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ABSTRACT 
During the study of' the developing optic nerve described in the preced- 

ing paper (Guillery and Walsh, '87), small bundles of nerve fibers were seen 
passing between the optic nerve and the ipsilateral hypothalamus of 2440 
27-day-old prenatal ferrets. The bundles appear before any other fiber groups 
of the retinofugal pathway and are identifiable while the main portions of 
the retinofugal system are growing into the optic tracts. The bundles, made 
up of 50 or more axons, leave the optic nerve, emerge through the otherwise 
continuous layer of subpial glia and through the basal lamina of the nerve, 
run a short, naked, extracerebral course among collagen fibers and pre- 
sumed fibroblasts, and then re-enter the central nervous system, passing 
rostrally and dorsally to the superficial parts of the ipsilateral hypothalamus 
away from the region of the chiasm. These fibers represent the earliest link 
between the optic nerve and the brain, but their course is not followed by 
the majority of retinofugal fibers developing later, which pass toward one or 
the other optic tract. 
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In the accompanying paper (Guillery and Walsh, '871, the 
early development of the optic nerve in the prenatal ferret 
has been described. Small bundles of fibers (the ipsilateral 
optic bundles) that were consistently seen passing between 
the nerve and the brain and that formed the earliest neural 
pathway between the cye and the brain were noted during 
that study. These bundles are of interest for two reasons: 
(1) although they form the earliest link between the nerve 
and the brain, they appear not to act as "pioneer" fibers for 
later developing retinofugal axons, and (2) these bundles 
take a short, unusual extracerebral course, breaking 
through the subpial glia and the basal lamina before re- 
entering the substance of the central nervous system. In 
this paper we describe the detailed relationships of this 
curious bundle on the basis of light and electron microscop- 
ical studies. 

MATERIALS AND METHODS 
The materials available for this study are described in 

the preceding paper (Guillery and Walsh, '87). The bundles 
under consideration were originally seen in electron micro- 
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scopic sections in which a part of their extracerebral course 
was identifiable, but in which their three-dimensional path- 
way could not be traced. Subsequently, these bundles were 
traced through several series of semithin sections cut a t  1 
pm and stained by the Richardson method (Richardson et 
al., '60). Finally, some of the bundles were traced to the 
region close to the extracerebral part of their course, and 
then adjacent thin and semithin sections were cut so that 
the fine structural relationships of the bundles could be 
studied as they passed into the extracerebral part of their 
course. 

RESULTS 
Four series of sections in which the ipsilateral optic bun- 

dles could be traced from the optic nerve, through the 
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Fig. 1. Oblique 1-pm section through the eye-stalk of a 25-day-old intra- 
uterine ferret. The narrow part of the eye-stalk to the right is joining the 
broad intracraiiial part, and some of the fibers of the ipsilateral optic 
bundles can be seen passing dorsally and rnstrally toward the anterior 
hypothalamus. The single arrows show the extracerebral course of one of 
these ipailateral optic bundles. The double arrow shows some of the fibers 
that have re-entered the brain. ( ~ 5 6 0 )  

extracerebral part of their course, and then rostrally and 
dorsally into the hypothalamus are illustrated in the pre- 
vious paper (Guillery and Walsh, '87, Figs. 3-6). Figure 3 
from that paper shows one ofthese bundles (arrows at levels 
1-34) that can be traced from the optic nerve into the brain 
before any other retinofugal fibers have reached beyond the 
optic foramen. The other figures show that at  later stages 
one or more of these bundles run rostraliy and dorsally, 
away from the developing optic chiasm and tract, and that 
the bundles can be seen to emerge from the surface of the 
brain or pass close to  the surface in all of the animals. This 
short extracerebral course is seen in the more advanced 
animals at the junction of the interfascicular and radial 
parts of the nerve. 

The appearance of these bundles in semithin sections is 
shown here in Figures 1 and 2. In both of these figures one 
bundle (indicated by two single arrows in Fig. 1 and by the 
larger arrow in Fig. 2) can be seen apparently lying outside 
the main part of the optic nerve, whereas other bundles 
(unlabeled in Fig. 1; small arrows in Fig. 2) clearly lie 

Fig. 2. In this coronal 1-pm scction Crom a 25-day-old fetal ferret, the 
narrow part of the eye-stalk is to the right and the broad part IS to the left. 
The ipsilatrral optic bundles, one of which lies in an extracerebral position, 
arc indicated by arrows, the large arrow marking the extracerebral bundle, 
the small arrows marking the others. X230. (Electron micrographs from 
nearby thin sections of the same hundle are shown in Figs. 8 and 9.) 

within the nerve but are approaching the region where 
bundles appear to emerge. 

When these bundles arc studied electron microscopically, 
they are seen to contain 50 to 100 or more closely packed 
fine axons, with only a few glial profiles among the axons. 
As the bundles approach the rostrodorsal aspect of the eye- 
stalk, they are surrounded by glial processes (Fig. 3), many 
of which represent subpial endfeet. In the regions where 
the bundles emerge from the CNS, the basal lamina is 
thrown into complex folds, some of which are filled hy glial 
cytoplasm, whereas others are empty (Figs. 3, 4, EL). In 
these regions one can see individual fibers or fiber bundles 
lying adjacent to the basal lamina or emerging through it 
(A in Figs. 3-5). In other regions individual fibers or fiber 
bundles lie immediately next to the collagen at the surface 
of the brain, with no intervening glial layer or basal lamina 
(Fig. 5-7). Figures 8 and 9 (and see Fig. 2) show a bundle 
that is outside the brain, in the angle between the eye-stalk 
and the hypothalamus in which a few glial processes can 
be seen, but which show no evidence of any basal lamina. 

Several observations support the view that the axons in 
these bundles must be regarded as fibers of the CNS that 
actually leave the brain for a short distance. They are not 
peripheral axons that pass close to the brain, nor are they 
central axons that appear to separate from the brain be- 
cause of some artifactual distortion ofthe tissues. One point 
is that the bundles can be traced through serial semithin 
sections in brains that have not been removed from the 
skull and thus have suffered minimal distortion. Further, 
electron micrographs taken in the appropriate regions in- 
variably confirm that the small, pale structures identified 
as bundles light microscopically are, in fact, axon bundles 
(Figs. 2,8,9). A second point is that one can see every stage 
of the apparent axonal escape, some axons leaving singly, 
others in bundles. Thus, there is a distinct change in the 
arrangement of the subpial glia as the axons approach the 
surface (Fig. 3), and in places there are signs of glial degen- 
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Fig. 3. Electron micrograph to show an ipsilateral optic bundle (IOB) 
approaching the pial suiface of the eye-stalk. Note the highly folded basal 

lamina (BL) and the individual axons (A) breaking through the subpial glia 
IGL) and lying adjacent to the basal lamina. ( ~ 6 , 5 0 0 )  

Fig. 4. An axon (A), possibly close to a growth cone, breaking through 
the highly folded basal lamina (BL) in the region where the ipsilateral optic 

bundles take a short extracerobral course. GL = subpial glia. (X15,200) 

eration (Fig. 5) suggesting that the subpial glia may ac- 
tually be lost, not merely penetrated by axons. Images like 
those in Figures 6 and 7 where the subpial glia and basal 
lamina are missing or interrupted, but where the outer 
covering o f  collagen fibers or cells is still present, are strong 
evidence against a change produced by tissue distortion. 
Finally, the naked axon bundles cannot be interpreted as 
peripheral nerve bundles because peripheral nerve bundles 
in the orbit are accompanied by Schwann cytoplasm, which 
tends to surround the fibers and which generally shows a 

basal lamina. Further, of course, we have traced the bundle 
out of the CNS and back into it. 

DISCUSSION 
When we first saw the ipsilateral optic bundles in elec- 

tron micrographs, we regarded them as the earliest compo- 
nents of fibers going from the retina to the ipsilateral optic 
tract. However, finding that the bundles are the first to  
pass between the eye-stalk and the brain, and seeing that 
they could be traced rostrally into the hypothalamus, not 
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Pig. 5. An axon (Al)  and a small axon bundle (A2) lying among the 
collagen fibers outside the cerebral borders defined by the h a d  lamina 
(BL). The cerebral tisvuc is continuous to the left of the figure with the 
small profile labclcd DG. This may represent degeneration within one of 
the processes of the adjacent subpial glia. The unlabeled arrow shows a 
discontinuity in the basal lamina. ( X  l l , 2 0 ,  

Fig. 6. An axon bundle in the lower right part of the figure lies adjacent 
to collagen bundles arid to a connective tissue ccll, with n o  intervening 
layer of glia or of basal lamina. Note that the cell covcrs the naked area 
ml ire ly ,  indicating that the loss of glia and basal lamina is not the result 
of'arlifactual mechanical distortions. ( x  12,450) 

caudally into the tract, convinced us that this was a misin- 
terpretation. The evidence on the early development of the 
crossed and uncrossed components of the tract suggests 
that, if anything, the crossed develops earlier than the 
uncrossed component (see Cucchiaro and Guillery, '84 for 
evidence on the ferret). It would be surprising to  find the 
uncrossed bundle to the tract in the lead. One might call 
these ipsilateral optic bundles the "aberrant" bundles be- 
cause they run such an unexpected course, but since we 
have found such bundles in every one of the more than 12 
blocks that have been closely studied at the relevant devel- 
opmental stage, they can hardly be regarded as aberrant 
unless they prove unique to the ferret. 

The fibers may prove to be an early component of the 
retinal input to the suprachiasmatic nucleus. Although we 
traced the fibers to only the lateral parts of the hypothala- 
mus, they can occasionally be traced a short distance among 
the periventricular cells. Further, the hypothalamus and 
chiasm are still destined to grow to a very significant ex- 
tent, so that the relationships of the fibers are appropriate 
for a suprachiasmatic component. However, the evidence 

that is currently available from axonal labeling suggests 
that the suprachiasmatic component develops rather late 
(Campbell and Ramaley, '74; Lund and Bunt, '76; Stanfield 
and Cowan, '761, and if these fibers arc the retinohypothal- 
amic input to the suprachiasmatic nucleus, then one would 
need to assume that they represent very small early bun- 
dles that develop demonstrable terminals later. Possibly 
the bundles represent a temporary pathway that fails to 
survive in the adult, or they could be fibers that arise in 
the brain and pass to the retina. These are problems that 
remain to be resolved. 

The short extracerebral course of'these bundles is entirely 
puzzling. We know of no fiber system in which a comparable 
loss of glial and pial covering during normal development 
has been demonstrated. One expects fibers of the CNS 
generally to stay within the glial borders of the CNS and 
not to break through the basal lamina. Since the fibers re- 
enter the CNS after a very short extracerebral course, the 
significance of the extracerebral course is likely to be par- 
ticularly difficult to understand. Not only will one want to 
know whether the developing system derives some benefits 
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Fig 7 An axon bundle (1OB) accompanied b y  a tongue of glial cytoplasm 

. -  
of the eye stalk is continuoua in thia region. Section from a region close to 
that illustrated in Figure 20. (~5,000) 

from the presence of these bundles, but also one can reason- 
ably inquire about the developmental processes that lead 
first to the escape and shortly thereafter to the re-entry of 
the fibers. The relationship between the growth cones, the 
glial cells, and the basal lamina at  the time that the axons 
leave and re-enter the CNS may prove of interest. Figure 4 
looks as though it may be close to  a gowth cone that is just 
breaking through the basal lamina. However, it is possible 
that an intermediate part of a bundle pushes out of the 
CNS after the advancing tips are well past the region of'the 
breakout. These are problems that remain to be studied. 
One point seems clear about these bundles: Although they 
are the "pioneers" that cross between the eye-stalk and the 
brain before any of the other fibers, the pathway that they 
establish is avoided by the majority of the later developing 
retinofugal fibers. 
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Fig. 9. Higher magnification of the bundlc illustrated in Figure 8. 


