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1.
TITRODUCTION

Anatomlcal inberest in the comnections of the corpus striatum
was greavly stimdated near the begiming of the twentieth century
by the development of the concept of the extrapyramidal motor systen,
and the implioation of this systen in various elinleal symdrones.
Iach of the anatomical basis for these early clinieal intexrpretations
was provided by the studies of dinger(L), roines(2), pejerine(3),
and others, comprising normel and pathological hwsan and expertnantal
antmal mabordale |

@1son5), in mis classical study of the Lentiform mucleus
and its projeetion fibers, produced one of the first purely experde
mental investigations designed to clucidate the definitive comootions
of the corpus striatun. Dttensive deseriptions of the extrapyrarddal
motor gysten, including the corpus striatwn, and particularly its
diencephalle and nesencephalic relations!dps, have also been made by
Ankler and rotter(6), vorgan(7), and Moch(®) 1n carnivores (cat and
dog), Papeal?), manson and tanson(19), and tettler(1l) in the monkey
and baboon, and Bant(12), Jakob(13), Fotx and Mooleseo(lk), Papes
and “totler(35), and rapes(16) 1n the wsan.

Ii is an interesting cbmervation that the earlier, and a0w ToTe
clagsical; aubbors have almost wniversally considered the relatione
ship between Lhe corpus stristum and substantia nigra to be & descend-
ing one, either dlrectly sirio-nigral, as described by 3‘:&1‘1%(1) 3
Z?.ieaeu?}, and especially Fgpes and andles(18) and Papeag (9,16,19) s
or indirectly strio-pallido-nigral as described by nost obhers,
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4 notable exception is the cxporimental study of Ferraro(20),
who observed that degeneration of the cells of the substantia nigras
regulbed from striatel extirpation, and concluded this to be & rebro-
grade, or Gudden type, degeneration resulbting from the destruction of
axon terminals of the nigral cells. lore resently, uaing lavehi and
Hissl preparations of experimental material, asscending nigral pro-
Jections to the corpus faﬁriatm have been deseribed by i{imiai(m) »
Fox and Schmitz(22), and Rosegay(23) in the eat and by Nanson and Nan-
son{24) and 1ettier(1l) in the monkey and baboon.

These apparent contradictions olearly show that evidence has
not yet been presented wirleh conclhusively demonsirates the relation-
ship between the corpus striatum and the substantia nigra. The DU
pope of this investipgation was to attemt to do 80 by the experimental
rethods



3.
UATERIAL AND URITOD

lealthy youmy cats, weighing betwemn L.} and 2.0 kge were ene
ployed as the emerimental animal, Using intraperitoneal Uerbubal
for anesthesia, unilateral mamal lesions wore produced by a wire
loop curetbe, or unilsteral lesions were made eleobrolytically with
the lorsely-Ulorke stersctaxic ingtrument. The fullowing lesions
were made: partial and total mamal destruction of the head of the
caudate nucleus, partial elestrocoazulation of the head of the cau-
date nucleus, total electrocoagulation of the pubamen and olobusg
pallidus, elecirovoagulation of the mesenceohalic temuenbun, elot-
trocoagulation of the substantia nigra, and extirpabion of the ceroe
bral cortex and wnderlying projection fibers anterior to ﬁzm coronal
suleus,

Aa sppropriate period, varying from ten to thirty days depand-
ing won the type and amount of neuronal reachion desired, was
allowed for degencration. The animals were saorificed by the ad-
minlstration of a lethal dosage of UVembutals They were quickly
perfused with a 157 solution of formalin to insure immediate and
adequate fixation. The brain was then revoved, and further fixed
in 15% formelin for seven days, TPollowing delydration and paraffin
imbedding, the blocks were gectioned at betweon wrenty and thirty
ulerons. A series of every tenth section was stained by the intengi~
fied Protargol method as deseribed by Stotler(25), and wherever in-
dicated, a parallel series was sbained with Carbo-thiomine to denone
strate cellular changes resulbing fyrom the gbove lesions.
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L.

Studies previously menbioned in the inbtroduction have relied on
the accopbod edipgert, Marchi, and Mesl type preparstions for analysis
of their material. The use of silver staining techmigues has been
exbensively applied by Cajal(26) in nis investisations of the normml
nervous systen and by (lees and Le Gros Clark(27), Broda1(20), stot-
162(29), and 1auta(30) 10 experinental studies of the optie, auditory,
and other major fiber systoms. The use of silver gsbained preparvations
in this study was prowpted by the acknowledged m@ioﬁ%y of this
nethod for the demonstration of avonal, fine fiber, and terwinal end-
ing depaneratdon.

Jbile many more mimale were uged during the course of the e
perinente, the histological amalysis of only cleven lesions will be

desordibed te 1llustrate the results of this investigaiion.
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CBSERVATTOS

In the histologleal study of all of the silver préparations,
primary degeneration of efferents gppeared as swollen, daridy atain-
ing, grossly fragmonted Cibers. Similarly, degenerated fine neuropil
sppeared as a marked clearing of the neuropil with the resultant de-
position of a finely gramular, argyrophilis debris, Decending upon
the length of the survival perdod, degeneration of terminals appeared
as black, swollen boutons or was represented by the complete absence
of terminal endings.

Dvaluation of cytological changes resulting from various losions
has followed the usual criteria; altorations of the staining character
iptics of the cytoplasmic lfissl substance and nmuplear chromatin mae
terial, cocentrieity of nuelel, shrinkagze of the cell mass 3 dsription
and fragaentation of eytoplaseic and nuclesr material, and logs of
normal coll dstribution and population,

Cat Cl, tanual lesion; 21 day depeneratici.

This lesion destroyed the entire head and nore vostral portion
of the body of the caudabe nueleus. It also included by direct tragums
and vascular extension the adjacent portion of the internal capgule,
the sorpus callosun, and the more snberior md latoral areas of the
thalarmis,

There was an extensive degeneration of fibers passing ventro-
laterally through the internal capsule and into the dorso-lateral
pole of the globus pallidus. The wore medial portions of this mueleus
were devold of neuwropil, being ecompletely replaced by the cramlar
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debris. Fiber degeneration then passed in a dorso-sedial direetion
into the venbral inbemal capsule, traversed it for a short distance,
and exbtensively involved the entive endopedunculay nueleus, A ro-
duged, discrete bundle of degenerabted fibers passed from the aibo-
peduncular nucleus, having a candal and ventro-medial course, and
cante to lle within the more medial portion of the rostral cerebral
pedmeoule, rFagsing eaudally in the comb sysbem of the peduncile,
degenorate’ Mbers moved dorsally to involve both the pars reticulata
and prro compasta of the substantia nigrss This nucleus ahowed very
extensive dogeneration of all but 1ts nost latersl extent. leuropll
and teruinal endings could not be fomd within the ares of degener-
avions lo degencration wes seen below the caudal limits of the sube
gtantia nigrs.

There was also an axbensive degenaration of the type previocusly
deseribed in the regions of the medial ventral, cenbrun mediamm,
parafascicular, remlens, ventrel, and lateral thalamic nuclel.

Aasdysis of the seetions prepared with Carbo-thionine showed
oaly moderate changes in the cells of the hemolatersl substantia
nigra. These changes were not dramabic in either the extent or the
degree of reaction. There was, however, in the homolateral slobus
pallidus, entopeduncular nucleus, and subsbantis nigra o very oxbten-

sive glial proliferation within the aveas of fiber degoneration.

Cat G2, Hlectrocoagulation lesion; 21 day degeneration.
This lesion destroyed approciuately the dorsal twoethirds of the
axbire head of the left caudate muelous. There was ho lateral ioe

volveuent of the internal eapsule or pusterior involvesent of the
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Phalamis,; but frontal radiation fibers were destroyed by the eleciro-
coamlation,

n the side of the lesion a wnilateral, relative, internmal hydro-
cephalus wag geen, due Yo & morked reduction in caundate mass. There
wos considereble eloaring of neuropil and depesition of granuley do-
bris tiooughout the renaining ventyal portion of the head of the
caudate nueleus, lany dserebe pecile of line caudate-fugal fibers
were entirely degenerated, leaving o fragmented, mranular patiern of
thelr former venbro-lateral course thwough the candate nucleus and
Intamel capsule.

Rumning aloug the lateral margin of the inbernal capoule, nedial
Yo the pubanen, those depencrabed fibers entered direetly into the
dorso-lateral border of the globus pallidus, but did not tra’éerﬁse the
external lamina of this complex. The globus pallidus was diffusely
and extensively involwved, aspacmmy its wore medial portion; being
almost complebely cleared of newropil and having only a granulsr de~
bris as a substrabum for the rumining cells. DNegencrated fibers
could be followed through the empsule, passing direetly into the ento-
pedunculayr meleus, The alferent fibers of the ontopeduncular e
cleus were likewise almost entirely depencrated as were those of the
medial plobus pallidus, |

Degemerated bundles of fibers then passed inbo the mwore medial
porbion of the rostral cercbral pedunsule, and in the sase mamer ag
deseribed for Cat Cl, continued inbo the substantia nigra, distei-
Lubing %o both the pars reticulata and pars compacia of thad wucleus.

Again the howolateral medisl vemtral, centrun mediamri, parGe
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fascioular, reuniens, ventral, and latersl thalamic nuclel showed
alleraent,; primary degeneralion.

A parallel series of sectlions stalned by the Missl wethod showed
only moderabe degenerative changes in cells of the subgbaniia nigra,
whieh were located in the areas of {iber degeneration.

Harked glioeis involwving {he globus pallidus, entopeduncular

nueleus, and substanbla nigra vas also present in this braine

cab C3ls Hectrocoagulation lesion; 21 day dogeneration.

This lesdon destroyed the dorsal one-bilrd of the head of the
left candate nucleus. There was no lateral or posberior extenpion
of the lesion outside of the limite of the caudate mucleus, buk it
dd eneroach upon, and destroy, some of the fibers of the fronbtal
radiation and the corpus callosuns.

Although quantitaetively not quite as exbensive, the observed
histologic effects of this lesion were identical o those deseribed
for Cat C2,

Cat Che Tlectrocoagdiation lesion; 10 day desenerabion.

This lesion destroyed the dorsal one-hall of the head of the left
cawdate muecleus. Again, there wes exbension of the lesion forward ine
B0 {ibers of the frontal radiation.

Sections stained with the Protargol tesimigue showed cloarly the
sane patiern of degeneration as deseribed sbove for the twenby-ome
day survival animalse Degenoration of striabal efferents wug marked,
bub the elearing of neurepil and its replacament by the argyropiilie

debris was not as complete as that seen for the longer survival



Mimure 1.

A series of six drawings made fyom representative gections.
raving (1) shows a typical ares of a caudate nucleus
lesion (slanting lines). The resulting degeneration
(stipple) of the afferents %o the (2) globus pallidus and
the (3) entopedwmeular nucleus, the (}) fibers in the
nedial cerebral peduncule, and (5,56) the afferents to the
substantia nigra ave shown to describe the descending
strio-pallidal and strio-nigral pathways.
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pariods Ilany swollen terminal boubong could be seen in relation to
the nigral eolla,

A sbhudy of the Carbow-thionine sections failed Lo ghow amy de-
generative changes in cells of the substantia nigra, and there wag
present only & slight increase of glial slements.

Cab 0S¢ [lectrocoagulation lesiong 30 dey degenerabion,

This lesion destroyed approximately one-half of the nore pos-
terior portion of the head of the left caudate nmusleus. Tt was
unique in that the entire lesion wes confined within the limits of
the nueleuse lo obher structures were involved, [Hsbolorical
malysis of the silver staine! sections revealed the sane descending
striatal depeneration op seen in the {irst fouy preparﬁtims. The
logs of afferents to the globus pallidus, obopeduncular nucleus,
and substantia nigra fully corroborated the previously described
oboervations,

However, this brain failed to show any evidence of degeneration
within the thalams,

Carbo-thionine secbions reveslel only moderate cytologic changes
in cells of the substantia nigra. There was agaln a marked gliocsie

of the muelear areas containing derenerated afferent fibers.

Cat Pl, EHlectrocongulation lesioni 12 day degeneration.
In this animal the lesion was placed along the oxbent of the

lof't putamen, The primary electrocoamlation destroyed not only the

entire putamen, but alse the lateral globus pallidus and the striow

fugal fibers lying neay or within the destroyed muclei. Tn addiiion,



Figure 24

A series of six drawings made from representative seetions.
Drawing (1) shows an anterior area of infarction (slanting
lines) seen in Cat Pl and (2) shows the nost posterior
extent of lesion Pl (slanting lines) and the resulting
degeneration (stipple) of afferents to the entopedmeular
mwleus, [rewings (3-06) show the arean of destruciion
(slanting lines) seen in Cat T1 ab various planes of the
gba.
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12.
thers wag gseen both groscly and microscopically a typlesl waseular
infarction invelving the adjacent inbernal capsule and sn exbengive
dorsal portlon of the anterior head of the cgudabte nucleus.

ilwlateral degeneration of onbopeduncular and nigral affsrents
followed the same course ag described for the previous candate lesionse
Dagmémtﬁ,m within the subsbontia nigra was most noarked ab its middle
and Jlateral portion, and many nigral cells could be seen 4o have nume
bers of gaollen bouben btemdnals undergoing degenerabion.

The subtholanmde nucleus on the involved side had a very moderate
logs of neurcpil, and the entire lateral aspect of the thalamus cope
toined degeneration granules.

Ixardnation of the idssl preperations slwwe! no regl evidance of
eytologie changes of the nigral cells, although there was a noderabe
Zliosis involving the mbopelunculor muclous and the substantia nigre.

Cab P2e Ilectrogoagulation lesiony 12 day degenorations

This lesion represented an altered tecinique in an attenpt to
avold the complication of inforetion seen in legion Ml. Instead of
the usual verbticsl insertion of the cdlectrode along & series of
Lrontal planes, a posterior, horimontal aspproash wag used. However,
the resulling lesion was {dentical to itz Tellow in that 4t destroyed
the putamen and lateral plobus pallidus and infapcted the anterior
intermal capsule and dorszl head of the caudals nucleus,

The degmeralion pattern was lilowvige identical Lo that do-

sovibed for Cat M.
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Cab Fle ixtirpation lesiong 12 day degeneralion.

In this lesion bhe entire lef% sigmold gyiue was resoved and
the loft anterior sigmoid gyrus undercut by destroying the more
dorsal [ibers of the frontal radiztion. As nearly as conld be de-
termined, Lhe zyrue Proveus and ibe projectione were not involveds

An extensive degeneration could be seen in the lateral oo
third of the homolateral head of the caudate nucleus, and there was
mneried efferent degeneration into the mbire ventral and lateral
auslear complex of the thalams, Although the intermal capsule
showed diffune involvement of its {ibers and the lelt cercbral pe-
dumoule was seon to be diminished in size and mumber of fibers, no
evidense could be seen of degeneration extending Into the globus
pallidus, the entopeduncular nucleus, or the substantis nigra.

Cat 1. ZHeetrocoarulation lesion; 12 day degeneration.

Z‘hié was an extensive lesion placed in the rostral one-half of
the left lateral mesencephalic tegmentums, A small portion of cen-
tral groy aod a considerable portion of the superior celliculus
wgre involved, but the red mcleus, the subsbtantia nigre, and the
lemisel were enbirely spareds In linear extent the lesion Involved
an area projecting fowward fyom the inferior collisulus to the
postorior thalamms,

Uissl sections of the nigra failed to show cellvlar changos
whieh could be interpreted as evidence of degeneration,

Cat 81, Ilectrocosgulation lesiong 21 day degeneration.
This lesion was also made by the posterior approach, as nre-
viously deseribed, and directed throwsh the dorsal medulla and



Figure 3. A series of six drowings made {rom representative sections.
Orawings (1-3) show localized arees of afferent thalanie
degeneration (stipple) seen at various frontal planes in
Sats 01, 02, C3 and Che Drawing (L) shows the area of
destruetion in Oabt Flj the localization of afferent de-
gemeration (stipple) seon within the (8) candabe mucleus
and the (6) thalarms is showm in the last two drawings.
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caadal mesoncephalie tegmentum to destroy the loft substantia nipa.
Although the nigrs was exbensively deshroyed, the lesion wes come
plicated in that the cerebral peduncule wes prossly invelved.

Analysis of the silver preparations did not show evidence of
ascending degenaration indo the entopeduncular imalaua y Zlobus pal-
lidus, or striatum. Sone degeneration was cbserved in the pedwcule
and the internal capsule rostral to the lesion, and gross degenor
ation could be followed caudally within the pons, thec medullayy
pyranld, and the crossed lateral corticowspinal tract, ™hig dow
goneration was inberpretod 23 resuiting fyom involvement of the
cergbral pedmoule rather then involvement of nipral efferents.

The passage of the cloebrodes had sulllciently dawaged the
caudal mesencephalic tegmentum so that lhistological analysis of
that ares could not be nnde,

itinsl studies revealed chromabolytic ond other degenerative
changes occeuring in many dilfusely scattore! colls of the homoe
laberal striatun, especially the caudabe nuoleus.

Cat 52, TMeetrocoagulation lesiony 21 day degeneration.

Agadn the posterior approach was used in plasement of the
looion within tie left substantic nigra. This lesion destroyed the
medial two-btidrds of the entire substantia nizre. lowever, the
mammd lary peduncule, small areas of the interpeduncular nusleus,

e gtratun inbermediun, and the lemisel were alse involved,

lio gvidence of ascending degeneration could be found in the

Protarnol stained scetions which was not referable to the erbra~

algral involvement of the primary lesion. Particularly, the
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entopeduncular nuelous, the globus pallidus, the pubamen, and the
sandate nucleus appearsd noymal and free of afferent fiber degene
erablion.

Possible conmections of the subshantia nigra wish the candel
mesencophalic tepmmbws again could not be verified due to the de-
peneration resulding fron the pessage of the electrodes through this

Carbo-tidonine sechions revealed retrograde changes in many
oolls of the caudate nueleus., The pallidws and pubamen showed no
such changes, and the diffuse cells of the rosbral mesencaphalic

tegnentun were normal in oupCArINCe.
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DISCUSSION

G&rtiaou;;triatal Pibors.
The presonce of direct corbtical comections with the striabtun
hag never beon generally accenteds Hlson (5), ;m(w}' and lavie

san(:’l) have catagorically denied the existence of suech a systen,
while Biinger(l), rapes(16), and iettier(32:33) nave all considered
the subcdllosal fasciculus of Muratolf to constitute a true cortico-
striatal projection. Levin{3) and Verhaart and Kemard(35), using
the larehi tecimique, were unsble to exporimentally demonstrate such
fibers entering the candate or putamen, a finding not unepected in
view of the paweity of myelinatlion these fibers possess. Hih a
silver fmpregiation method, Glecs(36) has described terainal cortico~
striatal degmeratlon in the caudabe mwleus resulting from ablations
of the so-galled cortical suppressor strip aress; though his demon-
sbrations sean far from conclusive. This work has angtomioally cone
roborated the Pindings of Dusser du Bareme, Garol, and Medulloch (37)
who had eariier denonstreted cortico-striatal commections from these
areas by recording evoked striatal potentials resuliing from stype
chiinagation of the cortex.

In Gat Fl, destruction of frontal cortex resulied in a primary
deganeration of the afferent Tibers and a clearing of the neuropil
within the head of the homolateral caudate nucleuge &b its dorso-
lateral extent, this appeared to tobtslly deallerent the involwved
aren, diminishing in degree toward the medio~venbral portion of the
nucleus, Significantly, the subeallosal fasciculus was Intact.
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Although & cortico-pallidal projection has been described by
Cajal(26) ang Tewin(3h), tn this brain no degeneration could be
followed into the globus pallidus or entopeduncular mueleus, & find-
ing in agreement with the cbservations of Verhaart and Keanard(35),

Cortico-lioral PMiberg.

Cortico-nigral fibers fron the {rontal lobe have been described
by munerous investipatorss Dejerina(g‘j , Foix and IMcoleseo{1l) ¥
Jakob(+3), 'uﬁm,ler<38), Tovin{34), verhaart and Kennara(35),
rapes(16), and many others. They arve ususlly considered o pass
from the pedmeule via the gtratus internedium inte *i;ha pars com-
paota of the nigrae Papez(9s16519) has considere? the cortico-nigral
fibers to termdnate in the dorsal, compact portion of the nigre, in
datinetion to the ventral, reticular portion of the ni.)ra receiving
the striatal projection. Recently, liemer and Jinenes-Castellan-
08{3%), by the physiologieal neuronography methed, have demonstrated
a diffuse origin of cortical efferents to the substantia nisra aris-
ing from all acoessible cortical areas exepbing orbital corbex.

The one cortical lesion, Cat Fl, failed tu show terwinal [iber
degenaraiion within the substantia nigra. However, as thls lesion
wag resiricted te a rether small cortical ares, it woy be that a
more extensive lesion in the cat brain is necessary to desonstrate

degenerabtion of this pathway,

Strdo-Pallidal Fiberss

Lfferent fibers arising from cells of the candate mmcleus and
putamen form the sharacterdistic bundles of lighily wyelinatied seons
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of fine caliber which irpart to these nuclear magses their striated
appoaraunce, and hence their name. Thelr origin and course have been
elaborately deseribed by Wlson'>?, Jakob(13), Poix and micoleseo(),
fanson, lanson, and f‘*msmfm) » ?apaz(m'm}, Mettlar(%}, and others
in the cat, the dog, the monkey, and the human, These strio-fugal
handles arising from the caudate strean Yhrough the internal capsule
%o enter the more dorsal and lateral exbent of the globus pallidus,
iileon(s) and others have considered some of these fibers to congbi-
tute the dorsal porlion of the oxternal lamina of the paliidal com
plax. The afferent fibers of the putanen are deseribed ase radially
converging on the lateral pellidum, some forming the ventral porbion
of the exbermal lamdina, and then passing into the pailidal complen,

In the series of caudate lesions, the degenerated Tibers pascing
to the pallidun did not involve the external lanina, a finding not in
keeping with observations of ;ilson(g ) and fl&ttler(?ﬁ) » Uor was there
evidenge that fibers from the caudate pass to the putomen. In gene
eral, it appeared that the caudate expeeially projected to the nore
medial aspect of the flobus pallidus, that is, the entopedunculayr
muclous of the cat. That this nucleus in camivores is the horio-
logue of the medial segment of the globus pallidus in the primate is
genorally aceepbed; Smith(hl} s Yeppers, uber, and :’:rm'fa;re‘? ) y Papes
and hundles (18) » and many others. Although the lesions of the putamen
destroyed the lateral globus pallidus, it is asouned from the pre-
vious observations that the ?::m,ject:ion of the putamen would princi-

pally be Go the more latersl portion of thab complex,
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It appeared that destruction of the striabwn resulted in almost

total loss of affereats to the involved areas of the pallidum. It is

Joconseivable, in view a:f the degree and extent of degeneration semn

in the paries of striatal lesions, that any other major fiber system
projects on the globus palliduse

Strdo-iigral fibers,
This sysbem, since first belng described by dinger, has not been

conclusively demonstrated by use of the Uelgert and larchi nethods
{Rosegay, 23)e Although corrcborated by the deseriptions of “ese(17),
RAndles and Papeza*:*) s and P@ez(%z‘é’m) in varioun species :mg},ucﬂ.ug
man, 1t has been equally disputed by the studies of Ferrare(20),
Stotlw(hh) s Kih:mel(z}‘), Fox and scmw@?} » %fa*&tlm'(u} s and Hogde
turne, Miber, and Crosby(iS),

Verimarﬁmé} hag pointed cut the fine callber and 1ight myeline
ation of the strio-fugal fibers, and has concluded that 97 per cent
of these [ibers are lems than one micron in dameter, ry perhops
devold of myeline The failure of the lmrohi method to demonstrate
degeneration of the sirio-nipgral systen in contimuity is perhaps
Thus explained.

It would sean from thils study that uassive, yet well localiszed,
sbrlatal lesions are necessery to lavelve sufficient mumbers of strioe
fugal £ibers to make their degenerated course readily spparent, In
the cab brain, the head of the caudate nucleus is casily accessible
to the operator, and represunts the far greater percentege of the
total striatal nasse large lesions of the caudate muelouws would there-
fore destroy proportionately more of the striatel complex than mdght
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readily be done in certain other spesies of experimental animals,
especially primetes. Thls concepbion of total striatal mass haz been
emphasized by Hamon and Carpenter(UT) 4y their study of striatal
wage distribution in primates, and it would appear particularly ap-
plicable to the carnivore brain.

The deseription of sirio-nigrel fiber degeneration in conbinuity
resulting from this study probably represents a fortunate corbination
of the gbove fagbors with the superior ability of silver stajining
techniques o demongtrate fine fiber and terminal degenerabion.

The observations cencarming the passage of strio-nigral {ibers
through the pallidum, thelr loealization vithin the mediel portion of
the rostral peduncule, and their dorsal distribution inbo the sub-
stantia migra is in goneral agreement with the deseriptions of Papes
and Rundles(38), rapes(9916519), nangom, Ranson, and Reason(©), ana
others, Also, the relationship of the caudabe to Lhe medial nigra
and the putamen $o the lateral nigra iz similar to that observed by
meslw'(mh ;%atlw(‘i‘m » and Papes(%lé}.

That both the pars reticulata and pars conpacta of the substantia
nigra show terminegl degeneration following striatel lesions is not in
agreement with the deseriptions of Spiller(l9) ang Papez?»L6a19),

The extent of the degeneration seen in this series lesves 1itile

doubt se Lo the validity of this conelusion. Absence of descending
strio-fuzal degeneration caudal to the limite of the subsbantia nigra
hos also been veported by Rundles and Papez(i3), rapes and Pundies(19),
and iéfapeeﬁ(l?).



22

Hgro-Striaztal Mberse

frojection of nisral axons to the pallidum on the basis of Marchi
degeneration gsbudies has been reported by thm'xal(m*} in the cal and
by Glees ond 111(50) and ranson and Mansen(®:) in the nowiey., Pox
and Setrd52(22) inferred the sane systam after cbserving cellular
changoes in the substantia nigra following lesions of the entopeduns
cular muwleus. Using the method of retrograde cellular depeneration,
2 nigre-striatal prejection has been deseribed by FGW(W} and
fosegay(?3) in the cab, and Vettler() in the monkey. Also with
this technique, {Ebetlar{w") bas deseribed this syebenm in the human,
On the basis of normal waterial studied in modified leigert pre-
pavations, Uoodburne, Hubery and tﬁmbychs ) have also deseribedl a
nigro-pallidal projections

In this study, there was little evidence of change in the cells
of the substantia nigra following magsive striatal lesions. It was
observe’ that no retrograde degenerative chenges could be seon in
the ten Yo twelve day survival aaimals, and that a marked pliosis
accapanied the changes sem in the twantywone Lo thirty day pupw
vival animelg. Apparently this phenomenon, oseuring in lonz tern
survival material, accounts for the extensive collular degeneration
witide the substantia nigra so often reportel following striotal and
pallidal lepions.

Large leslons of the substantia nigra have also failel Lo show
efforent degenerablon passing in a rostral ddrection, either %o the
pallidun or striatun as previously indicated, or to the centyum
nedianm nueleus of Lhe thalamus, as deseribed by Glees and u"ﬁ&ng@).



Hgro-Tegmental Mbeors.

Projestion of nigral awons to the unesencephalic tegmentum has

boen deseribed by Foix and colesoo ™), torpan(?), nioen(®),
rapes(26), ang stotier™), cat 7, & large leston fnvelving the
entire dorse-lateral tegmentum ryosiral to the inferior solliculus,
failed to show retrograde depeneration of cells of the nigra. In Cats
81 and 52, the posterior passage of the electreds and consequent
mechandocal destruction of the caudal portion of the mesencephalioc
tegmentun prevented an analysis of thisz oritical area. T may in
fact represemt the area of projection of the substantia nigra, a
consideration definitely suggested by a study of the normel morpholagy

of the mesencephalons

Thalamo-Striatal and Strio-Thalamie Fibarss
A the present time, congiderable interest is belng arcused con-

cerning the anatamical relationships of the thalmms to the sbriatum,
proupbed by recent neuroewphysiological studies of these aress,

Thalanpestriatal commestions have been described by Le Gros
Glavk and ‘ussell(51) passing from the centrum mediamm miclevs to
the putanen, and thalanc-pallidel fibars have been described by
;Japem(m) passing vis the inferlor thalamic peduncule from their
origin in the modiel and medial ventral thalawie mwlel, Ouite ro-
eantly, ‘hitlock and Sahraém(%} have reported degemeration of
Libers projeeting froam the more nmedial thalmmie ruclel o hoth the
putamen and the candate nucleus,

Albhough described by Tf‘/.tingar(l} and aduitbed by -ﬁlﬂmw ) as
probably existing, no eonvineing ovidence of strio-thalamie Pibers
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has been presenied. The patterns of thalamic afferont deveneration
seent in Jats C1, 02, €3 and CL ar compared to Cat ¥l was supgesbive
of a direct sirio~thalanic comnectien between the caudate mucleus and
the medial and intrelaminar thalamic nuclel. Complete shsence of
thalamic degeneration in Cat 05, a lesion restricted solely to the
caudate nueleus, throws doubt en the exisbtence of such a projection,
but this interesting possibility warrants further experimental ine

vestigatione



SULTARY A CUICIUSTIONS

Zhe fiber comechtions of the corpus stristum and the substantia
nigra have been investigated in the cat brain by selentive destruction
of the various nuclesr comonents, and 3 histelogical study has bheen
made of the resulting depenexctions In & series of cabs, uwndlateral
lesions were made In Lhe caudate nuclews, putamen, slobus pallidus,
frontal cortex, mesencephalic bteguentum, and substantia nigra, After
a gurvival period of ten to bidrby days, the animals were sacrificed
and datelogical sections propared by the inbensified Irotargol and
Wi Sarbo-tivionine techniquese

inalysis of thls eperimental matorial has ylslded the follow
ing informabtioni

ls Iesions of the caudate nucleus produge a degenerstion of
the strio-pallidal and strio-nigral fibers, and their course has beon
followed in continuitys, This degeneration passes ventrolaterally
through the internal capsule, into the globus pallidus and entopedun-
cular nucleus, and shows an almost cosplete destruotion of afferents
to these nuclel, The degenerution then passes to the medlal nortion

the roslral cerebral peduncule, and at successive levels exbends
dorsally indo the pars reticulata aud pars comacta of the niddle
and nedial substantia nigra. lNo degemeration axbends caudal to the
limits of the substantia nigra.

2s Leslions of bthe pubamen result in o degeneration of afferents
to the globus pallidus, particularly ite lateral poriion, and the
lateral substantia nigra,
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3+ Leslons of the pallidum produce a degeneration of nigral
afferents comparable to striatal lesions, presumably by interruption
of the striatal outilow.

it. Qetrograde degemeration studies of the substantis nigra
show negligible cellular changes resulting directly from either
striatal or laberal tesmental lesions.

5. In animals having a swvival period longer than two weelks,
degeneration of afferents of the globus pallidus, entopeduncular
nueleus, and substantia nigra is accompanied by an extensive gliosis
and pubsequent degenerative changes in the cells of those nuelei.

Se lgsions of the substantia nigra produce no ascending fiber
degensration te the entopeduncular nucleus, the globus pallidus,
the atriatum, or the thalamma.

To IExbtirpation of the frontal corbex results in a degeneration

of cortico-gltriatal [ibers to the head of the caudatse nuclous.
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Roreal P Pubamen
Cavdate lucleus SN Bubstantia ligra
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Corpus Callogum i? Interpeduncular Ilucleus
Latoral Ventricle or Optic Tract

III Third Ventricle

CFD  Caudato-fugal fiber degenoration

@D  Globus rallidus afferent degeneration

EPD  Entopedunculaxr Tueleus afferant degeneration

SID  Substantia Wigre alferent degeneration

CliD  Camdate mclews alferent degeneration

SCB  Sub Cellosal Dundle

ST Strio-ligral fibers

STHD  Depenerabed Strio-igral Pibers



Mure L

Moo G

PIATE 1.

Sat 0. lootrocoamtation lesjon of Uhe candabe
melens (087, ‘ote tho sashed reduetion of osedato
mon ad shom by o relative inbernal hgpelroseplalug
of the lateral ventzdcle (LV)) sompaie wish Mouwe
S Tntonsified Probargul obalne

Sat 33 mmwmmmmmmm
mglous (0}, Tnbengified Probosol kma.

Gat M, TWoctyosoagulation lesion of the

and globus paliidus {P). lote the pale
padungalar

meleug {107D), cublined by the do-
genoyetion of ite afferents, ITnbemeifled "yo-
tarmel atading
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FLATE 1%,

4 fremtal geotion theough the serpusy gharlasbun of
Zat 02y on the sawe side and Jush posterlar to
e leciom, lote the pale, depmerztod coudalom
fugad fibers (CID) streandng tlewegh the internal
W(m} myl passing into the doreal pole of
padlidug (3?9). The nucleus 10 oube
mwmmwmamw-rzm
ot {lbaro, possing pordicularly %o the nore
Hodial portions Intawified yotargol stadn,.

Amxwmwmmwm

moloss (D) of Gab 02, lote how the mtire
mmmwmwmﬂtw
alforan Jibare, Tntonpifled "rotargol sbain,
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PIATE IIX.

Maure % Votodaropmaph of the tnvolved coudate nusloun,
Gab 02, near the internal capsule.
lwbe the {inaly burlle of degenerntod
siriougal Libers ) and the diffusely
soabtbered dopmearntion widlch hae resalted Lrom

the leoion. MntengifMed ‘rolarpel sbalne
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Mgpare 1. "hotocdioroqraph of the histologleal paliterm of
the nmwd glome pallidue, Oab G2, Dbot
@llied 'rotargel stalne

Moo 12 !WM%M&MM
pallidus, 22 Tho legiom of the caudate
mmmmmmmwmw
afforant fibars to thiz nuolous, ae dmoted W
WMQfmilthMMimd’
& fine, gramlse deleda, Intewified Frobargel
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FLATE V.

Mgaro 13, hwtoniorogroph of the histologiosl pabiers of
a»mmmmmmcz.
Intensified “rotargel sbaine

Moure U M&mwm
moloun, 2« The losion of tho caudate
mwlows hos sindlarly remilted in s morted dow
mummmwm.m-

or Plgure 12, Intemsified Protargel
stadn,






PIATE V1.

PMaure 15. shoborda of the novsal reostwel cerdheul
poduncule (OF) of Cat O3 A bundle of fine tlarice
sgral fibars (5T) 46 shown passing isbo the
podhoande ag payt of the *oody” oystem, Tubonoi-
fied Protargel sbtadne

Mpwo 16 fhwtodorograph of thoe contralateral rostral
serclenl pelmenlo (3F) of Jat 03s The grame
Mdmaﬂmut&m.nfwh—m

Libare (STUD) witida the "eoub™ has ro-
pulted frem a lealon of tho mieleun.
nbensifed rotergel stulin,
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PLATE VII.

Flgure 17« Cat 02, A orosv sestion of the mesemcephalon, demon-
stroting the extensive degeneration of afferent fibers
to the substantia nigra (SI) wideh is som £
large striatal lesions, Intensified Protargol stain,
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Fare 19,

Plawre 20,

PLATE VIXI.

“hobond of the Mptolegioal patbor: of
the noraal shia nigrn, Jat G2, liote the
rich neuyopil of this mudlouse Mnbansiftied

otargel abaine

Mwtedorograph of the partial degenaratien of
afarans o the substantia aigm, Sat 71, tuenlve
day degeneration. Uote the pwwistece of soue
nouropil, although thore has boon considarable
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FIATE IX,

aft.hnh:lm:al of
tho normel mmm Corbow.
thiondne otaln,

mmm m of eylo~
3 vo of o
lggieal alberation, the s of the subotantia
anwmlwmm
latlens A narzed gllosis domdnatos Hiwn
nigbalosleal o sihish are seon following
mw.mm, Sarbo-thionine ghain,
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FIATE X.
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mwwmmﬁm mmm
“‘eapmile” of the caudate
“rotargol stalin,



In.



Mgure 75,

Plpare 20,

“hatomterograph of the Mstological pattemm of
the normal eaudate nucleus, Jat ¥l. This owoa

mmm-wwﬁm
pessing within the musleus. Tatonsified Frubare

gol stain,
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