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CHAPTER I

LITERATURE AND FORMULATION OF PROBLEM

Introduction.~~ At an early stage of development, the forebrain

(prosencephalon) shows thicker lasteral walle which are connected dor-
sally and ventrallf'by, respectively, thin roof-plates and floor-plates.
The thick latersl wall is subdivided by a ghallow furrow, the hypotha-
lamic suleus, into & dorsal and ventral ares. The hypothalamic sulcus
begins at the medisl end of anterior commissure and it runs backward

Yo join the definitive suleus Limitans of mesencephalon. Hevever, some

authors belleve that the hypothalemic sulcus is not = cephalic continua-

tion of the sulcus limitans. Therefore, the possibilitiss exist that
the hypothalamue is either a derivative of the basal lamine or & deri-
vative of the alar lsmina. The general consensus is thet the hypotha-

lemus originates meinly or entirely from a prolifersticn of the alar

lanins,

Since the hypothslamuz hes correlating funcilons, the view that

it develops from the slar rather than the basel lamina is accepteble.

The rostral pari of the thick latersl walls of the prosencepha-
lon gives rise to the cersbral hemispheres (telancephalon), while the
remaining cauﬁal pert is termed the diencephalon which differentintes
into the thalamuas, epithalemus (pinesl body and habenular complex),
netathalamus (geniculate bodies), subthalamus, and hypothelamus. In
advanced atages of development, the lattegj;agiongappears to be de-

veloped from the diencephalic ares ventral to hypothalsmic sulcus as
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well a8 from the floor-plate, The prolifiersting celle from the mentle

zone give rise to the various hypothelamic nuslei as well ss to the

neurohypophysis or posterior lobe of the pituitary (the enterior lobe

1a derived from en ectodermel diverticulum from the roof of stomoedeun) .

The optlic chiseme marke the divigien between rtructures derived from

telencephalon and diencephalon. Therefore, enteriorly, the hypothalamus

continuaes imperceﬁtibly into the parolfactory or septel region of the

telencephalon. Laterally, 1t iz bordered by the subthalemus snd inter—
nel cepsule. The floor is formed, from antero—ponteriorly, by the pre-
optic receas, optic chissnma, Infundidulum, Yuber and nemnillary hodies,

Arbitrarily, *he posterior border 1s token a5 the trensition ares he~

tween the msmmillary bedies and tegmentun of the middrain.

Hypothalamic srems.— Le Gros Clark (1938) , on anstomicsl
grounds, subdivided the hypothalamus inte 4 frontal sections by the

use of 3 frontal plenes. From before backwards, the cub-regions are

designated sa:

1. the preopiic area -- lisg dorsal to the chiasma and reaches for-
ward to the lamine terminslis, Porsally, it continues imprreeptivly
with the septal ares.

<e the suprsoptic ares - above the optic chissma end rostral to it.

3. the infundibular erea ~ behind the chiesme and in relstion to the
infundibulum.

4e  the mamnillary sres — occuples the posterior extremity of the hypo~-
thelsmug,

¥ithin the individusl above-mentioned areas, o complicated

conglomeration of nerve cells can be delineated. The mejority of the
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supposedly nuclear masses are ill-defined und diffuse and itherefare are
distinguished only on topographiczl basls when related to certain fiber
tracts, while the remalning fov are easily diatinguished by their charae-
teristic topography as well =g by their cytological fsstures.
Anatomical subdivision -
a) Preoptic erea: medial preoptic nucleus
lateral prsoptic nucleus
b) Supreoptic area: supraoptic nualeus
paraventrioulsr nucleus
suprechiasmatis (arcuate) nucleus
anterior hypothalamic nucleus
¢) Infundibular (tuberal) aroa:
ventromediel hypothalamic nucieus
dorsomedial hypothalamic nusleus
lateral hypothalamfic nuclsus
posterior hypothalamic nucleus
d) Hawoillary ores: medial mamaillary nuclous
lateral wamnillery nuclsus
median menmillary muclous
presamaillary nueleus
supramamaillary nucleus
The subtstastie grises ceatralis hypothaleni referz to the sestiered calls
which permeste the whole hypothalanlic area.
Malone (1910, 191z, 1924), Rioch et al (1540), aad Fulien (19439)
and other writers have given elsborate classifications sad

grouplngs of

the nuclear massen based on cell typs.
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Crosby's (1939) clagsification 15 based on horizontal gections

and distlnguishes three ersas:
| 1. the periventriculsr avea which is close to the ependyza of the
third ventricle,
2, the medial hypothalamic area mediel 4o the columns of the fornix.
3+ the lateral hypothalemlc srea lateral to the columns of the fornix,
It 15 generally sgreed that the bypothalemun contzins vegetative
centers (Karplus and Kreidl 1912; Bard 1925 end 19343 Cannen 1929;
Ranson 1934 and 1937; Kabet, Anson, Megoun and Ranson 1935; Foerster
1936; Brouk, Lewy end Larrabee 1936; Megoun, Renson snd Hetheringten
1938; Le Gros Clark 1938; Auer 1948 and 1951; and neny others) which
regulate the parasympathetic cutflow of the brain stem end spinel cord
through neuron mechanisms. It 1s still an open cuestion hoﬁ the hu-
meral mechanism plays & role in this region.
The nuclear configuration of the hypothalemus of the monkey is
described in the work of Grunthal (1931), Crough (1934), Papez and

Aromson (1934), Le Gros Clark {1938) end Ingram (1940), and by Mettler
(1948) 4in wman.

The hypothalanic nueclei
a) The preoptic rezion.—- Clark (1938) znd Auer {1951) point

cut that the preoptic region is truly s part of telencephalon am it do-
velops from telencephalon medium betwsen the outvocketing telencephalic
veaicles and diencephalon. The above authors have included this area
with the main eres of hypothalamus because topographicelly, morphologi-
cally and functionally, they are closely related. The area is relatively

small and is demarceted posteriorly by the optic chissma engd anteriorly
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by the lamine terminalis,

The medial preoptic nucleus contimuer into the adiecent aeﬁtal
area (paratorminel zad saroclfnctory of human &n&tdmy) of the frontel
lobe, ithe nucleus of diagonel band of Broea and with the #upreoptle area
of the hypothelsmugs. fThe nucleus oceniists predeainantly of smell-sized
cells azong which ave scattered modium-sized cells.

The letersl precptic nucleus is » diffusad thin sheet of gray
matter composged of smell cnd mediuz-sized cells also. It continues
posteriorly without any structursl histus zs the 1ll-defined latersl
hypothalanic ares (nuclsus) and continues caudally as far sa the teg-
rentum of midbrgin. The wedial forsbrain bundle, a diffused system of
predominantly wmyelinated fivers, courses through this flattened layer
of cells and 1t runme in the same antero-pesterior diraﬁtion;

According to Krieg (1932, 4in the rat), the bundle reaches ss
far caudally s& the midbrain. It hes been deseribed in many forma and
by many ebservers, as for example, Kappers, Huber znd Crosby (1936) and

Ingran (1940).

b) The suprsoptic middle region.— This region includes the

supraopiic, paraventricular, suprechiasmatic and snterior hypothalsmic
nucleus. The area extends approximately from a level inmsdiately en-
terior to the optic chissma %o the snterior border of the infundibulum,
In higher vertebrates, the supraoptic azad peraventricular nuclei are
most constant and very well defined. In lower vertebratea, fishes and
amphlbiens, the two nuclel are represented by & common cell nass, the
nucleus praeopticus. In lower vertebrates, the phylogenetic derivation

of the nuclei from a common stem is thoroughly discussed by Meyer (1935),
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Nauta and Dankmeyer (1944).

Topographicelly, the two nuclel differ very much as the DAY B~
ventricular nucleus lies close to the ependyma of the third ventricle,
while the supraoptic nucleus is gaperficisal and cloee to the pila,

Strands of cells, identicel with the cells of the two nuclei,
may be observed which seem to conmnect the two nuclei. Some euthors
have referred to this strand of cells, which course upwards snd back~
wards, &8s the accessory supraoptic nucleus, Five poorly defined sube.
divizions have been given to the pupraoptic nueleus by Roussy and
Mosinger (1934).

The position of the supracptic nucleus is well estahlished.

The main portion lies immediately dorsal to opiio chiasme and & short
dlstance rostral to the latter while & less dense smaller pdrtion con-
tinues dovmwerds for a short distance in the antecior well of the infun-
dibular recess,

Early desmcription of the supramopiic nucleus reaches as far beek
ag 1872 when Meynert referred to it as the "basal optic ganglion®. This
besal optic ganglion wos figured by Forel (1577) and first dezignated ss
the supraoptic nucleus by Lemhossek (1887), to which ke ineluded the
now called latersl nuclei of the tuber (man).

Attemple to anslyze the nucleus were mede at Tirst on humsn
wmaterial by the application of the Weigert stain, while the Hiasl stsin
was at first epplied to the supraoptic nueleus by Malone (1910).

Disrogarding diversity of connections and fuuctions, on the
basle of patterne of Nisel granules, Malone (1910) considered sll the

hypothalemic nuclear groups as being vegetstive in netuie. Thisg matter
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has been elaborsted by Kappers, Huber and Crosby (19136).

In trensverse sections, the paraventriculsr mucleus 1s seen es
4 column of cells which are in cloce relation to ﬁhe column of the for-
nix laterally and to the wall of the third ventricle nedielly. In sa-
gittal sections, the nucleus has & trisngular configuration with itg
bage directed dorsally snd laterally, in closs relotion to the ventral
medullery lamina of the thalamus end therefore in proximity to the mide

line nuclei of the thelemus., The dorso-latersl angle reaches into the

dorsal part of the zona incerta of the subthalamus. This dorso-latersl
extension is permested by fine unmyelinated fihers which stream from
the sona incerta,

The cells of thie nusleus ere cytelogically similar to thoge of
the supraoptiic mucleus except that vmell colls are Tound amony the
deeply steining magnocellular portion. Due to its proximity to the
periventricular nmucleus, the small interamingling cells of the paraven-
tricular mucleus mey belong to this periventricular systen.

Marie end Leri referred to the pareveniriculur nucleus es the
noyeu celluleire de la substence grise cemtrele. Laruelie (1934) in-
cluded with 1t the small celled suprachissmatic nucleus. Further men-
tlon bas been msde by Nicolesco and Nicolesco (1925) and by licussy and
Mosinger (1935) who sdded to the mejor magnocellular portion of ihe

nucleus certain smaller cell EXOoups.

Thig author, on a functional, topograrhical end ecytologicel basis,

has subdivided the nucleus inte three mujor portions {vide infra). Gy
tologically, the supreoptic end parsventricular nucles are identical in

Beuy respecis. Both masues contain extremely lurge, deeply-steining
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cells. The Nissl substence is concentreted at the periphery of the
perikaryon while the perinucieer ares is free of precipitete (toluidine
blus or oresyl violet stain), Ocveasionally, celis are seen which are
multinucleated snd which contaln vecuoles. This fact led Scharrer and
Gaupp(1933) and Roussy and Mosinger (1934) to conclude thet thess cells
had ssaretory or exoretory functions. The former authors degeribed en-
docellular eapillﬁries penetrating the megnocellular elements which
suggests an unusual vasculsr relaticnship. Vacuolation snd similar
vascular arrangement hes been reported for other hypothalamic nuclei.

It appears ressonasble to criticize the above findings of Scharrer
and Gaupp(1933) on the grounds that secretory activity is incompetible
with the structure and functions of e neuron (Finley 1938, 1939), that
the morphological indications are inconclusive and therefofe & possible
artefact, or possibly degenerative changes (Florentin, 1934), or pept-
mortem changes, and lastly, that the colloid has nigrated from the
bypophysis cerebri inte the hypothalsmic nuclei gulded by the hypothulamo-
hyporhysial fibers which originate from the above-meniioned nuclei. How-
ever, the latest work of Bodien (1951) seems to wsubstentiete the work of
Scharrer and Geupp.

Finley (1940) suggested as an alternztive view that the cells
of supraoptic and parsventricular nucléi &re chemoreceptors, end Vernsy
(1947) ascrides osmoreceptor functions to the supraoptic area.

The suprachissmatic nucleus is a condensation of cells within
the midline and dorsal to the chiesma. Tepographically, it continues
imperceptibly rostrelly as the medial preoptic nucleus and dorselly as

the periventricular nucleus (cat) vhile in men 1%t is practically indis-
tinguishable,
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The anterior hypothulamic nucleus 1z ebaent in man while in
memmals (cat) 1t is 8 small aree of scattered cells dorso-latersl to the
suprachliasmetioc nucleus end the periventricular hjpcthalamic sree clogely

agsociated with the mnters~madinl ihalsmic nuclaus.

¢) The infundibuler srea.— The ventro-medial hypothalemic nu-
cleus is mede up of medfun-sized, round or oval cells and {s topographi-
cally the cloaesf to the hypophysis cerebri, It lies caudal to the supra-
chissmatlc end supracptic nucleus, in direct line with the former, ven-
tral to the dorssl hypothalsmic nucleus and antero~-lateral to the pos-
terior hypothelsmic arem. The fornix is closely applied to its latersl
surface.,

The dorsomedial hypothalamic nucleus is much mors diffused and
smaller then the ventromedial nucleus. Anteriorly, the dorsomedisl
nuclsus tapers and continues imperceptibly with the medial precptlc
nucleus; antero-supericrly liee the periventricular nucleus, ventrally,
the ventromedial hypothalamic nucleus, and rosteriorly, ihe posterior
micleus of the hypothalamus.

The lateral hypothelamic nucleus is en extensively continuous
flat sheet of =mell, ill-defined leyer of gray continucus enteriorly
with the lateral preﬁptic nuclsus and posteriorly with gray matter of
tegmentum, Therefore, i1t lies lateral to ihe plane of anterior coliumn
of fornix and medisl to zubthalamus, In wemmels (cat), the extenszive
cellular erea is topographicelly well defimed by the many short, non-
myelinated fibers (M.F.B.) that permeate it.

The nucleus diminishes in primstes but im it new and not well

understeod elements; ithe tubersl nuclei, develop which are mbsent in
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lower mammals snd which 4n men prodﬁca two or thres wmall iuhercles
which are eagily recognized on the surfece on sach pide botween the in-
fundibulum end the optic tracts.

The posterior hypothslamic pucleus 1s a diffuse small cellular

area which liee posterior to the ventromedisl and dorsomedial hypethalsa-

mic nucleus. %The formix end mmmmillo-thalamic treet border §t laterally,

while medislly, it lies sgainst the ependyma of the lateral well of the
third ventricle. Behind, it comtinues with the grey matter of the mide

brain tegmentum.

d) The mesmillary area.— Topographically, 1% is the most dif-
ferentiated area of the hypothalsmis. In samnels, and especisliy in the
primates, the area is composed mainly of tvwo hemispherical bodies end
the immediate adjecent parts of posterior aspect of floer of third ven-
tricle. The main, well circumseribed, medisl musleus consists of a
homogeneous mass of small celluler elements. The nuclens is enCADEL-
lated by 2 distinet capsule of myelinsted and unmyelinated [ibers. La-—
tersl to the main medial nucleus is a slight condensation of large
scatiered cells which form the latersl memmillary nucleus (nucleus in-
tercalatus) .

Carnivores shows & distinct nucleus, prememnillary nucleus,
which 1lles at the posterior end of the ventromedial hypothalamic nuc-
lous and at the lower end of the posterior hypothalemic nucleus., The
cellular elements are few but distinot in outline,

Lying dorsel to the medial mammillary nucleus ig the thin tri-
angulsar shaped suprsmawmillary nucleus which seemg to continue pog-

" teriorly with the interpeduncular nucleus in the posterior verforated




substance.

The medlan memmillary nucleus 45 & scetiered, small masz of
cells lying between the two medial nuclel, In fréntal sections, it
appesrs triangular in shepe with the apex dirceted doreally between the
medial mucled and the bese abuts zgeinst the posterc-ventrsl scpect of

cepgule of the wammillary body.

Fiber Gonnections of Hyvothsalemus,-- The hypothelamus contoins

many fiber trects. The grest majerity of these treais are heevily mye-
lineted and therefore have veen subjected to careful consziderstions by
research workers not only from the compsrative aspeet but elso, to &
lesgser degree, by oxporimentnl methods. Thsse large wyelinated and dis-
tinct tracte smeke up & small ares of the hypothalemus. The rest of the
hypoihalamnﬁ iz permeated by e confusing, intricate meshwork of fine mye-
linated end to & greater extent wamyelinated fibers., In view of thie,

it is extremely difffcult to work out coanections of a speoific sres or
of n specific nuslear mauz,

Therefore, when efferent or afferent comncctions of the hypothe
lamus are mentioned, it should be kept in mind that the direction of con-
duction is arrived at solely on theoretical grounds unless the bouton
method hns been used. This method ie absolutely rolisble for it stains
selectively degenernted unmyelinated end finely myelinated fibers.
Reservatlons on the epplication of the retrogrsde chromolytic method and
the disadvantages have been thoroughly discussed in Chapter II,

Therefore, the evidence for the existence of many of the comnse-
tions mentioned below {s unconvincing and speculative. Ingrants (1940)

remark is worth quotinag:
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One must mppreciste that when the general ratiern of
this erea (hypothalamus) is finally correctly and comple-
tely diselosed, there is & chence 1t will prove more comp-
lex than the most fenciful pleture as yet presented,
¥With minor modiffcations, Ingran's (1940) clessification on
hypothalamic connections is zdopted here. The conneotions have been
taken up as follows:
1. Medial forebrain bundle,
2, cortaco-"ﬁmthalmm fibers.,
a) Fornix
b) Inferior thelamic peduncle
3. 8tria teraninalis.
4+ Supreoptic commigsures (vertral hypothslamic decussations)
a) Dorsel supraspilc decussation pers dorsalils (ngaer)
b) Dorsal supraoptic decussation pars ventraliz (Meynert)
¢) Ventral supreoptic decussation (Gudden)
5. Lenticulo~ and subthalemo-hypothslamic connections.
6. Mammillary peduncle.
7, Hamnillo-thalamic tract.
8. Vago~-supreoptic connections.
9. Periveatricular system.
10. Hypothalamo-hypophysizl connections.

11, Intrahypothelamic connections,

Hypothalenic Tracta:

1. The medisl forebrain bundle 4s & longitudinal tract which
is intermingled with the cellular constituents of the latersl preoptic
and lasteral hypothalamic erea. It 1s made up erinerily of fine, unmye-

linated fibers. It comnects, sccording to Keppers, Huber and Crosby




13.

(1936), the ventro-medial base of hemisphere with ihe praoptic lypotha-~
lemic area and the region dorssl to this ares. These authors further
state inat the bundle carriee hoth zssending and éeacending stimell,
Gurdjien (1927) assigns several components to the bundler gepto-,
letero~cortico~, strio-, tubereulo-, parolfacto~ und olfacto~-hypothala~
mic fibers and the elfacto*magmillary tract which reaches the leteral
memmillery nucleus. It is difficult to resolve the bundle into sll its
components and its most caudsl terminmtion ig not clear. However, in
the rat, Krieg (1932) described & component which resches the midbrain,
These caudally extending trmetis are considered as separate {iber systems
by Grosby and Woodburne (1951) (the anterior and posterior hypothelamo-
tegnental tracta).

During its caudel course, in the rat, the tract diﬁinishea Pro-
gresgsively which led Gurdjimn to believe that the medisl hypothalsamic
mucleus receives the msjor contribution. Krieg (1932), working alse on
the rat, thought that most of the fibers of the medisl forebrain bundle
arige from the hypothulemic nuclei, He added a subfornical component
which is specifically related to the hypothelamus. Krieg suggests a
contribution to the supramemmillery decussation.

Further mention of the bundle is mede by Roussy end Mosinger
(1934 and 1935); they 1ncludelthe preoptico-hypothalamic tract.

Anatomical experimentsl evidence does not exist which would Bug-
gest that cortico-hypothalamic fibers travel within the medial Fforebrain
bundle. Fulton and Ingreham (1929) favour such & comnection while in
hemi~decorticated dogs, Papes (1938) found the bundle of normal size.

In a totally decorticated cut, which had slso received extensive des-

struction of the olfactiory areas and total destruction of csudate and
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lontiform nuclei, Bard and Rioch (1937) d1d not find the medial forebrain
bundles. -

It 1B generally agreed that the hypothalemus contains primary
cubcortiosl vegetative centers (Karplus end Kreidl 1912; Bard 1928 and
1934; Cannon 1929; Ranson 1934 snd 1937; Ksbat, Anvon, Magoun asd
Renson 19353 Foerster 1936; Bronk, Lewy and Larrshee 1936; Magoun,
Ranson and Hetherington 1938; Magoun 1940; Auer 1948, and others). It
hag been thoughﬁ that the medial forsbrein bundle might carry fibers
from higher centers to the hypothalemie vegetative preganglionic cen-
ters (Renson 1937; Renson and Magoun 1939; HMagoun 1940).

2. CLortico-hypothalamie fihera.— Various obaervers 8.8+ Le Gros
Clark (1948) and Von Bonin and Green (1549), have brought forth imcon-
clusive evidence for the existence of cortico-hypothalamic.fibers. Ex—
perimental findings of Berd on sham rege, and the clinical observziions
of Davidson and Kelman (1939) indicate thet the hypothelamue, to some
extent, is under the control of the neocortex.

It is known that the evidence sn dirsect cortico~hyrothalanic
connectione is restricted only to the fornix and certoin olfsetory sye-
tems. Therefore, the neo-cortical control over the hypeithelamue may
be exercised over fibers whose enatomicel substratm hag not yet heen
worked out. It i8 possible that this substretium is in the fom of
short neuron relays or of long, dispersed, extremely fine ummyelinated
fibers.

The inferior thalsmic peduncle which is meade up of fine myeli~
pated fibers skiris the rostral hypothalamic sres, Koussy snd Yosinger

(1934) assumed that thess fibers arise from the temporal lobe cortex.
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Substantiating evidence hes not been offered so fer in thé 1iterature,

It ip more likely thst the fihafs of the inferior thalemic peduncle arise
from the dorso-mediel mucleus (Papez 1941) and submedial thelamie nuce
leus (Morrison 1930)., To some extent the inferior thalsmic peduncle
erises alse from the substantis inmnominata and important contributions

may also come from the antero-medial thalemic muecleus (Papex 1941).

ﬁicolescé'and Hicolesco (1929) place grset emphasis on the in-
ferior thelamic peduncle as a direct cortico—hypotha&aﬁic connection.
The fronto-tuberal tract of Greving (1927) coursing with the enss pedun~
cularis is even more doubtful as to its site of origin‘

Jsing induced degeneration, myelinated fronto*thalamic fibers

ware not observed in the macaques by Levin (1936). In the rat brain,
using the Marchi stain, Milliser (1932) was unable to detect neocortico-
hypothelamic fibers. Therefore, the anatomical substratum for direat
necpallial~hypothalamic connsctions is in need of Purther investigstion.
Excesslve evidence has accumuleted substantisting indirect
pathways between the neocortex and the hypothalamuz. Those pathways
have been discussed by Clark (1938) and Henson and Megoun (1939). The
connections probably course via the septal nuclei ss relzy stations.
Indirect evidence suggests a seplo-hypothalsmic pathway by wey of the
medial forebrain bundle. Experimental evidence of Wallenberg (1934)
indicates that a neo-cortico-sepial tract (Marchi preparations) de-
generated after frontal lezions in guines pigs. A cortico-septsl treot
has also been described by Metiler (193%) on the basis of Marchi work

on menkeys. Clark (1938) is inclined to believe that the cortico-~
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hypothalanric tract from the frontel lobe is relaysd throﬁgh the cal-
Inlar elements of the nona 1ncérta.

Merchi experiments by Hettler {1935), Levin (1938) and ¥Walker

1938) have conclusively proven that fibern erise Lrom the frontsl

cortex and resch the dorso-medial thalamic nucleus. OClark (1932 and
1933) hes given further evidence thai the sbove thalamic nucleus re-
leys the frontel fibers to the hypothalsmus through the perlventricular
fiber system. The fibers from the dorso-medisl thelamic nucleus are
believed to be relayed via short neurons for the periventriculsr fibers
are unmyelinated and therafore cannot be traced by the Merchi method.
With leslons in the hypothslamus, through the spplicstion of the retro-

grade cellular degeneration, Walker (1936) has demonstrated eenclu-

sively the exlstence of direct afferent pathways froz the dorso-medisl

end midline thalamic nuclei to the hymothalamus. The source of these
afferent fibers is the magnocellular part of the dorso-medial nucleus
(Walker 1937).

The frontal lobe projects to the ventral and lateral nuclef of
the thalemus, Conclusive evidence has not hesn reported on projections
from these nuclei to the hypothalamms though Croush and Thompson (1938)
report degenerated fibsrs coursing to the hypothalemus after a leston
of the nucleus ventralis rostero-lateralis. The above authors do not
state the sourse of these fiders though some of them enter the peri-
ventricular system. HNicolesco und Nicoleseo (1929) add to the obser-
vations that thalamo-hypothalamic fibers are poorly systemetized. In
contrest to the sbove suthors, Greoving wentions & thelame-infundibular
tract in the form of a fasciculus which comnects the thalsmus with the

supraoptic snd the tubersl nucleus snd with the substantdis grisen.
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Laruelle (1934) does not egree with this author while Roussy and Mosinger

1934) meke mention of an clabérete sygtem of connections, l.e. the fa-

ternegl thelsmo~hypoihalamic periventricular tract which arises from the

 psriventricular nucleus and the external thalaro-hypothalamzic perdventri~

cular tract which arise from the medfal thalsmic nuclens; the internmal
and externsl lamello-hypothalemic tramats which srisze from the intra-

leamellar nuclei and vis the thalamic faseiculue respectively., The ap~
parent thalamic'§onnections of the posterior hypothalamic arsa and the
fine myslinated and ummyelinated fibers thet pass from the thalsmus to

the region of dorso-medial hypothalamie nuclews are Ia sccordence with

‘these periventriculer fasciculi, The iuferior thalamic peduncle cerries

fibers from the medisl thalemic nucleus (Papez 1928). This tract is
closely associeted with the supracptic nucleus and Eollikgr is inclined
to believe that nany fibers leave the suprasptic nuclous, course dorw
sally to enter the inferior thalemic peduncle which skids the nuolsus in
its doerso-lutersl course. This peduncle is also closely sssociated with
the lateral tuberal nucleus. Therefore, slgo the indirect cortico-
hypothalsmic tract requires further study.

e) Fornix.— The fornix sriges in the hippocampus end is con-
sidered as a dirset cortico-hypothalamic system. It was {irst studisd
by Heynert (1871 and 1872) end Gudden (1881), and later considered in

deteil by Kappers, Huber and Crosby (1936). The above authors maine
tain that it contains fibers which are seid to end primarily in the me-

diel end lateral memmillery nuclei (Edinger snd ¥allenberg 1902) with

some fibers reaching the tuber rostral o the msmmillery nuclei. Pepez
(1938) reports & cese of a hemidecorticated dog (with 1/3 of hippocen~
pus &nd fornix removed) wherein the fornix was shortened and therefore

only reached the tuber, confirming thereby Edinger end V¥allenbergte
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observations on tuberal connections. Other workers, Ronésy and Mozinger
(1934, 1935) not only agres wiﬁh the above authors on the tubersl come
pouent but go further and sassign to the fornix specifio comporenis enw-
ding in the paravenirlcular and supraoptic nuclei,

Heyer and Sprouce (1951) have denied such connections on the

besis of experimentsl approsches corrslated with terminsl degenerstion,

b) The inferior thslemic peduncle.— This bundle is & fine mye-

linated fazcicle coursing slong the medial edge of the gemu of the in-

ternal capsule. The bundle is most distinct in rostral regions of the
diencephalon.

The peduncle seems to originsie from the medisl portion of the
dorso-medisl thalamic nmucleus (Paper 1941) ard from the nucleus subme~ §
dius (Morrison 1929). Papes (1941) 1s also inclined to belfeve that
important comnections are present within it from the medisl vortion of
the anterior nucleus. The bundle suppogedly connects the above struce
tures with the temporal and the insular cortex as well as with the pal-~
1idum, However, Rumbles and Papez (1948) do not mention degeneration
of itz bundles after temporal lobectomy in the monkey.

The fibers of the peduncle spread out in an antero-posterior
direction and give rise to two limbs., The posterior limb remains {n
the subthalamus end extends posteriorly fnto the zona incerts which
appears to be & syneptic ares. In this zone it liec between the len-
ticuler end thalamic fasciculus from where it fades out to the rostarior
end of the pallidum. The psduncle and the lentioulsr fasciculus to—
gether form the angapeduncularigs.

The anterior limb has & forward snd lateral course under the :
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anterior limb of the intermal -cepsule.

Gurdjien (1927) was not sertain about the relative numbers of
cortical or striatal fibers within this peduncle. On nermel snd expsri-
mantal opossum materiml, Bodian (1940) suggests that meny of the Pibers
of the inferior thalemic peduncle ere of stristal or pallial origin,
Curdjian degeribed connections with some of the midline nuclei ag well
as the ventro éﬁd‘dorao~medial mwclei. Bodian (1940) mentionz the same
nuclei with special emphesis om the dorso-medial end the sub-paratee-
nislis nucleus. The latter nucleus corresponds to the medisl part of

the nucleus medialis ventralis of Gurdjian.

Experimental svidence is lacking on the exsct origin of this
peduncle. Greving (1927) mentions a fronto-tubersl component within
the fasciculus to the tuberal nuclei. A cortico-supraovtic component
related to the inferior thalamic peduncle iz deseribed by Nicolesoo and
Nicolesco (1927). Laruslle (1934) mentfong the peduncle as a hypotha-
lamic conneation. According to Rouszy and Mosinger (1934), the peduncle
hes sfferent fibers from the temporsl lobe te the antericr hypethalamic
area and to the suprasptic nucleus, It might slso contain hypothalamie
fibers from the lateral hypothalsmic sres.

These suthors mention a more smbiguous trect, ithe farcisulus

anpo~bypothalamicus, Thess fibers might be the abev—ent componant of

the ensa.

Clerk (1938) suggestso thet the medis) end lateral preoptic
nuclei, which receive fiberc from varfous tracts which arise from dim
verge cortlcal and subecorticsl reglons, give & contribution to the in-

foerior thelamic peduncle. This commaction nay be the link between the
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praeoptic and mediasl cell groups of the dorsal thalamus.

In men, Papesz, Bull and Stotler (1944) report in human meries
J.H.C. softening which destroyed the large parf of the right medisl
nucleus of the thalamus. These suthors found the inferior thalamia
peduncls completely degenerated. Both the enterior and the posterior
limbs appeared devoid of myelin and fibers. They further reportsd that
the fibers of the sone incerta were completely degenerated and that the
narrow erea of the incerte was ocoupied by brosd perivagcular lacunee.
Papes (1943), in case J.C., &nd Rundles and Papez (1937) in series H.g.
report of vascular disorders of the mediasl thalamic nucleus and the
pallidum respeetively. In series J.C. the inferior thelamic peduncle
was partly demyelinated end reduced in size while in series MeB, the
fibers betwaen the pallidum and incerta were severely deﬁyelinated,
(Marchi stain). These cases suggest that the inferior thalamic peduncle
may contribute fibers to the pallidum. In lesions involving the medial
and medio-ventrel nuclei, it was observed that the inferior 55 well as
the anterior thalamic radiations undergo degemerstive changes. From
their close association, Papez (1941) suggeats that the fibers of the

inferior thalamic peduncle may be collaterals of the thalamo-cortical
fibers.

3. Stria terminelis,— Ramon y Cajal (1911 - p. 479) followed
the fibers of the striz teminalis to his "noyau superior" and "noyau
posterior® of the hypothelamusz which correspond respectively with the
dorso-medial and the posterior hypothalamiec mucleus. However, he did
not find the terminal aborizations of these fibers and his brief note

does not mention vhich component of the stria terminalis was involved.
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As the trect pesses cawdally, 1t contributes fivers, according
to Erieg (1932), to the periventriculsr aren of the preoptic and the
anterior hypothalamic region. In this region, fibers are apparently

connected with the wediel, and part of the lzteral, paraventricular

nucleug,

Laruellg (1934) has mentioned fiber conuectione to the lateral
tuberal nuclel, the persventricular nucleus and the substantis gricea
centralis. Rouspy and Mosinger list elaboreie comnections of the gtria
terminalis with practically all the hypothalamie nuclei reaching as far

caudally as the medial mammillary nucleus.

Fivers arising from the stria medullaris component of the stris
terminalis (component 5 of Johnston (1923), part S5x of the component
as described by van der Sprenkel (1926) and to the dorgo-amygdalo-
hypothalamic tract of Bodian (1940)) connects, in the opogsum, the
reticulsr micleus {van der Sprenkel) and the dorsal hypothalamie nuc-
leus: While other fibers pmss dorsel to thiz nuclsus to enter the peri-
ventricular system to terminste in the paraventriculsr mueleus (Leo
1931, fig. 62, tr, ret, pv.), dorso-medisl hypothalamic nucleus and 4in
part to enterior hypothalamic nucleus (Bodimn). Vean der Sprenkelts
(1926) detsiled anelysis of the stris termiralis ipn the oposSsum Conl-
sidered this bundle to be a system which probably arises in the reti~
cular nucleus (Gitternucleus) and terminates in the leteral and modial
parts of the tuberculum olfactorium. Other connections ere mentioned;

one in particular iz listed as travelling with the stria medullaris to

reach ithe supraoptic nucleus.
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From the comparative point of wiew, the bundle has been tho-
roughly described by Ksppers, Huber and Crosby (1936). Clark (1938)
nentions hypothalamic connections of the stria terminalis to &1l hypow

thalamic nucleil including the suprachiasmatic nucleua,

According te those authors, the stries can be subdivided into
various components, that is, a commissural companent which intercon-
nects the amygdaloid nuclei, and precvbic sad hypothelamic components
which convey fibers from the emygdala to these regions. These fibers
may loop over or course behind the anterior commissuras. Those fibers
thet do loop over the commissure esre said to Join the mediscl forsbrain
bundle for a caudal distribution. Keppers et al, beliove that the fi-
berg of the stria terminalés are distributed to all nmajor hypothalamic
areas as far caudelly as the periventrioular sysiem and the nuclei

suprachiasmaticus, paraventricularis and supraopticus,

4+  Bupraoptic commi ssures (infericr hypothalanic decussation)
a) The dorsal supraoptic commissure, pars dorgalis.— Thig
systen is frequently referred to as Ganser's commissure vhich ia com-
posed primerily of tortuous and extremely cosrge myelinated fibers with
& fev fine fibers dispersed smong the coarse. The syetem crosses cau-

dal to the chiesma at the floor of third ventricle.

It was first recorded by Meymert (1872) and Forel (1877) and
later elaborated by Ganser (1882). The latter suthor gove a clessical
Cescription of this system in the mole and noted some of i%s most
characteristic features which are also apperent in higher wammele snd

primetes. Ganser recognized that the fibers of his Tenterior subthale-




nic decussation” wers cheracteristically the eosrsest im the vicinity

(3 miera in dismeter) and thet all of the fibers were not wholly sepa-

rated from the more vanirally placed commissure of Heynert. Therefore,

he divided the commissure into two varts, an entero-ventral end
postero~dorgal. Ganser was able to follow the comuiszural fibers to
the gons 1ncer§a and algo into the intersitices of the interanal sapaule.
Ganser quoted Schnepfhegen (1877) who treced comparable Tibers into

the medial longitudinal faseiculus, sd heve other workers (see Folx and
Nicolesco 1925, end Papez 1938), Gunser's degeription of this system
wag confirmed by Darkschewitsch and Prihytkow (1891) 1in the mole. These
authors worked on a cat with e unilatersl lesion of the ventral portion
of the comaissure (Meynert's im Gurdjien 1927 terminology) &md noted
the diseppearsnce of the fibers of the dorgal part of the decus:aticn
of the opposits side, They also followed the fibers of the ventral POY-
tion to the leaticular maclens, and the fibers of the dorsal part to the

reglon of the formix column in ths dorsal sres of hypothelemus,

The fine fibers of this faselculus sppear to srise from the
lentiform fasciculus and to turn ventrally in the hypothalamus to reach
the ventro-medial hypothalamic nucleus. Dsjerine (1901) reports the
lentiform nucleus ss the site of origin, which passes medial to the
fornix az the fageciculus of the tuber cinereus, Greving (1927) ba-
lieves that the Cibers arise from the lenticular fssciculus end as-
slgns 10 them no hypothalamic connections. Gurdjien (1927 sonsidered
the comnissure as arising from the gubthalemic and the nucleus EUpTa—
opticus diffusas. Krieg (1932) thought that the fascieulus is closely

related to the reticular nucleus of the thelamus esd the zona incerte,
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while Roussy znd Mosinger (1934) give the fesciculus 2 more wide distri-
bution which includes the saterior hypothalamic ares, the nucleus supra-
opticus'diffusea, the dorso-medial hypothelamic ares and with specific
connections between the nucleus of Darkschewlisch and the tuberal nucled,
Vondershe {1937), in certain human cages, desaoribed an anonelous cowm-
missure bridging the third ventricle between the sreas containing the
paraventricular nuelei. The suthor suggects that this evidence points
to & probable termination, presumably of the dorsal supraoptic commis—
sure, in the paraventricular nucleus in pormal brains. Clark (1938) re~
lates the dorsal supraoptic commissure to the anterior and lateral hypo-
thalamic muclel and to the ventro-medisl hypethalsmic nucleus with fibers
extending to the subthalamus. Further elucidatiion is given by Kappers,
Huber and Crosby (1936) who describe in this system short commissural
fibers which interconnect opposite hypethalemic regions together with

fibers of the tegmentum and the medisl longitudinel fmsciculus,

b) Dorgal gupraoptic decussation pars ventralis,-— In general,

1t represents the so~called commigaure of Meynert. The bulk of the
supraortic decussation consistes of several diffused groupz of fibers of
varylng calibers snd with diverse terminations. Weaver (1937) in &
study on the cat described the decussations sg 2 unit and referred to
1t as the inferior hypothalamic decussation.

Aeccording tc this euthor, these fibers, in snd near the midline,
form a unitary system of fibers, of varyilng sizes, which cross in the
posterior part of the optic chissms snd behind the chimsma. They re-
nein medlal to the optic tract and enter the medisl nart of the cere-

bral peduncles, interwsaving us small bundles between the medial




254

elements of the cerebral pedunqle. The further course of Meyneri's come
missural fibers is not clear, Ramon y Csjal (1911, Fig. 255) desorived
collaterals of certsin optic fibers, which he considered to be part of
Gudden's commissure, arborizing within his "noyaux de lo bandeletie op~
tique®™. This nucleus corresponds to the ento-peduncular nucleus of the
opossum, Bodian_(l?&ﬂ), Papez (1939) is inclined to belleve that the
comnissure la & primitive optic connection relating the geniculste bo-

dies to the supreoptic nucleus snd other hypothalamie structures of the

oppoaite side.

Kappers, Huber and Crosby (1936) mention no hypothalamic or

genlculate connections for higher memmals but mention orossed tectoe

subthalamic snd lenticulo-subthalemic components.,

Nicoleseo and Nicolesco (1929) deseribe comnectionz with the la-
teral hypothalemic ares and supraoptic mucleus. Clark!s (1938) experi-
mental evidence indicates connections with the globus pallldus end con-
tributions to the medial forebrain bundle. Wesver (1937) mentions no
pallidel origin but suggests subthelsmic, pretectal and geniculate
(medial) relationshipe. Hypothalamic comnections are not mentioned,
Laruelle denied that any of the supraoptie commissures were of impor-
tance to the hypothalamus. In spite of the close relationshin of the

fibers to the supraoptic nucleus, no evidence for endings is found by

Ingrem (1940).

¢} The ventral supraoptic commissure of Gudden.— It lies

among the fibers of the opiic chizsma and Weaver {1937) could snot find
such fibers in catas with optic fiber degenmeration efter enucleation of

the eyes. Moell (1904), Marie and Leri (1905) and Herzogz (1906) found
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no trace of it in human apecimen: with complets optic degencration.

5. Lenticulo snd subthalamo-hynothelamie counections.——

Kappers, Huber and Crosby mention the lenticular fageiculus and the in-
ferior thelamic peduncle as the possible stratum of connesction. Papes
(1937, 1938) has a connection through Genser's commissure from the glo~-
bus pellidus to the ventro-medisl hypothalamic nucleus. Spifegel (1932)
gives no an&tomicul substratum but gtetes thuat the chief afferent hypo-
thalamic comnection in with the corpus striatum, Gurdjisn (1937) and
Krieg (1932) give the medial ferebrain bundle (in the ret) as the poe-
sible anatomical cenﬁectiou between the two slements., In man, Laruelle
{1934) mentions striato-hypothalamie fibers through the ansa peduncu-
laris and the anss lenticularias. Greving (1927) implies striatal con-
nections through the doubtful strio-pesduncular tract. Probgt and
Monakow, as cited by Wilson (1914) offer the lenticular fageiculus as a
connection to ths tubersl nmuelei. Pallidal lesions in cats led Morgan
(1927) to a description of degenerated fibers (Marchi) pusssing through
the medial third of the cerebral peduncles to turn medislly ot Forel's
field H2 (lenticular fesciculus)« This lfasciculus gorvesponds to
Krieg's hypothalamic fusciculus (ret), and pallido~hypothalemic fasci-~
culus of Bard and Riceh (carnivora). if the [ibers sctually end in the
hypothalamus, they appesr to enter ithe venitro-medisl bypothalemic nuc-~
leus as seen after destruction of the globus pallidus. This experiment
of Bard and fioch elso demonstrates the sbsence of erosving lenticulsr
Dibers within the supramaneillery decussation (which ney be concerned
with decussating fornical fibers?). Yoollard (1932) cites & lesion of

the subthalemic nucleus in & cat which resulted in the degeneration of
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fibers in the opposite hypothalamic areas,

64 Mammillary peduncle.—-— Edinper and Wallenberg (1902) obrer-
ved ascending degenorating fibers within the peduncle after placing a
wall clrcumscribed lesion within the nucleus gracilis. Kappers (1921)
thought that it repregents the spino- end bulbo-hypothelsmic tracte of
lower vertebrates which topographicelly sre closely ascocinted with the
lemniscal gystem in mammals. Wallenberg (1960), Probst (1902) and Papea
(1923) have brought forth experimental evidence to show the ascending
component within the peduncle. Clark (1938) believes that certein des~
cending fibers may he slso present, and Tello's atudy (1934) in the
mouse, by the developmential approach, shows clearly that the trect emer-
ges from the region of the lemniscal system, Probst (1901), Allen
(1923), Ranson and Ingram (1932), Ferraro and Barrera (1936), Clark
(1936) and Walker (1938, 1939) have been unsble to suppoTt the evidence

on the close relationship between the lemniscel gyatem and the peduncle,

Curdjfan (1927) in nommal rat materiel described the peduncle
as arising from the medisl lemniscus. Roussy and Mosinger (1934, 1935)
include fibers from the gracile rnd cuneate nuclei in the peduncle to
be distributed to the medial memmillary and to the supracptic nucleus.
Clark (1938) includes the mazmillary peduncle as one of the mein path~
ways for censory impulses to reach from the lower brainstem to the

memnillary body. This has not been proven by other data.
Popez (1923) 1ists it as one of the main afferent pethweys of
the hypothalamus, wainly to be distributed to the lsteral mamndllary

nucleus and with some fibers continuing rostrally into the lateral part
of the tuber (rat, Marchi studies).
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Papez (1932) placed the origin of the bundle in the ventrsl teg-
mental nucleus of Teal (1925) in the opossum. The lstter suthor followed
this tract from the lateral part of the mammiliary'body to & level jmst
caudal to the oculomoior roots whare the fibers appear to interaingle
with lemniscal fibers. Bupporting thece conclusions is the work of van
Valkenburg (1912) and Fortuyn (1912). They believe thet in the rabbit
embryo the tracts are distinct. After lesions which intsrrupted the
mamnillo-tegmentel trect in the rabbit, van Valkenburg observed retro-
grade cellular degeneration within the dorsal part of the nemmillary
mucleus. Ibanez (1935) reported, on the basis of Marshi studien, that
the common bundle of origin of the mamnillo-thalamic snd msmmillo~-teg-
mental tracts arises in the medial mammillary:.mucleus, as observed by
most workers, but that a =mall zemmnillo-tegmentsl componont aluo arises

in the luteral nucleus and is Independent of the bundle of Vicqg dvAzyr,

Bodtan (1940) reports on & direct lesion of one bundle of Vieq
diAzyr in the opossum. The resulis gave no evidence of fibers passing
ventrally in this bundle as was described by Clark und HBoggon {1923) in

the rat after lesions of the anters-ventral micleus of the thalamus.

Of interest are Tello': (1934) ontogenetic observations on col-
loidal silver preparstions wherein the mamzillo-tegmental tract appears
earlier then the mammillo~thelamic tract. Similar observations have
been presented by Shaner (1932).

The tract arizes from the medial zammillary nucleus and in part
from the latersl mammillary nucleus (Clark 1938). On the basis of

Weigert material, Rloch suggests thet s small casponsnt of the bundle

arigses from the nucleus intercelatus (his lateral uammillary nucleus).
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The tract courses dorsally to the snterior auclear complex of thelamus
with the sntero~ventral nucleus receiving the greatest component (pri~
mates), This nucleus hes widespread afferent, &onnectiona with the cin~
gulate gyrus (neo-pellial cortex) as shown by warlous suthors 4n diverse

experiments, alse with primates (Clark and Boggan 1935).

7. The memuillo-thalsmic trect (bundle of Vieg d'Azyr) .= In
most mammals, the mammillo-thelamic tract ie a well clrzumseribed bundle
of myelinated fibers which course through vertically downwardlnnd ven-
trelly within the medial hypothalomic srea. It intercenneets the

mamnillary complex with the anterior nuclear complex of the thalamus,

Phylogenetically, Clark (1928) conulders the tract &8 a locel
differentintion and eggregution of the periventricular system of fibers.

Cejal (1911) described the tract (Golgi preparstions in the
wmouse) as being collaterals of the memnillo-tegmental tract,

Ontogenetically, Tello (1934) reporte (in mouse embryos stained
with colloidsl silver) thet the wamnillo-tegmental tract iz svident sar-
lier than the memmillo-thalemic tract. Shener (1932) in vig eubryos re-
ports similar obeervetions and hss further remarked on the latensss of
the tract in development., Van Valkkenburg (1912) showed degeneration in
the mammillo-teguental tract without any effect on the memmillo-thalemie
trect.,

On Weigert preparstions, Rioch reports (carnivora) thet the tract
arises primarily from the medial mammillary nucleus and in part from the
nucleus intercalstus (his lateral mammillary nucleus). Normsl ané ex—

perimental material shows that the tract terminstes in relation to all
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the nuclel of the snterior group of the thalemus (mecrommatic mammals:
entero-medial, antero~ventrsl and antero~dorsel nuclei) of same and Op=~
poelte side (Clark 1929, 1932). In higher mamsls ond primstes, the
antero-medial nucleus regresces while the antero-ventral nucleus beconmes
larger and more sharply circunseribed, and the mammillo~-thelamic tract
ends nmainly in the sntero-ventral nucleus vhich projects to the gyrus ciA—
guli (neopsllial cortex).

Expsrimental evidence is at hsnd, eccording to Clerk (1938), that

thulamo-mermillary fibers course in the bundle of Vicy d'Agzyr,

8. YVago-supraoptic connections.—— On the basiz of the relstive
position of the mammillary peduncle and the secondery gustatory and vige

ceral paths to hypothalemus in fishes, Clark (1938) has suggested that
the meumillary peduncles may conduct impulses from the nuele! of IX end
X n%rvea to the hypothalamus.

Huang (1938) demounstrated rhysielogically o connection between
the vagus nucleus and the supraoptic nucleus. Though this pathvey was
not shown, Ingram mggests that it mey course through the lateral hypo-
thalemic ares or even more laterslly. Allen (1923) mentionz the medial
Lamniscus a3 the possible puthway though this sysiem Lz erossed snd
Huang's physlological path 45 uncrossed,

Further physiological evidence of a pethwey between the vagel
nuclel and the suprsoptic nucleus ic guggested by the work of Hronk,

Lewy snd Larrabee (1936).

9. Periventricular sgvstem.~- In the cat, the periventricular

fibers of the diencephalon cen be sub-divided into en anterior greup
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and a posterior group. The latter extends crudslly in the astem as the

dorssl longitudinal fasciculug of Schutz.

The periventricular fibers are mostly umsyelinated and therefors
P

cannot be detected by the Marchi degenerstion mathod. The system lies
close to the ependymal lining of the third ventriole or on elther aide
of midline with‘most of the fibers having e verticel course. To reach
the mesencephalic central grey, the fibers course upwards subependi-
mally, The fibers become closely related 4o the wedinlly pleced nue-

lei of the thalamus, especially the dorso-medial nucleus (Rioch 1931).

In a series of normal marzmels, inecluding human brains, Herburg
(1931) made a thorough study of the posterior periventricular system
(fascicuius periependymalis). In hie comprehensive sccount he hes re-
viewed most of the pertinent Jiterature on this interszting and some-
what neglected gystem, He emphasizes the relation of thig eysten to the
tuberomemmillary and periventrionler hypothelasus, o the dorasal tog-
mental nucleus of Gudden and to the neighbouring mesencephalic gray
agsocieted with olfactory dependencies, including the interpeduncular
nucleus and several gray regions surrounding the guetatory, vagel end
trigeminal centers. Krieg (1932) siates 4n his studies on the rat

that wo:t of the periventriculer fiberz arise from the suprachissmetic

nucleus, the posterior hypothalamic nucleus, the ventro-mediul snd dorsoe-

medial hypothalemic suclei. Schutg (1891) edds fibers from the supraoptic

nucleus., Krieg also adds an enterior component wnich is gaid 1o arise

from the preoptic periventriculsr nucled which course dorsally, clo:se
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to the ventricle to form & fascicle in the dorsel part of the mussa
intermedia, Beneath the posterior commissure it joins the main POS-

- terior component which arises from the hypothalsmie nuclet (see ahove).
These fibers receive centributions from the midline nuclel of the khypo-
thalemus and some from the medisl forebrain bundle, After the two com=
ponents have mingled, the bundle separates, with divisions coursing dore
sally and vantrélly tovthe agueduct. The dorssl or tectel division
enters the colliculd. The ventral forms the dorsal longitudinal fage

cicwlus which wes traced as Par caudally ms the suparior vestibuler

nucleus, Xrieg suggests that it ends in the dorssl motor nucleus of the
vegus, Little is mentioned of the tegmental nuclei, The prevalling
opinion is that the fasciculus of Schutz comnests with the motor nuclei
of the brain stem and particulerly with the vegetative motor nuclei.

The posterior hypothalamic component of Krieg receives zdditional fibers
from the supreoptic nucleus (Schutz 1891) and from the peraveatricular i
nucleue (Loo 1931). Therefore it appsars that the whole antero-posterior
extent of the hypothalamus comtributes in some degree to the periventri-
cular system,

Clark's (1938) mnd Laruslle's description 1s essentislly the
sane, except that the former author places apseisl emphesis on the cone
tribution from the posterior hypothalamic area which %e seid to be the
primery source of fibers to thils system (cf, Gurdjian, 1927). Nicoleseo
and Nicolesao (1929) refer to the periventricular system as the faisceau
du tuber cinsreun &n& asoribe 1ts origin to the paraventricular nucleus !
and the venhral part of the tuber, (reving's (1927) trectus substantise

grisae Infundihull znd the tractus hypothalami appear to eonform to the
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poriventricular system and dorsal longitudinal fasciculus. Roussy and
Mosinger (1934) include the dorsal longltudinel fasciculus in their ex-
ternal periventricular system, and Dejerinetz fsisceau du tuber cinereum
corresponds through part of its course with the dorsal longitudinal
faseiculus giving as its origin the lentiform nuoleus, Ksppers, Huber
and Crosby (1936) ascribe the origin of the periventricular fibers to
the dorso-medial and ventro-mediel hypothalamic nuclel, the posterior
hypothalamic area and the periventricular gray to discharge ceudelly to
the dorsel tegmental nucleus to be relayed to pregaaglionic centere snd
other efferent centers of the stem. Additionsl fibers reach the tsctum
end dorssl thalemus, Pspez and Freemen {1930) observed degenerating
fibers within the periventricular scyntem in the region of the hypothals--

mus after a lesion of the habenulsr ares.

Beattie, Brow and Long's (1930) degenerating experiments on cats
with hypothalsmic lesions, wherein the Marchi snd the Alzheimer-Menmn
methods were used to detect the degeneration, indicate that most of the
periventricular fibers are ummyelinsted., A word of cantion should be
added, that 1s, the method of Alzheimer-Mamn (eosin and methylene blue)

which 18 deslgnated to strin degenerating axons is not vary relisble.

It is spparent from the literature mentioned above that all the
gtudies on the periventricular system have been done moetly oo normal
material and whenever experimentsl lesions were uzed, the Marchi method
wes employed to detect the degenerative changesz. However, it appenrs
(see Chapter III) thet the periventricular fibers are primarily unmye-
linated. Therefore, results obtained through Marchi studies should be

sccepted critically. This would explain the reasom why the authors




3/, L]

mentioned above do not asaign to the periventriculer systea a septal
components It alzc syeems possible that the periventricular fibers may
carry coriico-hypothalamic asg well as cortlco—sépto—hypoth&l&mic C O

ponents to various hypothelsmic gray nasses.

A8 alreedy stated, the anterior periventricular syetem, in gene-
ral, conelsts of fibers which course vertically slong the wall of the
third ventricle, or on either side of the midline. It is besi seen in
horizontal and oblique sagittal sections. It connects chiefly the dor-
sal thalamus and perhaps the epithalsmus with the periventriculsr gray
of the hypothalsmus,

In the dorpal thalamus the fascicles of the periventriculsr sys-
ten are fine and unmyelinated, These fine unmyelinsted fibers appear te
be long neurons as compared to the fibers within the ventfal hypothslemie
region. At the latter region, the fibera are many snd ghort. i erossing

is clearly seen (cat) at the ventrel angle of the third ventricle as re-

ported by some authors.,

The posterior periventriculer gystem {fascionlue periependymalis) aem

The components are extensive; gome fibers are finely myelinsted and
mostly unmyelinated. A& large part descends in the contral gray of the
sten to form, in part, the dorseal longitudinel fascloulus of Schutz.
Thie systew correusponds to the fascioulus periependymalis of Ramon y
Cajal and of Marburg, the fasciculus longitudinalis griseus of Xolliker
(1896, Fig. 637), and the hypothalemic division of the periventriecular
gystem of fibers of Gurdjian (1927), Krieg (1932) and others.

It should be mentioned that Remon y Cajel (1911) separated his

fasciculus perfependymalis (voie longitudinele peri-ependymeire p, 193)
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into dorsal snd ventrsl compoments. Of interest slso is the fact, as

mentioned by Ramon y Cajel, that long and short fibers and collaterals

were precent in the periveatriculsr system.

10. Hypothslamic-hypophysesl comneetionms.—— In sagittel end

horizontal sections, a stream of fine wmyelinated fibers is seen cour-
sing through the infundibulum &ﬁd infundibular stalk. The fibers pass
caudﬁlly, medially end downwerds,

Cajal (1894) first dememstrated theme fibers in the mice and
was able to follow them from the hypothalamus to the neurohypophysis.
Retrograde chromoiytic changes were obsgerved by Lewy (1924) in supreoptic
muclel after injury to the neurohypophysiz (this disproved Oajal's con-
cept that the hypophyseal fibers conducted centripetally). Pines (1925),
Creving (1925, 1927) and Stengel (1926) substantiated Lewy's work on the
origin of these fibers principally from the suprsoptic nucleus and, to a
lesser extent, from the paraventricular nucleus. The connections were
further confirmed by Nicolesco and Nicolesce (1929), Cushing (1930),
Fisher ot al, (1935) and Ingram (1940}, The mumber of iber: have heen
estimated from 10,000 in the rat to 60,000 in monkeys, and up to 100,000
in man (Resmugsen, 1938, 1940; Magoun and Ransonm, i439; Harris, 1951),

Ingram and Fizher (1936) concluded that only few fibers cross to
opposite side but Laruelle (1934) and Roussy and Mosinger (1934, 1935)
claimed that a lergs preportion of fibers take plece in the crossing,

The greatest distribution of these fibers is to the neurchypo-
physlis with few entering the pers intermedia and rars anterior of mn-
terior lobe (Pines 1925; Hair 1938; Brooks 1938; Harris 1948). The i~

bere were iraced by Brocks and Aersh (1941) to aspecific cells of posterior
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lobe and Beattle traced the fibers te their end stetions around the

modified glia cells, the pltuicytes.

11, Intretyvothalemic connectionp.— Exporimentally, the sna~

tomical substretum fe£ the Interconneciions among the constitusnt hypo-
thalamic cell masses has not yet been advenced. Verisue authors have
mentioned varioup wra¢ts, We have found no busis for such conclusions
after carefully exsmining meny series of cats which hed been stained
with colloide) =ilver.

In normsl cat material, stained with colleidel silver, fine un-
myelinated fibers ure seen inierconuecting the medisn and medial mam-
millary nuclei but not with the leteral mammilliary nuclel as suggeated
by Ingram (1940).

The tractus paraventricularis cinersus of Grsving {hypothalamic~
filiformis tract of Kriez) may be a link between the supraoptic and para-
ventricular nucleus. This internuclear commection might be affected
through the dentrites of paraventricular cells (Nicoleseco and Nicolesco
1929) or through the axons of suprsoptic cells (Nicolesao 1934). These
fibers might well belong to the pareventriculo-hypophyseal trsct.

Roussy and Mosinger (1935) deseribed widespread ascociational
comnections of the paraventricular nucleus which have not been substan—
tlated. In normal rat materisl, Krieg (1932) deseribed the iractus
filiformis lateralis which suprosedly intersennests the parsventriculer
nucleus with the thelemic reticular nucleus. Indicztions mre oregent
for this bundle in the cst as reported by Ingram, Hannett end Ranson

(1932) . Clark (1938) mentions comnections with the habenule snd dorsal
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thelemue by way of strie medullaris, The supraontico~thalemie Yreot of
Greving (1925), which correeponds to the feisceau residuaire de la ban-
deletie of Moell (1904), Marie undé Leri (1905) and Herzog (1906) has
been traced to supracpiic nucleus from = region in front of lateral
geniculate body, where its fibers diffuse towerds the lentiform nucleus.
These fibers might well be aberrants of the anéa peduncularis snd not of
ortie orfgin aﬂ'it wes formerly thought by Greving. Interconnections
between hypoth&lamié nuclel might well be aceomplished through the me-
diel forebrain bundle end/or the periveniriculsr system which has been
discussed,

Supraoptico-tuberal connections (man) have been described by
Greving {1925) which sre now regarded és Fibers of the supraopiic-hypo-
physeel tract,

Interconnections among the various bypothelamic nuclei are men-
tioned by Auer (1952) who showed morphological evidence in the cat for
the existence of short neuron relays in the hypothaelamug,

The data mentioned in the foregoing mccount on the nuslei and
filver connections of the hypothalemus, supplemented by ithe data on the
neuro-hlstological technicues (Chepter II), cuggest the formulaticn of
the following problem which is of rrimary importance.

1. The Nizel snd Marchi methods (the most Wwidely used for hypothalamic
studies) are most useful for Rany purposes, though not absolutely
applicable to hypothalamic studies for the following reasons:

2) The Nissl method: The classicel deseription of the Nissl ETD

miles st various stages of digintegration proves difficult in

interpretation especially when one considers the fact thet the
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be

Se

magnocelliular nucled =nd the rosterior hyuothalsmic macleus
have =n aeczentric verishersl dispesition of the tigroid eub-

stonce,

b) The Marchl sethodr Tte usefulness iies only in the studies of

degenerating wyelinated tracts and is therafore uselsss for
the uniyelinated fivers of the hypothalanus.
Local neuro-physiological stimuletion (vith the aid of the Horsley-
Clerke sterotaxdc instrument) or the epplicstion of sirychnins,
acetylcholiﬁe, or othgr chemicais, are difficult to eapess in the
erowded hypothalamic ares with 1ts denss congloemeration of nuelei,
tracts snd short neurons. Therefors, the physiolorisnl commections
are speculative and not alwmys convincing,
Pethological specimens are rafely aof value since ﬁhe.leeiona zre

[-~9

usually diffuse and undiserinineting in their favolvenent of fibery

g

end muclei,

Therefore, & relisble method fop staining and identifying degenerated
ummyelinated or finely myelinsted fibers ig the firat prereculoite

to may farther work on the hypothalemug,

A re-evelustion of hypothalamic connections, desed on gtrict mor-
phologidal data, especially for the individuel nuclesr maspes (the

magnosellular nuclei), 1s neceass v for an {ntervretsticn of their

possible functions, -




CHAPTER II

METHOD

Introduction.-~ As deseribed in Chapter I, the hypothelemic
region 18 permested primarily by fine, short and non-myelinatad fibvers.
Though many techniques have bven devised to deteot these neurofibrils,
baslcelly through the spplication of colloidal gilver, none of them
geem to fulfil this purpose ideally.

The neurophysiologists have made a great advance in studying
the function of the hypothalamus. The aeuroenntomists are not yet pre-
pared to offer an anstomical substratum for the resulta of the neuro-
phyelologistls experiments due to the fzot thet the present day tech-
nigues are not applicable to degenersting non-myelinsted néurofibrila
end terminals, _

The review of the literature shows the lagk of information that
rrevails today in the afferent and efferent connections of the hypotha-
lemus and on the connections of specific nuclear messes, thet is the
magnocellular nuclei.

Therefore, during the course of our preliminery investigations
on the magnooellular nuclel of the hypothalamus, it became imperative
that & reliabls neurofibrillar stain had to be employed, Since syste-
matlc experimentel destruction was contemplated, it implied that the de-
generated processes of the neurons should also be detectable by the
atain, Therefore, the neuro-histological method should demonstrete cope
sistently the particular features of the tissue, whether the tisgue he

normel or in progressive atages of degeneration,
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The multitude of existing methods for staining nervous elements
with colloldal silver is an indication of the relative unpatisfactory
nature of these teshniques. The staining should work equally well with
standard fixatives; aslways demonstrate all nervous elememts aﬁd the
chemicals should be simple to prepare. Most of all, the technique should
work well with seriel paraffin sections in order to avoid staining inten~
sity irregularities and poasidle lack of coheaion between the various
parts as seen in frosen sections. Thereby the edvantagea of thin serial
sections could be maintained without tears as well as the ability to

stain alternate sections with various other steins,

History of Silver Methods.-- Golgl (1879) firat introduced colloi~

dal silver in the studies of nervous tissue, but 1t was his contemporary,
Remon y Cajal who exploited Golgi's technique to the utmost. It hes
been said by some authors that Cajal's methods were originally modifica-
tions of the photographic process of Simarro (1900). Todaey's techniques
ere fundamentally based on the earlier silver methods of Cajel (1903~
1933) or Bielchowsky (1901) techuiques. Both methods are based en the
gilver reducing power of certein photographie reagents, and therefore,
the presence of a certain eimilarity of conception betwsen the vhotogra-
rhic process of Simerre and the neuro-histologicsl methods of Cajel,
Modifications of the formulee of Cslel and Bielchowsky have beem intro-
duced by Da Fano (1908), Kete (1908), Pusateri (1908), Besta (1910),
Ascoll (1911), Huber and Guild {1913), Renson (1914), Nonidez (1939),
and Minckler (1940).

The Bielschowsky's (1902) method is well conceived from the pro-

cess of "silvering® zless. If ammonia is poured into a solution of
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silver nitrate, & precipitate iz formed which {sz re-dissolved by the
eddition of excess ammonia, if & basic solution of formaldehyde 1s
slovwly added to this easily reducible diamnoniscel-silver-nitrate
(N(HH4)Ag Hal03), metallic silver ic readily precipitated. Through
successive modifications, Bielachowsky arrived st three modifications:
for frozen sections (1904), for peripheral nerve fivers (1904) and for
bulk pieces (1965).

Cajal and Bielsehowsky's method and their modifications, though
excellent for many purposes, all depend on block impregnation, the use
of frozen sections, and a specisl fixative. Furthermore, all these
techriques ere tinme consunlng end irregular. The worker risks sll and
hag little contrel over the impregnation. Patchy staining and burning
is always present, ecpecially at the periphery of the sections,

Recontly, 2 series of new technigues were evolved for staining
serial paraffin seetions. Few of these ars ersily performed and if well
executed the results are extremsly valuabls, notably, the Bodian (1936)
method which has made available a neurologicel stain of unusual merit,
Freedom from precipitate and a high degree §f differentiation of nerve
fibers charscterize sections made by this methed,

The method is developed for staining mounted paraffin sectfons
vhich give uniform, sharp and specifio stalning of nervous elements,
including myelinated and umayelinated fibers, neurofibrils and ter-
minale (free terminsls and bulbsg), Unfortunately, the technigue uses
protargol, a strong silver protainate, now only mamufeactured by the
Winthrop Chemicel Company. Hothing 1s known of its chemical compomi-
tion except that it iz a combination of silver vith partially hydro-

lised egg slbumen, - Furthermore, only certain samples (s%lver albumose)
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produce the desired results vhile others (Holmes, 1943) and even those
nanufzctured by the same company (Green, 1947) are inactive. Holmesn |
(1943) suggests that the Bodian method owes its success to the fact
that the solution of protargel (4f 1t is the active protargol) with
added copper contsing a very low concentration of silver dons and has &
pH which, during the course of the stain, slowly falls from sbout 8.2
to below neutrality.

S84lver (1942) desoribes a rapid silver-on-the-slide method for
staining nervous tissues, The method is & modification of the standard
techniques for silvering glass in mirror production, It uses a mixture
of Rochelle salt, collofdal silver nitrate and potassiwm sulphide added
to 4% protergol. The solutions are diffiecult te prepare; the gilver is
of unknown concentration znd it is capricious in asctiom.

Holmes (1943) in his extensive and thorough review of silver
techniques for steining peraffin sectlions states that silver oxide and
silver carbonate are more effective then silver nitrate, Auer and this
author (1953} have done extensive studies on the sbove compounds and find
them not as efficlent as the silver mitrate. The least differentiation
hag been found with silver carbonate. Connsctive tissue elements and
caplllaries were alweys impregnated, Holmes has not tried silver chloride
{a constituent of protargol) and the suthors have found 4t totally une-
succassful, His silver nitrate solution is extremely weak (1:10,000--
1:1000,000) snd furthermore it employs a borax-boric acid buffer. The
method hag been & failure in our hands., This failure may be due to the
fact that & variation in the PH and more likely in the silver concen-
tration plays an important part.
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Pearson and 0'Neill's (1946) method resorts to physical deve-
lopment. The sectious are firzt impregnated witk colloidsl silver nie
trate and the deposited colloldsl stlver is iniensified by enother im- |
prognation using silver nitrate and a m{1d reducing suﬁatanee (hydro-
quinone) with & protective colloid {gelatin) added in order to errest
excesn depesition of colloidal silver. ;

The results with this method ere such that the neurofibrile are

unnecegsarily thicker (due to excess deposition of silver around then)

and it does not appear to be highly specific as it works best with em-
bryonic tissue.

Pearson (1947) bas stated that the use of protargol with collel~
dal silver nitrate 2s & preliminary step improves the differentiation.
Furthermore, gelatin iz a notoriously variable substance and results nay
depend on the type wsed. The presence or absence of mustard oil or so-~ ;
dim chloride.perhapa plays an important part towards the finsl diffe- %
rential staining.

¥ith the Homanes method (1946) we have been able to obtaln rese
sonably good results but not az good as with the Bodian method. Romenes
liberates colloidal silver from the sction of tamnic acid on & weak {,1%)
emmoniacel silver nitrate solution. Pyridine 1s ussd as the alkaline bage.
The msthod peams to work best for the periphersl razher than the central
nervoug gystem for which purpose 1t was developed.

Two varisbles in this method are difficult to control. As with
all the szmoniecel silver nitrate solutions, it iz difficult to deter-
aine the exact end point whem 211 the silver hydroxide, precipitated by

the emmonia, has Juat been re-dissolved. Furthermore, the iype of gelatin {
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used &nd the pH of the finsl solution are factors which are unpredic-

table and therefore exert e profound effect on the differentisl innreg~

nation.

Observations on Colloidel Silver Steining.— Of nll the silver
selts tried, the nitrate constantly gave the best results. Selt solu-

tiona of adlver nitrate at various gencentrations were tried. The con- ‘

centration ranged from ,001--10.00% of silver nitrate. With sll other

factors concernsd, the results vere best with & comcentrsiion vanging
between 1.5 to 2,.5%.

With less than 2% the sections sppeared light browm in color;
the differsntistion wes not as good and there was no excess deposition
of ailver on the sections. W¥With a concentraticm of 3% t; 108, the sec~ %
tions are of a deeper brown color, and upon exanination, 1t revesls
granular deposita and therefore a less of differentintion. With other
trisls, 1t vas conocluded on the 2% as the most approprizte concentration
for differentiation of neurofibrils. This is in accordance with the
routine technicue (Auer-Di Virgilio, 1952 and 1953) now in use for all
neurological studies.

Double impregnations with solutions sontaining less than 2% col-
loidal silver were unsuccessful. Time and temperature veristions were
also tested, The provess failed 4o produce any marked incresse in tha
1nténaity of the staining. It further suggested thet the silver resep-
tore, presunably reducing sgents in the tissue, had been satursted with
the first impregnation. This i: in marked contrast to 3ilver!s (1946)
obgervations which led him to suggest that negatively charged zilver

ntoms were deposited on positively charged proteins (an amphoteric ‘
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substance) and that the process was a continuous one snd could be car-
ried cut till large quantitfes of collofidsl silver had been deposited,
The question 28 to how the neurofibrils are nble to ahsordb more of the
colloidal gilvar sbove its normel meount, and &t the sems time give an
appropriate differentiation of the fibrils, is not clesr. Ths findings
of Holmes {1943) substantinte Silverts hypothesis but it is apperent
that perhaps & totally different dynamic system &8 present with respect
to deposition, tissue reduction and differentiation (vide infra).

This evidence points te the fact thet the specificelly con~
cerned radical or radicels are the principal agenis in the reduction of
colloidal silver. The slow reducing radicals which are present within
the nerve tissue and which parilcipate in the reaction {chemieszl or
physical) sre the sulphidryl groups (8-S linkage), sscorbdle acid and
aldehydes. From the experiments of Heu-Mu Liang (1947), who has
gtained fresh and fixed nerve fibarg with Schiff's resgent, it appears
thet the aldehydes are in part responsible for the reduction phencmena.

To colloidal silver nitrate, ve have added smsll quantities of
copper. The time and temperature fectors were varied and controlled.
The tissue was paler and upon further treatment the neurofibrile
appeared purple rather than black. The sections regembled thoss whigh
hed been impregnated with 2 small mmount of colloidal silver (.001%).

This supggested thst the presence of copper im the colleidal silver sclu-

tion removers much silver from the solution and in no way does it increass

the gpecificlty of the reaction. HNeverthelesz, in photographic omul-
sione small smounts of copper ere added to increese the sensitivity to

light by acting as raeduction centers.




Ab.

To demonatrate termingl boutons within the central nervous Sy B
tem, Cajal used chloralhydrate and DeCastro (1925-26) usged chlocalhy-
drate wlth urethene in the iupregnating fluids. Both zubstences sesm
to impair differentiation. Green (1948) edded urethens to protargol
and reports improvements in the staining of nerve fiders in the cershral

cortex,

The Influence of Fixatives.,— The problem of fixation before
treating the tissus with colloidsl silver has recently been thoroughly

revieved by Bodian (1937), Davenport and Kline (1938). We have been
eble to attain good results with s rangs of fixstives. The introduction
of pure ummixed acetone and modified Zenker scetic ss a fixative for the
central end peripheral nerve system to stain nourofibrils has been used
successfully with excellent results for the first iime. Other well

known fixatives have been modified and advantageously used also.

Five to 10% formaldehyde has given good recults. With 20% for-
maldehyde, 1t 1s observed thet the perikaryon has a tendency to shrink
which is accompanied by neuroplssmic chsnges which are not normelly
observed in the cell body., The neurofibrilg appear normel but on care-
ful comparison with preparations which had been fixed efther in acetone
or modified Zenker acetic, it becomes spparent that degrees of sgwelling
had taken placs.

Good results heve been observed st the recion of the cere~
bellum, the cortex, the interbrein and the sten, by adding to 10% fore
naldehyde, 50% alcohol. The proportions were given to us by Dr.
Olszewski of the Montresl Neurologicel Institute where this fixative

1s normally used for sll routime staining: Cajnl, Nissl and Heidenhein,
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Ten percent forasldehyde, 50% alcohol, 5% glecisl acetic worked |
equally well, This fixative will clearly demonstrate the cell body and
the nucleus,

The plcro~formol-acetic (Bouin, 1897) is a strong fixative and
ronetration is excellent. The tissue is equally fixed, and all the
delicate cytological conatituents of the cell ss well as fibrils are pre-
gerved adequatel#. Acetone-formol, ratio of 8 to 2, was used with suc-

cass. The finer detalls of the neurofibrils are satiafactorily preser-

ved end no deteatable swelling of the perikarvon is observed but it was
noticed that when the tissue wes toned (1% AuCl + 3 drops of glacial
acetic acid), the background of the section became s light nink color
vwhich seems to obstruct the contrasting bleck fibrils. In the pure 100% ’
acetone fixed tissue, the beckground upon whieh the neurofibrils appear
to rest is completely colorless to ordinary light. It %8 possible that

the action of formaldehyde on the tissue ig respongible for the pinkish

coler of the baskground,

Hodified Carnoy (1886, 1887), vherein 5% glacisl acetic vag added
to 100 cc. of elcohol, was found to be an sxcellent fixative for the study
of neuron morphology but not as good for neurofibrils. The acetie acid
did not injure the finer elemenis of the neureplasm but rather brought.
out the nuclear structure with no signs of swelling.

The chromate salts, as well as mixtures of chromntes, have been and
are being atudied extensively., In s future paper; the chromsteos used as
fizatlves on nerve tissue ag a preparatlion to colloldal silver impregna-

tion on parsffin sections will be reported. Of the salts ead mixtures of
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the salts with various other reagenis, we hzve tried ﬁﬁllar'u,
Kollmann's (1885), BErlicki's '(1887), Knltechitskyts (1887) amonium
chremete, celeiuwm dichromate, chromates sad aleohols, chromates end
acetone, Zenker's and others,

It may now be stated that the most successful of the fixatives
mentioned above for nerve tissuss as & preparstion for cellofdal silver
inpregnation is nedified Zenksr mcetic. This has given excellent ro-
sults. The nerve tissus which has been fixed In the modified Zenker
acetic solution wae serially sectioned énd mounted on slides in the usual
vey and wes followed by the fibrillar stalnm of Auver-Di Virgilio (1952,
1953). The results are constant and uniform for sll the regions of the
central nervous system (cortex, interbrain, stem and cord). Furthermore,
the solution is highly recommended for the praservation of the delicete
and minute structursl details of the mervous gyster, Terminal degeners-
tive processes of the bulb, ring, or free ending type is detected with
ezse. Degenerative ohanges within the perlkaryon csn be detected even
vhen changes ars minute, Furthermore, if alternste sections sre stained
for the Nissl granules, its supsriority ss a fixative to all pthers, ex-
tensively tried in the laboratory, is apparent. After three years the
sections have not faded at all in contrast to cther fixatives in which
the Nissl (Toluldine blue) stein wes used,

The total shrinksge of the whole cat!s brain is relatively smali,
10 to 15%, as compared to the data of Llmnson et &l of 338. The modified
Zgnker fixative leoves no residusl precipitate of the sublimate on the

sections and thersfore nec need to treat the ssctions with =n alecoholie

golution of lodine.
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Ordinerily, Zernker fixed tissue is trested with 10 to 20% 4cdine
solution for various times depending on the tigsue used. Subrequently,
the icdine i3 removed from the tissue by pessing the sections through
three or four changes of 80F% slcohol 11l all the icdine is removed.

We have observed thet in the lodine trested gections, the rea-
gent acted on the tissue in a way thet colloidal silver dmpregnation
with good différentint&cu becomes impossible. This impediment to colloi~
dal silver impregnation might be due to the oxidiging power of the iedine
which might subsequently alter the constituent elenents of the neuro-
fibrils. Ve have tried verious reagents to restore the tissues to their
normsley after treatment with fodine; hovever, the results of these
have been negetive.

In contrast to Zenker, acetone (100%) &8 & fixstive ceuges &
tremendous amount of shrinkege &s it is also e powerful dehydreting
agent. Thie fact is true for the whole brain (cats primarily). The
totel shrinkage 18 no longer observed sfter tverty-Lfour to forty-
elght hours of washing in rumning weter. The mounted and stained sec-~
tions show shrinkage but 1t iz uniform end thersfors hard to detect.

The acetone fixed sections thst heve been stained with colloidsl s13-
ver ghow 31l the advantages revesled by the Bodisn wmethod and fixative.
It prezerves the nost delicate and Ti{neat structures of the central ner-
vous system, whether these elemeats ars in u novmal state or 4n & stete
of progressive degeneration, A1l degrens of degsneration (for which res~
son the technigue was developed) as described by Ramon vy Cajal (1928)

sre observed in the Zenker end acetone fixed materisl. In the acetone
fired tissue, the perikerya show up &g brown colored structures with

black neurofibrils coursing through. The nucleus is of a lighter brown
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color zand therefore its relative position within the cell can easily be

studied.

Final Method.~~ In the hypothalsmus, where the neurofibrils are
mostly all unmyelinata&, the degenerative changes within them are more
pronounced for the sume time olement in contrast to myelinated fibers.
Therefore, it wae found advisable to perfuse the snimal (cat) through
the heart with the desired fixative (acetone or Zenksr acetic) and
therefore bring about a certain amount of brein tfesue fixmtion snd thus
inhibit to a minimum post-mortem degemeration. On & normal cat of 5
Kilos, with descending thoracic sorta clamped, 100 to 200 ec. of fixative
would be used. This emount heg been found enough in order to inhibit
unwanted degeneration to 2 minimm if at all.

Fixatlon: The brain is removed and placed in pure, unused acetone at
iow temperatures for forty-eight hours with a change after

the first twenty-four hours or in modified Zenker acetic
(Potessium dichromate, 3.5%; Mercuric chloride, 2 gr.;
Sodium sulphate, 2 gr.; Glaciel acetic aeid, 5 ec.) for
forty~-eight hours with two changes.

Waghings Twenty-four to forty-eight hours. Often, the smell of ace~
tone persglsts for many days, sven after the brain has been
dehydrated through graded alcohols. This fact is not a
drawbeck for it hes no i1l effect on the staining,

Dehydration: Use graded slcohols beginning with 50% and ending with 2
changes of absolute. If & magnet mixer is used, 12 hours
for each graded slcohol is sufficient. We use the alcohols

over and over and discard them only vwhen & ecloudiness appears.
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Clearing: Two changes of benzene, six hours each.

Hote: The dehydration, clearing and embedding cen very well be
dons by the dioxene method. No 11l effact is observed, Though the
dioxane method 1s time saving, it tends to make the tissues brittle and
therefore difficult to cut. Furthermore, dioxene fumes are extremely »

toxie,

An alternative method: one to two cm. pleces of acetone fixed
tlssue can be placed directly into pure paraffin (or parawax) for twenty-
four to forty-eight hours. The penetration is relatively slow but the
end results are equally good.

Embedding: Benzene-paraffin for 6 hours.
Paraffin 1 e v
" 2 LIS
] 3 1 6 ]

The block is subsequently cut at any desired thickness. Our
choice 18 20 miora,

Deceration: Xylol - 1 — 2 minutes
¥ylol - 2 - 2 n
Absolute alcochol -1 - 2 u
] ] -? - 2 "

Staining: 1. Treet the sections with absolute slcohol plus 1% of cone
centrated ammonia, Higher concentrations of ammonis [up to 5%) have

been tried with equslly good results. With higher perceniages of ammonia
there is a2 tendency for the tdasue to shrink excessively and therefore

to become detached from the slides. The tissue should remain in the shove
solution for six hours or more. HNo 111 effect has been observed with
tissues thet have remained in sleohol-emmonis =zolutiom for tventy-four

hours.
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2, Wash the sections in 6 to 10 changes of distilled water.
I% is important that all the ammonia be removed, '
3. Place into chemioelly pure unused pyridine {Fisher) for 6

hours or lenger. If exposed for a longer perioed in pyridine (2 hours

or more), the constituents of the cell body with the nucleus are entirely

lest., Furthermore, there is s tendency for the neurofibrile to swell
and their delicate neke-up ig lost., With prolonged pyridine treatment,
the authors hove never been able to find, within the centrsl nervous

system, the nodes of Ranvier which are otherwise seen (Bodian, 1952).

Experiments carried out on the possibility of eliminating the
slcohol~ammonia and pyridine trestment have given conclusive resulte.
For a criterion of differentisl impregnation the cortex snd a
degenerated thalemic region have been used: the former for deteils of
neurofibrils end the latter for terminal {fres snd bouton like endinga)
degeneration.
Serlal paraffin sections from mcetone fixed maiterial were uzed
in the following manner:
8) one set of slides were treated directly with colleoidal
allver nitrate without a preovious treatment with slco-
holic~eamonin solution or pyridine.
b) one set (with a difference of 20 micra for each section)
vas treated with alcoholic-smmonia solution without
pyridine before silver impregnation.
e) one set, of the same region, was acted upon by pyri-
dine but not alecholic-ammoniz solution and impregnated

with the colloidal silver.
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d) another set wes treated with alcoholic-ammonia solu-
tion #znd pyridine befors Lmpregnation with collotdal
silver, |
The four sets of slidap Qere regsed through the various stages

of the technigue together, thus eliminmting all possible sources of
£ITOr.
The foliowing results heve. bson obtained:
(a) sat one above:

1, backgr&und, light red.

2. heavy precipitete of colloidel silver at region of
degeneration (thalemus due to electrolytic lesion).

3. ubaence of vigible degenerative changes.

4o Tfibers appear thicker then normel.

5. contours of cell body are lost and neurofibrilier
background is obascured.

6, nueleus end nucleolug partially stained,

7. neurofibrils appear "1ified" and broken.

8. no differential impregnetion of non-myelinated
fibers s seen et region of hypothelamus.

(b) Alcohol-ammonia trested sections.

1. background shows grester differentistion snd less
homogeneous. FPinkish ir color.

2. greater differentisl impregnation of cell body.

3. myelinated fibers atand out mest profoundly.

4e no differential impregnetion of non-myelinated

fivers (hypothalemus) and/or terminals (thalewus).
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5. mno apparent "lifting" of fibrila.
(¢) Pyridine treasted sections:
l. background is colorlesgs.
2. Dbetter differentisl impregnation of myelinated
and unmyelinsted fibers,
3+ cell contours are easily recognized.
4« nucleus unstained while nucleolus iz lightly
atained,
5. no heavy precipitate at regicn of degeneration.
6. terminals are to he obssrved at region of
degeneration. '
7. <fibers are not "lifted® from the eolorless‘
background.
(d) as adopted in finsl technicue.
From the ebove date, it becomes epparent that alcohol-armonia
and pyridine treatment should be used am a preliminery step hefore im-
pregnating with colloidal silver. Pyridine is & fat solvent. A4leohol
dissolves myelln and ammonia prevents shrinksge. It appears that ths
above chemical solutions bring sbout a favoureble phrsiologlical reagw
ticn which predisposes the neurofidrils to silver impregnation and grea-
ter differentiation especially for the detection of terminel degeneration.
Ao Wash the gection in distilled water, 6 tc 10 changee, The
washing is necessary to remove the excess pyridine. GColloidal silver
nitrate in the presence of pyridine will not give the desired Aifferen~
tiation though the impregnation is as good.
5« Sections are placed in 2% silver nitrate overnight at 28-30°C,

Equally excellent preperations have been obtained at a temperature of
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60° 0. for 6 hours.

At temperatures of 28-30° C,, it is recomcended that 15-17
hours of impregnation be the maximum. With 24 hours of impregnation,
excess deposition of acolleidal eilver begins to take plece and there-
fore s partial less of differentisl impregnation.

Ordinarily, 10 slides with 10 sections are impregnated in

approximately 280-290 ce. of % silver nitrate. The used colloidal
silver 1z discarded,

6. The secticns are given a quick dip in absolute. alcohol, few
geconds, and immediately placed in the reducing agents. With eech
bateh of 10 slides, the absolute alcohol is &iscaxded., The aloohol
gserves the purpose of removing the excess colloldal silver thet is pre~
sent on the seotlons snd is8 not a eriticsl factor in the'techniqua.

Reducing substances were tried in various concentretions, either
elone or ia combination with other substances. These included hydro-
quinone, pyrogellic acid, tennic acid, alcohol, oxallec acid, and formal-
dehyde. The tissues mostly used for thic test were acetone, alcohol-
formaldehyde, and nodified Zenker scetic fixed meterisl.

The following combineations and proportions were used. (The

relative degree of effsctiven«ss is indicsted with + and - signs.)

Substances Solutions
scetone alcohol-formol Zenker
Hydroquinone 1% - - -
+5% -+ - -
1 % + + + + +




Suh gstences

Pyrogallic acid T

Tannic asid 1%

\h
E-LS

4
-

10
Alcohel 75

WA

95
100 %
Oxalie acid 1%

5%

ot
kY

s
9\
OO W

Pormaldehyde 1
{comnereisl, non-
neutralized forme~ 2
lin teken as 100 %)

Bh ™
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Selutiong

acetone alcohol~formol
+ +
+ +
+ - -
-+ -+
+ + + +
+ +

Zdenkor

S
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Substancep Solutions
‘ acetone alcchel-formol Zegker
3 % - -+ -
L % + + +
5 8§ + 4 + + + +
10 % - -+ -

Cambinatione of solutions included the following with

proportions mnd degrees of sffectiveness.

acetone salcohol-formwol Zenkexr

Hydromuinone 1 gr.

Pyrogallic aecid 2 gr. + + + + +
95% alcohol 95 ce.

Formaldehyde 4 cc.

Hydroquinone 2 gr.

Pyrogaliic acid 5 gr. + + + 4+ +
95% eleohol 25 cc.

Formaldehyde 5 co.

Hydrogquinone 1 gr.

95% alcohol 95 ca. + + + +
Formsldehyde FAN 1N

Aydroguinone 2 gr.

95% alechol 95 cec. + + + + * + +
Formsldehyde 5 eo.

Pyrogallic acid 2 gr.

95% alcohol 95 ce. 4+ + + + 4+ + 4+
Foraaldehyde T ce.

Fyrogallic scid 5 gre

95% alcohol 95 cc. + + + + o+ + 4
Forumaldshyde 5 ¢,

Pyrogellie scid 3 gr.

95% alechol 95 ca. +4+ 4+ 4+ + 4+ + + 4+
Formaldehyde 5 ac.

The lnst formula conmistently gave the best result and therefore

it wes sdopted within the fianal technique.
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The scheme unentioned above wap elso used for other tissues
which had been fixed in the other fizatives hut none of them sppromched
the results obtzined with acetons, alechel-formol and modified Zenker
agetls fixed tissues,

The intensity of the stain after thic first redustion is found
to be sufficlently contresting to allow detsiled studies on normal

tlsoues,

7. The redustor is made up of:

95% BLCONOL tasssserernssasassvecsvaces 95 CO.

Analytical £ormalin seseceresvercossces 5 CCa

Pyrogallic acld seeseseonssesvevrenvese 3 ETe
und the tissues are left in this selution for 4 minutes at which time
the stelning rack with the slides is constently agitated., Pyrogallic
acid is more soluble in aleohol (95%). Thersfore, it 1s advisable that
the pyrogallol be dissolved in the aloohel first and the formalin be
added to the solution. The slides become yellow and the solution blzck,
The solution is never used more then once as it loses its redusing
pover with 10 glides,

If there is no need for the gtudy of the delicate morphologicul
terminal degenerating chenges, or for the study of normelly present
ajnute 2nd delicete atructures in the central nervous system, the amount
of formalin can be incresssd to 8 cc. in the reducing solution which
blackens the neurofibrils. In that cage there is no nscessity to fur-
ther intensify in the toning procesz with gold chleride. Under theze
c¢ircumptences, the sectlons are washed thoroughly, fixed in 10% scdium-
thio-sulphate, washed thoroughly agein in distilled water, dehydrated,

cleared and coversd accordingly.

Be Dip in two changes of 50% aleohol. This step 1s advisable
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in order to remove completely the constituent elements of the reductor.
Distdlled water cen be substituted for the %wo sleohols but it hes been

found that the sudden change Irom 95% alcohol in the reductor to water

csused the sections to be 1ifted from the slides.

9» A thorough washing in distilled water. Six to ien changes
are advisable to remove 2ll the constituents of the reductor as well as
the alcohol.

10, Tone with 1% yellow gold chloride to which thres drops of
glaciel acotic acid hes been edded. The toning process lests only &
few seconds. When the reduciion resction is completed, 3 Ag 4 AuClq =
3 Aéﬂl + Au, the tiszue is totally colorless. Gold concentrations of
.1 to 8% have been found as efficient as 1%. The concentration of gold
chloride ip uncritical except that the mors concentrated solutions
toned faster than dilute enes, Acetis gold chloride has been found
superfiucus by Davenport snd Kline (1938) which is contirary 4o our fin-
dings but in accordance with Bodimn (1936). Basic and neutral gold chloride
has been found uselsss es it does not bring shout the above chemicsl re-
action. Therefore, it is apparent that hydrogen fons ars the oriticel
factors which swing the equilibrium constant to the yight in favor of
gold intensifieation. Neutral gold chloride wes found most critical in
the preparation of the Golgl type of stain for sarisl veraffin zections
which is to be reported at a later commnication (see plates).

For better contrasi, in order to bring out the finest structurez,
normal as well as pathologicel, a zecond reduction efter gold toning has

baen found necessery., Gold toning is en extremely effective means of
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increasing the intensity of the stain. Vith this procedurs, 1t was
shown that the concentration of gold chloride used in Yoning was fas-
ter with grenter concentrations and that it wes oritical for the finer
structures. Therefore a 1% gold chloride solgtion wae ordinerily uzed.
Customarily, three drops of glacial acetic scid iz added to the yellow
gold aoiution, The final ocolloidal gold solut1§n has &n spproximste
tH 4.

When the reaction 3Ag + AuﬁlB = 3hg01 + Au wae completed, As
shown by the pele light colour of the sectlon, the axcaesy gold chlorida
is thoroughly washed off with distilled water.

1l. Bix to ten changes of distilled weter are recommended. The
sllver chloride which remained in the tissue 13 Further reduced by the
1% oxalic bath. Slince this second reduction bringe out the finer de-
tafls, 1t 1z lmportant thet the time variation be zaintained to 33 minu-
tes within the oxalic bath, at which 1nterv$l, the slide rsck ia shaken
constantly. During the course of removing varisble factors, cne with
the oxalic bath, it was found that if the tissue is left in the oxalic
bath less than 3% minutes, the finer detells of the finest meurefibrils
do not vontrast well with the backgrownd. On the other hand, i1f the
oxalic bath acts on the tissues for s period more than 3% sinutes nonQ
nervous siructures tend to develop and no marked improvement in the
nervous tissue is gained Yy prolonging the oxelic acid trestment.

A serles of controls were undertaken to determine which of the
reductors at hand worked most efficiently in bringing out the finest of

details,

The following reagents were used, at varjoue concentrations,
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diverse combinations and for different time intervals. It included
hydroquinone, pyrogallic acid, tannte goid » &lecohol, formeldehyde and
oxalie acid. (The reletive degree of effectiveneszs iz fndicated with

+ and - signe as obgerved on acetons and Zenker seetfc fived tissue.)

Substance Concentrations for 1 minute
5% 1.08 1.8 2.08  3.08 5.08
Hydroguinone - - - - - - -
Pyrogallis acid | - - - - - -
Tannic acid - - - - - -
Oxalic acid - - - - - -
Concentrations for 2 ainutes
Hydroguinone - - - - - -t
Pyrogallie zcid - - - - - -
Tennic scid - - - - - -
Oxalic acid - - - - - -t
Concentretlone for 3 minutes
Hydromuinone - 4 ++ + + +
Fyrogsllic acid - +- ++ 4o +++ e
Tannie acid - e 4 +- +e +e
Oxelic acid - it i+ 4+ +e L .
Soncentrations for 4 minutes
Hydroquinone + ++ ++ 4 ++ e
Pyrogalliic acid 4o bt b bR ~+
Tannic scid | LS +e Fe +- e

Oxalic acld bt b b ++ -
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Subgtunce

Hydroquinone
Pyrogellie acia
Tannic acid

Oxalic neld

Alcohol
50%
75%
95%

100%

Formaldehyie (Come
nercisl, non-neu-
trulived foramalin.

Teken as 100%)

5%
10%

200

25 Min,

-
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Congentrations for 5 minutes

nii* 1.0% 1.5% . 2‘-0% BUGf" 500%
4 4 L - - -
+ s e - - -
+ . . - - -
++ 4= - $e $e -
Tiﬁe in Minutes
- - L. Fe -
- - L Fom +
- +- + + +
- L + e -

Combinations of the sbove solutions with propor-
tions, time factor and degree of affestivences,
The latter iz indiceted with + &nd ~ simms.

Hydroguinone
Pyrogallic acid
95% alcohol
Formaldshyde

1 Bl
2 gr,
95 cce.
4 oo,

-5 ﬁj_._g.-__

Minutes

-+

20 Min., 2 Hin., 3 Kin,

A M&:”- ﬁ M% Tie
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Miruteg
02 Eigzs _3_.30 Hin, 2 Minn 3 Mine é‘Mino 5 Hinn
Hydreauinone 2 gr.
Pyrogallic acid § gr, - _ , - e -
956% alcohol 95 ca, -

Formaldehyde 5 B

Bydroguincne 1 gre

95% alochol 95 cc. - - s ~F O o
Formaldehyde - 4 cc,

Hydroquinone 2 gr.

95% alcoohel 95 ce. - - - +- + -
Formaldehyde 5 0.

Pyrogallic escid 2 gr,

95% aleohol 9S cc. - - - + + o
Forasldehyde T o,

Pyrogallic acid 5 gr.

95% aloohol 95 ca. - - - + + +

Formaldshyde 5 cae

Pyrogallic acid 5 gr,

95% alcohol 95 ¢o. - - - + + -
Formaldehyde 5 ec.

For a epecific time element, except for aleohol, all of shove
reagenis appear to be sufficiently affoctive to bring shout reduction

of colloldal silver, but only oxalic scid was sble to give & selective

differential reduction,

12, Agein wash well in distilled water, & to 10 changes to re-
move the oxalie acid on the sections.

13, Treat with 10% sodium-thic~sulphate for 5 to 10 minutes to
fix the silver. High concentration of sodium-thio-sulnhate has been
found most valuable in control tests, It %3 true that some reduced gil-
ver is removed as ohserved on Golgi preparstioas but the end result is

better with high concentration than with lower percentages o7 godium~
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thic-gulphate. Whather this is the Tesult of pH factor or the sulphate
cannot e decided, With the use of scdiwn sulrhiie, whioh is lasz ef-
feotive than the sulphate, Holmes (1943}, in contrmst to Silver (1942),
1g of the opinfon that the pH dosc not materislly affect the ctain,
Room temperature has been found siznificently high (25° C.) to ceuse an
offective development.

144 ¥Wagh theroughly with diagtilled vater, 6 teo 10 changes.

15. Dehydrate with graded slecohols end in 2 changes of Xylol

and coverslir in the usuael way with Canada helsam or gynthetic balesnm.

Qu al Te ue

Fixatdion: ¥hole braing (ont) are fixed in cold scetons for forty-eight
hours ox ionger with a change once after the first twenty-
four hours, or in modified Zenker scetic for seventy-two
hours with 2 changes after the first end secend twenty-
fourth hour.

Washing: Tweaty-four hours in ruaning water. If the smell of acetone
is still noticagble the washing should be continued for
another tweaty-four hours,

Dehydration: graded slcohols. 6 houre emch in Mag. Mix.

Clearing: two changes of henzene. 6 hours each,

Bmbedding: benzens - peraffin - 6 hours

paraffin 1. ~ 6 hours
paraffin 2, - & hours
paraffin 3. -~ 6 hours

The block may subsequently be cnth in sectlons of 15 to 20

miaorn,
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Deperaffivizins:  »ylel 1. ~ 2 misntesz

xylol Z.. - 2 ninutes

100K elashol 1. - 2 wlnutes

100% alachol 2, -~ 2 minutes
Technicue vrover:

1. 100% wloohol + 1% nonc. awmonia — 6 hours oz longa:r.

2. Wagh in distilled weter - 6 to 10 changes.

3. Pure pryridine - 6 hours or longer.

4o Wagh in distilied water ~ & o 10 changen,

5. 25 oilver nitrste - overnight or longer et 30° C.

6. Dip in absolute slcohel - to remove oxcess slliver.
7. 4 minutes ins 95 cc. of 95% aleohol
5 ce. of snalytical formelin - agitate 2t intervals.

8. Pip - 594 aleochol 1)

%0% alechol 2°
P+ Wash in d13t4llsd water ~ 6 4o 10 changes.
10. Tone with 1% gold chleride + 3 drops of glaclsl sceils mcid per

100 ¢c. 111 sectlions sre totally decolorized. Few ssconds.

1l. ¥Wash in distilled water - 6 to 8 changes,
12, 1% oxalie seisd ~ 3% minutes.
13. ¥Wesh in 4%s141led water - 6 to 8 changes.
14, 10% sodium-thiosulphote - 5 te 10 mirutes.
15, Dehydrate - graded alcohols.
16. Clear in xylol - 2 changes,

17. Ceverslip.
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Diecussion on the dynarics of silver staining.~- Cajal (1903)
believed that tissues contained albumen which united with silver snd
that the resulting silver compounds could be eésily reduced, thus meking
structures visible. In 1920, without data, Cejal meade the suggestion
that in silver-smapino-cerbonete golutions sn "ammoniscel oxide® of sile
ver 1s produced which is taken up by the histological elements in =
selective menner. The view presented by Bolei (1927) was essentislly
an elaborstion of Cajells idea. The latter believed that the gilver
galts are selestlvely sbsorbed by tissue elements.

That the Cafal stain is analogous to the photographic process
wep theoriged upon by Lissegang (1911). The latter suthor maintaine
that while the tissue 1s in colleidal silver nitrate solution, by vir-
tue of an inherent reducing sction of the histological eiements, sone
silver is reduced which forms the nuclei as in the expcsed photographic
plate. Through further treatwent with hydrogquinone these nuclel have
silver depogited on them snd therefore an outline of the histologicael
slements.

Liesegang's theory waz further elaborated by Cajal (1921). The
latter accepted the ®deposition® principle on the charscter of the stain
but offered two objections ﬁo the idee of a first formed nucleus. The
first objection based on experimental data waz that the trestment of
tissues with oxldiging agents did not chunge the staining, snd the ce-
cond, that the theory did not explsin what he called the Ytransference
of nucleation®. Therefore, as Cejal pointed out, when tissues vers
treated with various rezgents, different structurss were stained,

Kuble (1929) suggested that when tissues sre placed in the
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reducing bath following imme;sicn in »nilver-ammino-soluticns, silver
galts tend to diffuse out and, depending upon the spesd of reduction,
silver will be depeosited either in the tiasue or upen 1is surface.

The reduction rsaction is thought to form a silver salt
(Visintini 1931) end that thie selt g then specificelly flocculated
upon histological -elements,

Zon (1936) has conolusively shown thet the simple views advo-
cated by Cajal and Bolsi must be altered. Zon maintains that the de-
position of colloidal ailver muzt play a part in staining end that the
deposition derends upon the rate at which the reduction reaction ocours
on and within histological structures.

The presence of reducing substances in tissuss which might fomm
cetalytic "nuclei® of silver hos been demonstrated by Loew and Bokorny
(1881), Masson (1928), Kon (1933) end others.

If such "muclei®, submicroscopic particles of either metallie
gilver or & silver compound, were formed, it might be thought that it
would be essy to menipulate them by means of the wall known procedures
of photography and thus determine their influence. Cajal pointed out
that such s manipuletion is inconclusive. It might be added from our
observations that 4f such auclei are formed in the tissues, they must
be highly protected by the protoplasmic gel structures snd are there-
fore of secondary importance.

Zon's (1936) elaboration on the gel theory sssumes that the
nerve fibers stain easily with gilver becsause their gel structure allows
precipitation of metellic silver to occurbreadily. Hageotti and Gyon

(1930) substantiate Zon's obgervations. The sbove authors have shown
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by observations with the cardioid coadenser that silver stained sirug-
tures contein collofdsal particles of pilver.

Von Weimann, as quoted by Gortaer (1929), has shown thet the
degree of digpersion of a sol is dependent upon the ratio of the rete
of wucicar formation to the rate of grysiel growth. The sbove theory
would aecount for the color difference in merve fibers stained with sile
ver. The concepbion of the Golgi stein, according to Zon, based upon
the sbove considevaiions i3 us follows:

The brain substances form & non-homogeneous gel, When the tig-
sue 19 imsersed in potassium dichromate it tukes up a certuin amount of
the chramium salt. The silver nitrate diffusing in produces a super-
szturated solution of silver dichromate. Precipitation begins in the
regions vhere protective power iz least. More silver dichromste G4f-
fugez to those reglons snd ic added to ths precipitate slresdy present,

From the observations on Golgl preparations as prapered in bulk
and gerial prraffin sections, we are 1?clinad to believe that Zonls idea
that precipitation begine in regiona where proteotive power is least is
well concelved as 1t would explain the selectivity of specifie neurcns
at specific regions (Golgl stein), But Zon's theory does net explsin,
with respect to Golgi preparations, why under controlled conditions, the
ssme specific neurons of the same specific crea are not impregnated.

Zon mekes no aitempt to explain why under the ssme specific con-
ditioms, at the same region, neurons have degrees of impregnetions,

The theory 4z upheld by his Golgi impregnation method on the liver. The
blle canalicull stand out sharply. The lumen, presumably being Bpaces,
would 411 up with precipitatéd silver dichromate, while the cells being

protective gels ﬁould have only s finely dispersed precipitate, This
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would elgo be an explnnaticn.on the frequency in which capillsaries
stand out most elaborately with Golgl type of gtein, Careful exemina-
tion of btlood capillaries in our prepavations shows that the structures
peen are not solid rods of precipitated silver dichromute.

Visintinl (1931) holds that the particle glze doss not deter—
mins what structures sre stained. Zon believes that the structures de-
teruine Ly their properties the size of the colloidal particle pro-
duced wlthian them. If such were the case of the dymamic phencaena of
silver staining, all neurons of specific reglon should bs impregnated
equally. The capricioushess of the Golgl type of stsin would eliminate
such a simple explanation.

Though fixatives, in puart, appear to change the protective
power of the gels and also the ability %o sbeord silver, it still does
not explain the capriciousness obeolgi preperations. ¥e have proven
(to be reported in a later communication) that fixstion and tigsue pre-
diapoaition and therefore verlebvility io tissue substratus is indeesd
the aopt importsnt variable in silver steiaing which ip contrary to the
obgervations of authors thei worked with Cajal and Golgi types of
gteins.

Frow the presented evidences, it becomes spperent that all ner-
vous structures, central as well as peripheral, have the same affinity
for silver and therefore the protective pover of the gel is the same in
all regions. This is contrary to Zon's conclusion. ¥i bsiieve thet
the fundamsental constituents of different neurcns from differsnt regions
which subserve different fumctions sre not alike in essemce, but can

be made eimilar as a predisposition to silver etmining if trected with
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the propsr solutions, for instance, alsohol-ammonis and pyridine as

described in the presented technique, and dromine water for the Golgi
stain,
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CHAPTER III
OBSERVATIONS

Material.-— 4 group of 32 cets has been used for experiments
with locallzsd lesion. In all instances, sterile ‘technique and nembutal
anecthesia (20 mg./Xile of body weight) were used. The snesthetic was
injected intrapéritoneally.

The cats were firmly oriented in the Horsley-Clarke stersotaxic
apparatus. The coordinates of the apperatus defined the brain region to
be exposed,

The skin, subcutmneous tissue and periosteum wers Incised in the
medien plene end reflected laterally.

The bone was trephined with a dental drill (for knife lesions)

or vith a hend trephine (1 inch in dismeter) for electrolytic lesions.

In all Instances, the dura wes inciged to a minimm snd whenever possible,

1t was sutured. The lesions were unilateral, though thosze placed close
to midline had a tendency, due to irradietion, to overlap, Bone wax was
employed to replace the removed bone and the periosteum snd ekin wes ap-
proximated and sutured with silk thread vhile for the skin, nickel wound
¢lips were used,

The cate were sllowed & variable survivel time which renged from
4 days to 14 deye. The mmjority wes sacrificed om the 4th or 5th poste
operative day.

¥hile under deep anesthesia, the thorax was exposed and the right
strium incised. The thoracic aorta was clamped and 200 to 300 cc., of

fixing fluid was Introduced through the left ventricle.
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The brain, including the pltuitary, was removed immedistely with
the least possible handling of the brain tissue. Thie procedure normally
took 10 to 15 minutes. While removing it, the brain was constantly
bathed with fixing fluid in order to prevent drying of the surface. This
lagt step has been found mogt desirable as it inhibits the action of air
on the tissue %o & minimum. If the tissue is allowed to dry, the corti-
cal areas will not stain well with colloidml silver (leyer I &nd II).

The whole brain was then immersed in fixing fluld (ratio of fluid
to brain volume is approximately 30 to 1). If scetone was used as the
fixative, the hrain (with dura removed) was allowed a perind of 4% hours
in eold acetone or longer with changes every 24 hours, In the modified
Zenker mcetic fixative, 48 to 72 hours has been the minimum time and the
fluid is changed also at every 24-hour period (see Chapter II).

8ix cate were used of this group as most suttable for studies on
the connections of the magnocellular nuclei, All tﬁe brains vere seriaslly
sectioned at 20 miera thickness., Every 9th and 10th sections were moun—
ted and respsctively stained with toluidine bdlue for retrograde changes

and silver for axonsl and terminal degeneration.
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| Dbservations:
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73

Post-operative pericd of two veeks.
Pegrfused with 100 to 200 cc. of modified Zenker acetic
and fiied in the above fixatlive for 2 dsya.
Ingertion of elestrodes scecrding to the Horslsy-Clarke
stersotaxic coordinates:
| Fromtel 17
Lateral 5
Horiszontal 42, 3, 4, 5, 6
Loczlization of lesion.-
The medisl and laternl septel nmuclel are completely
destroyed., The dorsal-most part of the diagonal band

of Broca and tha corpug csllosum (mid-line) have elso

been dastroyed.
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- Histologienl exemination.
Cherscteristic aellulsr pnd £ibrillar resction is
ohgerved in the psraventriculsr nucleus,

The paraventrieular nucleus ts subdivided 4 to three

LU £1

major portions:
‘(1) An sntero-lotersl msgnocellulsr portisn.
(2) #n entero-medial mixed portion making up the
bulk, and
(3) & postero-medisl emall-velled portion.
The postero-medial small cell portion cenmot be ro-
ferred to as the periventriculer portion beceuse the

cells differ markedly from the periventricular cells.
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The sellular degenerstive changes are observed only within the
entero-medial mixed cel;ular portion, decidedly within the large-cellesd
component. Within this group of cells, the fibrile heve loet their
Tire texture and sre coarse ar broken up into thick rods. The nuclei
vhow pylnotio qu&iities end the Niesl materisl ghows degrees of graau-
lation. Vacuolation 1s also spparent,

The two other portions of the nucleus show no change whatever,

Fibers along the paraventriculo-hypaphysial tract show degenera-
tive changes of the beading type.

No typicel degenerative (boutons, rings or clubs) changes can

be obgerved within the parg nervosa of the pituitary gland.
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Observations:

TSt Rk bt

Cat 24 ~ Post-operative period of 4 days.

- Perfused with 100 to 200 co. of cold acetone and fixed
in above solutfon for 48 hourz in cold with one change
after the first 2/ hours,

~ Insertion of slectrodes according to Horgley-Clarke
stergotaxic coordinatesi—

Frontal 17.0

Lateral 4

Horizontel <4, +3, +2, +1, -1-2-3

- Localization of lesion:~
Complete destruction of head of caudate nucleﬁs,
anterior 1limb of internsl eepsule, and in rart, the most

enterior aspect of putamen, globus pollidus, amygdaloid

complex, and the olfactory tubercle end cortex,
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Histologicel exmminetion.

Terminal boutons are found throughout the extensive
medial end laters) hypothslamic area, most pronounced in
the latter reglon. The ring type of boutong poems to pre-
dominate in these aresg. To'a lesser degroe, scettered
bulbs are also seen while the fibers show degreeg of de~
generative changes. The dorsal hypothalamic area iz pre-
dominantly permeated by the free ending type of degenere~
tion.

The paraveniricular nucleus (the two major medial por-
tions) and supreoptic nucleus, most pronounsed in the
letter, are permeated by ring-like endings. Egqually ex-
tenaively affected is the infundibular region, the supra-

chlasmatic and ventromedial hypothelemic nucleug,
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' Observationa (Conthd.):
| .. .. The smtepsdunculer mucleus shows wany ring-like terminals,
\ Of thelamie muclei, bouton mnd frew ending type of degensration

« is obmerved In the dorso-mediel, the same 'side ez lezion, and ip &ll

:E haberuler nuglef Of the same end the opposite side of the lesion. The
| graatest distribubion of terminals 1s o be found in the medisl habe-

. milar nucleus of the same -gide as lesion.

The dorsemedial aucleus shows primarily fibrillsr resction with
few scattored boutona among the neurites while the habenular nuclel
ghow mostly the ring type of terminal degeneration. Of mid-line nuclai,
the nucleus centralis pars medilalis and lateralis recelve the henviest
projection in the form of terminal rings. The nucleus rhomboidalis

e R R T T R T L R

end reuniens sharing in various shapes of fibrillar resctions but with
no declsive terminals. The anterior group of nucled (an‘haro-dorsal,
antero~ventral and antero-medisl) of pame snd opposite side of lesion
ghow terminals of ring type.

Ho degenerative chenges have been seen in the memxillery complex,
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Cet 164 - Post-operative period of 7 days.

—~ Parfused with 100 to 200 cc. of formol-sleohol end £1xed
in above solution for one week.
-~ XTasertion of electrodes according to Horsley-Clarke
atarectaiic cocrdinates:~
Frontal 17.0
Lateral 4
Horizontal 45, 44, +3, 42, 41, -1

- Localization of lestons~

In pert, head of ceudate, anterior limb of internal

capsule and moet mediml aspect of putamen.
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Histological exeminetion.

Humeroud terminals are seen within the medisl and leteral
preoptic area. The rings are fine and delicate. Swellings,
tortuous and beaded fibers are also present,

The anterior portion of the supreoptie nucleus receives =
particularly heavy projection. To a limited degree, indica-
tions éf fibrillar resction isc to be meen within the PArE~
ventricular nucleus. HNe boutons have been found within this
nucleus,

Beaded and broken fibrils enter the nucleus commissurslis
intersntercmedislis from the mntero-lateral direction. These
fibers do not eross to opposite side, dut rather leave the
mein fesciculus and course ventrally to enter the muclous re-
uniens and mors posteriorly they enter the enterior portion
of nucleus centralis medielis wherein these fibers end ip the
forn of beading, fragmentation and scattered boutons of the
ring type. The nucleus centralls pers lateralie is affected
on sare and opposite side of lesion.

The dorso-medisl nucleus of thalamus on seme side as lesion
is predominated by sxonsl reaction wherein the neurofibrils
ere in the form of short, hesvily stained rods. Pev remaining
boutons are also seen. Orn opposite side of lesion, the derao-
medial thalamic nucleus is permested by terminel houtons
accompanied by fibrillar reaction.

The centrum medianum on same side as lesion show terminal

rings, beading and vecuolizetion. The amount of boutons in the

centrum medianum per unit erea as compered with nucleus dorso-
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medislis, both on same side a8 leslon, far exceeds in num-

ber those in dersomedisl nuclsus.,
No indications of terminal degenerstion is to be found

in the nuclaﬁa ventralis postere lateralis.
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Observations:

Cat 264 -

Post-operative peried of 4 deys.
Perfused with 100 to 200 co. of cold ncetons and fixed
in above solution for L8 hours in cold with one change
after the first 24 hours.
Inseftion of knife according to Horsley-Clarke stereo-
texie coordinates:-

Frontal 14.6 to 10.5

Laterai Midline

Horizontal -4 to -7
Localization of lesion:-

Mid-line of the infundibular area.
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- Hiptological examination.

Degrees of various morpholegical kinds of retraction
bulbe are found scattersd within this aret. These bulbg
are round or oval wiih‘tail~like procaesses which are
deeply stained with colloidel silver, These peculiar de-
genqrative structures are most abundantly found on either
side of lesion. At region of ventral hypothalamic decussa-
tion, that is at suprsoptic snd infundibular region, the
retraction bulbs decrease proportionately away froum the
lestion.

Associated with these various transitionsl morphologi-
cal degenerative changes are to be found the true terminals
in the form of intense darkly stained rings of various
sizes but of unique and aonstant morphology. The terminel
boutons are present within and around the suprsoptic and
suprachlasmatic nucle! and to 2 lesser degree within ihe
ventro-medial hypothalamic nucleus. The infundibular

reglon is also permeated by boutons.
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Obzervations (Cont'd.):

Of thalamic nuclei, beutons In the form of rings are seen within
the medial geniculate hody of both szides aag well as within the rulvinar
algo of both sides.
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Post-operative period of 4 days.
Perfused with 100 to 200 cce of col& acetone and fixed in
above soluiion for 48 hours in cold with one change after
the first 24 hours.
Insertion of elestrodes mccording to Horsley-Clarke
steréotaxic coordinates: -
Frontal 1z
Lateral 1
Horizontal -1
Locelization of lesion.
Partial destruction of following nuclei:
2, periventriculsris anterior, n. commissurzlis inter-
antero medislis, n. reunlens, n. anterior nedialis,
2. centralis medialis, n. rhomboidslis, most medial part

of n. ventralis medialis, and dorsal hypothelamic ares.
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Hivtologicel oxeminntion.

& few scatiered terminsls are ceen within the peri-

ventricular hypothalsmlc sren. Conrse, heavily myelinated

end degenerating fibers are seen travelling with the
noxmel fibers of the paraventricular—hypophysial tract,
Bing-like tominals are found within the medial and

lateral septal nuclet,
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? Obgervations:
1 Cat 274 - Post-operative period of 4 days.

- Perfused with 100 to 200 cc. of cold acetone and fixed
in ébove solution for 48 hours in celd with one chenge
after the first 24 hours. ‘

~ Ingertion of electrodes according to Horsley-Clarke
stereotaxic coordinates:~

Frontel 10.0
Lateral 1
Horizontal +3

-~ Localization of lesion:-

Total destruction of the folloving nuclei: n. peri-
ventricularis anterior, n. enterior zedialis, n; anterior
dorsalis, n, commissuralis inter-anteromedialis, n. reuniens,
n. rhomboidalis, n. centralis medialis, n. submedius,

n. medialis dorsalis, n. habenularis medislis and lateralis,
n. centrum medianum, and in part, the most postero-nedial
aspsot of n. lateralis dorsalisg and ventralis medialis.

Those nuclei that border the mid-line area were in pert

affected on opposite side of leslon due to irradiastion.
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Histologicel exaninstion.

Severe advanced terminal degeneration of paraventri-
cular nucieua on game gside &ss lesion uitﬁ“slight degenera-—
tion (boutons) of oppesite aide of lesion.

" Comrse end heavily myelinated degenerating fibers are
seen coursing with the normsl ummvelineted fibers of the
paraventricular-hypophysial tract.
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. Observetions (Cont'd.):
Terminal reaction, as in cat 2645, 45 alse seen in medial hypo-
| thelamic area (medial periventriculer nucleus),
‘ The mediul snd lateral septal nuclei show degrees of advance
; degeneration witﬁ-terminal rings socattered among the neurites.
! Inconclusive degenerative indications are present withia the

' nucleus ventrelis posters lateralis.




CHAPTER IV
DISCUBSION

1. The Technique.— In view of the observatlons, 1t is advi-
ssble to re-evaluste some of the loosely designated tracts (origin,
course, termination and direction of conducticn) which have been based
primerily on normal material and to & minor degree on experimental
data,

Since Cajal, experimental neuro-asnatomists have gradually de-
viated from the chartered course set sbout by him, 1.s. the working out
of the finer details of the nervous system by silver technicues, end
have fallen back to technigues which, though useful for many purposes
e« the Marchi and Nissl stain, yet inefficient in giving details
about certain aress of the brain, especially ihe hypothalamus which,
aside from the large, well-defined myelinated tracts, shows herdly any
myelination.

The Nissl retrograde method 15 beged on the appearance of the
Hisel gramules et various stages of disintegration. This method, though
excellent for many purposes, introduces errors which are hard to cope
with since they are mislesding in interpretation (nuclear eccentricity
and peripheral concentration of Nissl granulars). Furthermore, leck of
agreement is based on the animal used, the post-operative time and, most
emphatically, as it hes been recently proven, on the age of the snimal
at the time of operation (Brodal, 1940), Though to a limited extent, yet
detrimental to resserch, another criterion Indicative of degeneration has

crept within the research laboratories. Thig eriterion is bszed on the
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proliferation and accumulation of glia cells along degenerating nerve

pethways. When applied to degenerating, well-circumscribed and heavily

myelinated tracts, the method is commendsable,

By using the number of glis nuclsd per unit area, the above method

has been uszed extensively in the study of diffused tracts which of'ten
show 1ight or no myelination whatever. This nethod is even more doubt~
ful when one considers that hagmatoxylin and eosin are enployed.

The importance of the fixatives has aslgo been underestimated.
For instance, different plctures of the nerve cell content are obtained

if the tisoue is fixed in any one of the mentioned fixatives: formalin,

formol~alechol, chloral hydrate, acetone and Zenker ecetic fixed tissue.

If the paraventricular nucleus is stained with Niesl reagent (toluidine

blue or cresyl violet) the cell body and content stend out most elabors-

tely: centrally located nucleus, surrounded by a perinuclear clear gpace

and with Nisol bodies densely aggregated In various morphological forms

at periphery of cell body.

With chloral hydrate as a fixative, the nucleus and Missl granu-

% lers appear in various morphologicsal forms depending on the tima factor

- of tissue fixation. In most instances, the Nissl grenulars appear in

powder-like form and the nuclews shows up &8 & clear gpeoce.
With acetone, and above all, Zenker acetic, the cell body and
e constituent delicate elements are preserved with the grestest care
&nd elways appear the ssme no matiter how long the fixative has acted on

the tissue,

Bodian recoganized these factors and therefore conceived the

. method of staining neurofibrils with colloidal silver by using protargol

i
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" ap the active reangent and the Bodisn fixative at sll instences an the pas-

sive factor. The disadvantage of the above mentidued technique lies on
non-technical grounds and hes been thoroughly discussed in Cheapter II.

Of the inmumersble methods worked ocut, all based on the reduction
properties of colloidal silver, for bulk, frozen or serial paraffin sec-
tions, none fulfil the conditions which were planned before using the
technique for sxperimental purposes.

The procedurs of our technitque has nc subjective factors worth

considering. The chemicalp sre easily prepared end can be stored over a

f parfod of time. The time factors within emch solution have been standar-

. dized snd therefore the results are always constant, Furthermore, it is

applicsble to seriasl paraffin sections and therefore one 1s able to staiﬂ
alternete sectlons with various other stains: Nissl, Heidenhein, ztc.

The method stains equally well the normal or the various stages of degene-
rated fibers whether it be in cortex, interbrain, stem or cord. The grea-

test sdvantage lies in ite ability to stain terminsls, elther they be

rings, bulbs, or free endings. These latter morphological synapile endings

are statned more intensely than the normal fibrils which sre black ageinst
& light background.

Other advantages of the etein are worth mentioning for it adds

details which cannot he gleaned from Marchi or Nissl type of staina. First

of mll, being a fibriller stain, it stalns equally well myelinated and
unmyelinated degenerating fibers. These degenerating fibers are seen on
8 background of normal fibers; thus one is sble to determine rather pre-
cisely which fiber groups are affected by the lesion, snd which remain

normal.




121,

This makes the enalysis of thess preparstions much more time-gor~
suming than that of Marchi preparstions. It allows one to note the drop-
ping out of fibers since all fibers are stained and it ztains both axons
and dentrites. However, studying silver prep&rétiona iz time-consuming

but cne is repaid by the added informetion obteined.

2. Thé Experiments.— In Cat 1AZ, where the medisl and lateral
septal nuclel have been completely destrayed (dtagonal band of Broca only
in part), terminal reactions in the paraventricular nucleus and besding
of a few fibers within the paraveniriculer-hypophysial tract were pro-
duced,

The afferent fibers to the pareventriculer nucleus arise sither.
from septal nucleil or from the cortex. These fibers iravel, in part,
with the medlal forebrain bundle through the leteral hypothalamic areea
end with the periventriculsr system throvgh the medial preoptic aream and
medial hypothalamic area as the septal or corticel component of the peri-
ventricular feseiculus, The beaded fihers found along the bundle of iha

hypothalamio-hypophyaial tract (which partly erises from the paraventri-

cular nmueleus) cannot be explained on the basis of thess facts since trans—

neuronsl degeneration has not been reported as = comnon phenomenon (ex-
cept for the optic fibers). It is possible that these besded fibers huve
& ventral hypothalamic distribution. A septal distribution ‘o the ventro-
medial and dorsomedial hypothalemic nucleus hes been rgporied in the
literature, Terminals heve not been found within the nars nervosa of the

pituitary nor within any other hyvothalanic nuclear mass.

Cortical ablation experiments of the frontal lobe now being cerried

out by Auer have shown that a frontal cemponent (pessing through the septum)
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does reasch the paraventricular nucleus ns well as various nuolear groups
of the infundibular zrea. From these experiments, 1t may be suggested
that the beaded and gwollen fibers seen coursing with the fibers of the
paraventiricular-hypophysial trasct are the cortico-hypothalanic fibers
destined for the infundibular reglom to be distributed to the ventrome-
diel and possibiy to the dorsomedial hypothalamic nucleus.

Besides the terminal fibrillar reaction seen within the paraven-
tricular nucleus, it is observed that eytological changes are present
vithin the wain magnocellular portion of the peraveniricular nucleus
(toluidine blue preparations), Pyknotic chenges of the nucleus and de-
grees of gramalation of the Nissl materisl is apparant. |

This evidence may lead one to conclude that the neurites of the
paraventricular nucleus are undergoing retrograde changes due to severence
of its mxons at the region of the septum. This would imply that the
paraventricular nucleus hes a septal or cortical representation besides
receliving corticofugal fibers.

It has long been kmown that the paraventricular nucleus szends a
component to the pars nervosa of pltuttary via the hypothalamo-hypophy-
Blal tract. It has also been observed by various suthors that in lesions
of the hypothalsmo~hypophysial tract, the retrograde chenges within the
paraventriculer nucleus do not involve all of the magnocellular elements.
The mejor portion of the nucieus shows no changes whatever.

The possibility exists for corticopetsl fibers arising from the
magriocellular portion of the paraventricular mucleus which courte through

the septum.

The above obgervation should be accepled cautiously for retro-
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grade changes are difficult to interpret, especially when dealing with
cells in which the Nissl grenules are disposed Qt perivhery.

The lesion in Cat 24 has destroyed the caudate nucleus, the
putamen, the globus pollidus, part of the emygdaloid complex, the olfamc-
tory cortex and the anterior limb of the internal capeule.

The hypothalamus is extensively involved; the medlal, laterel
and dorsal hypothalamlic area, paraventricular, supracptie, suprachiag-
matic and ventromedial hypothalamic nucleus, snd infundibular ares show
degeneration,

These efferents to the hypothalamus course as capsular fibers
or as compenents of the medial forebrain bumdle. The capsular fibers
arise from the cortex, which is apparent from the terminai dageneration
within the midline puclei and dorsomedial thalemic nucleus snd in part
from the lentiform nucleus. The possibility of a lertiform projection
to the midline mucleil camnot be entirely ignored.

The evidence suggests that the medial forebratin bundle has the
heaviest origin from the veniromedlal base of the hemisphere rether
than the hypothalamic nuclel a8 has been smuggested by various authors.
It 18 also observed in the cat, best in horizontal gections, that the
medial forebrain bundle doss not increase in size as it courses roste-
riorly towards the stem, This fact would further suggest that the bun~
dle has its main source of fibers from anteriorly placed arees end that
hypothalamic nuclei hardly contribute to the bundle. The bundle would
primerily be efferent to hypothalsmic centers. In part, the projection
to the paraventricular pucleus is the cortico-(septo)~hynothalanie com-

ponent coursing with the medisl foredbrain bundle which has been destroyed
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by the lesion.

4 strio-hypothslemie cemponent within the bundle to the above
zentioned hyrsthalamic nuclei is conceiveble though further evidence is
necegeary before an appropriate svaluziion nen be made.

It 18 intereating to ohgerve thet o traet reaches the peraven-
tricular nucleus (mee rhotogrephs) from the direction of internal medul-
lary lamina and reticuler nucleus of thalemus, which tract ney well be,
anong others, of strietal origin.

Gurdjien assigned & heevy projesction of cortico-hypothelenic fi-
bers travelling with the medial forebrain bundie to the ramuillary nue-
lel, Cat 2h hes received extensive destruction of the bumdle and no ter-
minals have been foumd within or around the mammillary cdmplex.

Crossing cortico-hypothelemic fibers which decussate with the
supramexmillary bundle, are clearly seen in horizontal sectionas, hut no
terminals have been found at their vicinity., Evidence 48 present which
indicates projactlions of crossed cortico-thalamic fibers to mid-line nue~
lel (n. centralis pare lateralis), anterior thalamic nuclei, and to the
habesmiler complex which recelves the stris medullery component of the
strie terminalis.

Cat 16A hes recaivsd less destruction, with lsck of injury to the
olfactory cortex snd related siructures. The lesicn has heen locelized
to the head of caudate and to the enterior limb of internal capBule.

As stated, transneuronmal degensration is rara, and since most of
the caudate fibers are relayed by the globus pellidus, vhich haz not been
destroyed, it 1s suggested that the projections reported in this cat ave
in part or ell of corticel origin, Gurdfien reported in normel cat ma-

terial a strio-hypothalamic component within the medial forebrain bundle
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vhich ie sald to arise, in part, from the head of the caudate nucleuas.
We would not like to mssume such = component beéause the processes of
the neurites from the.caudete nucleus ere indeed the shortest in the
central nervous system,

8ince the medisl and lateral hypothalemic areas and the other
nuclear messes of the hypothalemus have not shown terminel dsgeneration,
it iz euggested that a cortical projection through the Internel capsiule

reaches the preoptic area as well as the supraoptic nucleus. The doubt-

ful terminal degenerstion found scattered within the prraventricular nue- %
leus leads to the conclusion that this nucleus receives its heaviest ‘
projection via the septum or with a relay from the septum.

Of the midline nuclei, the nucleus rewmiens and muclens centra-

1lis medialls and lateralis, show & heavy projection. These muclei of the

widline group belong toc that group of thalamic nuclei which are relatively
constant in the mammalian scale and phylogenetically the oldeast 2nd
therafore probably (Walker) concerned in the mogt primitive forms of sen-
sibility receiving impulses especielly from internsal organz and visoera ;
a8 well as from spinothalmmic trsct and medisl lemniseus. Their effe- 1
rent connections are nmainly with the hypothalamus (Rouszy rnd Mosinger)
through flve poorly defined thalamo-hypothalemic tracts as deseribed by
the sbove authors. Cortical offerents reamch them, ond therefors & pos-
gible reciprocecy must be considered. The vasomotor chanses seen in thala-
mic lemions and the retention of certain loealizetion of reinful stimuli

in hemidecortication acqulres an snatomical basis.

The crossed cortico~thalemic fibers to nucleus compissurslis

interanteromedialis, nucleus entero-medisl and antero-veniral, which are
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directly comnected to the neocortex (cingulate gyrus), receive great im-
portance as croased cortico-thalemic fibers have never bsen reported
though postulated,

The cortical projection from the frontal granular cortex to the
neothalemic, large parvocellular portion of dorsomedisl nucleus is also
confirmed by th§ bouton method,

The conical sheped mucleus cenirum medismum (centre median of Luye)
with its small, oval or epindle shaped cells also receives a nortical
projection., The nucleus shows a progressive development in ascending
rhylogeny and its fiber connections are totally obscure. ‘The nucleus is
thought to be in close relation with globus pallidus though such comnec-
tions appear to lack teleologloal elgnificance for the pallidus is phylo-
genetically =an old part of the centrzl nervous syaten and the oldeat part
of the strimtum.

The importance of this nucleer mass in relation to trigeminal
pain and lobectomy mequires s significance since it has been reported that
trigeminal fibers end in the centrum medianum (Marchi studies, Rengon et
4l and Clarke et al), The ebove has been confirmed by us through the
application of the bouton method which results are to be reported later
(cat 324).

With midline deatruction of the inferior hyrothalamtc decugsation
in cat 264, boutons have been found in supraoptic, suprachissmetic and
ventromedisl hypothalamic nucleus, &s well as in the supraoptic end in-
fundibular region.

It has been thought that the inferior hypothelamie decussating

fibers srise from varicug gources including the zans incerts, lenticular
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mcleus, reticulsr nucleus of fhalemus, peraventricular nucleus, subtha-
lamus, entopedunculer nucleus, globus pollidum, supraoptic nucleus and
genlculate bodies.

All of above éreas or nuclei have been checked with the retro-
grede and bouton method snd none of the sbove mentioned aress has given
any conclusive eévidsncs.

Boutons‘have been seen in the medial geniculate bodies and pul-
vinar of both sides.

Therefore, the inferior hypothalamic decussating fibers not only
conduct towards the hypothalamus hut also in opposite direction snd
therafore the hypothalemus is in synaptic relation to the highest sub-
cortical associamticn center, the pulvinar, which projects to the highest
cortical apsocistion center, the posterior superior paristal lobule, the
angulsr and supremerginal gyri of the cerebral cortex; &8 well as with
the suditory reflex ceater, the medial gentculate body, whouse corticel
projection is well knowm.

The inferior hypothslemic decussstion ig made up of two components;
the heaviest bundle is coarse, heavily myelinated and tortuous, and the
smaller, scattored and fine umyelinated fibers.

The first compenent does not seem to synapse in the hypothelamus
as these fibers, undergoing secondary (Wellerian) degeneration are easily
traced to the reglon of basis pedunculi, while the second component seems
to be in synaptic relation to the hypothelamic centers.

Which of the two components sends fibers to the geniculate and
pulvinar is difficult to report at present for the fine unmyelinzted fi-

berg are extremely diffused and easily lost in their ventro-latersl course.
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Cats 26AB snd 27A

Cats 26AB and 27A have roceived an extensive lesion involving
the midline nuclef of the thalemus. In cat 2643 the lesion extends from
nucleus periventricuiaris anterior to nucleus reuniens rosteriorly,
while 1n eet 274, the lesion extends to posterior aspect of dorsomediml
thalsmic nucleus,

Terminéla (free and ring'typa of boutons) have been found within
the medial hypothalamic area (the medisl periventricular nueleus), The
greatest distribution of the ring type of ending is seen In the infundi-
bular region. 7The rest of the extensive periventrioulsr macleus sheows
primarily the free ending type of degenaration. The fibars of eondus-
tlon, which are beaded and with degrees of vacuolation, are ssen to arise
from dorsal areas (the midline muclet) and not, ns one might postulate,
from snterlorly placed arees, septum or cortex, vwhich travel subspendy-
zally, The latter analysis 1s in part justified as in both cats {26AB
and 27A) the anterior periventriculzr nucleus hes been destroved and
therefore a partial destruction of the asterior component of the neri-
ventricular gystes.

It i slso observed thet hesded fibsrs are aseen trevelling with
the paraventricular-hypophyslsl faseiculus. These fibders can only be
postulated because they appear te be fibers helonging te the inferior
thalemic peduncle, which, in part, ariges from the midline muelei, and
vhich is undergoing secondery (Wallerian) degeneration. There heavily
nyelinated fibersz which sre in contrast to the nen-myelinated peri-
ventricular component from the nidline nuclel, are eesily detectable in
the colloldel silver preparstione as they become selectivaly overly

impregnated.
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Cat 274 has produced terminal degenerstion in the medial hypo-
thalenic eres (periventriculsr nucleus), paraveniriculer nucleus of
hypothalamus and the anteriorly placed nmuclei of septum. The terminals
within the medial periventricula; hypothelamic area confirm the fia~
dings in cat 26AB and therefore further proof of the extensive thalsmge
hypothalamic tfacts a8 reported by Roussy and Mosinger which huve been
extensively disoussed in the literature,

Terminels of the ring type heve been observed in the paraventri-
cular hypothalamic nucleus., These efferents to this supposedly subcor-
tical vegetative center arise also from the medisl magnocellular porticon
of the dorsomedial thalsmic nucleus, Finely myelinated fibers with
primary degenerative chenges within them are seen streeming ventrally
within the internsl medullary lemina towards the neurites of the pare-
ventricular nucleus. This comnection has long been suspected from clini-
cal date and Le Gros Clark further suggested that the dorsomedial nue-
leus appears to be developed from the nucle! of the midline and there-
fore is closely related to hypothalamic vegetutlve mechanisms.

On the extensive terminal degeneration observed in the medial

" and leteral septal nucleil (cats 264B and 274) it can only be speculated

hecause these long sxons are difficult to follow to thelr source of
origin,

Since the midline nuclei are iavelved in this systen of connegs
tions, it eppears likely that the periventrieular gystem of fibers are
primarily invelved which not only conduct ventrally {hypothalamus) and

posteriorly (stem) but also to anteriorly placed structures (ssptum).




CHAPTER ¥
SIMMARY

An sbesolutely ralisble colloidal silver method is proesented

which has been employed for staining end fdentifying degensratad Byali-

nated and unmyslinsnted fibers as well ag fres snd bouton tyre of ter-

minals. This technique has revealed the substratum for the following

connections:

1.

2.

4

54

6.

Cortice (septo) paraventricular tract which courses with the medial
forebrain bundle and with the anterior periventricular fasciculus.
Cortico-infundibular tract coursing prineipally within the periven-
tricular ares destined to the dorsomedial and ventromedinl hypotha-
lamic nucleus.

Paraventriculo-cortical tract. The axons srise frow the large magno-
cellular neurites of the paraventricular nusleus destined to the
frontal cortex which course through the septum.
Thulamo-paraventriculer tract. The bundle arigea from the dorso-
medial thalemic nucleus snd courses with the scattered bundles of
the periventricular fibers.

Thalamo-periventricular tract. The fibers srise from midline nuclei
of thalamus which are in synaptic relation to the periventriculer
uuclous of the hypothalamus. These fibers travel with the periven-
tricular fasciculus.

Medullary-paraventricular trect. A compact bundle of non-myelinated
fibers which reasch the antero-lateral agpect of the paraventriecular

nucleus coursing with fibers of the internal medullery lamina.
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Cortico-supraoptic tract. This capsular tract courses with the
medis)l forebrain bundle to reach the enterior aspect of supra-
optic nucleus,

Cortico-hypothalaﬁio tract to the preoptic and latersl hypoth&-
lsmic arem also coursing with medisl forebrain bundle.

Fibers of inferfor hypothelamic decussetfon to supraoptic, supra-
chiasmatic and ventrowedisl hypothalamic nuclens.
Thalamo-hypothalamic treet. It erises from midline nuclei to be
distributed to the infundibular srea,

The following connections were confirmed also:
Cortico~thalanic fibers to large laterel parvocellular portion of
dorsomedial thalamic nucleus.

Gortico~thalamic fibera to prineipal nuclei of the midline of the
thalamus,
Cortico~thalemic fibers to controlatersl anterior thalemic nuclef.

Cortico~thalamic tract to nucleus centro medianum.




APPENDIX

MICROPHOTCGRAPHS OF HORMAL AND DEGENFRATING
FIBRILE AND TERMINALS
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Fige 1.~ Paraventricular nucleus. Zenker mcetiec fixed tissue,
Observe the extremely fine neurofibrils which form a mesh among the neu-
rites, The fibrils, which are black to ordinery light, contrast well
with the colorless backgrouad vhich is devoid of precipiteted colloldel
silver, The large neuriiss, with all its processes sleo stand out. The

oixed cellular clements of the paraventricular mucleus 45 apparent also.
XL80,

[ S
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Pige 24~ Hognocellular element of medisel portion of paraven-
tricular nucleus. Zenker acetic fixed tissue, The neurite shows degraees
of gresulation which is most apparent within the bifurasting dentrite.

X1000
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Fige 3.~ Paraventriculer nucleus. Zenker acetic Pixed tig-

sue. Observe the fine bundle of fibrils coursing from the directlon
of internal medullary lemina (lefi) to a medial and ventral direction

to reach the dorgo-medlal aspsct of the nucleus.s X120
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Fa, .- Parsventricular nucleus. Zenker acetic fixed tissue.

The bundle of Fig. 3 iz seen at a higher magnificetion. Observe the

fine network of neurofibrils which permeate the nucleus itself. X420.
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Plige 84w~ Paraveniricular nucleus. Zenker scetic fixed iissue.

The emall bundle of fibers ceen in Figures 3 and 4 is highly nmegnified
to demonstrate iis neurofibrillar meke-up., Not 81l the neurvfibrilnp are

in foous; neither is the tissue around the tract. X1600
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Fige 64— Poraventricular nucleus. Zenker acetic fixed tis-
sue. The more superficial fibrils of the bundle are meen terminating
&t the outer margin of a lerge cell., The deeper sapect of the cell
(to the right of photograph) end of the bundls fig out of focus. The
fageicls would explain the enormous amount of boubons seen within the

nucleus, X1600
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Figs To— Psraventricular nucleus. Zeoker scetic fixed tissue.
The magnocellular portion of enterc-medial aspeet of nucleus, Bisrupted
the cortico- (sapte)~ paraventricular tract. The beaded and swollen
fiber at center of picture might well be fibers of the parsventriculoe
hypophysial tract sinece it is travelling with that fasciculus or
cortico-septo-hypothalanic fibers to dorso-medial or ventro-medial hypo-
thelamic nuclel or cortico-gepto-infundibular fibers which have travellad
with the periventriculer system of fibers. X1600
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Flgs 8-~ Advanced pecondary (Wallerien) degeneration of s
myelinated fiber of thelmmic origin coursing with the unmyelinuted
fibers of the paravéntriculo~hypcphysial tract which lies to the left
end is out-of-foous, Obgerve that the fiber is tortuous, vascuolated

and extremely srgentonhilic. The neuriies mre out-of-focus elso.

X1600




Pipe 9=~ Terminal degeneration within the substance of paree-

ventriculsr nucleuns due to electrolytic destruction of dorso-medisl
and median nuclei of thelemus. HRings and fibrillar fragmentstion is
apparent.

Acetone fixed tissue. Post-operaiive period of five days.

X1600
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Figs 10e=- Supreoptis nucleus. HNosrmal. Acstone fized tigsue.

Observe that in acetone fized tlssue the neurites do not stand out as
well as they are brought out in modified Zenker scetic fixed tissue

vhich gilves 2 semi Golgi prepsretion. The neurofibriller netwsrk of
supraoptic nucleus 1s most apperent. The coarse fibers seen at left

upper corner belong to optic system. X1Q00
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Pige 1ls— Hormal supraopiic nucleus. Acetone fixed tig-

sue. HRarely seen, few unusually long fibrils reaching the supra-
optic nucleus from & dorsel direction. Observe thei the long non-
myelinated fiber, at its mid reglon, shows & ronstriction, supposedly
the nods of Ranvier. The neurefibrillar network on the left side

of photograph is slightly out of focus,



Figs 12.,— Degeneration proximal 4o snd within zuprecptic
nucleus. Obaerve the glgantie retraction bulbs of Cajal which per-
meate the area of the nucleus. Among the bulbs are found terminal
rings (ses Fig. 21). The heavy bundle of [ibers in the left in~
ferior corner is the optic chissma {%ract). The infericr hypothe~
lamio decupsetion was gevered by knife lesion. Fosi~operative

period of {ive days. Acetone fixed tissve. X1000
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Fige 13v~~ Terminel bulbe end rings within the substence of

supraoptic nucleus. The terminal rings are apparent while the tulbs -
(dark-stained bodiee) are out of focus. Tortuous znd broken *ibers
are also sesn, Knife lesions of inferior hypothalamic decussetion,

Post-oparative perioed of five days. Acetone fixed tigsus. X1600
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Filge 1L, HMedian mexmillary muclens., Acsione fixed timsue,

Observe the mumerous terminals which are in the form of rings and bulbs.
The fiber &t center of figure hss three swellings which appear as rings.
The fibrilse ere swnllsﬁ, besded, and at various other stages of disin-

tegration. Some of the above structures are out of focus. The neurites
sro completely overshadowed by the plexus of terminals. The fornix wss

destroyed electrolytically at region of anterior commismure. X1600
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Fife 15.~ OCapsular region of medial memmillary nucleus. Ace-

tone fixed tissue. Terminal rings and bulbz of various size and shape
are apparents The fibrlls are in varicus stages of fragmentution and

the neurites &re obptructed by the terminal plexus of terminals. Fore

nix was destroysd at region of snterior commizsure. Y1600




Fige 16.=~ Pre-mameillary region. Acetone fixed tissus., The

soncentrie large structures ere nuclei and boutons which are geen
around a clear psrimuclesr space as the cell is out~of-focus. Other

boutons (rings) are present but out~of-focus, X000
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Fige 17.~— Hedial habenulsr mucleug. JAcetone fixed timsue. The

ring and buld i{ype of terminels is spparemt. The neurolibrils are in
various stages of disintegration., The reletionship of terminels to neu-
rites 1s not apparent as the cells are out of focus. The darkly steined,
lerge, round or oval structures are the muclel of the neuriteg. The
nuclei are excessively argentophilic when in stages of disintegration.
Normally, the nuclei are stained lightly. This would indicats trans-
nsurcnel possibilities. The stria habenularis was destroyed electroly-
tically at preoptic region. X1800
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Fize 18.-~ Proopiic reglon. Acetone fixed tissue. Bulbs and

rings &re apparent with =2 swollen and tortuous fiber. X1000




Fila. 19,~~ Medizl preopiic arec, Acotone {ixed tlssue. Due

to the short neurcns, the boutons are few and scatiered, The sbove
photograph shows an unususl concentration (4 in fozus) et sach high

negnification. The fibrils are in vart re-sbsorbed. X1600,
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Fig, 20.-~ Suprachiasmatic nucleus. Acetone fixed tisrue.

Rings and bulbs of various morphological varistionz ers apparent. The
fibrils hava practically all dizintegrated. The rucleil sre darkly

stalned end stand out among the boutons. I1600
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Figs 21.-- Abundent teruinals of the riag type within the
suprachiaswitio muclsus due %o lesions of inferior hypothulumic decus-

satlon. Acetone fixed iissus. Post-uperative pericd of five days.

X1600
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Fige 22.~ Terminal degeneration within the ventro-medial
hypothalemic nucleus due to lesion of inferior hypothalsmic decussation,

Rings are abundantly scattered among the neurites. Acetone Tixed tissue.
Pogt~operative period of five days. X1600
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Figs 23.-- Nucleus ventromedialis hypothalsmi. Acetone fixed
tissue. Terminal rings are sppareat. The mucleus is in an advanced
stage of degenerstion and therefore most of the fine wnyelinated neurc-
fibrils have been re-absorbed which explains the clear gpace. The nen-

rites are out of foecus, X1600
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Pige. 24.~~ Wucleus Ventralis. Acetone [ixed tissue. Advance

terminal degeneration. BSulbs and rings are epparent. Fibers are in

varicus steges of disintegration: bemded, swollen, tortuous and fragmen-

ted,

11000
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Fig, 250~~~ Intrafasclcular fibersz. Acetone fixed tissue. Four
daye after an sxtensive lesion of thelemus, Observe the thiczk, tortuous
and swollen fibers which are undergoing sscondary (Wallerlsn) degensration,

X1000.
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Fige, 26.-~ HNormal cerebral coriex of cet fixed in modified

Zenker scetic, Observe the neurofibrillar networks and the semi Golgi

aspect of the neurites in layer V, Compare with Figurez 27, 28 and 29,

X516



Flp. 27.— & multipolar cell of cerebral cortex of sat from
layoer V a8 seen in Figure 26 from Zenker scetic fixed tissue.

Observe the delicate nsurofibrils thet course through the peri-
keryon and the centrally located, lightly steined nucleus. The peri~
celluler network arcund the cell is out of focus though seen in part st

periphery of cell body. X1600



Pige 28.— Golgi preparution on serisl raraffin seclion from

adult cat's brein vhich had been fixed in Zenker. The lover aspect of
the photagraph shows the dertrites ef the large multipelur cells of
layer V. The upper portion shows cells within layer 1II.

Compere with Figures 26 and 27, X1000
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Fig. 29.-—~ HNigher megnification of cell body and dentrites of

& multipolar cell of cerebral cortex of cat which had been fixed in Zen-
ker and embedded in paraffin, Observe the epines on the surfsce of the
dentrites which are supposedly analogous to terminals,

Some of the dentrites are out of focus.
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