular abnormalities in the fetal alco-
hol syndrome. Acta Ophthalmol, 63 (Suppl.): 171.

STRÖMLAND K and PINAZO-DURÁN MD (1994). Optic nerve
hypoplasia: comparative effects in children and rats
exposed to alcohol during pregnancy. Teratol, 50: 100-
111.

WILLBOLD E and LAYER PG (1998). Müller glia cells and their
possible role during retina differentiation in vivo and in
vitro. Histol Histopathol, 13: 531-552.

WOLBURG H (1981). Axonal transport, degeneration and
regeneration in the visual system of the goldfish. Adv
Anat Embryol Cell Biol, 67: 1-94.

WUJEK JR and REIER PJ (1984). Astrocytic membrane mor-
phology: differences between mammalian and amphib-
ian astrocytes after axotomy. J Comp Neurol, 222: 607-
619.

Retinal glial cells in alcohol-treated chick embryos




