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INTRODUCT ION

The visual pathways have been the subject of considerable
etudy in the past century. Henachen (31) wrote on the subject
of visual path and center, and felt that there was & point to
point representation of the retina upon the lateral geniculate
body and visual cortex. On the other hand it was von Monakow's
(4,50) belief that the localization is not as exact as described
by Henschen. Munk (51) and Schaffer (67) deseribed the cortical
representation of the retina on the basis of their pathoanatomic
studies and speculsted on the orgamization of this system.

Ronne (64,65) studied the papulomscular bundle in human
material, and traced the course of these fibe?ﬂ thraugh the
optic nerve, chiasm and the lateral gemiculate body. Falachi (57},
Baquis (57), Usher and Dean (75), and Parsons (57) using
experimental animals and more refined techniqués of making small
lesions in the retina, presented further data regarding the
courase and distribution of the retinal fibere. Similar lesions
were made by Brouwer and Zeeman (11, 22)9 and Polyak (60). They
srrived at similar conclusions. Barris, Ingram and Raunsom (7)
found that a greater mumber of optic fibers crossed in the
chisgm in the cat. Marburg (46) found that all optitc merve
f£ibers arose in the rvetina. Rlectrophysiological studies were
carried out by Bishop and Clare (9) who described four different
typas of fibers depending on the speed of conduction and the
varioug subcortical areas activated by stimulation of these

fibers. More recently, Hoyat and Iuis (37) using the Zeiss

wle



photocoagulator made discrete retinal lesions, and described
the course of optic fibers in the optic nerve chiasm and tract
of monkeys. _

Minkowski (43,49) is credited by Polyak (60) as the first
to discover that crossed and uncrossed fibers alternste in the
cell lamina of the lateral geniculate body. Hechst (35) found
a8 gimilar arrangement in humans. LeGros Clark and Penman (16)
deseribed transmeuronal degeneration in the lateral g@niculate
body, identified its laminated structure, and confirmed the
termination of crossed and uncrossed optic f£ibers in alternating
layers in wmonkeys.

The cytoarchitecture of the lateral geniculate body in
cat has been studied by Ramon y Cajal (14), Tello (72), Thuma
(73), ©'Leary (54), Rioch (63), Winkler and Potter (76), and
others. Thuma (73) described five components of the lateral
geniculate body in the cat. These layers are the pars dorsalis
A, pars dorsalis Al, pars dorsalis B, pars ventralis, the mucelus
perigeniculatus anterior and nucleus perigeniculatus posterior,
Rioch (63) found a similar arrangamaﬁt in dogs. Cohn (19)
demonstrated the three layered electrical organization of this
structure in the cat by microélaztroda studies. More recent
accounts of Hayhow (32) indicate a somewhat modified
cytoarchitectural organization in the lateral geniculate body
of the cat.

The fiber projections to the optic tectum have been

studied by various techniques by Tsai (74) in opposum,



Johnson (38) in mole, Cajal (14) in mouse, Lashley (42), Clark (18)
and othare in rat, Minkowski (49), Brouwer and Zeeman (10) and
Overbosch (35) in rvabbit. In the cat this area was invastigated
by Monakow (50), Probat (61), Cajal (14), Barris, Ingrem and
Ranson (7), Crosby, ﬁose and Henderson (20-21) and Bucher and
Buzgi (13). The optic tectum in monkey was studied by Brouwer
and Zeeman (11), Polyak (60) and others, and in man ﬁy Juba (39).
In & recent atudy-&ltman.(l) dgalt with the efﬁerent}aoﬁgactians
of the superior colliculus in cat, using the Nauta-Gygax technique.
Polyak (69); Peela (58), Crosby (22), O'Leary (54) and
others described the distribution of optic fibers by size. Bishop
and Clare (9) dnweribéd the electrophysiological organisation of
fibers in the optic tract of cat. Distribution of the small end
large fibers in the lateral gemiculate body of the cat was also
studied by Hayhow {32) by ﬁha Héuta?aygax ateining technique.
GmM(%)mﬁnaMLWWaﬂukm%inmﬂwimmﬁ@mdm&
manner of termination of optic fibers, inm the latéral geniculate
body, by silver ﬁmgregnﬁﬁimﬁ techulque, and described terminal
boutons establishing synaptic comtact with the cells of this

structure.



MATERTAL AND METHODS

Twenty adult cate were used in this investigation.
Sections of the optic nerve, usually the left, were performad
by two different routes, trangorbitally through the lateral
wall and voof of the orbit, or tremscrenially through a
subfrontal approsch, sectioning the nerve juet cendal to its
emergence from the optic forsmen. By either method damage
was avoided to any structures imside the optic globe, and
each acted as a control for the otheé structure. Thus some
damege to the olfactory tract and trigone srvea was noted in
the animals where a tramscranial approach had been used, but
did not interfere with the study of the visual pathways, as it
could be easily compared with similar lesions of the optic
nerve produced extracranially. It was possible to carry out
gection of the optic nerve, either completely or in segments
to study the segmental distribution and termimation of retinal
fibers.

All lesions were made under ageptic conditions. Fex
enegthesie 50 mgm. per kilogram body weight of veterimary
nembutal was used intraperitopeally. Complete or partial
sections were perfc:méd with 2 sharp surgical knife. 1In two
animals, sections of the optic chiasm in the mid sagittal
plane were performed.

The animals were sacrificed with a lethal dose of
nexbutal after a survival period ramging from f@ur days to

one month, After intraperitoneal injection of 5cc of nembutal,



immediate thovacotomy was performed and & trasscardiac
perfusion of the whole animal with fifteen per cent formaliam
solution was done. 'The braime were then removed en bleoc with
the optic nerves and the optic globee in contimuity with the
bfain. These were further fixed in formalinm for ¢ period of
up ﬁ@ six wonths. The aptieﬁuew‘a,chiaﬂm and tracts wers
removed in contiouity in four animels and sectioned separately.
Approprite blocks of tissue were made from all brains. im the
c¢oronal or horizontal planme. The ticsue was dehydrated Iu
the usugl menner and a@ba&da& in pavaffin, Bections, twenty
microns thick, were cut with s Spencer rotatory microtome.
Every tenth section was then mounted and stained by the
Stotler’'s intensified protorgel staining technique. Drawings
were made of these aress and compared with the wormal silver
stained, Welgert and Nisal stained material for further
orientation of laminas end plenes.®

The criteris of degeneration were: 1. Swellem and
fragmented axous which, vitﬁ increaaiag survival, showed
linear accumulation of argyrophilic matariai, end infiltration
with microglial cells along the course of degenevating ﬁmns;
2. Thabpmﬁcarym around the cells stained dully; 3. Leoss of
normal cell and/or fiber population; 5. Visualisation of darkly
staining degenmerating preterminals ami club ahape& degenerating
black boutonus arcund the neurons. Rapeited frequent comparison
*Horizontal sod coronal sections of normal cat braing stained
by Weigert, Hissl and Btotler silver impregnation techniques

were kindly made aveilable by Dy, William A. Stotler.
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with similarly stained normal tissue wae of great help in

excluding artifacts.



RESULTS

A brief review of the snatomy of the subcortical visual
pathways is in ovder at this point. The optic nerve is made
of axons of ganglion cells of the retima, vhich comverge on
the optic papilla. Passing out of the cribriform area, most
if not all of thess become myelinated, and collect imte bundles
separated by septa. They have mo neurolemma (60). The optic
nerve thus formed proceeds ceudually, entere the cranmial cavity
through the optic foramen and joins the chisem. The chiasm
in the cat is H-shaped (4). Posteriorly it is comtinuous with
the optie tracts, which contains fibers from homolateral temporal
and comtralateral mesal retima. The optie tract curves around
the lateral surface of the diencephalon, and upwards im a broad
sweep around the cerebral pedunmcles, becoming almost vertical
and very much broader as the lateral gemiculate body is approached.
At this point it bifurcates into medial and lateral rami which
gurroynd the lateral gemiculate body (9, 58, 60).

The lateral gemiculate body is divided imto a pars dorsalis
and & pars vemtralis, the two being separated by a well defined
fibrous septum. The pars dorsalis consists of three laminae,

A, AL and B. Other components of the lateral gemiculate bedy im
the cat are the mucleus perigeniculatus anterior snd the nucleus
perigeniculatus posterior. The pars dovsalis A and Al are twe
gently sigmoid, celluler laminese of almost ideatical histological
structure of fairly umiformly distributed small, medium and large
cells. They ere separated by & wedullary lamina conteining

scettered large cells amd called the &-Al interlamimar
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fiber plexus. The pars dorsalis B iz 2 sigmoid lamina containing
medium sized gpindle-ghaped cells. It lies betwesn pars dorsalis
Al dorsally and a layer of dispersing optic fibers ventrally. The
two laminse ave separated from each other by a cellular
transitional gone characterized by presence of large deeply
gtaining cells. The mucleus perigeniculatus snterior is an
attenuated irregular layer of small cells forming a cap over the
anterior and dorsal surface of the pars dorgalis A. The mucleus
perigeniculatus posterior forms a cap of small c¢ells over the
posterior end of pars dorsalis Al and is in apparent contimuity
with pare dorsalis B. It is regerded as identical to pavs
dorgalis B. A diffuse cluster of cells similar to those found

in the wain mass of pars dorsalis is situated between the pars
dorgalis laterally emd the pulvinar medially, and is embraced by
the lateral and medial vaml of the optiec tract.dorsally and

mediaily. This is called the nucleus interlaminaris medialis.

The pars ventrelis is & small pymmidal mess of cells located
between medial and lateral vami of the optic tract. It is composed
predominantly of sﬁall cells and anteriorly bacomes contimuous
with the nucleus perigeniculatus anterior.

The pretectal reglon 18 a vostral diencephalic extension of
the superior colliculus., It receives & larger number of the
retinal £ibere ss compared to the superior colliculus. These
fibers reach the pretectal aresz mainly by way of tﬁe lateral
division of the brachium of the superior coliicglug laterally

and through the optic tract in the ventromedial aspect of the



lateral gemiculate body. Some fibers also reach the pretectum,
particularly jtes rostral part, by way of the medial division of
the brachium of the superior ¢olliculus. The majority of these
fibers terminate on the large cells of the pretectal area while
some penetrate the whole extent of the pretectum by way of the

stratum opticum,

The superior colliculus receives more crossed tham unerossed
fibers, These fibers arrive by way of the lateral division of the
brachium of the superior colliculus after a short course over the
dorsal edge of the lateral geniculate body. A few fibers reach
the dorsomedial surface of the superiér colliculus through the
medial division of its brachium., The fibers ave distributed
through the stratum opticum and reach dorsally the atratum griseun
guperficiale and ventrally the stratum griseum mediale (1).

The present investigation was undertaken to study the course
of the optic f£ibers in the cat by the silver impregnation technique.
Most of the investigators in the past have relied on three main
forms of ataining techniques (32). The Nissl method employed by
Minkowaski (49), Barris (6), and Cohn (19) is able to demonstrate
the cellular structuraa well, but falls short in demonstrating
degenersting axons. The Marchi technique, utilized by Minkowaski
(48) , Overbosch (55), and Barrie, Ingram and Ransom (6), shows the
myelinated degenerating axons only, and artifacts are én aver
present problem. The special silver staining techuique used by
Glees (26) provides a method of studying optic tract fibers, and

their termination by staining the degenerating axons, preterminel



Figure 1,

Figure 2,

4 semidiegramatic drawing of the lateral
geniculate body of the cat, in the coronal
plane of section, to show the laminar

arrangement end principle cytoarchitectural
features.

4 semidisgramatic drawing of the lateral
geniculate body of the cat, in a
horizontal plans of sectiom, €o show the
laminar arrangement and the principle
cytoarchitectural fegtures.
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Figure 3. A semidiagramatic drawing of a coromal section,
of the brainm stem in cat, to show the various
strata at the level of the superior colliculus.

Figure 4. A semidiagramstic drawing of a horizontal sectiom,
of the brain stem in cat at the level of the
superior colliculus and pretectal erea, to show

the appearance of the various strata of the visual
tectum at this lavel.

Figure 5. A semidisgramatic drawing of a horizontal section
of the brain stem in cat, at a level dorsal to
Figure 4, to show the arrangement of the strata
of the superior colliculus at this level.
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fibers and boutons. By these silver impregnstion techniques
it is possible to study the myelinated and unmyelinated fibers
as well as the cellular structures. Recently Hayhow (32),
Altman (1), and Hoyat and Luis (37} have employed the Nnﬁta-Gygax
(53) method of silver impregnation., This, tos, as pointed out by
Hoyat and luis (3?), has its shoft comings. The main problem being
non stnin;ng~of some tissues and the difficulty of handling
individual tiny frozen sections. In the presanﬁ study the
Stotlex's (71) intensified protargal technique has been used.
This method empides the standard paraffin sections. Non staining
of tissue is umisual, and staining, in gensral, is found to be
satisfactory. It is, however, not usually possible to distinguish
the deanaarétaé and upndegenarated areas undg: the low power,
recognition éf the degenerating pra&ermiﬁgls and boutons
requiring higher powers of magnification.

~ Thie study also concerns itself with the determination of the
segmental distribution of the :etinai £ibers in the optic chiasm,
tract, lateral geniculate body, the pretectal area and the
superior colliculus, Ho more réceant study of such a mature was
encountered in the literature than that of Brouwer (10), and
Overbosch (55) in 1927. ‘the approach is slso different as the
lesions are made in the optic merve divectly rather than in the
retina.

Information was also sought in this investigation as to

the distribution of optic nerve fibers according to fiber size.
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An sttempt was made to study these fibers of small and large
dismeter in normal as well as in the experimental brains stained
in a similar manper.

I. Complete Section of Ome Optic Nerve.
A. Coronal Sections.

Cat R-369

A complete section of :thé 1left optic terve was performed
transcranially. Figure on next page diagramatically represents
gselected sections to show the pattern of degem ration im this
animal. The prechidsmatic portion of the left optic nerve shows
complete degeneration., Although in one section some fime
undegenerated fibers were seen, presence of such fibers could
not be confirmed in the remaining sections. These are to be
rvegarded as artifacts. HNo degeneration was found in the intact
right optic nerve.

j:n the chiasm degenerating fibers from the nasal portion
of the left optic nerve begin to cross in the anterior wost
chiasm and ave intermingled with the intact fibers from the
vight optic nerve. The mmber of crossed fibers is greater
than uncrossed fibers, The degenerated fibere from the temporal
portion of the left nerve occupy the lateral aspect of the chlasm.

After croseing, the fibers lie in the medial posterior
chiasm and pass into the comtralateral tract. A comsiderable
scattering of fibers tekee place in the tract. Most of the
right optic tract is occupied by degenerating fibers. There
is increassed concentration of these fibers in the medial and

ventral portions of the right optic tract. The fibers from

-13-



Figure

6-

A series of six drawings to illustrate

representative coronal sections of Cat R-369
after complete section of one optic nerve.

(1) Complete degeneration in one optic nerve
(lines). (2) Degemeration in the chiasm
(iines). Wote the degeneration free area of
chisgsm occupied by the intact uncrossed fibevrs
of the intact nerve. (3) Degeneration in the
optie tracts (lines). Only areas where

degenerating fibers are hesavily concentrated

are shown. Also, note the degemeration in the
rostral portions of the lateral gemiculate
bodies (stipples). (4) Degeneration in
laminae A and B of contralateral lateral
geniculate body and lemina Al of homolateral
lateral geniculate body. (5) Degeneration

in the hrachii of the superior colliculi
{l1ines) and pretectal areas (stipples).

(6) Extent of degeneration in the superior
colliculi.
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the lateral portion of the left optic nerve are gscattered
throughout the left optic tract. A much smaller mumber of
degenerated fibers are noted in the left tract.

As the optic tracts are followed posteriorly they divide
into a medial and lateral coméonent. The two rami encircle the
pars ventralis. A large number of degenerating fibers of passage
are noted in the pars ventralis. Evidence of degemeration is
present around a very few of the cells of the pars ventralis.

The Intensity of degeneration is greater on the right side.

Optic fibers enter the pars dorsalis from the lateral
aspect progressively beccming oblique and then at right angles
to the tract, as the main mass of the lgteral geniculate body is
reached. Degeneration is seen in a crescentic area over the
lateral margin of the ventral portion of the right lateral
geniculate body. A band like degeneration extends and forms a club
shaped medial end., Another area of degeneration appears at the
medial and superiorvmaxgin,of the latexral geniculate body, and
gradually extends to encircle the eantirve peviphery. Subsequent
sections show degeneration in the ventral portions of pars
dorsalis, and arvound its margin, leaving en inmer c¢rescent shaped,
degeneration free avea which gradually enlarges in size. As the
hilum appears, the band of degeneration skirts the hilum. In the
most dorsal portions of the pars dorsalis at this level, a small
triangular shaped degeneration free area is seen. Medially a
band of degeneratiﬁn contimuous with the main mass separates the

pars dorsalis from the pulvinar. The dorsomedial margin of the
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pars dorsalis is free of degeneration. Caudally the entire
geniculate body is peripherally emcircled by a collar of
degensration with a degeneration free area located centrally.
On the laeft side, the most rostral portione of the lateral
geniculate body are free of degemeration. An area of
degeneration, placed eccentrically in its dorscmedial aspect,
appears and then splits into a smal; circular ventral and
band like dorsal portions. The latter elongates mediolaterally,
the ventral portion now lying medially curves iﬁto & horseshoe
shape, The two ends then join to form an encircling band around
a degeneration free avea which in turn i2 surrounded pervipherally
by a degeneration free zome. Further posteriorly its cemtral
portion is occupied by process of degeneration and the marginal
zone is completely free of degeneration.

There are more degenerating fibers in the brachium of the
superior collieulus, the pretectum and the superior colliculus
of the right side. In the pretectal area evidence of
degeneration is noted sround the large cells of this area. 1Im
the superior colliculus degenmerating axons are seen inm the stratum
opticum., Some of the degenerating f£ibers enter the stratum griseum
inteymediale, and others the stratum griseum superficiale snd seem
to terminate in these layers. WNome of the degemerating fibers
penaetrate any further than the above mentioned layers.

Some degenerstion was noted in the anterior commissure and
olfactory tract on the left side representing damage from

retraction of fromtal lobe in approaching the optic nerve.
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Figure 7. A series of five drawinge of the representative
sections of the optic nerves chiassm and optic
tracts from Cat R-370 to show the course of
degenerating retinal flbers (lines) after a
complete section of one optic nerve.

Figure 8. A diagramatic representation of the course of
retinal fibers in the optic nerve, chissm and
optic tract in Cat R-370.
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Cat R~370

The left optic merve was trangected through a transorbital
approach., The prechiasmatic portion of the left optic nerve is
completely degenerated. The right optic nerve shows no evidence
of degeneration. The course and tevmination of degenerating fibers
is essentially similar to that described sbove. Therefore, only
additional points of information will be added.

Croseing of optic fibers takes place mainly in the central
chissm. Some crossing degenmerated fibers course through the
hypothalamic ares but do not end there.

Uncrossed fibers are located in the lateral chiasm,
oceupying & semilunar area. The number of uncrossed fibers is less
than crossed fibers.

Both optic tracts are occupied by scattered degenerating
~ axons of mil and large dismeter. The proportion of
degenerating fibers is much greater in the right optic tract.

On the right side f£ine fibevs are seen to end in the ventral
layers of pars dorsalis while the large fibers with a few small
fibers traverse through this layer nnd form a tangential plexus,

In this plexus & few scattered large cells are embedded. Evidenee‘

of degeneration is present around some of these cells. The

remaining fibers terminate in the two move dorsal layers. Degeneration
is seen around cells gcattexed in the interlaminar plexus present
between these two layers. In the left lateral geniculate body
degenaration is ﬁmmt around cells scattered in the zone of

transition between the two ventral layers.
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Figure 9. A series of gix drawings to illustrate
representative sections of Cat R-370 after
complete section of one optic nerve.
(1) Position occupiled by degenerating fibers
from the sectioned optic nerve (lines).
(2) Axeas of mexismum concentration of
degenerating fibers in the optic tracts (lines),
and degeneration in the rostral portiom of the
contralateral lateral geniculate body (stipples).
(3-5) Pattern of degeneration in the contralateral
&nd homolateral pars dorsalie. (6) Degeneration
in the stratum griseum superficiale, stratum opticum
and stratum griseum iatermediale of the superior
colliiculi, '






Mogt of the €£ibers in the brachium of superioy aolli?:ulua
are of small diameter, and only a few fibers are seen. Some of
the fibers traversing through the brachium seem to be @&
contimuation of the optic fibers which have given off collaterals
to the lateral geniculate body.

Ho degeneration is seen in stratum zonale, or layers deeper
than stratum griseum intermediale. None reach the central gray
or occulomotor muclear complex.

Cat R-383

The left cptic nerve was sectioned completely transorbitally.
Besides the findings described for Cat R-369 and R-370, the
following points were noted.

In the right pars dorsalis degeneration in lamina A and B is
geen., A sharp line of demarcation between lamina B and Al cannot
be identified. There is, however, a reduction of degenerating
preterminals in the region of tramsition. Degenerating preterminals
extend into the A-Al interlaminar plexus.

In the left pars dorsalis the process of degeneration shows
ite maximal intensity ventral to A-Al interlaminar plexus in the
lamina Al. An overlapping of degeneration into the A-Al interlaminar
plexus was not noted. The Al-B transitiomal zone contains evidence
of degeneration arcund its cells. |

B. Horizontal Series
Cat R-379

The pattern of degeneration in this snimal is shown

diagramatically in the accompanying figure. The left optic nerve



Figure 10,

A series of four drawings illustrating
representative horizontal sections of Cat R~379
to show the pattern of degeneration after
complete sectionm of one optic nerve.

{1) Degeneration in the contralateral lateral
geniculate body, both pretectal areas aad both
strati opticum (stipplas). (2) Degenerastion
in leminae A end B in the contralateral pars
dorsalis and in lamina Al of the homolatersal
pars dorsalis (stipples). Degenerating fibers
are present in the brachil of superier colliculus
(linee). Also, note the degeneration in the
pretectal sreas (stipples). {(3) Degeneration in
laminse A and B contralaterally and in lamina Al
homolaterally (stipples). Degenerating fibers
in the brachii bilaterally (lines), and
degeneration in the stratum griseum intermediale
(stipples) are also indicated. (4) Degensrvation
in the lateral geniculate body and the stratum
griseum superficiale (stipples). Note the absence
of degeneretion from the stratum zonale.
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has been sectioned completely gnd degeneration is present
throughout its extent., The right nerve is completely free of
degeneration, except for the medial tip of its most proximal end
just before it joins the chiasm. Here s few degenerated crosged
fibers loop into the intact nerve. Crossing takes place mainly
in the central portion of the chiasm, the crossed £ibers then

" enter the optic tract where they are diffusely scattered, but
show a heavier concentration in the medisl portion of the trsct.

& few degenerating fibers course through the suprachiasmatic
arca of the hypothalamus but no evidence of these fibers ending
in the hypothslamic area is found. Some of them are geen to
rejoin the posterior chiasm or optic tract.

The uncrossed fibers enter the left optiec tract where they
are scattered and become difficult to identify as 2 separate
bundle, Thay, however, seem to maintain a preponderance in the
lateral aspects of the éract.

The optic tract divides to enclose the pars ventralis
vhich contains many degenerating fibers of passage. These fibere
of passage are more on the right side than on the left,

On the right side the pare dorsalis makes its appearance
48 a circular area of degeneration medial to the pare ventralis
and separated from it by a well defined fibrous septum. An area
free of degeneration appears and survounds the srea of degeneration.
Another band of degeneration appears medially to the degeneration
free area. The two areas of degeneration then join to enclose
an area free of degeneration. In the middle sections the trilaminar

appearance and the S~-shaped laminase are apparent.
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Segments of A-Al interlamina plexus are recognizable in
various gections. The transition between Al and B is marked by
a leyer of sparsely scattered large cells of the lamina
magnacellularis. The area between the A-Al interlaminar plexus
end lemina magnacellularis is completely free of degemevation.
Process of degeneration is encroached onto A-Al interleminar area,
and the trangitional zone between Al and B.

On the left side tha part of the pars dorsalis first
appearing medial to the pars ventralis is completely free of
degeneration. A band of degeneration appears medially to the
former and partially envelopes it. Tﬁis in turn is sgkirted in its
wmedial and rostral aspects by another area free of dégeneration.
The two degeneration free areas join to surround the central
area of degeneration. An $-shaped configuration of the three
laminge is noticable. Overlapping of degemeration is only seen
in the sone of transition between laminag Al and lamine B.

The brachium of the mpﬁﬁ.m: eolliculus is formed by fibers
converging medially from the medial and lateral rami of the optic
tract. Both brachia of superior colliculus contain degenerating
fibere, but the right containg a greater number., A grester number
of these fibers turn medially and rostrally and end around cells
of the pretectal avea, Other fibers turn caudally and enter the
stratum opticum of the guperior colliculus from its medial rostral
aspect. Degenersting preterminals are also seen in the stratum
griseum intemdiale.

In the'epmic nerve chissm the small and large f£ibers are



Eigura 11.. A series of four drawings illustrating
ropresentative horizontal sectioms of Cat R-377
to show pattern of degeneration in the lateral

- geniculate bodies and visual tectum after
complete section of one optic nerve,
(1) Degeneration in the contralateral laminae
A and B (stippled). (2) Degeneration im the
homolateral lamina Al (stipples). HNote the
characteristic S-shaped cenfiguration of the
laminge and segregation of crossed and uncrossed
fibers in azlternste laminae. (3-~4) Degeneration
in the pretectal and collicular areas (stipples).
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intermixed and do not show any definite grouping aceording to

fiber size, As they approach the £ract they start to group .
according to eize. The small fibers move medially, the large
fibers remaining lateral. This grouping is malntained throughout
the tract. Their distribution in the pars ventralis, pars dorsalias,
brachium of superior colliculus, pretectal avea and tectum is
similar to that described in ¢oromal sections after complete
seption af one optic nerve,

Cat B-377

The left optic nerve has been sectiomed completely, The
survival period in tbia animal is one month, Findings ave similar
to those described for Cat R~379. The degeneration pattern inm the
contralateral and homolateral side differs very 1:&1::§:Ie » 8light
variation being due to different plane of section, aﬁd the lomger
period of survival. Ag thie stagé no degenevating preterminals or
bowons are identified.

Cats R-376, 380 and 399.

The findings are similar to those described sbove. No
significant change in pattern of degeneration is noted to justify
a detaila&_account.

II. lLesions Involving the Medisl Optic
Rerve Fibers.
A. Coronal Sections.

Cat R-368

An sttempt was made to section the medial portion of the
left optic nerve transcranially. The lesion involves the medial

portion of the nerve cloger to the mid line in the lower quadrant
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then in the upper quadrant.

The degenerated f£ibers start crossing in the anterior chiasm
and interdigitate with the intact fibers from the right optic nerve.
More degenerating f£ibers are seen in the ventral aspect of the chiasm.

In the right optic tract, these degemerating fibers are
scattered considevably. Mora of these £ibers enter the medial ramus
of the optic tract, from there they gradually pass into the ventral
portion of the lateral geniculate body. HNo degenerating fibers ave
seen in the left optic tract.

In the vight lateral geniculate body greatest demsity of
degensration is present in the peripheral dorsal and ventral layers
of pars dorsalis. It does not quite extend to the medial boundary
of the lateral geniculate body. Other £indings are similar to
those described for the contralateral geniculate body in animals
with complete sectioms of one nerve. No degeneration is noted in
the left lateral gemiculate body.

Fibers veach the right pretectal area mainly through the
lateral branch of the brachium of superior colliculue, and
terminate around cells of this area. HNo degenerating axons were
seen in the left brachium or pretectal area.

A smaller number of degemerating fibers reach the right
superior colliculus, mainly through the lateral branch of the
brachium of superior colliculus. Entering the stratum op;icum
gsome end around cells in this avea. Some degeneration is also seen
around cells of the second and fourth layers of the superior

colliculus. Concentration of degeneration is heaviest in the

~26-



medial and rostral medial portion of the superior colliculus.

B. Horizontal Sections
Cat R-384

A mid sagittal section of the optic chiaem was perforumed
transcranially.

The central pattion of the chiasm has been destroyed by %.he
lesion. Both optic tracts are occupied heavily by degenerating
fibers. A few intact fibers representing the uncrossed fibers
are also scattered in the tracts.

| The lateral geniculate body on Eot!a sides shows eutensive
degeneration. It is quite similer to that described for the
camtmlétaral geniculate boéy in animals ﬁiﬁzh complete sectilons
of one nerve.

An equal wuwber of degemerating fibers are seen in both
brachia of superior colliculus. A larger proportion veaches the
pretectal area:. The pretectum also receives some fibeirs by way of
medigl ramms of the optic tract.

The superior colliculus receives a comparatively smaller
contyibution ma:&ﬁly through the lateral division of the brachium
of superior colliculus, a few fibers arriving by way of f:he medial
&iviaion. The diﬁtx‘iﬁutiﬂﬁ in thé second, third end fourth layer
is similar to that described previocusly. |

IXI. Lesion of Temporval Portion of Ome optic Nerve.
A. Coronal Sectionsa

Cat B-378 |
Through transcranisl approach a lesion was made in the temporal

portion of the lef: optic nerve. The lesion involves the left



temporal upper quadrant mainly and the left lower quadrant partly.

Degeneration is seen mainly in the lower portion of the
prechiasmatic part of the left npﬁia nerve. ‘These fibere course
through the lateral ventral aspect of the chiasm and then become
scattered in the left optic tract.

Yew fibers of passage are seen to pass through the pars
ventralig. No terminal degeneration wes found in this area.

The central portion of the left pars dorsalis shows
degeneration in it& iatﬂrnl and ventral portions mainly. Degenerastion
overlaps, and extends into the zone of tremsition between the two
ventral laminae and the cells of laming magna cellularis im this
zone of transition, No degengration is seen in the right lateral
geniculate bady.

A few degenersting f£ibers are seen in the lateral branch of
the brachium of superior colliculus on the left side. These are
moye in its vostral portion. Some of these fibers are seen to enter
the left pretectal avea while the left superior colliculus receives
a very small nusber of degenerating fibers. HNo degenerating axons
ave seen in the comparable sreas on the right side.

B. Horizontal Sections.

Cat 398

In this animal a lesion was made in the lateral portion of
the right optic nerve tramsorbitally.

The lateral portion of the right optic nerve shows
degenerating fibers. These fibers rvun into the lateral portion of

the chimsm and enter the right optic tract laterally. In the tract
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Pigure 122 A smeries of five drawinge of representative

Figure 13,

sectione of optic nerves, chissm and optic
tracts, in Cat R-382, to show course of
degenerating retinal £ibers from the superior

- guadrants (limes). Stipples indicate the

extent of the lesion in the nerve.

A diagrasatic representation of the course of
retinagl fibers from the superior quadrants in
Cat R-382 through the optic nerve chimam and
optic tracts,
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they are scattered but show some degres of concentration in the
lateral aspect.

No degenerstion is seen in the left lateral gemiculate
body. Om theright side the pattern of degeneration is similar to
that described for the homolateral side in animals with complete
section of one nexve,

A few degenerating axons are poted in the left brachium of
superior colliculus. The right brachium is free of degenerating
axons. BSome degeneration is also seen in the left pretectum and
superior ¢olliculus,. |

IV. Sections of Superior Half of Ome Optic Nerve,
A. Coronal Sections.

Cat R~382

Representative diagramatic sections from this snimal ave
ghown in the figure on the next page. The superior portion of
the right optic tract was sectiomed tramsorbitally,

Tha degenerating fibers £rom the superior portion of the
right optic nerve enter the chiasm superiorly, The nasal f£ibers
cross in the superior portion of the chiasm, the temporal fiberxs
remaining laterally and somewhat ventrally.

The crossed £ibers enter the dorsomedial part of the left
optic tract, then scatter to & considerable extent. Theye is,
however, some increased concentration in the dorsomedial portions
of the tract.

The uncrossed fibers enter the right optic tract dorsoventrally
where they undergo considerasble scaettering, but shov some degree

of preponderance in the dorsolateral portions of the tract.
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FPigure 14, A series of four drewings to illustrate
representative sections of Cat R-382 to show
the distribution of fibers from the superior
guadrants of one opitic nerve.

(land 2) The dovsal location of the superior
quadrent fibers im the chiasm and optic tracts
(lines). (3) Degenerstion in the dorsal
portions of the optic tracts (lines) and the
roatral portion of the contralateral lateral
geniculate body (stipples). (4) Degeneration
of the medial portions of laminae A and B
contralaterally and lamina 41 homolaterally.
‘Also, note the degenevation in the pretectal
arveas. (stipples).
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B. Horizontal Bections.
Cat R-393

The major portion of the lesion involves the guperior haif
of the left optic merve. The disposition of the degenerating
superior quadrant fibers in the optic nerve, chiasm and tract is
similar to that descri&e& for éat R-382. Crossing of these fibers
iz noted to be maxinum i& the posterior chiasm,

The pers v@nﬁralia containe numerous degenerating fibers
bilaterally, but more on the right.

In the right paré doraalis, degeneration occupies the
medial and caudal aspects of the periphery identiflied as the medial
and caudal aspects of lamina A end B. 7This distribution is noted
in the more dovsal sectione of the series.

On the left side degtneration is present in the middle layer,
identified as iamima Al., The process of degemeration shows ite
maximum concentration im the caudal and medial portions, and is
more prounounced in the more dorsal sections, The most dorsal
and most ventral sectiouns being free of degemeration.

Degenerating fibers are seen im the right pratecial grea
and are diastributed evenly. HNo definite segmgntal arrangement
can be sstablighed. Rwidence of éagaaération wna‘Vexy scanty
in the left preteectal area.

In the right superior colliculus the heaviest concentration
of dagéneration is locatad in the caudai and lateral porxtious.

It is present in the stratum opticum, stratum griseum intezm@diale

and the stratum superficiale. Degeneration in the left superiox
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Figure 135,

A series of four drawings to illustrate
representative horizontal sections of the
contralateral and homplateral lateral
geniculate bodies of Cat R-396 to show

areas of degeneration in the pars dorsalis
after section of the superior fibers of one
optie nerve. (1-2) Degemeration inm the
rostral and medial portions of the homolateral
lamina Al (atipples). (3-4) Degeneration in
the rostral and medial portions of laminae A
and B.
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colliculus is very sparse.
Gat R-396

The superior portion of the left optic tract was sectioned
transcranially. The distribution of these superior temporal and
nasal £iberz is similar to that described for Cat R-393, TPigure
on the next page shows the distribution of the superior quadrant
fibers disgramsticslly.

V. Distribution of Fibers by Size in Normal Brains.
A. Coronal Sections.

Cat 253

In the prechimtia portion of optic nerve, small and large
£ibers are intermingled with some i;endemy of the large fibers to be
in the peripheral zone. The mumber of emall fibexs is much larper
than the large fibers.

In the chiasm the small snd large fibers are intermingled and
ghow no definite separation in bundles sccording to size. Very few
of the large f£ibers cross in the chiasm.

- Thae {ibers ovganize according to size in the optic tract.
The snall fibers form a& tightly packed aggregation of fibers in the
dorsal portion of the tract. The large fibers ave loosely packed
and are located in the ventral part of the tract. In the wore caudal
‘gections, the large fibers wove into a ventrolateral and thenm a lateral
position, and the small fibers come to lie medially.

The majority of the f£ibers of the optic tract enter the medial
ramig vhere the large and small fibers are intermixed, They enter
the lazeral aspect of the ventral portion of the pere dorsalis at

right anples to the medial ramug. Further medially
ang
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they take & progressively oblique course, the most medial fibers
entering horizontally.

The lateral ramus receives a much smaller share of fibers
from the optic tract. Almost ail of these fibers arve of small
gize. Very few of these enter tﬁ& pars dorsalisg.

Only smell €ibers are saeﬁ entering pars ventraliz. Multiple
branching fibers and terminalboutons are visible around the small
calls of pars ventralis. |

In‘tha pare dorsalis large and small fibere bramch several
ﬁimas. The termination seéma te be by way qf bouteons which are
seen to lie as aiﬁb-uhapéd structures around tﬁe cell bedy.

The brachium contains small £ibers mainly, although an
occasional laerge fiber is secen. In the pretﬁcéal area all fibers
are of small gize and terminate by means of bﬁutans around cells
of this area.

In the superior colliculus the majority of fibers are of small
diasmeter, but a fgw large fibers ére alsoc seen.

| B. Eorisaﬁtal Sectiané.
Cat 263

The fibers are granyed‘Sy size in the optic tract. The ﬁmali
fibers are located rosteromedially, occupying & larger part of the
tract. The large fibers are found in the ceaudolateral portion of
the tract, occupying & smaller area. The small £ibera are
tightly packed while the large fibers are loosely arranged.

As the two rami of the optic traét are forﬁad, a larger

proportion of fibers enmter the medial vamus. At this point the
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small tightly packed f£ibers occupy the inmer portion of the tract,
the large loosely packed fibers lying peripherally.

A considerable mumber of fibers enter the pers ventralis.
They are all of small size. Termination is similar to that
described for Cat 253.

Large and emall fibers enter the pars doraslis mainly
through the medial ramus of the optic vtrac‘t. Multiple branching
fibers are seen around the cells of pava dorsalis. They end by
means of terminal boutome which lie in close proximity to the
call body. Most of the large fibers and some of the small
fibers pass through lamina B and eoter the lamina Al and A.

In the brachium of superiar colliculus, pretectal area and
nupérior colliculus, the distribution by fiber size is similar

to that deseribed for Cat 253.
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DISCUSSION

The visual pathways, in gemeral, have been the subject of
congiderable study in the past. Henschen (31) divided the visual
system into frontal, middle and oceipital portions, anﬁ felt that
there was a discrete point-to-point réprasent&ticn in this system.
Polyask (60) divides it into lofrsauclear, intermediaste, and
supranuclear portiomns. This study ig‘concerned with the first two
divisions of these authors. The infrageniauilte pathways include
the optic gevve, chiasm and tract, In the intﬁrmediate portion
are inmcluded the lateral gemiculate body, the pretectal area and
the superior colliculus,

The Infrageniculate Divisiom,.

Wilbrand end Sanger (78) found that the fibere from
different quadrants lie in 5e§arate bundles, and recoguisged a
compact papillomscular bundle in the ventrolateral agspect of the
optic nerve. BRomne's (64,65) studies on human material revealed
that the gaﬁg&ian cell degeneration in the vetina corresponded to
the scotoma for color. He traced the course of the papillomacular
bundle in the infrageniculate division of visual pathways.

Optic Nerve

In an attempt to outline the disposition of optic fibers
circunseribed retinal lesions were made by Falachi (57),

Baquis (57, and Pick (57). The degenerating fibers were éhen
traced to deteérmine their disposition, Discrete retinal lesions,
with & knife or electrocautery, were made by Usher and Dean (75),

Pargons (57), and Polyak (60) in rabbits and monkeys. Using the
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Marchi technigue for study of the resultsnt degeneration, they found
that degeneration in the nerve corresponded to the retinal ‘lesiazw
and maintained the same velationsghip throughout the nerve,
Pargons (57) in monkeyas, found that the nearer the lesion was to
the optic papilla the greater was the extent of degeneration and
desoribed rotation of the nasal fibers ventrally and temporal
£ibers dorsally in the posterior portion of the nerve near the
chiaem, Such & votation in the prechlasmatic portion of the optic
nerva of primates has been denied by Hoyat and Luis (37) recenmtly.
Neither was such & rotation found in the cat in the gxaaent study.
Usher and Dean (75) had found some evidence of degenmeration
in the opposite optic nerve, but congiderad this to be an artifact.
Parsons (57) on the other hand, intevpreted similar findings to be
genuine in ﬁature.’ Ha felt that these fibers in the opposite latact
nerve belonged to some form of inter-retinal fibere or collaterals
distributed to physiologically corrvesponding parts of the opposite
retina. 1In his opinion these possibly induced chemicsl changes in
the visual system or movement in the cells so that visusl impulses
could gubservae a modified type of binocular vision. Kellerman (57)
attributed similar findings in pathological humen material to
compression of these f£ibers by the crossing of the opposite side
upndergoing atrophic process in the cﬁiam. These findings have
not been mdxzpmcatad by subsequent, wmore sophisticated, -
histomtomimi pethods and Polysk (60) feels that wo commissural
fibers directly liuk the two éyes. In the present si:udy; some

dagamératiug fibers weve found iu the most proximal and medisl



portion of the intact opposite optic nerve. However, these
degenerating £ibers belong to the sectioned o?tic nerve. These
are the medlal most nasal fibers which take the longest course
and loop into the most proximal and medial portionm of the
opposite optic nerve just before its juncition with the chiasm.

It is also noted that the nasal fibers are lomger than the
temporal fibers due to the fact that they have to cross the
transverse extent of the chiasm during the process of decussation,
the looping adding further to their length.

Brouwer and Zeeman (11) found the macular bundle to be
gathered chiefly in the tmoéal ares of the optic nerve in
monkeys. Polyak (60) stated that these fibers were located
temporally only in the three-fourths of the post bulbar stretch
of the optic nerve and assumed a central position in its
proximal fourth where they became surrounded by peripheral
retinal fibers. Hoyat and ILuis (37) could not £ind am exclusive
macular bundle in the most distal p&rtion of the nerve in wmonkeys.

Polyak (60) agreed with Brouwer and Zeeman that the
organization of fibers in the optic nerve was in a quadrantic
faphion representative of the respective quadrants in the
retina, Wolff and Penman (79), and Hoyat and luis {37) point
out z:h:t‘ the peripheral retinal fibers course peripherally in
the optie nerve in the primates., This statement cannot be
corroborated from the present investigation since the nature of

the lesion was such that a definite retinal quadrant was not
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directly involved, but rather an attempt was made to make a
partial lesion of the optic nerve itself,
Optic Chiaam

The number of crosped fibers increases progressively
with the development of himculas:' vigion. In the cat.
according to Bagris, Ingram and Renson (7), the greater part
of the optie nerve fibers cross. According to éleeﬁ {26728}
they constitute a third of the total number of optic fibers in
this‘anim&l.

Ronne (64+65) found that the crossed #nd unerossad fibers
separate in the intracranial portion of the nerve, crossing in
the middle and posterior portions of dorsal chiasm in humanm
material.

A mixing of lower crossed and both uncrossed Fibers in
the lateral borders of the chissm was found by Hoyat and
TLuis (37) in the primates. They found the peripheral nasal
retinal fibers in the dorsal as well ae the ventral area of
the chiasm, and a free intermixture of macular fibers with
peripheral quadrant projections. The sﬁpafiox retinal fibers

were found dorsally dnd the inferior retimal fibevs ventrally
in the chissm by Brouwer and Zeeman (11), and Polysk (60) in

monkeys.

In the present investigation separation of the crossed
and uncroesed £ibers was found to take place in the wost

proxwimal portiom of the optic merve at ite jumction with the



chissm. The majority of the fibers from the medial portion
of the nerve cross to the opposite sides. The crossing takes
place throughout the chiasm, but mainly in the cemtral portion.

Polyak (60) states that some chiasmal fibers loop in the
opposite optic nerve in the cat, and thiat such a detouring is
wore enhanced in wan and monkey. This 48 confirmed in the
present study. A loop of the medial wost portion of the nasal
fibers redches ini:a the most proximal medial portion of the
eppo‘éiée optic nerve,

The crossing fibers from the two sides intermingle in
the chiasm and no definite separation exists between the £ibers
of the two gides.

The fibers from the superior portion of the optic nerve
remain dorgally and those from the inferier portion of the nerve
ventrally. The upper nasal fibevs cross predominantly in the
dorsal portion of the chimsm. The decussstion being maximum
in the posterior portion of the chimsm. After crossing they
lie in the superior medial portion of the posterior chiasm
Just before enteving the contralateral optic tract. The
upper temporal fibers remain in a lateral position throughout
the extent of the chiasm. The lower quadrants occupy s

- ventral position in the chiasm. Some of the most latersl of
the crossing fibers have a temdency to loop into the medial
aspect of the ipsilateral optic tract, just at the junction

of thevchiasm and the tract.

According to Polyak (60) the supraoptic commissure and



other similar decussating fiber systems of the adjacent region
of the hypothalamus have no direct copnection with the visual
system except topographically. Hoyst and Luiw {(37) found
degenerating optic fibers of passage in the hypothélamia region
with no evidence of terginal arborization in monkeys.

In the present study a few degenerating fibers were seen
intermingled with the undegenerated f£ibers of the supraoptic
comaigsure in the hypothalamic region. This portion of the
hypothalamus is in direct contact with the optic chiasm. However,
there was no evidence of these fibers terminating im this area
and they are considered as fibers of passage which rum &
slightly sberremt course into the venﬁxal portion of the
hypothalamus.

Optic Tract

In the optic tract a considersble intermingling of fibers
is found. The crossed and uncrossed f£ibers spread out uniformally
and intermingle in the optie txact (60)., The conclusions
ia the present study based on the predominant concentration of
these fibers, indicate that the uncrossed fibers are concentrated
mainly in & small creecentic sres aﬁa: the lateral aspect of the
tract while the larger remaining portion of the tract is occupied
predominantly by crosgsed fibers.

A rotation of the superior and inferiorquadrhnt fiberse in
the optic trect has been reported by Hoyat and luis {37) in the
Mascaque, but such a rotation was not found in the cat in the

present study.
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The crossed superisr quadrant £ibers enter the dorsal
medial portion of the opposite optic tract, and then disperse
throughout the dorasl portion of the twact. ¥ha uncrossed
upper quadegnt fibers enter the dorsolateral pert of the
homolatersi optic tract where they are scatteved diffusely.

A mek smaller muber of the optic £ibers ebtes the homolateval
optic tract, the larger portion eatering the comtralaceral
Eract.

Biber Sise Distribution

Polyalk (60) stated chat the optic fibers vary in thickness.
Some distance from the cyeball, the coarsest £ibers ave lecated
peripberally in a sone ot omceading onc-tanth to cme-aipth of
the serve dimmeter. The thim £ibers in the immediste vicimity
of the eyeball are found slomg the temporal wavgin of the unerve,
but sowe digtance from the eyeball they are located centeally.
This position has beem showm to be occupied by mecular fibers
by Brouwer aod Zeewmn (11}, Polysk (60), Boyat ond Luis (37)
end others, indicsting thac the majority of maculer fibers awe
of saall sise.

~ In ehe present luvestigation the optic merves weve found
te contain smeller fibersg in greater muwbor then lavge fibars.
fome tendency of the laxge fibeve to reuain peripherally and
the sasll fibers mntz'an;? was woted. Howevera considerable amount
of disperpion end jantercingling wes found. In the chiasm, the
majority of crossing £iberg were foumd to be of emall sime.

The thick fibews were found in the wodge shaped ventral
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medial end of the tract, and thin fibers near the suvfsce of the
bulkier, club-shaped dorsolateral extremity of the tract in
monkey by Polyak éﬁ&). Hayhaﬂ (32) found the large and small
fibers to be closely intevmingled in tﬁa cat. Im the present
studies these £ibers are seen to undergo reorgamnization. The
fine £ibers come to lie mediaily as a tightly packed group in
the medial aspect of the tract, and gppear to be in greater
mumber than the large fibers. The large f£ibers are lovsely
packedvand lie lateral to thebfiua fibers. This arranggmeut was
egtablished in the normal as well as in the experimental matervial.

Different asizes of the fibers and their orgenization
indicates that they probably subserve diffevent functions.
Electrophysiologically these fibers were clasuifiéé by Bisghop
and Clare (9) and Bishop, Jermy and Lance (8) sccording to their
speed of conduction. They peinted out that the phylogenetically
more recently developed areas are served by the larger and
faster conducting fibers.

Crosby, et al, states that each thick optic fiber gives
a fine collateral before entering the lateral geniculate bady;
Although a very few such collaterals were seen, the fact that
the number of fine fibers was considerably increased in the

proximel portion of the tract is in favor of this view.
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THE INTERMEDIATE DIVISION

The Lateral Geniculate Body

The lateral geniculate Bndy which is present in all mammals,
was £ivet divided into dorsal and ventral portions by Rollikar
according to Le@ros Clark (15). These portions were identified
by Tsail (74) in oppossum, Winckler and Potter (76), Brouwer and
Zeeman (11), and others in vodents. A lobulodorsal and
lobuloredundo was desecribed by Cajal(l4d) in cats. Gilbext (25)
considered the lateral geniculate body te functionally belong to
the ventral thalamus,

Tello (72) noted the trilguinar srrangement of the lateral
geniculate body, and the characteristic S-shaped lsmina in the
gat. Thuma (73) recomstructed the lateral geniculate body in the
horizontal plane from his coxenal scctions Iin the cat. His
schematic drawing clossly resembles, in appearance, the shape of
‘the lateral geniculate body found ia horizoutal sections in thie
ptudy. The difforence is probably due to the gtrict dovsoventral
plane of section in this investigation as compared to his
theoretical plane of section which is inclined towards the mid
line at an angle of thirty degrees from the vertical. An S-shaped
configuration of the laminee was found to be preseant ia the
‘hariaantai sections in this study.

Minkowaki (48) described degeneration in alternating laminse
of lateral geniculate body after ecmwcleation of one eye in cat.
Bvidence of termination in alternate cell layers was found by

LeGros Clark (17) in wonkeys and by Ovlando (4), Hechet (35) and
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others in mmn. MHayhow (32) vesantly provided proof of such
termingtion within the pavs doveslis of cat, vsing silver _
ataining techniques. Bo 48 in agreement with Minkowski's
£indings, based on the Mavehi technique, of gegregation of
crogped sad umerossed fibers in the pars dowsaliis. This
begregation was uwot established by the Marchi studies of
Brouwer and Zemaan (11) and Overbosch (55), Colm {19), by
nicroelectrode studies mwived at similar comclusions so that
lomina A and B weve Sound to be sctivated by light frem the
contralateral eye, and the lanina &1 by light fron hemolateral
eye. The present study confirme the comelusions of earifer
igvestigators thae the crossed and uncrossed fibevs terminate in
‘altormate layezs. The crossed fibers emnding im lamins A and B,
and the uncrossed fibevs in laming Al of pavs dovsalis: |

Thuma (73) describes the pevs dorsalis A snd Al o8 maling
up the main body of the S-shaped latoral geniculate sucleus, in
longitudinal sections, sepsreted by a meduilary lamina,
O'Leavy (54) described it s en interlaminar fiber plemus much
thinoer dorsally thes voentrally, He found two mein types of
calls in the lavinas. The principle cells are medium or lavge
aized oval shaped cella, whose azons enter the optic radistion,
and short ason colls which are medium or small sise cells whose
smone mbowise in the mediate vicinity.

A deseviption of the appoarance of the homolateral and
coutralaterel geniculate bodies after section of one Borve, in
coronal and sagpital sections, has been given by Uaybow (32)
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Figure 15.

A series of eight drawings of the contralateral
lateral geniculate body, in coronal sectilon,
representing a complete picture of the
distribution of the degemerating preterminal
fibers and boutons in cats in which one optic
nerve was sectiomed completely. These drawings
repragsent a rostromedial series.

(1) Degeneration in rostral most portiomn of
lamina A. (2-4) Lamipa Al interposed between
lamina A laterally and lamina B medially.

{6) 'The hilum is skirted by lamina A. DNote

a medigl band of degemeration separating the
laming Al from the pulvinar., (6-8) Progressive
changes in the pattern of degeneration ag the
caudal portions of the pars dorsslis are approached.
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recently, The degeneration patterns iﬁ coronal gsctions
obtained in the present study are quite similar to those
obtained by Hayhow. The slight difference is due te the
different staining technique. With the silver impregnation
technique used in this study it is not always possible to
digtinguish the degenerated and the degeneration free areas
under the low power. Thea characteristic preteérminal fibers
and axonal degemeration can only be seen under the higher
magnifications. In some preéparations, however, a distinction
could be made under the lower powar. |

The accompanying disgrams show the distribution of
degeneration in the contralateral and homolateral pars
dorsalis. These are representative sections, and show the'’
changing shapes of the laminae proceeding from a rostral to
caudal direction. PFollowing Hayhow's (32) example fibers of
passage have not been marked, only the areas wheve evidence
of terminal degenmeration is present being represented in
black. Although the intensity of degeneration is variablé,
it has not been represented for the sake of clarity.

In coronal sections the lamina A is seen nost anteriarly.
Lamina Al appears medial to lamina A aa‘a eircular area
situated somewhat eccemtrically. It gradually expands to meet
the medial border of the lateral gemiculate bedy, and ventrally
and dorgally to éncloae the small rostral portion of lamina B.
The later remains in contact with the mediagl margin of the pars

dorsalis, and expands laterally so that the lamina A and Al
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Figure 17, A series of eight 6rawiugn of homolateral

laterml geniculate body in the coronal section,
representing 4 composite picture of the
distribution of degenerating preterminal fibers
and boutons in cate in which one optic narve
was sectioned completely. These drawings
represent & rosteromedial series.

(1) Degeneration free vostral portiom of
lamina &. (2) Rostral portion of lamins Al

(black) surrounded by lamina A. (3) Appearance

of lamina B medial to lamina Al, {(4-5) DNote
the appearance of a bend of degeneration between
lemina 8 and the pulvinar. (§-8) Progressive
changes in the pattern of degeneration as the
candal pole of the lateral geniculate body is
approached. ’






scquire & horgoghoe chape. The latayel geoiculeve bedy Ltself,
gradually changing ite chape, becomes ¢lomgsted in a swdiolateral
direction. The theee leninscelongato with Ik 48 a2 transverse plane so
that lmntas A end B come to lie dewsalily snd vemtrally roepectively
and cncloe the lauios Al sompletely on ali sides. The Bikm
appascs dovasl ¢o the lsciad A, indenting the letter wvenkrally,
lcaving & portion of its mediodoreal asspest dorsally. This
dorsal cosponens of the lesiad 4 reweins io comtact with tha wain
lawing by ¢ nevwow band, The lamine 3 48 intervupted in ite
veabrouodial aspect by lsuing Al. The lemine Al 18 iuterrzupted
in its medial sspact by the vemtrelly curving poction of the
leming A. Acothes povtion of the Leuion A lles medial o the
 dowsal ané vestrel lisbs of lemins A. O the wedial aspect of
this portion of lamina AL, is en area of overlepping degemuration,
espareting the pars dovsslis from the pulviosr medially. This
probably zeprecests the medisl howslateval and contrsiataral
dogenesetion oceponants of Beybow (32), or the mueleus
inter lasinaris sedialis of Thana {73). Lomine B then conplobsly
surzounds the maia oase of the lamisa Al except for o small
poriion of the lanine 41 which lies medisl ¢o lauips 4., The
bilun gradually diminishes in sise uatlil ¢he lemins & hss
couplotaly ropleced iz, The lenise A In tucu disoppesss and
ouly the lonine D vonwing ¢o cosivels che lamioe Al.

T Ghe berizoatel sections the pawe veatraiis palos
ike appeavance betssen the lateral and wedial remi of the eptie
Geact. Laming D appuars A8 & digh shaped made ou the mudisl
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Pigure 18,

A saries of eight draewings of the contrelateral
lateral geniculate body, in horisontal section,
representing a composite picture of distribution
of the degenerating preterminsl fibers and boutons
after complete section of one optic nerve in
several cats., The drawings form a ventrodorsal
peries.

{1) Although a few degenerating boutons were
present in the pars ventralis, it was occupied
mainly by fibers of passage and is shown as a
clear avsa. (2) Appeavance of ventral most
portion of lamina B (black), medial to pars
ventralis. (3-4) The degeneration free lamina Al
igs iaterposed between pare ventralis and lamine B.
(5«6) Wote the appearaunce of the hilum and a
band of degeneration between lamina B and the
pulvinaz., (7-8) Progressive ancircling of the
degenevation free lamina Al by leminse A amd B
(blacik). :
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aspect of the pars ventralis from which it is separated by & well
defined fiber lamina. The \?em:ralia then shifts laterally and
occupies a triengular area. The lamina Al appears boetween the pars
ventralis and lemina B, and gradually surrounds the medial ceudal
and lateral aspects of lamina B. The rostral portion of lamina B
remains in contact with the optic tract. The brachium of the
superior colliculus is well formed at this level., Lamina A
appears at the lateral aspect of lamina Al, and follows the
contour of the latter. At this stage the hilum and optic
rgdigtion are vieible. All the laminse in the mid gection have
an S8-shaped configuration. The laminee A and B establish
contivuity and surround the lateral and médial aspects of lamina
Al. A medisgn bar of degeneration is seen over the medial aspect
of lamina B between the laming B and pulvinar and probably
represents the medial contralateral and homolateral compoments of
degeneration of Hayhow (32) or the nucelus interlaminaris
medialis of Thuma (73). Filaally lamina Al becomes transversally
oriented and is completely surmumdeé by lamina A and B.

A sharp line of demarcation exists between lamina A and Al
by means of the idemtifiable portions of A-Al interlaminar plexus.
On the other hand it is wnot posaible Ec digeinguish & discrete
demarcation betwzen lamina B and Al. The differentiation here is
made by the dacéease in demnsity of degenerating preterminals in
the zone of transition between lamine Al and B,

Marchi studies of Brouwer and Zeeman (11) had indicated

that the erossed and uncrossed optic fibers from binocular fields
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Figure 19.

A series of eight drewings of the homolateral
lateral geniculate body, in hori=zontal section,
rvepresenting & composite pilcture of the
distribution of degenerating preterminalz and
boutone, after complete section of one optic
nerve, in geveral cats. These drawings form a
wentrodorsal gerigs.

(1) The pars ventralis is ehown 88 a clear
srea although a few degenerating boutons were
noted in this area. (2) Appearance of
degeneration free lamina B. (3-4) Interposition
of degenerating lamina Al (black) between pars
ventralis and lamina B, and appearance of the
brachium of superior colliculus. (5-6) The
pars ventralis has disappesred and the lamina
A seen lateral to lamina Al is free of
degeneration. Hote the characteristic
S-ghaped configuration of the laminae. (7-8)
The progressive emcircling of degemerating
lamina Al by degeneration free lamima A and B.
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of vision are intermingled in the pars dorsalis in monkeys,

Thie was not confirmed by the silver impregnation studies of
@leas and LeGros Clark (29), while Packer (56) was able to
produce evidence of such an overlap in phalangery. Similar
overlap was found by Nauta and Van Stratten (52) in rat.

Hayhow (32) feels that the zone of cellular intermingling in cat
is interlaminar rather than of laminar mature, He was able to
demonstrate the existence of overlapping supply from both

croosed and uncrossed optic fibers in the cat. This, according

to him, oecurs in the nucleus interlaminaris centralis and the
micelue interlaminaris medialis which are interlaminar in position
and separate aveas of charvateristic cellular structure which
received preterminal f£ibers derived emtirvely from crossed or
uncrossed fibers respectively, but which in turn are supplied
with preterminals from each of the two areas they so separate.
According to Hayhow (32} the vegloa of the mucleus interlaminaris
medialis is cnmaeitutad'by three poorly defined, appronimately
verticaly oriented bars of cells which are contimuous with the
main portions of lemina A, Al and B. He considers the mucleus
interlaminaris medialis as the medial vepresentative of the
mucelus interlaminaris centralis of the main cellular msss of

the pars dorsalig, r@preanntiﬁg a zelaaLVka independent accessory
pars dorsalis whose cellular laminae ave oriented in a manmer
approximately perpendicular to those of the adjacent main pars
dorsalis. BHe felt that two of the laminge are supplied by crossed

£ibers and the central lamina by umcrossed fibers, thus providing
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an anatomical baasis for some degree of bimocular imteraction.
Such an intermingling was found in the monkeys by LeGros
Clark (17).

8ilva (69) also using the Nauta-Gygax staining technique
was able to confirm the interlaminar segregation of fibers
within the pars doraalis, but did not zlsborate on the
interlaminar region., He suggested occurremce of electrical
interaction between the layers on the basis of simple comtact
of, or proximity of fibers., Hayhow (32) felt that the lamimation
of pars dorsalis is more complex than has been suspected due to
the presence of both concealed lamination and areas of overlap.
He postulstes one to five or'prabably‘nin@ strata in the
different regions of the mucleus. According to him at most
levels interlamipar cells which éra supplied with preterminal
fibers of both crossed and uncrossed origin alternate with laminar
cells which are supplied exclusively with preterminal fibers of
either crossed or uncrossed origin. These later strata alternate
with each other.

Glees (28), discuesing this concept of Hayhow, of overlapping
of optic fibers im the interlaminar zones, feels that if such is
the case, it could not be very significant. For the interlaminar
zone would agccount for the behavior of g small proportion of
optic fibers, compared with the comsiderable projection areas
within the layers themselves. He suggests the possibility of
ipsilateral and contralateral impulses propogating through

straying of dendrites of the geniculate cells inte adjoining cells



and thus picking up impulses from the other eye.

In the present investigation an overlapping of degenerating
preterminals was found in the A-Al interlsminar plexue and the
large cells of the tramsitional zone between laminag Al end B, in
the contralateral pars dorsalis, and in the large cells of lamina
magnocellularis in the transitionsl zone between Al and B in the
homolateral paxﬁ dorsalis. Degeneration in the region of the
nucleus mediglis interlaminaris was found on both sides. These
findings are in agreement with those of Hayhow (32). However,
a8 Glees states, this overlapping is insufficient toprovide
an explanation for the extensive interaction of optic impulses
which would bg necessary to take place for binocular vision. An
anatomical evidence of & more extensive overlap than that
discussed sbove is mot forthcoming. Perhaps the interaction is

more on a physiological basis as suggested by Glees (28) and others.

The Retinal Quadrants in the Lateral Geniculste Body

Brouwer and Zeeman (11), and Brouwer (10) reported that in
the cat the upper retinal quadrants lie a 1ittle more frontal
than the lower retinal quadrants. In monkeys they fcund the
upper quadrants represented mediglly and the lower rvetinal
quadrants laterally. In the humans the lower peripheral retina
i8 repfésented in the latarsl horn, the upper peripheral retina
in the rastrai one-third of the mucelus, and the central retina
as an inverted pyreamidal shaped area with its convex base dorsally
and apex vemtrally. According to Polysk (60) and Crosby, et al

(22), the binpcular area is located at the anterior margin of the



mucleus. In the present investigation fibers from the superior
half of the nerve were found to terminate superiorly and mﬁiﬂlly.
The uncrossed tewporal fibers reaching the medial sad rostral
aspects of laming Al of the homolateral pars dorsalis and the
crossed fibers terminating in the medisl and rostral aspects of
the lamina A and B of the contralateral pars dorsalis,

The Pars Ventralie

According to Thuma (73) the pers ventralis, located
ventrolsteral to pars dorsalis, and separated from it by
intermedullary lamina, is wmainly composed of small pale cells.
Brouwer (10) in rabbit end Pachker (56) in phalanger had found
evidence of termination of optic fibers in the pars Ventmlia
from their Marchi studies, On the other hand, Lashley (42} in
rvat and Barvie, et al (57) iun cat, also using the Mavchi techaique,
failed to find enough evidence of such a termination. Glees (26)
and Nauta and Stratten (52), using the silver impregmation
techniques, were able to establish such a termimation in the cat
and rat respectively. Hayhow (32) with Heauta~Qugax mathod was
able to prove that both crossed and uncrossed optic fibers
terminate in the pars ventralis of the lateral geniculate body, but
felt that the pare ventralis was supplied predominently by fibexs
other than those of the optic system. The present investigation
is in conformity with the findings of Hayhow. Although some
evidence of terminal degeneration was found in the pars ventralis
of both sides, it receives a very scanty supply of retinal fibers.

In the experiments which involve lesions of part of the optic
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nerves it was not possible to estsblish a definite segmental
repregentation in the pars ventralis due to paucity of
dageneration.

0'Leary (54) described collaterals from small optic fibers
arborizing in the éax& ventralis, but none arising from the large
fibers. In the present study, although a large muber of
degenerating fibers were seen to course thwvough the pers ventralis,
no large £ibers were found in this atructure.

Piber Size Distribution and Termination in Pars Dovsalis

According to Peele (58, in humana, aighty'per cent of fibers
vom the optic nerve, and éractiu&iiy all thic!: ones, go to the

dovsal portion of the lateral gemiculate body. The remaining
predominantly thin omes go to the perigemiculate mucleus, pretectal
srea and superior colliculus. Polyak (60) states that in wonkey
the thick fibers branch into thick smd thin branches. The thiek
branches eand in the lateral gealculate body and are wmainly crossed,
He states thet the thick and thin crossed and uncrossed fibers
feom binocular homonowous halves of the retina distribute according to
their topographical relationship, end thin mscular fibers end in
the posterior extremity of the lateral gemiculate body after
traversing its entire posterior axbenh; The thicker fibers end
more proximaly near the hilum.

Croshy, Humphvey and Lauer (22) stressed that each thick
optic fiber gives a fime gollateral branch before entering the
lateral geniculate body. Collatevals arve also given out by

thick main branches before they form terminal arborization.
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0 'Leary (54), on the basis of his Golgl studiep, stated that

the large fibere divide into thieck and thin branches in the
dorsal mucleus entry zone. The thick braemches penetrate the
pars dorsalis first while the thin ones ave the last of the
digpersing optic fibers which sheath the dorssl and caudal
surface of the parg dorsalis. He felt that the large fibexs
terminated in pars dorsalis B and the thin fibers entering the
pars dorsalis B did not terminate there, Hayhow's (32)
investigations show that within the pars dorsalis the small f£ibers
underge terminal arborization predominantly in the relation t:uv
madium sized cells of contralateral lamina B, which is supplied
exclugively by small fibers. According to him, the large fibers
of both homolateral and contralateral originm together with a

few small fibers form a promiment tangentislly oriented plexus |
which embraces the cells of the entire nucleus interlaminaris
ventralis after which the large fibers undergo terminal
arborization in homolateral lamina Al and contralateral laminas A,
In the present study it is noted that a large number of small
fibers terminate in lamine B though & considersble mumber of
large fibers are seen passing through it, and the cells of lamins A
and Al are supplied by large fibers #s well ae small fibers.

Mode of Termination of Optic Fibers in the Lateral
geniculate Body

leGros Clark (17) found that in wonkeys the crossed and

uncrossed fibers are not. separsted until after they have

penetrated the lateral geniculate body and that approximately
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8ixty per cent of the fibers erriving in the lateral gemiculate
body are crossed and forty per cent uncrossed. Glees (26), on
the basis of silver stains, stated that each optic fiber divides
into £ive or six branches inm the cat. Each of these branches endSs
by means of terminal boutons which in turn establish contact with
the dendrites and perikaryem of geniculate cells. There are more
axodendritic contacts than axosomatic contacts. He estimated
that sbout forty synsptic contacts are made by optic terminals ’
with one principle cell, and one optic fiber covers about ten
cells so that there is an extensive overlap, the same vegion
rveceiving supply from more than one optic merve fiber.

The findings in the present study are ainiilw to those of
previous investigators. The optic fibers branch repeatedly ingide
the lateral gemiculate body. Their termination is by means of
fine terminal rings or boutons as described by Glees (54) and
Gless and Clark (29). Considersble overlapping supply of sach
individual cell 18 present, terminal endings of more than ome optic

fiber reaching esach cell, and each £iber supplying multiple cells.

Ihe Pretectal and Tectal Areas

Polyak (60), Altman (1) and others found that in the cat some
retinal fibers reach the pretectum and the superior cmh},liculus,.
According to Crosby, Voss and Henderson (20) the superior colliculus
forms the main terminal atation for direct optic fascicles. The
fiber projection to this area has beem studied by Tsal (74) and
Bodian (4) in oppossum, Parsons (57) ino mnl:éy, Cajal {14} in
mouse, Lashlay, LeGros Clark (18), Bucher and Burgi (13), and
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others im rat, Monokasow (50), Probet (61), Cajal (11), Barris,
Ingram and Ramson (7) in cat, Brouwer and Zeeman (11,12), and
Crosby and Henderson (20,21} in monkeys, and Jube (39) in man,
Barris, Ingram and Ranson (7) stated that in cat the suﬁarinr
colliculus received much lavger contribution of the crossed
retinal fiberg as compared to the uncrossed fibers, Altman (1)
confirmed this by recording evoked potentials simultaneously
from both superior colliculi. Polyak (60) states that the
mmber of vetinal fibers to the superior colliculus ie much
smaller than the retinogeniculate fibers. This represents a
greater corticalizaetion in the cat as compared to some of the
lower mamnale. It has algo been estiblished by many of these
previous luvestigators that more ﬂi}ars reach the contralateral
pretectal and tectal areas, through the contralateral brachium
mainly, as compared to the homolateral prectal and tectal aveas.
The superior cclliculus in cat receives a much smaller pumber of
direct retinal fibers compared to the pretectal area.

Cajal (11) described two types of fiber terminations, one
group entering the stratum opticum turning ventrally and ending
in the same layer, the other turning dorsally and ending in the
stratum griseum superficiale. Brouwer and Zeemsm (11,12),
Aleman (1) and others did mot find any £ibers termimatimg in the |
stratum zonale, | ‘

The present study confirme the above findings. The mumber of
retinotectal f£ibers is much less than the retinogeniculate fibers.

More fibers arrive in the contralateral than in the homolateral
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tectal and pretectal areas and that in the cat move fibers reach
the pretectum then the superior collicuius.

The termination of these fibers is similar to thet described
recently by Altman (1) and previcusly by Cajel (11). The £fibere
enter im the stratum opticum. Some of them terminate on .cells of
this layer while others turn ventrally and dorsally. The fibers
turning ventrally enter the stratum griseum intermediale and show
evidence of termination avound cells of this layer. The dorsally
turning fibers enter the stratum griseum superficiale but do not
reach the stratum zonale. There is some evidence of these fibers
undergoing preterminal arborization in the stratum griseum
superficiale. None of these fibers directly reach the third nerve
miclear complex or the central gray, wor is there any crossing of
these fibers in the posterior commissure or the commissure of the
superior eolliculus. Any such connections that might exist are
probably in the nature of multiple intermuncial chains.

The distribution of f£ibers by size was also studied in the
vigual tectum. It was found that the brachium of the superior
colliculus was mainly formed by small fibers. Learge fibers were
noted in the brachium, in the normal sections, but degeneration
of these Eibéra was not found in the experimental aaiﬁalsa

The pretectal area was found to receive and contain small
fiﬁers only. In the supgrior colliiculus a few large fibers were
noted in the normal braine. In the animals with a lesion of
the optic nerve, vone of them were found degenerated.

These Ffindings indicate thet the pretectal area and
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superior colliculus receive only small fibers of retinal origin.
Apter (2) using evoied potentials and strychnisation studies
to determine the projection of the retina on the superior coliicuiuﬂ
found that each colliculus causes movements towards the conmtralateral
visual field and regulates reflex conjugate eye movements im cat.
RKeller and Stewart (40) and Ranson and Magoun (62) in cat, and
FYerrvier and Turner {23) in monkey have demonstrated that the superior
colliculus plays mo part in the wediation of the light reflex.
Magoun and Ramson (44) felt that the efferent pathway of light
reflex turms aantrélly in the optic tract and brachium of the
supexior colliculus to the pretectal region, then swings ventrally
around the ceantral gray to reach the occulomotor mucleus
undergoing partial crosging in the posterior commissure and
another crossing somewhere ventrally te the central gray. These
findings were based on electrophysiological studies im cat. They
felt that oo pert of the superior colliculus is concerned with the
pupillary light reflex, but if the pretectal region was completely
destroyed on both sides along with some damge te the rostral
medial portion of the supérier golliculus, the light reflex was
completaly or permanently sbolished. It was, therefore, concluded
by these investigetors that the greater part of the light reflex
is mediated through the pretectsal region.
The quadrantic distribution of the retimotectal fibers has
formed e part of this study. LeGros Clark (18) found that the
lower temporal £ibers occupy an intermediate, the upper tempoxal

an anterolateral, the inferior nasal a posteriomedial, and the



superior nasal, a lateral position. Crosby, Humphrey and Lauer

(22) state that the medial and rostral waedial parts of the

superior colliculug receives fibers from inferior retimal

quadrants and the lateral and caudolateral part from the superior
retinal quadrante. Brouwer (10) found the upper nasal and temporal
fibers represented laterally and caudally in the superior colliculus
of the cat.

This investigation reveals that the f£ibers from the
superior quadrante ave represented in the lateral and caudolateral
portions of the stratum opticum, the stratum griseum intermediale
and stratum griseum superficiale of the superior colliculus.

The contribution of the contralateral pretectum and the superior
colliculus was found to be greater than to the homolateral tectal
and pmtéctal 8reas.

A quadrantic diai:;ribu!:ion in the pretectum could not be
established and it is to be essumed that it is gimilar to that
of the superior colliculus, as the pratectuxﬁ represents a

rostral diencephalic extension of the superior colliculus.



SDARY AND COWCLUSIONS

' The projection of retinsl fibers to the visual centers im
the braimstem in the cat has been studied by :xp-rtmantﬁi
histologic matheda, Coumplete and psvrtial sectioms of the optic
nerve and chiassm were msde. The animsls were lactificied after
a survival period of from five days to ome mooth, and paraffin
sections were prepared and staimed by the Stotler intensified
protergol methed.

1. In the optic merve of the cat there is segregation of
fibers as to the point of retimal origim. Slightly meve thanm
half of these fibers form the crossed compoment,of the chissu.

2. Sections of the nassl quadrant of the optic nerve
produce degemeration of the etosﬁeé compouents of the chiasm,
while no degemerating £ibers eould be followed auutral&t@:ully
following lesiome of thekti-naral halves of the optic merve.

3. Ia the optic tract the croesed amd uncrossed fibers
become intermimgled, however, the crossed £ivers caneentrafe
mediaily and the ugcr@ss-d fibers in a 1atéra1 ﬁoaitioaa

&. The superior retinzl quadrante are t&ﬁrélentad
dorsally in the optic nerve amd chiasm, and wﬁila scattering
of these fibers takes place in the tract most of them vemais
ia ﬁha dorsal pesition.

5. There is no segragation of Eibers by size im the
optic merve aﬁd chiaom, hnwever.viu‘tha optic tract the small

fiberz sre located 1n a2 compact group medial to the loosely



packed largs fibav sepment. WNear the tersinatfon of the Cract
in the latersl geaiculate body, thmse small £idbere form a wedge-
shapod segusat sdjecsat te this nucleus.

6. The pars vemtralis of the lateval geaiculste body
containg & large mmber of optic fibars, wery few of which
torminate im this aves, sost of them being fibers of paseage.
these optic fibers sve made up emcliusively of the small
dismater compounsat. A sajerity of these fibers of pasesge
are of coatralatersl origim. |

7, The pattern of degemeration in the lstersl geamilculate
body after complete or partisl sestiom of the optic merve amd
chisss has boen deacvibed as it appesys in covemal and
horinontal sectlons.

8. The crossed eptic fibers tevminate im the comtraleteral
Lonines A and B end the uscrosced fibers is the hemolsteral
lemina AL of the lateral gemiculste body.

9. The swarier crossed retissl fiber cospement cerminates
in the medial restral and dorssl portioms of the contraletersl
lantase A smd B, while the umcrossed recimal fiber compoment
cormtnates {n the wedial, restral and dorssl portica of
homolateral lamine Al of the laterel gemiculste body.

10. Bvidence of overlapping immervatiom of the ceils of
iaverisminar somes by both crossed and uncrossed retinal fibers
has boen found. |



11. The upg;c fibers «fter entering the pars dorsalis of
the latersl gemiculate body, branch vepeatedly and ﬁhen terminate
svound the cells of verious laminee by weans of terminel boutomns.

i2. The large fibars autnring the paxs dorsalis course
through the lamina B apd termimate predomimautly in the lamina 4,
lemina Al, amd the interl&minar zemag of t&a pars dorsalis while
most of the small fibers teraimate in lemina B. fhe remaining
s-nli fibuxs terminate in ereas of pars dorsalis dorsal to
laming B. »

135, The direct optic fibers reach the pretectum sad
asuperior colliculus by way of the 1atarai division af}thc
brachium ef ﬁhe>suﬁeriat colliculus., A smeller component is
derived from the medial divisien mf th@ brachiuvm of the
aupari»r4ca111culas and‘ths medial vesus of the optie ttgce,

| 14, Afttr gsection of one optic nerve and after sectiﬁn
of the chissm, only smsell fiber compoment of thevbraehinm of
the superier colliculus showed degemeration. The ¢rigin of
sources of large fibere im the bruchium vemaims undetermined.

| 13, 4 grester uumber of aytig £ibers reach the contralateral
aptic tectum than thpse reaching homalateraily. The pattern of
degeneration in the optic tectum has been deseribad 1n»@mranai
and horizomtal sectioms.

18. 4 grester mumber of ﬂireét optic fibers reach the
pretectal area thea the collicular ares. This ares veceives
ﬁerminatinn of omnly the nmali fibef»componegc of the optie

tract.
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17. Divect optic fibers of retimal orvigia pass into the
stratus opticum and ars them distributed to the ntraﬁum griseum
superficiale and stratum gxisaun intermadiale of the superior
eolliculus., Hone of theses fibers of retimal origin reach thd
ptratum somale, the nuclear complex ef thﬁ third nerve or ﬁh@
central gray, and nouwe of these fibers ecross ia tﬁe pastarior
commissure or the nmnntssuie of the suparier cozlicnius.

18. While these experiments have shown that‘ghs medial
halven of the optic nerve cross complaetely and mne degenﬁracion :
could be féllowed coptralaterally after sectiom of the l&tazal_
segments, the area of the lateral genmiculate body (lamiase A
end B), vhich receives eontrsalateral pxcjecti@n, is considerably
larger them the homolateral ptajeetien area (leminma Al). This
indicates & less well developed thalamic gubstrate for binceulsr
vision than is found in primates. $erminatimn of retinmal £ibers
in the midbrain esnters is bilaterasl bug heré agaiﬁ contralateral

dominanee 18 found.
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PLATE I.

Figure 20

€at R-380. Photomlcrograph of the intact optic nerve sghowing

the intermixture of amall and large £ibers.

Low
power. Intensified protargal stain.

Figuwe 21

Cat R-380. Photomicrograph of the intact optic nerve showing
the intermixture of smell and large fibers and
lack of organization according to size. High
power, Intensified protargal stain.
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PLATE IX

Pigure 22

Cat 263, Photomicrograph of intact optic tract showing
small £ibers (8) aggregeted in & wedge shaped
segment of the tract, medial to the loosely
packed large fibers (L). Low power,
Intensified protargol stain.

Figure 23

Cat 263. Photomicrogrsph of intact optic tvact showing
closely packed fibers (8) located medial to the
loosely packed large fibers (L). Low power.
Intensified protargol stain.






PLATE IIX

Pigure 24

Cat 263. Photomlcrograph of intact optic tract showing
the arrangement of small and large fibers., The
small fibera (8) are grouped together in @&
compact group medial to the lovsely packed
large fibers (L). High Power. Intensified
protargal stain.

Pigure 25

Cat BR-370. Photomicrograph of the completely sectioned
degenerating optiec nerve. Low power, Intennified
protargal stain, _
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PLATE IV

Figure 26

Cat R-370. Photomicrograph of the degenarating sectioned
optic merve. Dageneration is geen in both the
small and large fiber component. Low power.
Intensified protargal stain.

Figure 27

Cat R-380. Photomicrograph of the degenerating small and
large fibers in the completely sectiomed optic
nerve. High power. Intenmsified protargal
stain.
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PLATE V

Figuve 28

Cat R-380. Photomicrograph of the chiasm and adjacent
hypothalamic ares showing degenerating fibers
of passage (P) exteading into the hypothalamus.
low power. Intensified protargal atain.

Filgure 29

Cat R-380, Photomicrograph showing looping of intact optic
fibers (L0) in the proximal nasal portion of the
-degenerating eptic nexve (D). Note the intermixture
of degenerating and iatact £ibers on the chiasm (C).
Low power. Intenaified protargal astain.
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PiATR VI

Piguze 30

Gag B~300, Fhobtomicwograph of contralateral optic trect
showing depensreting fibers dispersed throughout
the evose section of the tvact., Degenerating
fibers are pregont in the small £iber
(8), a8 well as the lorge £iber component (LY of
the optie tract. Thwre is sume inmoressed
soncentration of degensvating fibers in the medial
portion of the tract. low power. Intensilied

Pigure 31

m.um mmariph of the homplateral optic tract
showing loavier cowentration of degenevating
fibeys in its latersl powviiow.(Lat). Low power.
intenelllod protargel staio.



S50

-83 -



PLATE VII

Figure 32

Cat R-3569, Photomicrograph of the contralateral lateral
geniculate body showing degenervation in lamina
A (A) and the A-Al interleminer plexus (A-Al).
The lamina Al (Al) i free of degeneration.,
low power. Intensified protargal stain.

Figure 33

Cat R-393. Photomicrograph of contralateral lamina A
showing degenerating optic fibers, loss of
cellular detail and degenerating terminal
boutons. High power., Intensified protargal
stain,
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PLATE VIII

Pigure 34

Cat R-377. Photomicrograph of the contralateral pretectal
area showing degenerating fibers and terminal
boutons. 0Oll immersiom. Intensified protargal
atain,

)
o

Pigure 35

Cat R-353. Photomicrograph of the contralateral stratum
grigseun intermédiale showing degenerating
small optic fibers and losg of cellular detail.
intensified protargal stainm.,






Plate }:X

Pigure 36

Cat R-393, Photomicrograph of the contralateral stratum.
griseum superficiale, showing degenerating
terminal boutons, O41 immersion. Intensified
protargal stain.
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