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STATEIV1ENT OF THE PROBLEM

A naJor aln of thls stud_y was to d_etermine
wheüher there are hlstonorphol0glcal changes ln chronl-
ca11y lsorated. neuronal slabs rn cat cerebrar cortex
whr-ch could account for any of the known alteratl0ns
ln the electrlcal actrvlty of such a preps.ration. stud.ies i.rrl.,

i.t , t'by others have found- that ühe electrical responses .. l

obtarned from the lntact suprasylvlan gyrus, from an
acutely lsolated- slab cut on thls gyrus an. fron a
chronlcarly rsolated slab prepared rn this gyrus d_iffer
from each other in various d.egrees. Electrlcal actlvlty
ln the chronicarly lsolated. srab is more primltlve than
that 1n the intact gyrus or ln the acr:rtely isolated
slab. Evld-ence for a structural correrate of such
a regressl0n to a more prlnal state was sought among

the h1sto10g1ca1 features exanlned. ln thls study.
The generar character of the'research of this

structure-functron study:was determrned. by a slnple buü
fund'amentally lnportant postulate. Thls postulate ls
that' the cNS consists of neurons whrch lnteract wlth
each other. The anatomlcal parameters that were quan-
tlfled' and examlned. were chosen, wrth thls central hy-
pothesls 

'n 
mind., by maklng two assumptlons concerning

x1v



xv
the cytology and hlstology of the cat,s cerebral cortex.
These assumptl0ns were: 1) trrat there may be a d.ependence
of cytologlcal denslty upon hlstologlcaL volume¡ 1.€.¡
that the packlng d.enslty of neurons and. of den.rltlc
processes ls lnterrelated wlth the total vol-ume of
avallable cerebral cortex I Z) that the nature of the
lnteractron and. anatomlcar relatronshlps between neurons
would be altere. as a result of neuronal 1so1ab10n.

The inter.lsclprlnary nature of thls structure-
functl0n study became evldent in the early plannlng
stages of thls investlgation. Not only anatornical
relatlonships, but other factors as werl, coul. be
expected to lnfluence lnteracüions between neurons. These
factors are so d iverse that consid.eratlon of them mus'
lnvolve concepts encoapassed- by the maJor dlscipllnes
of blochenlstry and physlology. Moreover, the fundamen_
taL concepts of comparatlve vertebrate anatony, comparatlve
hlstology and neurohrstology, cytology, histopathology
and neurophysl0l0gy were consid.ered essentlal adJuncts
for the acadenlc requirements of this study. Therefore,
the author of thls ühesis has attenpted_ to lntegrate the
salient and rer-atlve lnterd.1sclpllnary concepts in a
comprehenslve Hlstorlcal Revlew.

r'l :



XV

the cytology and. hlstolo8y of the cat,s cerebrar cortex.
These assumptlons were: l) trrat there may be a dependence

of cytologlcal d-enslty upon h1sto1oglcal volume¡ i.ê.;
that the packing d.enslty' of ne.urons:and. of dendrltic
processes ls lnterrelated r¡rlth the total volume of
avaTlable cerebral cortex i Z) t]nat the nature of the
lnteractlon and anatomlcal relstlonshlps between neurons
would be altered. as a resu.lt of neuronal rsoratron.

..,: ::,:
| .:" r:;:.'
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HISTORICAL REVIEI,I

The cat, ln partlcular @ (Llnnaeuso L?581,

1s generalry accepted as a specles whlch provid.es a nod.el

for und-ersüand.lng various features of the central
nervous system throughout nost of the mammals (straus-
Durckeln, LBL+j¡ Mlvart, l:}?l+; trlllllans, L}?S; trlild-er,

18Bl). Those features of the mammallan central nervous

systen whlch are of greatest lmportance to the obser-
vatlons resuLtlng from thls work w111 be seen to includ.e..
the followlng: the gross anatony of the braj.n; the

relatlonshlps between the prlnclpal structures ln the

braln; enbryonlc d-evelopnent of the cerebraL cortex;
factors governlng connections between neuronal unlts;
the hlstomorphology and. the cytonorphorogy of the cerebral
cortex. A general revlew of these features ls presented.

ln the bod.y of thls sectlon and some illustratlons of
the materlal ln thls revle¡y are provid.ed. ln the Append.lx

to this thesls.

Gross anatomy of the cat's bral!. The braln,
or encephal0n, 1s ühe anterl0r enlargenent of that part
of the cenüral nervous system whlch is encased ¡qlthln
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ühe cranlal cavlty (Relghard. and. Jennlngs, I95L;
El-Llott , L963 i Truex and Carpenter, ]-?6t+r. It ls à

d-lrecü contlnuatlon of the splnal eord. and. nay be

regard.ed. as a tubular structure wlth enlarged- cavltles
and. wlth walls whlch are thlckened. and" fold.ed..

rn the earry stages of enbryonrc d.everopnent

the dorsal neural tube aü lts anterlor end. forms three
naJor hollow expand.ed. areas (Truex and. carpenter, Lg6Ei
c.f. Appendlx, Flg. 1). Baplð and. unequal growüh of the
d.eveloping braln wlthln the Llnlted. conflnes of the
cranlal cavlty resuLts ln severar flexures whlch
correspond. partly to the externar bend.lngs of the head.

and. neck reglons of young enbryos (Bartelmaz and- Evans,
L926; årey+ Lg6S],. The three enbryonlc veslcles,
whlch are a baslc feature ln alr d.eveloplng vertebrates,
glve rlse to the prlnclpal structures ln the ad.ult
manmallan braln. These, al-ong wlth thelr maJor sub-
d.lvlslons, are noted, ln the followlng s,urmarys

A. SBOSENCEPHALON

l. TEETNCEPHAION

Bhlnencephalon
Corpora strlata
Cerebral cortex

2, DIENCEPIIALON

EplthaÌanus
ThaLamus
Ilypottralanus

:1,1j...

l

I

I

.. '':. 1
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B. I_{ESENCEPëAI,I

I" MESENCEPHAION

Corpora quad.rlgemlna
Tegmentun
Crura cerebrl

C. RHOMBENCEPHAIÐN

1. METENCEPHAION

CerebelLr¡n
Pons

2, MTEI,ENCEPHALON
'::..-. :'-t

Med.ulLa oblongata. .i.¡tt'li.

,,',-,t'-,, ,.' A d.etalled account of the anatornrcal relaüron- ;,;.¡,r,,'

shlp of.these structures to each other nay be found. in 
I
iseveral authorltatlve reference texts (Arey, Lg65; j

ELllott, 19Ø; Truex and. Carpenter, l:964). Thelr
generaÌ relatl0nshlps, arlslng from the prlnltlve
dlvlslons ln the enbryonlc neurar tube, are lrlustrated.
In Append.lx, F1g. l-. i

i

. Phyl0genv. Ascend.ancy 1n the phyl0geny of the
braln throughout the vertebrate classes rs characterlzed.
by a correlaülve lncrease ln the conpJ.ex lnterconnectlons
between neuronal erements ln thaü part of the cerebrum
whlch had come to be known by Broca ln 1g/B (clted. ln
Truex and. carpenüer, Lg6u) as the cortex of the rlnblc
Systen (Kluver and. Burg, Lg3g; Nauta, ]g5g; i{aad.a I ]:960,).
The llmbrc cortex ls part of an rntegratrve systeno whrch
ls consrd.ered. to be essentlal to those actlvltr€s âssoc_
lated' wlth the preservatlon of the organlsn, for exanpre,
d'eternlnatlon and- d.eslre for frlghü, flght, feed.1ng,
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matlng and. care of the young (papez, I9?9 anô, I93T¡
Hess, L948, L954, 1956; Kogan, Lg4g; Kluver, Lg50¡
Kaada, LZSL; Ge11horn, tg533 r{aað,a, Jansen and. And.ersen,
L953; Berltoff , L9651. The presence of ad.d.ttlonal
lntegratlve systems rn mamrnals 1s aecompanled. by a
co""elatlve lncrease ln the number of proJectl0n flbres
whlch elther orrglnate or ternrnate ln the roôf of the
cerebral hemlspheres (Bonln, ]rg5}; Sholl, l956; ïoung,
L957). The vlew ls wid.ely held. that the lncrease of
slgnals from asoend.lng frbres ls assoclated. wlth the
d.evelopnent of new rntracerebrar assoclatlon flbres. whlch
lncrease the ablrrty of the cerebral cortex to store
and prîocess ühe lnfor¡oat10n contalned. 1n the hlgher
ord.er of lnternal and. external envrronmental evenüs
(I(appers, Huber and. Crosby, 1936; prosser, ]lgilg; Glees,
I96t; Young, Lg64), In the hlgher mamnallan ord.ers an
expanslve d-evel0pnent of the cerebral hentspheres ls
observed-; thls üakes the form of a nantle-llke neocortex.

. The cerebrum
ln the cat conslsts of rrght and. reft henlspheres whrch
are separated- from each other by a rongltud.lnal flssure.
The surface topography of the neopalllum ls hlghly
convoluted' and the gross anatony of the dorsal and- lateral
surfaces of the cerebrum ls generally dellneated. 1n
terns of thelr pronlnent convorutlons. These have been
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d.escrlbed. as syIl (Owen, 1868 ) and., al-sor âs furrows

or-El!g! (Sr:alth, L902)¡ the convoluted- topoþraphy of
the cerebrun ls often referred. to as belng gf,Ig&9p@[g,.

The tern flssure was used orlglnally to d.eslgnate the

d"emarcatlon between paleopalllum (olfactory areas of

ühe cerebral cortex) and. neopalllal (extensive new

cortex) reglons (fappersr Huber and. Crosby, L936) Out

has more recently been applled. to the 3_arger furrows,

for exanple, lonsåtud-Ånal fissgre, la'ÞeJtA! flssure.
Early conventlon among neuroanatonlsts (Kappers, Huber

and. Crosby, L936) ¿tvt¿ea ühe gyrencephallc cerebral

hemlspheres lnto several lobes accord.lng to the d.ls-

poslt'lon of the surface convolutlons. These lobes

have been welL d.escrlbed. ln several- authorltative
reference texts (Papez, 1929; I{appers, Huber and. Crosby,

L936; El1tott, L963; Truex and. Carpenter, Lg64),

Ventral Surface. The ventral- aspect of the cat's
braln has been extenslvely d.escrlbed by several authors

(i{tlder, L873, L8?9, L880, tB8I, Lgot¡ hllnkter, L9L4¡

Papex, L929; Kappers, Huber and. Crosby, Lg36; Reighard.

and. Jennlngs, I95L). Some features of thls aspecü are

lllustrated 1n Append.lx Flgl 2" The olfactory
bulbs and. the assoclated. olfactory staLk of the cat
and. oüher carnlvores are large (Cofgi, J.B?5; Ed.lnger,

1908; CaJal, 1911; t{lnkler and. Potter, l-914); they

are rel-atlvely smaller 1n ühe hlgher prlnates (Golgl,

LB75; van Gehuchten and- IrÍartln, 1891; Barker, lB99),
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Dorsal-surface. The nonconvoluted neopallr_un

found. ln the lower ord.er of the nannalla was termed_

Ilgsencephallg by Owen (LB6B); thls forn contrasts
wlth the convoluted. gyrencephallc forn 1n the hlgher
ord.ers. rt ls the extenslve morphologlcal d.evelopnent

of the neopalllun whlch conceals nost of the d"orsal

surface of the phylogenetleally old.er llnblc systen and.,

as well' the cranlal end. of the nedulra oblongata
(WtLd.er, 1BB1; I{lnkler and. potter, LgLt+s pape.z, LgZg).

rn the cat braln, where an extenslvery convol"uted neo-
pa3-3-1um ls present, the d"orsal surface exhlblts four
read.lly d.i.scernlble areas (Appendlx, Flg.3 )¡ these
ares the anüerlor end. of the olfactory lobes, the
convol-uted cerebral henlspheres, the f10ccu11 0f the
cereberlum and. the posterlor ü¡vo-thlrds of the med.ulla

oblongata. rü ls clear fron the foregolng observatlons
that the oevelopment of the Lateral and. d.orsal surfaces
of the cerebrar henlspheres ln. the cat ls reLatlvely
more expanslve than that of the ventral aspect; thls
may also be observed. ln Append.ix, Flgs. Z, 3 "

Each cerebral henlsphere ls subd.lv1d.ed. lnto three
broad.ly d-eflned. lobes, The subd.lvlslons accord.lng to
Papea (Lgzg ) were as follows: the frontaf rgþe - co'-
prlslng all of the cerebraL cortex ned.1ad. and. cranlad
to the coronal sul-cus or ln the norphologlcar varlatlon
the coronoansate sulcus; the parletal lobe - conprlslng
all of the cerebral cortex sltuated. between the coronal

l:.. .r:.:,-::.-

Iir,ir:j r:i-!i:.i
j :. {:..: I :.. l
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aand. anterlor ectosylvlan sulcl to lnclud.e the Iateral,

suprasyLvlan, coronal and. anterlor ectosylvlan gyrl i
the occl,¿itPl lobe - comprlslng the remalnd.er of the

caud.al area of the cerebral hemlsphere.

The Belghard. and. Jennlngs (L95L) subd.lvlslon i;;',,,,:,.,
:.: ) .: ,: :-: 

. ."-.: .

of the cerebral henlspheres d.ellneated. the frontal fron
Ëhe tenporal lobes by the anterlor ectosylvlan sulcus.

the tenporal and. ühe occlpttar lobes were noü d.lstlnctry 
i,,.,,,,,,i,,ii
l:)^:' 'l:

marked. off from one another. '.i ';-:i'::'1

Two lllustrat1ons that sunmarlze these class- f,fifi;,,

lflcatlon d.lfferences are found. ln Append.lx, Flgs. l& 
|

I

and 5. i
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rntact cerebral cortex. The earrlest recorded.

suggestl0n that the cerebral cortex ls organJ_zeð, at a

mlcroscoplc level was made by Gennarl Ln L??6. He

observed. a whlte rlne ln that region of the hunan braln
whlch ls no¡u lsxown to be the prlmary vlsual recelvlng
area of the cerebral cortex. Thls a?ratonlcal land.nark

came to be loeown as the ',Llne of Gennari,,.

The use of usht mlcroscopy by Balrlarger (rg4o¡
subsequently revealed- that Gennarl's Llne ls mad.e up

of two Llght band.s separated. by a thln d.ark band..

However, the flrst record_ed. observatlon whlch descrlbed.
relatlvely d.etal.red. aspects of the hlstologlcal
paütern ln the cerebral cortex was attrlbuted to Meynert
Ln L86?. He noted. that the cerebral cortex ln the
mammal 0ften has the appearanoe of belng lanlnated. by
flve horlzontal layers of braln ce1ls.

The d-everopnent of f rbrll1ar. starns for nyerln
(l'Ielgert, 1BB5; Pal, IBB?), antline d.ye statns for nerve
cell bod.les (NlssJ., unpubllshed., clrca rBB5) and. the
netaIl.lc sllver lnpregnatl0n technlque (Golel, 18?B),
gave rlse to the developnent of cytgarchlteqüonlc -
cellular - and. ¡lveloar_chltectonlc - flbrlllar - d.es-

crlptlons of cortlcar layers ln the braln. Archltec-
tonlcsr âs d.eflned. by lorente d.e No (]:g{;g), ,,ls

concerned-, not so nuch wlth the structure of the cortex
as wlth subd.lvlslon of the braln .lnto reglons of speclflc

r¡'l
l::.,
i:;.i
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strucüure".

The d.lscovery that there .were reglonal dlfferences

ln the cortlc+l lamlnatlons (Iæwls' 1B?8; CaJal, l8p1;

Hammarbergr 1895; Brod.mann, L9O5; Canpbell, L9051

relnforced the notlon that the braln could- be flneIy
subdlvld.ed lnto d.lfferent reglons on the basls of lts
l-ooal mlcrostruc ture .

The cytoarchltectonlc schemes of Brod.nann (1903)

and. of Canpbell (1903) for a slx-1ayered., rather than

a flve-layered., cerebral cortex were qulckly accepted.,

and are stlll referred to by nany authorltles (El1tott,

Lg63; Truex and- Carpenter, Lg64¡ Ruch and. Patton, ]-)65)

as â rough basls for consld.erlng cortlcal structure.

The lnnate dlfflculty ln drawlng any hard and. fast

concluslons from cortlcal cytoarchlteetonlcs ls 111us-

trated. by consLderlng the erroneous concluslons whlch

sone Leadlng early investlgators d.rew concernlng the

cell layerlng ln the hunan embryonlc cortex. A cyto-

loglcaI staln, af ter Nlss1's method., falled. to shova

any Layerlng ln ühe hunan cerebral cortex untll the slxth

nonth of enbryonlc llfe¡ 1t was therefore conclud.ed-

that the neocortex ls not layered. untll the slxth nonth

of gestatlon (Brod.mann, 1909 ). lt was then argued. fron

thls vlew that all the slx-layered. reglons of the

cerebral cortex were honogenlc ln orlgin. These reglons

were later termed lsocort-ex by Vogt (1919), to lnd.lcate

thelr presumed. unlform developnental reLatlonshlp to the
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other süructurally slnllar reglons of the cerebrun.
Brodnann (tgog) conclud.ed. also that the rhlnencephalrc
cortex was heterogenlc ln orlgln, slnce lanlnatlons
ú¡ere elther d-eflclent or poorly d.evel0ped. ln the
ad-urt. vogt (t9l.9 ) d.escrlbed. this reglon as arlocortex ,

thus separatlng 1t off as the "other cortex',. Thus a
bod.y of presuroed. enbryonlc and. strucüural prrnclples
r'ras accepted. as the basls for und.erstand.lng the d.evel- 

iopnent and. structure-functl0n relatl0ns of the braln. :

The fundamental evld.ence for these concepts was bad.ly 
,

shaken, however, when lorente d.e No (l93la) applled. 
ìl

the Golgl nethod to the early enbryonrc neocortex; h1s
technlques pernltted the ld.entiflcatlon of dlfferent
cell types as early as the thlrd nonth in enbryonrc
llfe. d.e No conclud.ed., on the basls of reglona:L cell_u-
lar relatlonshlps, that layerlng was present ln the em-

bryo at a verJ¡ early stage. Thusr the naln argument

for assuming a hornogenlc basls f,or the lsocortex was

und-oubted.ly bad.ly shaken. Nevertheless, the nomenclature
and r lnd.eed., ühe concepts d.eveloped. over the perlod. Just
clted. have perslsted. and. remaln ln the li-terature as :'l

though they had. a more genulne basls ln reallty. Most
workers ln the fleld. appear to have agreed., at least

i',.'tacltly, to retain the orlglnal ternlnologïr possrbly i',,

for want of general agreement on any better. The

erroneous concepts remaln as an lnpli.clt snare for any_

one who leans too heavlly on acceptance of vlews hetd
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ln confornlty ln the llterature.

CytolqFy of Jnracj_$erebIal cortgl
â's early as r83B schlerd.en and- schwann rntro-

d.uced. Ëhe celr Theory to explaln how tlssues were mad.e

up of structurarly lnd.epend.ent unlts. They terned these
:.i

unlts qeIls. Thls term had. flrst been enployed. by Hooke

Ln L66J to descrrbe the enpty spaces he saw ln thln
sllces of d.ead. cork wlth the ald. of a slmple mlcroscope.
The work of schleld-en and. schwann was followed. by rnpro-
vements ln staln technology and nlcroscopy¡ thls
eventually led to the formulatlon of the Nguron Theory
or Neuron Doclrlne by l,laldeyer in rg!1. The sallent
polnts of thls doctrlne, whlch was later summarlzed by
Polyak (L7SS) ana by Ranson and. Clarke (LgSg), were as
follows:

a) The neuron 1s a senetlc unLt whlch ls
derlved. fron the embryonlc neurobLast.

b) The neuron ls the structural gnlt of the
nervous systen and. renalns structurally lnd.ep_

end-ent throughout the llfetlme of the organrsn.
c) The neuron ls a functlonal_unlE whlch ls
physlologrcarly specrflc as the sole cond_uctlon

unlt of the nervous systen.

dt) The trophlc qnlj of the neuron ls the celI
bod.yr or perlkaryon, fron r^¡h1ch all nerve processêS _

d'endrltes and axons - d.evel0p as outgrowths of
lts cytoplasn.

11
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of the three catego'les of neurons recognrzed_

by the current authoriüabive texts on neuroanatony -
unlpolar, blpolar and multlpolar celrs - only the ratter
type are found. ln the cerebral cortex. A large number

of early cytologicar studles on the morphology of ühe

cerebral cortex have been crted. by Kappers et al (L9j6) t

these are: Go1gl, 1886; Mondlno, LBBT¡ Martlnottl, lg8g¡
Ranon y CaJaL, 1890, '.9L, .96, ,9g, 19OO_,06, ,Ì1¡
Retzlus, 18B1; ,9i, ,94t Verattl, LBg?; Schaffer, LBg?,

Lgos; Slnarro, 19OO; Hetd., L¡AZ; Donagglo, t9A3;
Soukhanoff, LgO3; Rosst, L}OS; Jorts, lgOU; van Gehuchten,
190þ; Marlnesco' rgol; Bayon, LgoS; Mlchotte, Lgo|¡
Biel-schowsky and. Brod.lnann, rgo5 and. sugrta, r9r8.

The flnd.rngs of these studles resulted. ln frve
recognlzed types of cortlcal neurons pyranldal,
stellate, fusrforn, horrzontar celrs of caJal and

cells of Martlnottl (Appendlx, Flg. 6). A brlef d.es-

crlptlon of these corülcal neurons, after the classlcal
d'escrlptlve works of caJal and. oühers, ls presented. ln
the lnned-lately follor,¡lng sectlon of thls revrew. A

representatlve d.rawlng of each type of cortlcal neuron,
followlng bhe Go1gl preparatlon technlque, ls glven rn
the Append.lx, Flg. 6 ,

Pvranldal celI. Thls neuron type ls by far the
most prevalent anong corülcal neurons (ShoU, Jg53,
1956; Mltra, Jrg55), The baslc structural pattern of a



:r-l i.:ii-:+\'l
- .-/^- --.-: ¡: --.-,-t ,"Æ-r:-:,4!:-:-?: -t.j a¿!-ti+-Ã-; t :-;{rt.;q +, : f-- i

13
pyramld.al ceII ls that of a conlcalry shaped, perlkaryon
whose aplcal end forms a maln dend.rltlc shaft. The

narrow conlcar end. of the perlkaryon ls d.lrected_

toward-s the plar surface. The naln aplcal d.end.rltio
shaft branches dlchotomously to forn an arborlzatlon
pattern whlle the basllar end. of the perlkaryon bears
nany d.end-rltes and. one maln axon. Morphologleal
varlatlons ln the ¡r"rsrrt or the perikaryon ü¡ere crass-
lfled. as snall (IZu)r Medlr¡m (20u to Zllul, large (30u

to 35u) and. as stant pyramtd.al ceLls or EgE cel,Ig
(45u to JOu) accord.lng to the scheme proposed by Kappers
eb al (1936). rhese helghts vary rrregularly with each

of the followlng: the poslülon of the perlkaryon ln
terms of the dlfferent levels ln ühe cortex; the volume
of the cell body; the cellular surface area of the cell
bod.y and- the nature of the aplcal d.end.rltlc arborlzatlon
(Bok, L934, L936, L939, LgSg; Bok and. Ktp, L939a,

Lg3gb).

rnternlngLed. wrth the uprrght pyranrd.al. cer.rs
ln the d-eeper layers of the cortex are the sparsely
dlstrlbuted "reverse pyramlds,, or MarüLnottl ceIls.
rn these neurons the cone of the perlkaryon from whrch
the naln aplcal d.end.rlte emerges ls d_lrected. away fro¡r
the plal surface and. an axon emerges fron the upper
surface of the perrkaryon to ranlfy rn the subplal
area of the oortex (Martlnottt, l8gg). caJal (18gg),

i'.::
f 1'
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uslng a methyLene blue staln preparatlonr.and. Barker

(1901), uslng a Nlssl staln, showed. that the Martlnottl
cell has a relatlvely Large and. round.ed. veslcular

nucleus, whlch contalns a read-lly ld.entlflable hyper-

chromatlc nrrcleolus.

StglLate cells. Thls type of neuron ls d.lstrl-
buted. throughout the layers of the cerebraL cortex and

ls found. ln larger numbers ln layer IV. The perlkaryon

ls snall and. ls usually elther stellate or polygonal

ln shape. Several d.end.rltes, usually four to elght ln
number, energe dlrectly fron the perlkaryon and. pass

ln all- d.lrectlons. Süellate cell types have been

categorlzed. accord.lng to the parameters of thelr
d.end.rltes (Banon-Mollner , L962'). A short axon ternlnates

close to the cell body.

Fuslform ceIls. These cells are found. usually

ln the d.eepest layers of the cerebral cortex. The

perlkaryon has a splnd.le shape wlth two dend.rltes whlch

emerge fro¡c opposlte poles of the cell bod.y, One

d.end.rlte usually ascend.s üo the subplal layer whlIe the

opposlte dend.rlte arborlzes ln the lnnedlate area. A

slngle axon emerges from the nldd.Le of the perlkaryon

and forms an'assoclatlon tract ln the whlte natter.
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Horlzontal cells of CalAI. These neurons are

subplal ln posltlon and resenble snarl fuslforn cells.'
Thelr dend.rLtes and. long axons run horlzontalry and.

arborlze ln layer I.
Iqrlkaryon lnclus 1ons.

Nlssl substancg. Treatment of nammallan cêr-
ebral cortex wlth Nlssl- staln sho¡vs' the presence of
basophlllc bod.les ln the cytoplasnlc perlkarya of
cortleal neurons. These basophlllc lncluslons were

flrst called Nlssl bod.les or Nlssl substaneg (Nlssr,
1884). and were renamed. !1sroLd bod,les by von renhossek
(1895). Ðescrlptlve accounts of the tlgrold. bodles
by Nlsslr von r-enhossek, caJar {re99) and others vrere

summarlzed by Barker (L901) as follows: The substance

oocurs ln a varlety of forns snd. slzes. Tlgrold. bodles

nay be arranged ln rows, groups or netvrorks whlch are
usually ln physlcar assoclatlon wlth elther sma1l or
coarse granules and an occasional vacuole-llke veslcle,
The coarse granul-es rnay appear 1n three formsr âs follows:

a) NPclep¿gapE - holJ.owed. cones wlth a termlnal
cap d.lstrlbuted. over the nucleus and. cytoplasm.
b) I{edges S¡f dJvlslon - short networks found

at the base of d.end.rlte branch polnts.
c) TlfcIold. splnd"Ie_s - elongated_ splndles,
beconlng thln at thelr extrenltles.

:-::rt,
:1:j, ::
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Tlgrold. bod.les are not found. ln the axon or ln the area
of the perlkaryon from whlch the axon emerges (axon

hlIlock).
Palay and. palad.e (L955), uslng the electron_

mlcroscope, ldentlfled. the tlgrold. bod.les as conslstlng
of a flne tubular neü¡rork of end.oplasnlc retlculun
covered. by f lne granules 100 I fu 300 I ln,d.lameter.
These narroür tubules vary structurally to form flattened
cl-sternae whlch sometlmes anasüomose ¡rlth each other,
or otherwlse become arranged. as paraller layers of
menbranes (de Robertls, porüer, claud.e.and. F\rllan, r9u5r
Porüer, L953r. occaslonall.y the granules were found to
have been arranged. aLong the outer llnear length of
the end.oplasnlc retlculum as slngle rows whlle at oüher
ülnes they were aggregated. as rosettes. They nay also
occur as s1ngLe granules. Nongranular end.oplasnlc

reülcurun was found. in the axon hlrlock as rvell as wlthln ,.j

the axon. In thls regard. Schad.e and. Ford. (Lg6S) have

stated. that "whether or not these base end.oplasnlc

retlcul-un do truly represent the skeleton of Nlssl
substance ls not yeü known".

That tlgrord- bodres contarn a nucleoproteln was

lnferred. by van Herwerd.en (rgr3) who stud.led. the effects
of nuclease treatnent of the neuron. Held.enhaln (1911)
stated. that the tlgrold. bod.les are ',a vltalry organlzed.
substance related. to the nuclear materlar',. Ed.strom
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and- Hyd.en (rgst+) provlded. the crlttca.l evld.ence for the
presence of rlbonuclelc acld. a10ng wlth associ-ated.
proteln (nm"g.-p) fn these bod.les; they hyd.rolyzed BNA_p

that had. been extracted_ from d.lssected. anterlor horn
cells. The amount of perlt<aryon RNA-P has been

esülnated. to vary'from ?o to Lsso pe/celr tn a range of
neuron types (Ed.stron, LgS6; Edstrom and. plgon, LgSg¡

Ilyd.en, r95g). rt ls well establlshed. (Hultln, Lgloi
Llttlefleld. et aL, Ð55; Stekevttz and. palade , ].:glg)

that BNA-P 1s lnfluenced by the nucteus and. rs
concerned. wlth proteln synthesls.

correl.aül0n between neuron metaborlc actlvlty
and- the d.egree of chromophlLla and. chromophobla ln
neurons was proposed. by Elnarson and. IGogh (Lgsil,
Mod.erate neuron netabollc actlvlty was assoclated. wlth
large tlgrold clumps and. terned. chromoneutral. sllghtry
lncreased- neuron metabolic actlvlty was assoclated. wlth
mod.erate chronophobla and was shor¡n to correspond. to a

d.ecrease ln BNA-p concentratlon. Thls wourd. lnd.lcate
that the rate of RNA-P replenlshnent was slower than
the rate of lntracellular netaborlsm. Elnarson and.

I{rogh proposed. that extreme chro_¡lophobla (chromatorysls)
. would. correspond. to neuron metabollc exhaustlon, axon

Laieratlon and. neuron pathology whlle extrene cþromo-
phllla would. be related. to functlonal lnactlvlty.

There ls a larger concentratlon of tlgrold. bod.res
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ln the large ventral horn motor neurons than ln the
sensory neurons of the dorsal root gangll0n (Nlssl,
1884; L9o3). hrld-e ranges rn thelr d.lstrrbutron, shape

and' slze ln the varlous neuron types was the basis of
yet another cLasslflcatlon scheme by Nlss1. Flla¡n_
entous.and granular tlgrold bod.res were categorized as
belng elüher perlpherar or centrar ln cytoplasmlc
dlstrlbutlon.

Neuroflbrlls. opürcar nlcroscoplc examlnatl0n
has reveal-ed that a retlcular network of snall flbrlls
ls d.lstrlbuted" lnsld.e the perikaryon, axon and. dendrltlc
processes of presunabl-y every cerebral corülcal neuron.
These small flbrlls were flrst d-escrlbed by sehu J,þz,e

(re71) and later by Gorgl (1BzB) after the developnent
of hls red-uced sllver technlque for starnlng nerve
tlssue. subsequent lnprovenents of thls nethod by
Blelscho¡csky (19oe¡, caJal (1lor+¡ and by Bod.lan (1936,
1937 ) has ad.ded. very llttle to the earrler d.escrlpËlons
by Hela Q896r, Barker (LBgg, 1901), Bethe (Igo3),
CaJal (190t+, LgOg) and. others (c.f. Hyd.en, :-:960¡

Truex and Carpenter, 1964).

Neuroflbrlls appear as homogeneous threads that
lnterlace, or sometrnes anastomose, wlth each other rn
the perlkaryon. perlpheral flbrlrs appeared rnore

flbrlllar than the "endoplasnlc,, or centrally located
counterpart. rnsld.e ühe dend.rltes ahd. axons the flbrll
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a*ange*ent appears to be nore parallel !o the 10ng
axls of the processes and. nore c10se1y grouped. ln the
axon. The theory that they rtfere artlfacts of f1xat10n
(Matsumato, Lgzo¡ rewls and rew1s, Lg24) was crltlclzed.
by ttlelss and. llong (Lg],6), who observed. the f ibrlrs in
flssue culture, and. also by Hoerr (1936), who nad_e

slm1lar observatlons ln studles whlch utll_lzed. the
freeze-d.ry method..

Electronnrcroscoprc observaürons suggested. to
sone lnvestlgators that the neuroflbrlls nlght correspond
to neurofllaments or protoflbrlls 6Ol æ l00l tn
d.la¡ueter (Palay and palad.e, Lg55; Tennyson, 1962¡
Rhod'ln, Lg63). Another oprnlon expressed. the vrew that
the flbrrls were artlfacts resultlng fron the appll-
catlon of flxatron on asranurar end.oplasnlg reårcurug
(Ðavla, Brown and. Malllon, 1961). palay and. palad.e

(L955) have expressed. the vlew that flxaülon could.
aggregate neuroflranents to forn the neuroftbrlls of
llsht ntcroscopy. Hyd.en (].960) stated that rlnear
aggregatlon of prevlously dlssoclaüed. globular protelns
woul.d forn such fllamentous structures. Goldby (1961)
advanced. the theory that neurofllaments wlthln the
perlkaryon and- pTocesses forn part of the celI,s
lntracellular supportlve systen.

The functlon of neuroflbrlls and./or neurofllanents
1s unknown.



Mltochondrla. These cytoplasnlc .organelles
vrere a""ã"d by Altnann rn 1890 as consrstlng of
cytoprasnlc granules whlch are Just barely vlstble wtth
the llght mlcroscope. Mlchaerrs (1900) d.enonstrated.
that Janus Green B, a vrtal_ dye, selectlvery stalned.
nltochondrla ln lsolated. rlvlng cells. strueüural
polynorphlsn rs d.rsprayed. by nrtochond.rra 1n the form
of granules, rod.s, f ilanents, roops and. veslcles (Benda,

i structrtral d.lverslty ls lnfluenced. by heat, hypertonlc
i

and. hypotonlc solutlons, carbon d.loxld.e and. fat solvents.
As thelr age advances mltochondrla show a tendency
to becone round.ed out and sworlen (Ernster and.

Llnd-berg, L958).

severar- quantrtatlve stud.les have shown that
d.lfferlng numbers of nltochond.rla are found in d.ifferenÈ
types of nervous and. ror-rêrvoüs celLs (cowdry, 19rl¿).
they are comparatlvely more frequent ln epltherlal
cells of the rntestlne ühan rn nerve cells (Thonas,

20

J-rÀ uçÞ r,rrrn vrla.rt J.n nerve ceJ.ls ( Thonas, 
,

iL947, 1948; zelger, 1955)¡ 1n the latter their hlghest l

numbers have been found. in anterior horn ceLls of the
splnal cord r ln purklnJe celIs of the cereberrun anil

.i ln vagal gangllonic cells (Cho¡a, 1936; Hartnann, 19¿lB,
¡i 1949). Cowd.ry (1914) observed that nltochond.rla tn

:

nerve cells are d.lstrlbuted around the nucleus, between
I tlgrold bodles and. ln d.end.rltes and. axons; they &r'êr
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howevêr¡ apparently absent at the axon hlllock. These

organelles are partlcularly abund.ant ln netaborlcally
actlve areas such as the perlkaryon, synaptlc end. bulbs
and. ln sensory and. motor nerve end.lngs (palay and. paIad.e,

L955; Hartmann, Lg56; Denpsey, Lg56l,

A nltochond.rlon, seen ¡,,t1th the electron mlcroscope,

conslsts of an outer llnltlná d.ouble membrane ühaü

strucüural],y resenbl-es a cell membrane. There are

exüenslons of the lnner nenbrane lnternally arranged.

as membranous fol-d.s or crlstag ol:Eqqhond.råales.

these'extenslons of the lnner nembrane are arranged. elther
transverseLy or longltud.lnally ln the fllanentous
form and. rsd.lally ln the granular form (palade , L)JZ:
SJostrand., L9561. The nltochond.rlal chamber ls fl1led
elther wlth a granular or wlth a fllanentous natrlx
(d.eRobertts and. Baffo , lg1?1. The nenbrane òf the

crlstae ls covered. on lts outer face by sna1l

iere¡nentary partlcles" of poJ-ygonal shape (Fernand.ez-

Moran, L962r. These partlcles appeãr to be attached.

by a thln stalk to the nenbrane of the crlstae.
Altnann (1890) was an outstand.lng contrlbutor

to the rrrowred.ge concernlng mltochond.rla. Fron the
work he ôld at the end. of the nlneteenth century he

mad-e the remarkably farslghted pred.lctlon that the
organelle would. be related. to cellurar oxld.atlon.
Sonewhat later Batelll and. Stern (l?l2) denonstrated.
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the presence of resplratory enzymes wlthln the lnsoluble
part of the cerl. The lsolatlon and. ld.entlflcatlon of
nltochond.rla from llvlng cells was acconpllshed. by

Bensley and. Hoerr (Ig3t+'t, Investlgatlons on the lsolate,
done subsequent to thls work, shorved. that posltlve
reactlons exlsted. for severa]- enzynatlc functlons.

The loearlzatlon of nrüoehond.rlar enzymes has

been d.escrlbed. ln a revlew by Lehnlnger (Lg6Z). The

resplratory eazymes of sueclnic and. d.lphosphopyrrd.lne

nucreotld.e (Or¡¡) ¿erryarogenases, cytochrone oxld.ases

and. phosphoryLatlng enzyues are found. on ühe nltochond.rlal
nembrane whlLe the matrlx contalns the enzymes lnvolved.

ln the Krebs and. Fatty acld cycles and.o as well,
nuoreotid.es and lnorganlc el-ecürolytes. A structure-
functlon relaülonshlp can thus be postulated. slnce a

fllanentous and. branched. forro of nltochond.rlon w1rl
have more lnternal- erlstae wlth resplratory enzy¡nes than
w111 the spherical form. slnllarry, a red.uctlon and-

conpactlon ln slze of the nltochondrlal chanber nlght
be expecüed. to resul-t ln a correspond.lng red.uctlon ln
the anount of enzymes avallable for the l{rebs and. Fatty
acld. cycles.

Go-lgl apparatgE. The presence of a relatlvely
coarse retlcular network withln the perlkaryon of nerve
cells was d-enonstrated by Go1gl 1n lB9B. The technlque
he used. lnvolved a chronlc or an osmlun-sllver lnpreg-

ii:'
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natlon treatment of gangllonlc neurons. The retlcular
network was nost often observed- as perlnuclear ln
posltl0n and cane to be d-escrlbed as ühe Gor-gl apparatus
or conplex. Thls retlculum often dlsplays norphol0glcal
varlatlons whlch sone lnvestlgators confused. wlth forms 

.,,,.:.,,r.:,

of nltochond.rla; ühese forns appear as fllanentous
thread.s, granules, roops an* veslcres (¡ttuuara, rgh|.i
Bensley, ].95l.), On occaslon, the reüiculun nay be
observed to lle wlthln the larger d.enorltlc processes
of a nerve ce1l (Sanchez t lgL6), F\rther stud.ies by
Go1gl and- by others d.emonstrated. that the conplex ls
presenË also ln cells of non-nervous tlssue or other
E€rvoÌrs-type cells (HtbbarO., Lgl+S,t. The Golel apparatus
r{as reported' by Gatenby (L953) to have been observed.
ln llvlng cel]-s of the synpathetlc nervous systen. Thls
observatl0n argues, ln sone neasure, agalnst a possi.ble
artlfactuel -orlgln of the Golgl complex.

The effect of axon tiansectl0n on ühe Golsl

ed. ¡':i 'iilti
thaü the inltlal effecü, terned. retlsperslon, ls the
d.lspersion of the conplex to the perlphery of the perr-
karyon. Thls ls soon fo110wed. by the d.lsappearance of
the Golgl complex; thls ryas terned l:etis_qlution.
cycLrc changes ln the d.istrlbution ofrnu Golgr conplex
have been studred. nore recently by Tewarl and. Bourne
(L962a, 196'o). They suggested. that cycllc changes rn
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the d.lstrlbutlon of the Golgl complex ln the perlkaryon
of splnaÌ gangllonlc cells are correlated. to a cycllc
functlonal actlvlty. An earller stud.y (van Breemen,

And-erson and- Reger, LgsB) lntimated. Ehat, the Golel
conplex nay serve as the source for membrane-bound.

synaptlc veslcles.

Ar¡ electronmicroscope stud.y of nervous tlssue
by Fernand.ez-Moran (LgS?) ldenttfled. the }anellated.
agranular end.oplas¡olc retlculun as betng the Go1g1

conplex observed. by means of ught mlcroscopy. Recent
ad.vances ln the stud.y of ühe fl_ne structure of the
Golgl conplex ln pancreatlc exoerlne ceLls have

d.emonstrated. thaü the Go1g1 conplex ls associabed. wlth
secretory end- prod.ucts (Farquhar and. !,Iel1lngs , Lg5?¡

Irlollenhauer and. ltrhaley, L963¡ warshawsky eE aL, rg63t
Caro and. Palad.e, L96t+; Novlkoff et al, Lg6U; Jan¡leson

and. Palad.e, L96Za, lg6?b), The slte of proteln
synthesls appears to take place at ühe granurar endo-
plasnlc retlcurun while the aggregation and. cond.ensatlon
of the secretory granules Iles wlth the clsternae of the
Golgi conplex.

Most of ühe current lnfornatlon
structure of the GoISI coroplex has been

Han (1965); he has lnterpreted. vartous
features and. categorlzed. then lnto three
as follows:

on the flne
summarlzed. by

norphological

naln components,



a) Flattened. veslcles. These are relatlvely
25

wlde and' ühln, and are stacked. upon each other; the
posslblllty that they are longltud.lnaL tubules of narrow
callber rs ruled. out fron stud.res of the Gorgl conprex
in plant cerls. The ternrnar portlons of the flattened
channel or veslcle are usual-ly d.ilated..

b) secretory vesrcles. These are presurnably
d llated ternlnal end.s that have bud.d.ed. off frou the
flattened. veslcr.e. The contents of the secretory veslcle
are more cond.ensed. than those of the fLattened. veslcre;
the form of secreüory veslcle ls usually rounded..

) Mlcroveslcreg. These are snarr snooth-
yralled veslcles of unk¡rown origln. They act as carrlers
of protern naterral- fron granular end.oplasnrc retrcurun
to the larger Ølgt compJ.ex.

Ham's scheme, although conprehenslver nust not
be regard.ed. as d.eflnltlve regard.rng the structures he
has descrlbed. The functi.onar role of the frlgt cornplex
ln the neuron ls stlr1 specuratr.ve.. rt nay be related.
to the flow of products synthesrzed 1n the organelles
of the perrkaryon to the entrre length of the d.end.rltes.

fanules. The early ld.entlflcatlon of
plguent granules of neranin wlthln the perrkaryon of
certaln nerve cells ls cred.lted. to Muhfuqann (1900, 1901)
and. to Oberstein (1903). The plgment, dark brown or
black, was usualry found. aggregated In a seml-d.ense

: .a. !":
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Altschul (1938). several characterlstlcs of the plgments iu';ìt.i
,',1:l !t, r;:i '¡have been noted. to occur d.urlng the aging processes of t,,,.-.1.,'i,,

the neuron. Snall traces of the plgnent appear as llght
yellow granuLes ln human cerebral cortlcar neurons d.urlng
the flrst ten years of age. These become progressively 

;1;:.¡1.,¡.¡.¡:¡;;
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mass and-r on fewer occasl0ns, d.lspersed. ühroughout the
cytoplasmlc perlkaryon. rt was found. to be conflned to
nuclear celI masses such as the substantla nigra.
Thelr chenlcal constltuents were d.eterrolned. by stein
(L955) as conststtns of 30% proteln, L_sft llpld.s,
<0,3fr rlbonucleic acld.. s-10ft carbohyd.rates and. traces
of copper, lron and. zlnc. No partlcular functlonr âs

J'eËr has been attrlbuted. to the presence of neuron
melanln pigments.

A second. type of plgment, llpofuscln, 1s usually
found.. ln the perlkaryon of the nost of the larger neurons.
Thls plgment was thoroughly d.lscussed. by Hyden (1960)
ln a recentry publrshed revlew on the norphologJfr chem-
lstry and' physlca1 properüles of the neuron. That revlelr,
ln part, sunmarlzes the key stud_les on the plg¡nent;
these have been d.one by pllcz (1895) ¡ Muhlnann (1900,

L901)¡ Oberstelner (1903); Oberndorfer (t9ZI)¡ Volknann
(19321¡ zegtl,o (1935)t Berhe'and^ Fluck (]:g3?) and by

d'arker and. ln sone cases so nunerous d.urrng the next
ten years that the perlkaryon becomes fllled and deformed.
Altschul (1938) proposed the idea that the ptgnent ts

i,.,¡it..tì,.+Ì.i
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a "wear and. tear substance" whlch supports nerve cells
'owlth decreasrng capacrty as age *d.o".r"""]'. The yellow
plgment lncreases to a maxlmum anount at the age of
4o to 50 )"ears and d.oes not d.eerease thereafter wlth
lncreas lng age ( Hyd,en, Lg6O) ,

The resurts from an earrler süud.y by Hyd.en and.

Llnd.stro¡n (L95a) suggested. a posslbre physioo-chenlcal
llnk between the ooncentraülon of BNA and. the anount of
llpofuscln plgment. Thls posslbre lnterd.epend.ence was

later d.oubüed. when lt was shown that anounts of cyto-
plasmlc RNA lncreases fron 3 to 40 years of age, renalns
constant fron 40 to JJ anö. 1s slgnlflcantly d.ecreased.

at greater age. There ls no corresponding d.ecrease ln
the anount of llpofuscln Ln neurons at these greater
ages.

The rncreased. Llpofusoin granules in ord.er age

has been reported to form an lntraplgnentary flbrlllar
network that d.lsplaced neuroflbrlrs toward.s the perl-
phery of the perlkaryon (Sosa, L935, LgsZ). Thls
condltlon was followed by a neuroflbrLlLolysl_s ¡chlch
sosa terned. Llpofuscln Neuroflbrlllar Deeegeratlog (LNDù.

the chenlcal composlülon of llpofuscln granules ls stlll
unsolved.. A purifled suspensl0n of ltpofuscln granules
was prepared and. analyzeù by Slebert et al (195g); they
conclud.ed that the granules contalned. lnsoluble lnactlve
protelns. Llpofuscln accuuulaÈlon ¡vas shown to lncrease
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ln young and. old. rats wlth vltanln E deflclency when

conpared. to healthy young rats (lrtunscher anÖ Kustner,
Lg6?). Relchel et ar (1968) have denonstrated- that
there was nore llpofuscln plgnent per sectlon volume

ln the hlppocanpus reglon than ln the cerebral cortex of
young and. old. rats.

rü nay be stated. that the functron of llpofuscln
granules ln nerve cells renalns another unsolved problem.

the granules lnsrease ln amount wlth age but rro Inêâsu-

rable lmpalrnent of neural functlon has been reported.
as correlated. wlth an lncrease ln the granules.

centrosome. Boverl, Heldenhaln and. van Bened.en

(cLrca 1B9O) found, that thts cytoplasntc organelle was

lntlùately llnked. wlth the neehanlsn of nltotlc and_

meloülc cel1 dlvlslon. The classlcal lnvestlgaülons
ln neurocytology and. neurohlstology (see rlst of stand.ard.

reference texts ln Blbltography) rraa establlshed. that
adult neurons were characterlzed. by, among üany thlngs,
thelr apparent rack of a centrosome'and. general inablllty
to reprlcate themselves. However, the presenee of a

centrosoroe in ad.uLt frog neurons was reported. by van
renhossek (reg5) and bv Dehler (rgg5¡. caJal (1g0g)

found oentrosones ln repülle and. ln manmallan neurons;
alsor of partleular lnterest, he reported_ thelr presence

ln the large pyranld.aL cells of the postcentral gyrus
of a thlrty-year oId nan.

l'r.Ì
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The centrosone, when present, occuples a varlable

posltlon ln the perrkaryon d.urlng the naturatlon of the
neuron' Held- (lgOg) observed. thaü as the axon develops
durlng the embryonlc stage of the anLmal the centrosome
ls sltuated at the axon h1l1ock; lt later shifts to
the ,.rea from ¡uhere the prlnclpal d.end.rlte wll1 eventually
emerge. Electronmleroscope observatlons of the centro_
some were nade by .ånano (]95?) ¡ Hamad_a (LgSg) and. by
Rhodln (L963), rn ühese stud.les the centrosome was

observed. to conslst of two d.rstrnct granures, each termed.
a centrlole. The granuLes were usually composed. of
nlne groups of fllaments, arranged. ln a clrcre wlth
three fllanents ln each groì¡p.

T-he nucleus. There have been numerous d.esc-
rlptlve accounts on the norphology of the neuron nucreus
by caJal' Ni-ssr, Barker and. other early invesülgators
who have been prevl0usry- referred to ln thls thesls.
Thelr flndings on nuclear norphology wtll be presented.
here 1n an abbrevlated. forn. The nucreus, J üo 18 nlcrons
ln d'laneüer, was observed. to be spherlcal and. usually
centrally sltuated. ln the perlkaryon; ln cells of the
nucreus d-orssrls of clarke ln ühe splnar. cord. the nucleus
was found. perrpheralry srtuated., The neuron, ln nost
observatlonsr rras seen to be nononucleated but bi-and
trlnucleated neurons were observed. 1n the pervlc auto_
nomlc ganglla. A pronlnent hyperchrouatlc nucleorus
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was observed ln the hypochromatlc nucleoplasm.

The expresslon of a constant relatlon bet¡ceen

the volune of the nucreus and. that of the cytoplasn rn
varlous tlssue cells lcas nad.e by Hertwlg (1903). Thls
relatlon was termed the K ryg-plasmlc &!&. The extent
to ¡rhlch thls ratlo 

"orrrl- 
be appLted. to the nerve ce1l

$Ías stud.led. extensively by Bok, who began h1s lnves-
tlgatlons rn Lgil+, A. revlev¡ of Bok's neasured. d.eter-
nlnatlons on ühe nucreus lras recently presented. (Bok,

1959 ) and. ls here paraphrased. ln the following 
".rrrr""y,a) The volume of the nucleus varLes far less than d.oes

that of the perlkaryon.

b) rn a large perrkaryon the nucleus is rarge but
occuples a relatlvely snalI fraetlon of the total area
of the perlkaryon; ln the small perlkaryon the nucleus
occuples a relatlveLy large fractl0n of the toüar
perlkaryon area.

c) The total surface area of the perikaryon ls d.irectry
proportlonal to the volune of ühe nucleus.
d) The volune of the cytoprasn of the perlkaryon ls
d'lrectly proportlonal to the square of ühe nucrear volune.
e) The nuclear volume 1s proportlonar to. the rad.lus of
the d-endrlte tree; thls rad.ius ls taken to be the
vertlcal extenslon fron the perlkaryon to the d1stal end

of the aplcal d.endrltes.

i,....
iì
Ì
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The ultraflne structure of the nuclear menbrane

hás been studled- by d-e Bobertls (rg54a), Hartmann (rg53),
Palay and palad'e (Lgss), Brachet (1961), an. by Brachet
and' Mlrsky (Lg6Lr, Thelr observatl0ns lndr.cated- that the
membrane ls conposed of t¡vo layers ¡ àyL 

'nner 
and. an outer.

these inner and- outer layers appear to be a structural
nodlflcatl0n of convoluted. agranular and. granular
end-oplasmlc retlculum whlch extend.s from the nucleus
to an lnd.eflnlte posltlon ln the perlkaryon. Thus some
areas of the outer conpongnt of the nuclear menbrane
appear to be covered by .rlbosone granules ¡sh1le other
areas are nude, Furthermore, electronnierographs
Lnd.lcate that poresr or fenestraülons, 1n the nucLear
menbrane are l0cated. betneen ad Jacent end.oplasnlc
retlcular channers. The lnvestlgaüors clted. have
concluded. that these pores forn the escape rouüe for
nuclear products such as ribonuclelc acld. (RNA) .passing

from the nucleoplasn to the cytoplasn.
Nucleolus. The nucleolus ls a snall dense

nass' rlch ln RNA, ¡rhrch 1s sltuated. wrthrn the nucleus 1,,

of both anlmal and. plant cells (Caspersson, 1950;
Vlncent, L9551, It usually lles ad.Jacent to the
nuclear 

.nembrane (Gonzales Ram1rez, Lg63). An electroh_ ,,,¡

ane 
'::;

Is lacktng tn alI cells (Rhoatn , t963).
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varlatl0ns ln the vorune of the nucleolus, from

2 to 60u3, have been related. to the phys1010g1c state
of ühe ceII (crlnn, Lg+g; tJlschnItzer, 1960). There
appears t'o be no correlatl0n between the slze of the
nucleus and that of the nucleolus. olszeçrskl (rg4?)
and. Beheln-schwarzback (Lg55) have reported that more
fhan one nucleolus may be observed ln some nerve celIs.
There have been no reports of a structure-netabollc
functl0n for t'hose ce'ls wlth an extra nucleolus.

Ilyden and. Is,rsson (J956) have reported. that the
nucleolus has a very hlgh d.enslty. Thls lnvestlgatlon,
however, was carrred. out on frxed. naüerlal rvhlch would
nornarly react to the flxatlve by und.ergolng sone d.egree
of shrlnkage and- tlssue cond.ensatl0n. The nucleolar
RNA content of nerve cerls ln d.ry-frozen tlssue was
neasured by Nurnberger (rg5z) an¿ by Edstron and. Elchner
(1958b). The RNA amount by welght varled. fron O.S%

to 2.0%; the anount also varred wlth the type of nerve
cell examlned_a

A thread''lke structure, a nucleole-neJng, has been
observed. to lle wlthln bhe anorphous ground. substance
of the nucleolus (nstable and. Sotelo, l95I). The thread
gave a Feulgen negatlve reactlon.

A snalr- nucleolar satelllte ln nerve ce'ls
contalnlng d.eoxyrlbonuclele acld. (U¡¡e) was reported. by
Barr and Bertram (LgUg, L'SI) and by Moore and Barr (...gs..,).
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The satelllte conslsts of the

of the X chromosone. The sex

resolved by llght nlcroscopy,

has been used wlth success for
specles.

he terochronatln reglons

chromatln, stalned. and.

1n the XX of the fenale,
sex deternlnatlon of the
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Axon

ú{ald.eyer's frrst use of the term neuron in 1891

referred to a porarlzed. cell wlth processes havlng d.ls-
ülncü termlnatlons. Those nerve processes whtch were
presuned to carry lnpulses to¡vard the nerve cell bod.y

!úere terned. d-endrltes and. ühe speclflclty of thelr
functlonal dlrectlon was terned. cellulopetal. Nerve

lmpulses lrere consld.ered. to be carrled. a!üay fron the
cell body by a slngle process terned. the rleuraxes or
axone (nore mod.ern-axon) ¡ 1ts functlonal speclf lclty
was referred. to as celLu]ofugg,l.

Barker (1901) provtd.ed. an early hlstorloal
revle¡s on the hlstoL0gy of the braln and. presented. a
non-d.ooumented statenent thaü cortlcal_ axons may

sonetlmes arlse fron the lnltlal d.lstal part of a

d.end-rlte or from the axon-hllIock. Recent documented.

evld.ence presented. ln authorltati.ve texts have shown

thaü cortlcal axon emergonce ls conflned. entlreLy to
the axon-hlllock of the nerve cell body. The d.laroeter
of the axon varres from 0.2u for some cells to as much

as 8-9tr for the axon of the Betz celI (Blshop and. snlth,
Lg6l+). Each axon f rbre ¡clthln the eerebral cortex
appears to be of essentlally unlforn dlameter.

structural varrations of the neurons have been
the basrs of several crassrflcatron schenes. Golgl (re94¡
observed- several varlatlons ln the axonar rengths of
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cortlcal neurons and- devlsed. the fo110w1ng schenel

Golgl's- CelI Tyqg I has an axon of consld.erablé
length usually arlslng fron a large perlkaryon whlch
contalns large masses of Nlssl substance. Thls type of
axon' fermed. lacxa4e by Golsl, becones surround.ed by a
thln myelln sheath roughry beglnnlng a few nlcrons d.ls-
tance from the sona and. end.lng a few mlcrons before
the synaptlo termlnatlon. The axonal terminatlon lres
outslde the neuron terrltory whlch ls roughly denarcated
as the outer llnlt of the cell,s d.endrltlc plexus.
Golglþ ceLl Tvpq rr, called d.endraxone by Golgro has
a very short unnyellnated axon ¡vhlch ternl.nates wlthln
the neuron temltory. The cell bod.y of the latter type
ls usually snalr- and. contalns flne granules of Nlssl
substance. rnterned.rate forns between cell Types r and. rr
are known to occur but wlth far less frequency ühan d.o

those types of the classlflcatlon sch'ême.

rong myerrnated. axons wlthrn the cerebral cortex
glve rlse to nyellnated. eollaterals.r¡hose branches are
generally aE rlght angles to the maln axonal flbre.
on the other hand- unnyellnated. raterai axonaL branches,
whlch arrse from the unmyerrnated. d.lstaI part of the narn
axon ln cell lvpe r' renaln unnyellnated.. The latter
were terned Sld.g Ftbrlls g¡[ Golgj.

CaJal (f8e9) proposed another classtftcatton
scheme for cortlcal neurons whlch was based on the nunber

!:..:1
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of axonal branches per neuron. A neuron ¡"hlch was

noted to have tr*o d.rstlncü axons emerge fron the sane
perlkaryon !úas called. a d.laxone !g.ul-e.4. Accord.ing to
cajal the cerebrar cortex of a one-day old. d.og appeared.
to have some neurons wlth several alcons. Thls type of
neuron was calIed. a polyaxon 4cfrron. A neuron whose

axon was d.lvld.ed. lnto nearly equal parts was calred. a
schlza'xon 4e-qrQn. A fourth type of cerebrar- cortical
neuron üras found to be vold. of axons and. 1t was carled.
anaxon 4euxon.

. The ternrnal branches of colrateral and. prlnclpa1
axonal flbreso terned by Barker (1g0r) as ulr..lnate
branches, enter rnto rntrnate regronal and. structural
reratlons wlth cell bod.les and. d.end.rlüe branches of
other neurons. These ternrnal arborLzatlons are the so_
calIed. teLod.end.rons. caJal (lBBg) observed. that a
telod'endron fron one neuron ûras able to estabrlsh several
reratlonshlps wlth cel1 bod.les and. axons of other neurons,
Thls forned. the basls of hls theory'for the ,,avalanche

cond.uctlon pathwàV,,

The axonr as descrlbed earlrer'ln thls thesrs,
contalns an axoplasn that ls structurally d.lstlnct from
other nerve processes. The neuroflbrlrs, whlch are
abund'ant, are tlghüly packed and. generally lle parallel
to each other. Mltochondrla are also nunerous and. are
d-lspersed. throughout the length of the axon. Nlssl

''..,t
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substance' promlnently present ln d.end.rltes and the
perlkaryon, ls absent ln the axon ht110ck and. axoplasm..
The axoremmar as observed. rrrlth the rrght mlcroscope,
appears strueturally slmllar to the plasnalemma of the
perlkaryon and d.end.rltes. The axoplasm contalns
rel-atlvely less rlbosones than does the cytoplasn of
the perlkaryon and. ls d.evold. of granurar end.oplasnic
retlculun (Bhod.tn, tg63).

Mvelln. A:cons nay be d.lfferentlate. by the
presenee or absenee of a proteolfpt¿ encasement, the
so-cal1ed. nye_lln sheath. Myellnated. f lbres of the
Perlpheral Nervous system(pNS) were observed. to be
blrefrlngenü (Erenberg, Lg|g) an¿ vrere later noted. to
have thelr optlc axls rad.1a1Ly arranged. (ttlebs, rg65¡.
Further studles by Schnltt and Bear (tg3?) lat¿ the
fouridatlon for the theory that nyelln was conposed. of
a hlnor-ecular llpt¿ leaflet whlch alternated. wlth thln
layers of protern. r.a,ter, sòtrnrtt (r9{+r) was abre to
conclud'e ühat nyelln sheeüs were concentrlcally arranged.
Both nyerinated. and. unmyelrnated. types of flbres were
found' ln the pNs, the latter type ln the postgangll0nlc
f lbres of the Autonomlc Nervous systero (Ftrlton, rg4g,).

A slnple nucleaüed epltherlal-rlke nenbrâne, the
Sheath of Schwan4 or Neurglennar conplêtely encloses the
nyelln. The nyelln sheath ln the pNS ls forned around.
the axon Just d.lstal to the cell bod.y and ternlnates

i r, i'.
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approxlnately 2 nlcrons fron the d.lstal end. of the
flbre. The sheath rn the pNs ls regularly lnterrupted .

by an encrrcllng constrlctlon, the Node of Banvler
(Ranvler' 1878). rn several authorltatlve reference
texts lt ls reported. Ehat ln the verüebrates axonal
branches off myerlnated. axons orrglnate onry at a Nod.e

of Banvler. The bare axon segnent at the nod.e, whrch
ls sllghtly constrlcted,, ls covered. by a few cllra-rtke
exüensl0ns from the two ad.Jacent schwann cells.

There rs a narked. drfferencen between neurons
ln the PNS and ln the centrar Nervous system(cNs), rn
the orlgln and. degree of myertnrzatlon of therr axonar-
flbres (Geren, L95t+¡ Robertson, LgsS, LISB¡ uznan and
Noguelra-Graf, L95?). The origln of nyeltn ln the pNS

has at dlfferent tlnes been erroneously attrrbuted. to
a secreflon product from the neurolemna (Ranvlero 1B?B),
from the axon (Bard.een, LgOj; von Kolllker, 1904) an¿

to a structural d.lfferentlation ln the perlpheral part
of the äxon (Apattry, LBg?; Goth1lnr.LgLZ; Speld.el,
1933), Several lnvestlgators (Geren, Lg5t+; Fernand.ez_

Moran, L950 and- sJostrand, Lgsi) were abre to prove that
nyelln in the pNS orlglnates fron schwann äells, The
process of nyellnatl0n ln mouse sclatlc nerve üfas stud"led
by uznan and Noguelra-Graf (rgs?) who used. erectron-
nlcroscopy. They were of the oprnlon that the schwann
cell wraps around the axon and. elaborates, as an lntra-
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cellular _11p1d. georetlon product, several splral-Iy
arranged lanlnatlons. Robertson (Lgsg) and peters

.(L96o) have slnce been abre to prove that myerln ls nade

up of a serles of plasna membranes whlch are eraborated.

fron Schwann cells and. are not an lntracellular
secretlon prod.uct of those cells.

the PNS nyelln sheath ls ob}lquely lnterrupted.
by clefts or rnolsures of schuld,t-r¿nteraann. rt was

the oplnlon of severar classlcal neurohlstoroglsts, and-

reported. ln 193r by Bruno, that the clefts lnd.lcated.

areas.of poor preservatlon and ¡rere therefore artlfactual.
rt has slnce been shovrn that the clefts are rocaL shearlng
d.efects ln the lanellae of the nyeltn (Robertson, Lg5g¡

Rhod.ln, L963). These ertend. from the axolemna to the
neurolenna. the lnfoldlng of the lnner nyelln lanlnatlon
whleh forns the axon-nyelln Junctlon wlth the axolemma

ls terned. the lnte,rnal mesaxog and the outer nyerln
ra¡olnatlon whlch Jolnts the prasnolenma of the schwann

cell ls terned the external mesaxog;

Axons ln..,,¿¡s CNS nay be elther nyellnated. or
unmyellnated.. The axonal flbres of the subplal layer
of the cerebraL cortex are nalnly unnyerlnated. (Rhod.ln,

L963) t the axonal f lbres ln the remaind.er of the cortlcal
Iayers are nyeLlnated. (CaJal, l9O9). It was the cor-
sld-ered- oplnlon of caJal (r9ea) and, of Blerschowsky
(1928) ttrat the myelln sheath ln the cNS 1s tnterrupted.

ir: l

... . ..:|



.. ji-': :.;1t ;i ..r.\-r : .\_?.'_, ..! :.!_.:'.:*:.r-:L .j,:.::n:.i:.il!¡3ìJ¿ia:¡=ji::iEz12.i4:a:;::,

4o

by Nod.es of Ranvler. However, the llnltatlons of the
optlcal systems used. at that tlme could. not ad.equately

have resolved. such flne structures stnce cNS myelln
appears to be much narrower and. thlnner than lts coüri-

terpart ln the PNS. Nodes of Ranvier were observed. wlth
the ald. of the electronnlcroscope ln the nyelin of the
optlcal cranlal nerve (peters, L96O) and ln the CNS

nyelln (Bhod.ln, L963),

The process of nyelrnation rn the cNS takes lts
orlgln fron the oltgod.endrogltal cells (Luse , Lg56).

rt was at one tlne clalned. that schwann cells were

present .ln the CNS (plenk, I93U), but this has slnce
been d.lsproved. by Luse (]1956) ana by Bunge (1961).

Thls Latter lnvestlgator theorlzed. that the process

fron one g1lar cell ïrraps around. two ad.Jacent axonal

flbres to forn the myelln sheath. schad.e and. Ford.e

(1965) have slnce presented the vlew thab processes

fron several gl1ar cells are requlred. to forn the nyerln
lantnatlons of a neuron ln the cNs.. Thls ratter theory,
lf true, could aocount for the unequal number of nyerln
lanlnatlons observed. around. the same axon wlthln a

relatlvely shorÈ d.lstance.

cytochemlcar analysls of pNS nyel1n was reported.
to d.enonstrate the presence of cholesterol,
llpld.s, certaln cerebrosldes and sone fatty
(Flnean, ]g5?1. It was also reported. t,hat

phospho-

acld.s

there ls very

i:
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llttle free water between the l1pta and. proteln layers
of the sheath. A proÈelnaceous materlal wlthln the
sheath sonetlmes forms a retlculum, the neurokeratln
netvrork. struetural varlatlons ln the pattern of thls
net has been correlated. wlth the type of flxatlve used.

to prepare the tlssue for ught mrcroscopy (Huber, Lgs?).

The thlckness of the nyelln sheath ln the pNs

¡'fas measured. and. found. to be d.lrestly correlated, wlth
the d.laneter of the axon (Scnnftt and. Bear , L93?) i Taylor,
19¿10, 1p41arb; I,IerndIe and. Taylor, ]'lÐ; Sanders, l9l+g).

A d.lrect structure-funetlon relaülonshlp has been shown

to exlst between arso the propagatlon veloclty of the
lmpulse and. the d.laneter of the nerve flbre (Gasser

and Grund.festn L939 ),
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Dend.rltés

rn 1BJ8 schrerd.en and schwann rntroduced. thelr
cerl Theory. Thelr presentatlon was soon followed. by

the recognltlon and d.evelopment of some of the lmportant
prrnclples and. technl.ques for tlssue flxatlon and.

stalnlng. These technlques were applled. to a wld.e

varlety of tlssues, lnclud.lng those of the, nervous system.

The cytoplasnlc stalns that were used. ln those earry
stud.les gave a souewhat unLform chromophirla of neuro-
gllal and. neuronal cell bodles and. a chronophobla of thelr
respectlve processes. such results nad.e lt d.lfflcult
for the lnvestlgators of that perlod to correlate the
relatlonshlps between the varlous cytologlear structures
they observed.. Nevertheless severar hlstologlsts of
the classlcar d.escrtpttve perlod (r84o-1900) contrl-
buted. to the d.lscovery that nerve processes were of two

klnd.s' axons and d.end.rltes, and. that they were struc-
turally and. functlonally related to. nerve cell bod,i.es.

Polyak (l:9,5?), ln hts nonunental publlcatlon, Thg

vertebrgte vrlsual Þvstegr cltes several early lnves-
tlgaüors who mad.e slgnlflcant contrlbutlons to our
knowled.ge concernlng such structure-functlon relatlon-
shlps ln nerve tlssue; the references clted are as

follows: Remak (1839, t}Sl, 1854), Helmhottz (1g43),

cortl (1850' 1B5l+), Koerllker (1954), J. von Gerlach

.l
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(1858)' srlll'ng (LB5g¡ Delrers uge5) apa schulrze
(1866ç L869, r8?2, LB73¡,

. The early reeognitlon that a nerve fuapurse courd
be cond-ucted- away fron the cell body for 10ng d.lstances
by an elongate axrs cyrrnd.er (Belr and. l4agend.leo crrca rB35)
probably led to the generar acceptance of the term axon
for that nerve process. The resenblance of d.endritlc
arborlzatlons wlth1n the cNs to d.lchotomous branchlng
patterns ln trees resulted, ln thelr belng named. after
dendton, the Greek noun for tree.

. The cyto10glcal d.lfferences between axons anÖ
d.end.rltes was sunmarlzed. by Barker (lgOf ) fn hls revlew
of braln hlstology. He d.escrlbed dendrlües as neuron
processes orlglnating d.lrectly from the perlkaryon or
as branches of other dendrltes. They were seen to energe
fron the perlkaryon as a w1d.e oval cone wlth a gradual
d'inLnutlon 1n therr d.raneter ',owrng to nanrford. sub-
dlvlslon" (Barker, 1901). He reported. that the struc_
tural slnllarltles between d.end.rlte - and. perlkaryon
cytoplasn formed. the basts for the. theory that dend.rltes
lvere protoplasmlc extenslons of the ceII bod.y. He

stated also that the d.end.rltlc branchrng would result
ln an enormous lncrease ln the neuron,s protoplasnlc
.surface area. Barker's revlew dld. not report on or
lnd-lcate whether any quantltattve d.eter¡nlnatl0ns had.

been made on dend.rltlc dlaneter and. surface area varla_
tlong.

r,:.rì1
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. ,:.,i.r clted. as characterr.stlc examples are as follows:. .-..-, :ii::i:l

..i .: r ;r.i:,-: PurklnJe celr of cerebelLar cortexn pyranld.al cell of.'
cerebral cortex, neuron of rnferror orrvary nucleus,
granule cell of cerebellar cortex, snall gelatlnosa ceII

.'::;t l:r:]

4t+

Dendrltes ú¡ere further d.lfferentlated. from axons
by thelr "prlckle-llke proJectlons', (Barker, 1901);
caJal (L899) was abre crearry to observe these wrth
both elet and. wlth nethylene-brue preparatlons. These

lateral buds orlglnally were terned. genmulesi ln the
current llterature they have become known as dendrltlc
sLlnes (Valverd,e, Lg6?¡ Snld_er, Lg6?; Globus and. Schelbel,
L967), Dend.rltlc varlcosltles sometlmes Írere observed.

to be present after .varlous technf-ques for trssue pre-
paratl0n; thelr presence was also noted to accompany

certarn types of braln pathol0gy (Mungat , ].96?).
No speclal srgnlflcance had. been attached to these
varlcosltles slnce lt ¡sas dlfflcult to deternlne lf they
were artlfacts of f1xat10n, d.ehyd.ratl0n or stalnlng
proced.ures.

Speclflc areas of the mammallan CNS nay be

ld.entlfled. by .thelr general d.end.rltic archltocture whlch,
withln certaln llmlts of structural varlatlon, is Tê:.

talned- as specles constant. An authorltaülve D€üro-
anatony texü by Truex and. carpenter (].g6u) sunmarlzed
ln lllustratlve form Fox's stud.les (personal connunlcatlon)
of Golgl preparatlons rn nonkey cNs. Neurons ühat were

i ril
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of splnal trlgenlnaL nucleus, ovold cerl of nucleus of
üractus solltarlus, large stetlate cel1 of retrcular
formatlon, splndle celr of substantra gelatlnosa of
splnal cord., large neuron of splnal trlgenlnal nucleus,
neuron of putanen of lentlcular nucleus, double pyra-
mldar cerl from Ammon's horn of hlppocanapar cortex, neuron
of ühalamlc nucleus and. a neuron from globus pallld.us
of lentrcurar nucLeus. The d.end.rltes rn all of the
foregolng exanples are never sheathed. by noyerln and.

usually show acute angles at polnts of branchlng.
. severar rnportant suberasslflcaülon schemes

have been proposed. for both pyranld.al and for stellate
celIs. coronnler (196I+b) studred. Gorgl preparatrons
of sectlons cut tangentlal to the plal surface ln the
vlsual" cortex of the cat. He reported. that ln pyranld.al
cells the baslLar d.end.rf.tes are arranged. 1n a spreadlng
pattern accord.lng to one of the followlng: (a) clrcularn
(b) rlght angre cross, (c) eiongate oval. The aprcal
ternlnatlons of the same ceLls are (a) elongate bushy
or (b) clrouLar bushy. The d.end.rltlc spread. of stellate
cellsr when vle¡çed. ln the saüe plane of sectlon, rs ln
the forno of (a) elongate d-rsks or (b) erongate cyrlnders
that are orlentated. ln the antero-posterlor d.lrectlon
in the cat gyrus 1ateralls; the d.lrectlonal ,orlentatlon
of the 10ng axls varlës, however, ln d.lfferent nammals.

col0nnler (Lg6?) stud.led. rad.lal sectl0ns of Gorgl
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preparafl0ns ln the eat vlsuar cortex and. categorlzed.
three baslc types of pyranld.al cells accord.lng to thetr
aplcal d.end-rltlc branehlng patterns. cerr type t has
a relatlvely 10ng apleal shaft pr10r to lts flrst order
of branchrng and. ls found. rn cortrcal layer rrr. cell
type 2 has a short aprcal shaft whlch soon brfurcates and
ls located_ ln the upper areas of.cortlcal layer II.
celI type 3o found. rn the upper part of cortlcal rayer r,
ls "d'eprlved. of lüs aplcal d.end.rlte* and. has a stelrate
type of d.end.rltlc arborlzatlon wlth numerous splnes.

The structurel varlatl0ns of neurons ln the
retlcular formatlon of the braln sten in the cat was
extenslvely stud'Ied. by Ramon-Mor-lner (Lg62a, Lg6zø, Lg63)
and. by Banon-Mollner and. Nauta (].:966). They observed.
thaü most of the neurons rn that systena have an ovoi.d.
perlkaryon with approxlmatery equal numbers of d.end.rlte.
trunks. Ramon-Mollner (Lg6Z) proposed. a classlflcaülon
sehene vlhlch ls based otr ,, ,, and.

conslsts of three maJor groups of neurons. The naJor
groups proposed. were: (a) lsodend.rlttc, (b) g-llqd"rr_
drltl,c and. (c ) tdlodendrtttg.

Barnon-Mor-lner's scheme ls lnterestlng to conslder.
The lsodgndrltrc celr 1s the nosü prevalent type of thls
schene to be found. .ln the braln sten regl0ns whlch he
stud'led.. He observed. that ühe d.end.rltes of thls cerl
have few branch sectl0ns and. these are generarly l0nger

i:r'1 r':ji:'.
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than the trunk from whtch they orlgrnate. These d.en-
d-rltes have a pronounced. tendency to form süralght rlnes
and- are sald. to be "relatrvely rectlrrnear,, (Banon-

Mollner and Nauta, Lg66). As the d.end.rites e¡rerge fron
the perlkaryon they grad.ually taper to f'orn a flne snooth- ,:,.,.:r:,,

walled- process. They: rnternrngle freely wlth heaviry
nyellnated. flbre bund.les. very few splnes vrere observed.
on these d-end.rltes. The struetural d.endrltlc pattern
of the lsod.end.ritrc neuron ln the cat was found. to bear
norphologlcal slnllarltles to neurons ln the tegrnentum
of the dogflsh shark, Squalus aean-thlaÊ, and. to the
splnal' cord of the lanprey, petåonyzon,,marlnus. rt
was therefore posturated. that thr.s reratively undrff_
orentlated. neuron "represents a pool 0f plurlpotentlal
neurons whlch ln the course of phyl0geny have remalned
relatlveLy und"lfferentlated. and tn charge of processlng
afferent slgnals of very heterogeneous orlgin,, (Banon-
Ivlollner and. Nauta, ].?66r,

The a110d.enÊr1t1c neuron has a larger nunber of
short d.end.rlte branches whlch generally overlap each other
as an open or 100se retlculum. The ternlnal.portl0ns
of the d'end.rltes have a tendency to forn $ravy Ilnes.

The 1d-1gd.gnd-r1tlg neuron, 1n roarked. contrast
to the other two groups, has a far greater number of
successlve branch potnts. The ends of the branches forn
a "tlght retlcurumr wlth each other as a result of wavy
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,tt,and. tufted. terinlnatlons. The d.end.rltes d.o not lnter_

mlngle wlth axonal flbres. .

'wo 
groups of cells ln the cat braln stem were

reported as exampJ.es of an ;

these r¡rere the d.orsar and. ventral tegmentar nucrel of ,' ,:,

Gud-d'en. No other d.end.rltrc nucreus was found wlthln
the braln stem from the nedulla oblongata to the nesen_
cephal0n. Thls area wlthln the braln ste¡o was therefore i,,,:
calIed. a ,,d.end.rltlc contlnuum,,. 'r:"'

l-...-,The three-d.lmensronal orlentatron of the d.end.rrtlc ¡-.,-,:.:

terrltory of these neurons also was stud.led by Ramon-
Morlner (Lg62r, rf the helght of an inaglnary llnear
cyllnder, whlch could. contaln all the d.end.rlües of a
glven neurorrr rrrere greater than 1ts d raneüer then the
d'end.rltlc terrltory of t:',at neuron was d.escrlbed. as
having a llneag (unldlg-ecttgnaL) orlentation. hlhen ühe
d'lameter of the cyllnd.er was greater than i.ts heighü,
the dendrltlc terrltory was sald üo have a planal
(bld.trsrenslonal ) orlentatton .

A new classlflcatl0n scheme for cortlcar neurons
ln Èhe rabblt vlsual corüex was recéntly presented by
Globus and. Schelbel (196?). The schene ls based. on an

' atüempt to provrd,e functional correlates betr,{een
dend.rltlc orlentatlon, d.end.rltlc splne denslty and axonal
pathway wlth afferent-efferent clrcultry ln the cortex.

c1+ss r cells ln thls schene total Boft ot ühe
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neuron populatlon ln the vlsual cortexi the largesü
portlon of these (t5% o1 totar) are pyranld-ar, the balance
(5% of total) are lnverted. pyranld.ar cerrs. The mod_urar

d'endrltlc freld. of each of ühese rs rigld.ly orlentated
wlthln an elongaüe cy11nd.er. The d.iameter of the horr- ,,.

zontaLspread'oftheap1ca1arbor1zat1onwasreported'to

be the sane as the basllar spread., wrth a maxr¡oum

varlance of only L5%, The d.end.rrte terrltory ls referred !,.
to as lylng wlthln "a cyllnd.er of cortrcal ülssue,, o

A hlgh d-ensity of d.end.rltlo sprnes is characterlstlc of
Class.J neurons. The splne populatlon r¡ras expressed.
as number Þer mlcron and. was reported to be o,?5 for the
aplcar d.end.rltes, 0.4 for obllque and. ternrnal branches
and 0,3 for basllar d.end.rltes. The extracortlcal axonal
rength of these pyranrd.al oerls berow rayer rrr was

deüermlned at a much earller date by Gorsl (rss6) an¿
caJal (rgtr). Globus and. schelber (op.crt. ) have
postulated- that arl pyranld.ar axons below layer rr nay
have extracortrcar traJecüorres. The authors may not have ,, ,..': :

meant to rnclud.e alr axon colraterars but thls conten- ¡.,:.,,,:

tlous point !,Ías nerther expand.ed. upon nor crearly stated..
sholl (Lg56) estlnated. that cortrcal axons ¡rhlch

' orlglnaüe as corlaterals outnumber the afferent flbres
by three to one. class r neurons r!¡ere characterlzed. as
havlng long traJectory axons of extraeorticar_ rength.

class.-rr neurons rn the Grobus-schelbel schene
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comprlse 20ft of the cortlcal neurons ln the rabblt
vlsual cortex. They are represented_ by three cell
types: stellate (ro-r5%), fustform (3%), and. splndle
ß%). Eaeh cell type hasn ln comparlson wlth each of
the others, a hlghly varlable structural d.endrltlc
pattern; they share, however, other morphologlcal
charaoterlstrcs whlch forn the basls of the classlfi_
catl0n scheme. 

'n 
oonÈrast to the no.ular rlgld.lty of

clasg f, neurons, the dend.rltlc fleld. of a cr.ass rr
neuron nay appear ln a varlety of nod.urar geonetrlc
d'onalns. splnd.le cells are clrcumserlbed by a trun_
cate oone, stellate cells elther by an eIllpsold or by
a sÞhere of varylng slze, fuslforn cel1s by an elon_
gate cylinder that lles vertlcal to the pla1 surface.
The dlameters of these donalns vary fron 100 to 10òo
mlcrons. Most of the class rr neurons have sprneless
d'endrltes; ln a fe¡v exceptl0ns the splnes are rela-
tlvely rong an. curved. and- appear to be lsolated..
The denslty of splnes ls approxlnately 0.2 per nicron.
all axonal lengths ln class rr neurons renaln lntra-
cortlcal; neurons ln thls class are therefore Go1gl
type rr cells' The axon traJectory of one of these
neurons ls, 1n sone cases, r-lmlted to the dend.rlte
terrltorJ¡ of lts osfn sona r¡hlle ln others It may spread_
nldeIy to other cortlcal areas.

The Gl0bus-schelbel schene postulates a structure-

-j::
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functlon sorrerate rn whlch cortrcal neurons wrth large
nunbers of cortrcal afferents haver ês part of thelr
clreultry, large nurobers of dend.rltlc spLnes. The

splnes presuroably lncrease the receptlve flel_d. for
functlonal acconroodatlon of lntra- and. extracortlcal
afferents. A crltlclsn of thls postulate ls that pre-
synaptlc transmlsslon need. not selectlvely ternlnate
on d.end.rltlc splnes. The authors have therefore
stated. that the presence or absence of splnes ls more
lnd-lcatlve of the nature of the neuronar output than
the afferent lnput.

the tangentlar organrzatron of d.end.rltes ln
the aud.ltory areas of the cat,s cerebral cortex ¡ras the
subJect of a recenü stud"y by lrlong (Lg6?). The gyrl
lnvestlgated were the nid.d.re ectrosyJ.vlan gyrusr pos-
terlor ectosylvlan gyrus and. bhe suprasylvlan gyrus.
The flrst two gyrl have been deflned as aud.rtory areas
and the latter as an assoclaùl0n area by Hoolsey (1961),
uslng electrophyslol0gical technlques, and. by Bose
(tgug), who used hlstologlcal technlques. htong d.ld
not pake serlal sectl0ns of ühe entlre gyrl slnce the
naxlnun srze of the oortlcal tlssues he abrated. was

5 nn of gyrus length. sectrons Ïrere prepared after the
Colonnter (f964) no¿lflcatton of the Golgt_Kopseh
nethod. The tangentlal extents of ühe basllar dendrltes
of pyramldal neurons 1n alr layers of the gyrr have

| : .:, -:.:
'. .'r:l'._l: i



52elther clrcular or oval geonetrlc nod.ular fleld.s.
Aplcal ternlnatl0ns appeared oval and orlentated 

'n 
a

vertlcal dlrectl0n but the author reported. lnconcruslve
results due to the snall number (z speclnens) studled.
Dendrltes of stellate neurons ln all cortleal layers
may have elther clrcular or oval geonetrlc f1el.s. ffr
the suprasylvlan gyrus the geonetrlc domalns of pracülcally
all basllar d.end.rltlc trees are clrcular and. their mean
d_la¡oeter ln thls gyrus ls snaller than comespond lng
6eonetrlc donalns 1n the nldd.le ectosyJ.vlan. and.,.post_.
erl0r.ectosyr-vlan gyrl. The greatesü portl0n of basl]ar
d'endrltlc flelds ln the posterlor ectosylvlan gyrus are
clrcular; ln the mld.d.le ectosylvlan gyrus the rat10
.of cl¡cuilar to oval flelds ls 6:1. The nunbers of
c'rcular and oval flel.s of stellate neurons are
approxlnately equal 1n the three gyrtr. The rnean of
the sterlate dend.rltlc fleld d.laneüers 

'n 
the supra-

sylvlan gyrus ls larger than for slnllar cells ln the
other t¡ro gyrl. .

rn ad.d.1t10n to the qualltaËlve stud.les on d.end.-
rlte geonetrlc donalns, several quantltatlve. analyses
have been cond.ucted. on dend.rlte patterns. Follollng ls
a llst of the quand'tlflable paraneters whlch w111
be dlscussed ln thls revlew of the llterature:
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a) lolod.e of d.end.rlte branchlng.

b) Orlgln, number, length and. d.laneter of
d.end.rlte branches.

c) Rad.lus of d.end.rlte trees.
, d.) Growth pattern of d.end.rltes.

a ) The nod.e gf d.end.rlte branchlns ln all types

of cortlcal neurons ls by d.lchotornous d.lvlslon of the

d.endrlte process (Sholl, LgS6; Bok, Lgsgr. There have

been no reports of polychotonous branchtng of dend.rltes.
The stud.les Just clted showed. that ln some pyranld.al neu-

rons ùhe naln aplcar shaft glves off eorlaterar branches
whlch are obllqu.ely d.lrected to the llnear axts of the
shaft. rn other types of pyranld.al arborlzatlon patterns
the naln shaf t has very few sld.e branches of snalr d la-
neter anù is seen to ternlnate abruptly at a naJor
polnt of blfurcatlon.

b) The orlFrn of dend.rrtes fro¡o the perlkaryon,

ln all pvFam.ld.er neurogE, follows a. pattern that rles
tclthln narrow llnlts of varlatlon. A slngle aplcat
shafb energes from the apex; basllar d.end.rltes, ¡çhlch

number fron four to slx, emerge fron the sld.es, basllar
corners and- base of the trlangular perlkaryon. rn
fuslform neurons there are two maln d.end.rltlc shafts
whlch energe fron opposlte poles of the perikaryon.

stellate neurons have 'from three to nlne d.end.rltes

'.ob.'r i.li:.:
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whlch emerge randornly from the rad late polnts of the
perikaryon (Ranon-Mollner, L96Z; Munga L, 1196?). A
structural d'endrltlc polarlty ln stellaËe neurons ls
therefore absênt.

. Bok (]:936:0) nad.e
severar aütempts to relate the nunber of d.end.rltes of
a neuron wlth the d.epth of lts perlkaryon in the
cerebra] cortex. He based. hls studles on a few d.rawlngs ,.

that had. been mad.e orlglnally by caJaJ. and. were from
hlghly seleoted. pyranld.al neurons. Bok concluded. that
the nunber of d.endrrtes rs Jarger ln neurons ¡¡hose cerl
bodles l1e ln the d.eeper layers of the cerebral cortex
than lt ls 

'n 
neurons whlch are merely sub-pral ln

posltton. A study by Sho1l (Lg¡.1., Lg51'), on the vlsual
cortex of the adult cat, $¡as d.one subsequent to Bok,s
r{ork' shoLl reported- that 

'n 
nore extenslve sanpllngs

there úras no slnpLe relatlonshlp between the nu¡eber
of branches and. the d.epth of the perLkaryon. Nelther

il.',:,, tBok nor sholl ürere able to d.emonstraüe a relatl0nshlp t-.',

l'.,r,',.i lbetween the nunber of d.end.rrte branches and. the volune i,,,,,,,,,,

or surface area of the perlkaryon.

A dend.ttte sectl-qg was deflned. by Bok (Lg36a)
:- as t''at reglon of a .end.rlte between the perlkaryon an* ¡¡:,Ìr
ii+,,iì:lts flrst blfurcatl0nu between successlve branch potnts

the reglon fron the last braneh polnt to 1ts
ternlnal end_ or polnt. Mungal (196?) has shown that
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d.endrlte sectlons vary wldely 1n thelr length, fron
3-268 mlcrons ln pyramld.al, and. from 3_396 nlcrons tn
stelLaüe neurons. In the sane study Mungal d.ivlded_
the d.end.rltlc arborrzatlon of alr types of corttcar
neurons lnto three zones. In hls schene the stem zone
conslsts of the d.end-rlte sectl0n between the perlkaryon
and' the f lrst branch polnt, ühe br%chln€ zaæ. comprlses
arl the d-end.r1te sectl0ns fron the flrst to the last
ord'er of branch polnts and, the ternrnal zoyLe forms
the d'endrlte sectl0ns fron the last ord.er of branch
polnts to the ternlnal endpolnts.

. Mungal (op.clt, ) stud.led the number of dendrlte
sectl0ns ln each of the zones of neurons ln the posterl0r
slgnold gyrus of the adult cat. The count rn each "zone
was expressed" as a percenüage of the total number of
dend'rlte sectl0ns in the neuron. The snallest percentage
of the total number of d.end.rlte sectl0ns was observed.
ln the stem zone, a gteater percentage 

'n 
the branchlng

zone, rvhlle the largest percentage w.*s seen ln the
ternlnal_ zoyleo

sholl (L953) lntro¿uced. a new parameter for hls
analysls of dend.rltes rn the vlsual cortex of the adult
cat. A set of eoncentrj.c spheres, wlth each sphere
lncreaslng 1ts rad lus by ZO mlcrons over lts predecessor,
was superlnposed over ca¡nera lucld.a traeings of a
perlkaryon and- lts d-end.rltlc pattern. rn stellate

:.j.r':': :
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neurons and ln basllar dendrltes of pyranldar neurons
there ls an exponentlar d.ecllne r.n the number of d.end.rrte
branches as the dlstance fron ühe perikaryon lncreases.

one of the earrlest quantitatlve studles on
d'end'rltlc lengths roas cond.ucted. by Bok (Lg36a, rg36b).
rn pyranld.al cerls the lnltial- blfurcatlon in basllar
d.endrrtes occurs closer to the perlkaryon than that found.
ln aplcal d.end-rltes. Bok therefore conerud.ed. that
basllar d.end-rlte sectrons ln the branchrng zone become
progresslvely J-onger as the dlsüance fron the perlkaryon
increases.

rn the examlnatlon of frve baslrar dend.rrtes
fron one snal1 cerebraL pyra¡oid.al neuron, Bok (:Ig36b,
L959) conclud-ed that tþu flrst order of brfurcatron ln
each case occurs aE a constant d.lstance fron the cell
body. He cralned. that the second. ord.er of blfurcatlon
occurs at d.lstances that are twlce as far fron the cell
body as are the preceed.lng branch polnts. Sholl (Lgsl.,
L955, L959) was ablen ln a later workr to d.lsprove Bok, s
claln for such a regular relatlonshlp between the rength
of a branch sectlon and lts pred.ecessor.

ln Golgi and
ln Nlssl preparatl0ns was not examined. quantltatlvely by
the classlcal neurohlstologists. In Barker,s (1901)
revlew of neurohlstol0gyo dendrlte d.lameters r,fere

reported- slnply as becoming successlvely narrower wlth
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each branch blfurcatLon, untll they assume a unlform
d.lameter at the ternlnal area. In a thorough study of
d.enÖrltes ln the vlsual cortex of the cat Sholl (LgSg)
was unable to flnd- a speclflc relatl0nshlp bet¡reen the
mean d-la¡neter of den.rlte branches and. any of the
followlng parameËers:

1) length of d.end.rlüe sectlons
il) nunber of d.end.rlte blfurcatl0ns per neuron

111) volume or cortlcal d.epth of the d.end.rltes,
own perlkaryon.

. Mungal (Lg6?) examlned. the dlameter of dendrlte
sections at the approxinate mldpolnt between thelr
blfurcatl0ns. He neasured the d.laneters of basllar
d-endrltes from pyranldal neurons and. of arr dend.rites
fron stellate neurons ln the three d.end.rltlc zones,
stem, branchlng and termlnar. The nean d_lameters ln
the respeotlve zones were approxlnately 3.0, 2.Q and.
1.0 mlsrons for both types of d.end.rltlc tree. The nean
d-laneters of aplcal d^end.rltes of pyranld.al neurons ln
the same respeoülve zones were 4.5, z,J and. r.0 nlcrons.
l{ungal refe*ed to his measure'ents as ,,approxinately
.......... , r rZeyràL aVefage d. lamgters'.

I _.1.1

c) rlte__Þrees was stud.ied by
Bok (1936a, rg36b, Lg5g), A d-end.rlte treer âs deflned
by Bok, conslsts of all the dend.rltes and thelr branches
ln a slngle 

''süro''. The radlus of a dend.rlte tree refers
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to the nean d-lstanee between the d_end.ritlc endlngs of
basllar d"end.rltes and. the perlkaryon. Bok nade canera
luelda d"rawrngs of basllar d.end.rltes fron a few smalr.
pyranld.al neurons ln an unld.entlfled" area of the cat,s
cerebraL cortex. concentrlc spheres úrere placed_ over
these d.rawlngs and. the length of each d.end.rrte sectlon
eras ueasured. Bok conelud.ed. that the total length of a
dend.rlte wrth ar-1 lts sectrons, rn each neuron, ls
proportlonal to the square gf the radlus of lts d.endrlte
tree.

. Bok mad.e varl0us measurenents related. to the
rad.lus of the dend.rlte tree that are arorthy of mentlon.
on the basls of hls flnd.rngs Bok concruded that the
surface area of the perLkaryon ls proportl0nal to
(a) the slze of the d.end.rlte tree and. (b) to the nuclear
volume of the perlkaryon. Accord.lngly then, the rad.ius
of the d.end.rlte tree ls proportlonal to the nuclear
vorume- Bok staüed thr.s proportl0narlty, somewhat

colloqulallyo ln the follo¡çlng manner: ,.The 1arger
the nerve cell, the larger lts d.end.rlte tree,,.

, d.)

d lng to Bok (Lgsg), the srze of d.end.rlte trees ln the
cerebral cortex of nammals rs lnfluenced. by the llnear
d.lnenslon of the aninal's body. The dend.rlte growth ln
dlfferent anlnals wourd therefore be expected. to form

1"
I

ttern of dendrlteF. Accor_



d.end-rlte patterns of d.lfferent slzes. A technlque
r'rhlch could d.etermlne the exact nature of the growth
paüfern ln dlfferent animals would. requlre a conparlson
of hornolstsouE neurons ln cortlces of d.lfferent anlmals.
slnce thls seemed. an lnposslble task a slnpllfled. plan
of a d.endrlte arborl zathon paütern *ras d.rawn and. several
posslble varlatlons for growth of ühe orlglnal pran

were nad.e. subsequently, exanlnatl0ns of Go1gl pre-
paratl0ns were made of raü, ¡nouse, gulnea-plg and

rabblt cortlces. Three prlnclple types of dend.rlte
growth patterns Ìrere 1d.ent1fled.. rn the flrst type,
whlch was called. aô41t1ve srowtþ, o€lr ânrd. larger
seotlons are ad.d.ed. to ühe former end. polnts. rn the
second. type, termed. proportl0nal 0r lsonorphlc @¡gQþr
alL the d.end.riüe sectlons ln the tree are lncreased
ln llnear length as the tree grows. These flrst
two types of growth are characterlzed. anatonlcally
by an lncrease ln the rad.ius of the dend.rlte tree.
rn a thlrd. type of growth the rad.lus of the tree renains
unohanged.; hoWever, an "lntenslflc,atlon o€ the rap_l:
flcatloq process" (Bok's term) occurs, whlch lncreases
the nunber of blfurcatlons.

59
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The Synapse

. The classlcal theory thaþ nerve eells forn a
hrstoroglcat retlculum ür1th protoprasmrc contlnulty
was postutated. by Gerlach (19?I), Golgt (IgB5, 1g90,

:

i 1891), Held. (Jrgo1, tgog, Lgzg) an¿ others" The

alternatlve neuron theorv was proposed by Hard.eyer (rg9r)
!

as a consequence of the stud.les by Forel (lg87) on the
j selectlve atrophy of nerve cells fo110w1ng axon tran_
' sectl0n; the süud.les by Hls (1g86, lggg) on thel
j

developnent of lndlvld.ual neuroblasts and the nunerous
' lnvestlgatlons by caJal (1ggg, lgp'ao l8gou, 1g!0c) on

embryonre materlal as well as cajal's observatlons
on the stalnrng charaeterlstrcs of the Golgl technique
on cerebral cortlcal rtêüTons¡

The overwhernrng evld.ence rn favor of the neuron
theory also contrlbuted. to a coneept of fungtlonal
contlnqlty between neurons. .Sherrlngton (tg97¡
lntrod.uced. the term synaÞse, from the Greek verb to clasp,
to d'eslgnate the area of functlonar contact between
trso neurofis' sherrlngton (1900) attrrbuted. the charac-
teristlcs of the reflex arc to the unrdlrectronal
transmlsslon of the nerve lmpulse at the synapse. He

theorlzed that the one-rÂray conductlon pathway of axon
to d'end.rlte was the resurt of a synaptrc varve-llke
mechanrsm' caJal (reg5, rgog) and- van Gehuchten (rag2¡
theorlzed. that the unrd lrectronar frow was the result
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of "dynamlc polarlzatlon,, at the synapse.

The prlnclpal structuratr conponents of the
synapse conslsts, accordlng to general agreement among
neurohlstol0glsts, of the ternlnal presynaptlc axoplasm
and' axoiemma, the synaptlc.gap or cleft, the postsynaptlc
membrane and lts ad-Jolnlng endoplasm. structural
varlatl0ns of axonal ternlnals form the basls of a
norphoI0glcal c1asslf1catl0n scheme that rcas proposed by
caJal (1909)¡ Tvpe r end.lngs have smarl bud.s and are
caIled. synaptlc boutons; TyBe,II endlngs are relatively
large and. have neuroflbrlls rn the forn of a network;
lvpe rrr endlngs have neurofibrlls ln the forn of conpact
groups; lype rv endlngs are sna'l dllatlons that form
rlngs. cajal was also able to postulate on the basls
of hls lrght mrcroscope observatlons that these terntn-
atlons form axosomatrc, axodend.ritic an. axoaxonrc
synapses. caJal measured. the srze of these termlnations
ln manmals and found then ranglng fron 0.5u to ?.Ou tn
d.lameter (ca¡al, Lgog). Bod.lan (,.gtt2) deserlbed f lsh
neurons havlng synaptlc end.lngs thaü are r0.0u tn
d.lameter.

The ultraflne structure of the synapse was
descrlbed by Hy.en (1960) tn irts revlew of the neuron.
The termlnal presynaptlc nenbrane has a characterlstlc
thickenlng that is about 6o I at the Junctl0n. the
synaptlc gapr or cleft, varres from roo l to 300 I wlde.
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The slze of the gap ln the CNS ls the basls of a two_
type crasslflcatl0n scheme ühat r,cas proposed by Gray
(rg59).

Type r ls found- on d-end.rltlc splnes and. shaf ts;
the synaptlc cteft ls 250-300 I wr¿e an. most of the pre-
and posÈsynaptlc membranes ad.Jolnlng the cleft are r00_
150 I thlck' rn Type rr, founc' 0n the sona, the synaptlc
cleft varles fron 120 to 200 I wld-e and only 30-40,. 01
the pre- and' postsynaptlc nenbranes are thlckened.
Gray (1967) has postulated. that Type r synapses are
entlrely excltatory whlle Type Iï are entlrely lnhlbltory
ln actl0n. The presynaptlc endoplasn ls characterlzecì.
by the presence of nembrane-bound veslcles that range
fron 200 to 6so 8, ln d-laneter (d.e Robertls and Bennett,
L954b' Lg55; palay and palad-e , rg54). These veslcles
nay be carrlers of a nediator substance whlch propagates
the nerve lmpulse at the synapse (Gray and. t^/hiÈtaker,
L960). rhe excrtatory ned.rator rs assuned. to increase
the permeablllty of the postsynaptlc nembrane to all
extracellular lons, causlng a rap1d.'sequence of events
whlch d'epolarlzes the nenbrane and. results ln postsynaptlc
nerve lmpulse cond.uctlon. The lnhlbltory ned.lator ls
belleved to rncrease the permeablllty of the postsynaptlc
nembrane selecülvely to chl0rlde and., posslbly, potassluno,
lons. Thls causes the postsynaptlc nenbrane potentlal
to approach the equlllbrlun potential for these lons,
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a sltuatl0n r.çhlch results ln postsynaptlc hyperpolarlzatl0n
(revlew by Eecles, Lgþg),

The shape of synaptlc veslcles fo11o,,clng thelr
lnltla' f1xat10n by glutaraldehyde r'¡as observed. by
vchlzono (L965), He noted. that cortlcal synapses whlch
were shown by erectrlcar stud.les to be of the excltatory
type have round veslcles, whlle slnllarly .emonstrate.
lnhlbltory synapses cqntaln flattened veslcles. Bod.lan
(L966) d'escrlbed. three norphorogrcar types of cortlcar.
synaptlc veslcles: lyÞe s are spherold. wlth an agranular
content, lype F are flattened. wlth an agranurar conüent
and- type G are large rounded. veslcles wlth granular
content. No strueture-functl0n studles on these structures
have as yet been reported..

Eleetrtcal stud.les by Cl-are and Bishop (Lg jS),
Chang (1955) and. Ecctes (tgSS) have shown that the post_
synaptls potentlals lnd.ueed. by presynaptlc actlvlty w111
spread erectrotonlcarly wlth grad.ual d.ecrenent in the
postsynaptlc cell menbrane. Coonbsr.Eccles and. Fatt .,g's)
showed' that the amprltude of postsynaptlc potentlals
ln d.endrltes are approxlnately halved. when they reach
a d'lstance 200 nlcrons fro¡n thelr polnt of ortgln. Thls
1ed' Eccles Qgss) to posturate that, dendrltes of notor
neurons were of secondary lüportance for synaptlc funetl0n
as the dlstance fron the sona lncreases. Valverd.e (1961),
drawlng on stu.les nad.e ¡{'th the blet technlque,

i- '. ':



supported. Eccles, vlew by clalnlng that the nu¡nber of
synapses on the dend.rltes of glant cells of the braln
retlcular formatl0n was lnversely proportl0nal to the
d'lstance of the soma" Kosltsyn (Lg62, Lg64), uslng a

, mod.lftcatlon of the Ðelnecke (1911+) technleu€r nade a
slmllar type of study on the retlcular fornation of
the cat. He found., ln contrast to valverd.e, that the
number of synapses per unlt area of d.end.rltlc surface
remalns constant to a measured d.lstance of r+00 mlcrons
from the sona even though the d.ianeter of the .endrlte
had. been reduced bV 6?fr,

cragg (Lg6?), by means of electronmleroscopy,
measured' the synaptlc d.enslty per cublc centlneter of
cerebral cortlcal tlssue. Hls nethod coulil not
seleetlvely ld.entlfy d.end.rltlc synapses. Cragg
observed. densltles of 6 .5 x fOlTcn3 ln the vlsual cortex
of both the nouse and monkey. He found.r âs well,
conparable densltles ln the motor cortex of the sane t¡vo
spec les.

synapses of an electrlcal nature, whlch pernlt
one-wa,y transmlsslon ("rectlflcatlon,, ) wlthout the
ned.latlon of a humorar substance have been d.escrrbed. rn
the crayflsh (Furshpan and. potter, LgSg). Harna (196I)
nade en electronmlcroseoplc stud.y of electrlcal synapses
ln the crayflsh but could. frnd no structural correrates
for the recürfyrng propertles of such Junctlons. The
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electrlcal synapsêr an exanple of whlch ls the type found
ln the crayflsh, contrasts wlth the chenlcal synapse
(p. Q.l by exhlbltlng a na""o',,r synaptrc cleft of only
100 8. The pre- and. postsynaptlc membranes are nerther
thlckened. nor electron-dense; synaptlc veslcles and.

tuburar structures are found. ln the synaptlc ternl_natlons
of both pre- and. postsynaptle flbres.

Several types of süructurally atyplcal synapses
vrere found. ln the raü cNs and. d.escrlbed by Hama (Lg66l.
Accord-lnglr' he suggested. new pathways of trsnsnrsslon
conslstlng of soma-axonlc and. dend.ro-axonlc clrcults;
these were based. on the cytologlcal placement of synaptlc l

ivesicLes. the same worker found dend.rltes ln very c10se
proxlnlty to each other 1n rÌ¡Ë CNS (tUf¿). The space
between the d.endrltes was estlnated. at about 30 I wld,e

and. was flI}ed. wlth electron-d.ense granules. rntra-
ice].1u]¿re1ectron-d'ensegranu1esextend.ed.one1thers1d'ej
l,'of the plasna membranes for about 6o L; thls resurted. 'j .

ln an overall d,ense layer of about 150 8. Hana , iii'-.,.,l,

suggested. that thls structure mlght be consld.ered. as an i',::,:,:',::, ,,

. :r_r;,-::.;,:j:_-j:.
:.t:.:: ::.:: :.electrlcal d.end.ro-d.end.rltlc synapse. ,'j::-:,::::' r

Tlshtly-opposed non-veslcle synapses between two
dend.rltes ln the cerebral cortex rsould. enable the reclp'oca1:-

I transmlssl0n of nerve lnpulses and., as well, grad.ed.

depolarlzatlon between two wld.ely eeparated cerebral
neurons. It ls posslble that Hana's d-escrlbed dend.ro-
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dend.rltlc synapse ls an lnstance of such a sltuatlon.
rt ls unfortunate that Hana dld- not speclfy fron whlch

part of the rat CNS he took hts lllustrated. example.
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Cytoarghl-tecton-lcs

Thequantltatlvestudyoftheslzesand.pop-
ulatlon d.ensltles of neuronal perlkarya ln the cerebral

c.ortex ls known as gylggrchllectonlc-s' The four sallent

paranetersofthecerebralcortexthatareconsld'ered

ln thls tYPe of studY are as follows:

1) Total cortlcal volume

?) Varlable thlckness of the cortex

3') Total nunber of cortlcal neurons

4) Neuron populatlon d-enslty ln the cortex'

r) . The

flssuratj-on and. foldlng of the gyrencephaltc braln

contrlbutes an apparent meehanlcal d-efornatlon of the

cerebral cortex (Boko Lg}g), The surface curvature of the

cerebral hen.lspheres vartes not only between lndlvlduals

of the same specles but also between honooüoplc left and

rlght gyrl ln the same 1nd'lvld'ua1, as shown by the

observatlonoftopographlcalvariatlonsbetweensuch

contralaterar gyrl (shoIl, L955, Lg56)' Accorolng to

Sholl (Lg56) tfre most rellable rnethod for the d'etermlnatlon

of cortlcal volume ln a speclflc lndlvld.ual ls a

planlmetrlctechnlquewhichpern¡ltstheapproxlrnate

calculatlon of cortlcal surface area nultlplled by the

mean cortleal d.epth. Thls technique requlres the use of

6?
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coronal sectlons of braln' Some of the estimates for

the cortlcal volume calculated. by thls *"irro¿ ln a slngle

hemlsphere tn the human are as follorvs z 29Q cm3 (Donaldson'

1895 ) , 2?t+ cni (I{enneberg, 1910 ) ' ?Bg "*3 
(Jaeger' 1914 ) '

286 "r3 
(Traner, 1916)' Sholl estlnated "an error

amountlngtol0percentoftherecord.ed'va}ue.,forthls
roethod. Thls error factor may indeed. be much greater

slnce bhe stud les by Robln et al (Lg56) and by Hyd'en

(1960) have sho¡un that hlstologleal procedures may

result ln an B0 percent red'uctlon ln braln volume'

Pakkenberg lf:lg66) noted Ùhat shrlnkage ln brain volune

afterflxatlonls20percentand'thattheflnalvolume
reductlon after hlstologlcal procedures ls ?4 percent'

?-')
. The

thlckness of the cerebral cortex

braln may varY from 1400 mlcrons

an lndlvldual human

the vlsual cortex lo
1n

in

2800 mlcrons ln the precentral gyrus (van Alphen, L945¡

Sho1l, L955, Lg56') ' These stud'les showed' also that

ana}ogouscortlceslnd.tfferentind'lvid'ualsoftheSame
specles may vary ln thlckness by as much as 1100 mlcronsn

ashasbeenfound.lnthehumanvlsua].cortex.Never-
theless,shollwasabletodemonstratethatthethlckness
ofthemotorcortexunderaplaneplalsurfacelnany

.lnd.lvldua1 
braln remalns reasonably constant at approx-

lmately ij650 Eo 280o mlcrons. Ilowever, cortical thlckness
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of oüher reglons ln the same bralnr neasured ln an

ldentical fashlon, rnay show cottsld.erable varlatlon from

reglon to reglon (shoII, L9591, It ls lmportant to note

here that braln tlssue blocks only J-4 mm In length v¡ere

used. ln all prevlous stud.tes that d.ealt wlth anatonlcal

parameters of cortlcal examlnaülon.

3) Total n e¡ebral -cgrt-eE'

The early d.escrlptlve perlod ln the study of neurohlstology'

, f8B0- Lg3O, was concetrned. also wlth the total number of

neurons ln the cerebral cortbx" Recent correlatlve
structure-functlon stud.les on the cortex have shlfted. the

enphasls fron thls paraneter to conslderatlon of the

x'üen'ü';,:':":::: 
::"::::::,":::ï:""::'::,:::::";;:"'

total number of neurons ln the human cerebral cortex folLow:

Donaldson (L8g5) glves a total number of 1.2x109 neurorÌs,

Thonpson (re99) g.3xlo9, Berger (Lgzl-l 5,5xL09, Economo

ând Kosklnas (tgZ5) 1.4x1010, Agd.uhr (19¿11) 5xto9,

Sharlff (Lg53I 6.9xLO9, and Pakkenberg (Lg66) provlôes

a flgure of 2.6x109 neurons as hls estlnated total,
Pakkenberg's stud.les toolr lnto account the d.egree of

tlssue shrlnkage and the Abercromble (L946) correctlon

factor for the nean d.laneter of neuron nucleoll"
II Howeverr'the rellablllty of these results was probably

'best sunmed. up by ShoLl (L9561.

"The lnterest ln these resuLts does not lle
so much 1n thelr preclslon as in thelr order
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of magnltud.e' for 109 ls a very large number
and. dlfflcult to vlsuaLLze."

Shollo ln further evaluatlng the lmportance of these

results, polnted out that a L% removal of neurons fron

the cortex ln an area of great red.und.aney v¡ll} have no

outwardly d.etectable effecto but a Lft ab3:ablon from the

vlsual or notor cortex may lead. to bllnd.ness or paralysls.

ll) Neuren paBulatlarl d@reljgrlgÃ.
Several stud.les have shown that the neuron packlng d.enslty

ln the cerebral cortex rnay be related. to a,) tfre gross

slze of the braln, b) the voh¡ne of the cortex, c) the

reglon of the cortex, d-) the number of neurons ln the

cortex, and. e) the slze of the perlkarya at dlfferent
cortlcal d.epths. Tower and- El}lotb (L952) and Tower

(L954) noted that the neuron populatlon denslty (NPD)

d.ecreases as the slze of the bralrt lncreasês. They

g;lve, for example, a flgure of Ll+?.J neurons/0,001-¡nn3

for Èhe mouse, for gulnea plg 52"5, for sat 30.8, nonkey

ZLJ and. for hunan 10.5. Sho1l (L956) noted. that there

ls conslderable varlatlon ln the NPD observed. at dlff-
erent reglons ln the cortex wlthln an lnd.lvld.ua1 braln.

Klotz and. Clark (1950), ln a slnlIar stud.y, reported

that anaJ,ogous cortleal reglons ln dtfferent anlnals of

ühe same or d.lfferent specles sho¡q constd.erable

varlatlon ln the NPD. The packlng denslty of neurons

ln the vlsual cortex of a monkey, Macacg mulÉttta, has

been reported. as 160 neurons/.001mrn3 (chow, Broom and.

i :::.i:
i:i:::;t
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Bloon, L95O) wh1le ShoII (LgS6) found the denstty tn a
cat vlsual cortex to be ??/u3nn3. shorl (Lgsg) conputed.

the NPÐ ln selected. cortrcal regrons frorn man, cat and.

mouse. In nan and. cat the d.enslty ranged. fron J0 to
6o ln a corttcar cyrtnd.er of 400u2 bound.ed. by the ptal
surface and. the botton of the cortlcal grey matter.
The hlgher flgure was found. always ln the vlsual eortex.
The number ln the mouse nonvlsuar cortex was about Lt+

for a slnllar cortlcal cyllnder. The nean d.ensltles ln
the nonvlsuar area, when plotted agalnst the rerptlvq
de.g-th of the cortex, shows a slngJ-e nlnlmum at about

one-thlrd. of the cortlcar d.epth. Thls ls followed. by a
slngle maxlmun at, a lower d.epth. Although Sholl
stated. that the functlonal slgnlflcance of thls varlatlon
ln d-enslty ls unlonown, he postulated. that a) a low NpD

wourd. pernlt a greater concentratlon of nonperikaryar

structures, for exanple, blood. vessels, neuroglla,
d.end.rltes and. axons; and. that b ) topologlcar and. cortlcal
d.epth varlatlons wlth speclflc connectlvlty patterns

would. alter the d.enand.s,on the neuron population d.enslty.

.'..i:;:::;
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Dend.rltlc Splqqg

splnous proJectlons of dend.rltes in the cortlces
of the mannallan cerebrum and. cerebellum were extenslvely
d.escrlbed by CaJal ln 1891. Lø,ter, however, CaJaI

(1909) and. other investlgators apparentry came to hold
the vlew that the observed. "splnes" might be the resurt
of a stalning artlfact. The flnal aceeptance that splnes

d.o ln fact exlst as functlonal entltles and. are partlally
membrane bound. came Ln rg59 when Gray observed their
presence wlth the ald of the eleetronnlcroscope.

Jacobsen (11966) used. both vtslble ltght and.

. erectrorunlcroscopy to stud.y dend.rltlc splnes ln adult
rat, cat, squlrrel_, monkey and man. Hls flndlngs
conflrned those of the classloal neurohlstologists ln
that he observed. sptnes üo be abund.antly present over

rnost of the aplcal and basllar d.end.rites ln cerebral
cortlcal neurons. splnes are absent fron the following
reglons (of the neuron): a) the perlkaryon, b) the
proxlnal portlon of d.end.rite orlgln and. c ) trre axon.

Accord.lng to Jacobsen those d-endrltes wlth a mean

d'lameter of r.4 nlcrons have splnes whlch conslst of
al a narro!'r stalk 1" 0 mlcron in rength and- 0.I mlcron
ln d.lameter, and. b) a termlnal burb whose d.larneter ls.
1.0 mlcron. the nean length of the entlre splne ls z.o
mlcrons. There have been no reports to thls date on

splne d.lnenslons ln larger dendrltes. Mungal (196?,)
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studled the splne denslty on pyraraldal neurons ln the

posterlor slgnold. gyrus of the cat. In aplcal d.end.rltes

the lowest splne d.enslty ls founrl. ln the stem zone whlle

the highest splne d.enslty ls found ln the branchlng zone,

Gray (L959), ln an electronmlcroscope study of
the vlsual cortex in bhe ral-, observed rqhaü he has taken

fo be synaptlc contacts at the üermlnal portlons of
dend.rltlc splnes. The granular d.end.roplasn of the spines

v¡hreh Gray observed. was d.evold of nlcroüubures and neuro-

f lbr1Is. they dld. contaln, however, a "gpltle-apparat_us,'.

The latter was descrlbed. as consisülng of a series of
membrane-bound. saes separated by sheets or plates of
d.ense materlal. The spine-apparatus has been found also
ln Èhe mammalran hlppocamÞus (Hamlyno L96L, Lg6?) and

ln Ëhe neocortex of a number of manmallan specles (pappas

and Purpurao L96h Rosenbluth, L96Z), The results of
several recent stud.les (Gray, I96Ia, b, L96?a; Boycott,

Gra¡r and Gulllery, L96L) inalcate that the splne-apparatus

ls found only ln the namnallan cortex. Gray and. Gulllery
(]1963) observed. that ln the sensorlmotor cortex of the

dog there ls a rlbosone-ltke structure attached. to the

splrne-apparatus. The apparatus i.s found. also ln dend.rltle
trunks of the lumbar d-orsal horn in cat and rat sptnal
cord. Gray and. Gulllery proposed- a general theory ln
'whlch the splne-apparatus "plays a speclal role ln the

actlvlty of the postsynaptlc reglon,,.
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The neuronally receptlve area of one neuron ln
comparlson to another neuron may be lncreased by lncreases

ln the number and. length of d.endrlte branches and of

spines (Grayo I959i Bok, L959). An exarnple of a

quantltatlve study on the nuraber of d.end.rlte splnes on

a slngle PurklnJe cell of the cerebeltar cortex was mad.e

by Fox and. Barnard. (L95?). They reported. Ëhat there Íüere,

on one of these neurons, 611000 d.end.rltlc splnes whose

total length of 40r?00 microns gave an estlmated.

conblned. receptlve surface' area of 2221000 square mlcrons.

iri
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Hlstolor¡y of the Js_o1atgd. Cerebral_Cgrtex

The technlque of the neuronally isolated cerebral

cortex has become an lmportant tool ln neurophyslology

(Burns , L958r. An isolated. slab of cerebral cortex

ls wlthout any afferent actlvlty from surround.lng flbres.

The lsolate afford-s an opportunlty to deternlne, among

nany bhings, the propertles of end.ogenous spontaneous

neuronal actlvlty ln the cortex. Neuronal isolation
of cortlcal tlssue ¿! sltu. lnvolves flne cuts mad.e lnto

the braln substance (Burns, L95L; Burns and. Grafstelnn

L952r. The nature of thls thesis stud.y, thereforer.

necessLtates a detalled. examlnatlon of the hlstorlcal
llterature that ts relevant to the hlstologlcal and.

cytologlcal reorganlzatlon of the cerebral cortex

followlng surglcal leslons.

Cytologlcel pregexvgLloq. The hlstological
effects resulting froro surglcal leslons, usually flne
scalpel wounds, ln the cerebral cortex of nammalian

specles, ïras stud.led. by several classlcal neurohlstologlsts.

These stud.les were extenslvely revlewed. by CaJaI and.

hls concluslons and. conments r{ere publlshed. ln the

Spanlsh language ln 1913 ana 1914. These publlcatlons

urere revl.sed., and translated. lnto Engllsh, by R.M. May

ln 1928. CaJaI wrote that the affected- nervous proto-

plasn d j"es after the lnltta1 lnclslon; thls.result
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ls preeeded., for a short tlne, hovtever, by Prg_ee.r.rglery

Necrosls s L.F-. "neeros1s assoclated. wlth the nosü

perfect norphologlcal lntegrlty".
Axon prejservatlon. The preserved. area of axons

lles d.lsta1 to the Zone of Corroslon. Thls zone ls
def lned as the siteTr; -""*", -.urld . Inttlat
cytologlcal changes oceur on the proxlmal part of þlne

axon. The lnltlal norphologlcal changes are hypertrophlc

sfumps of survlvlng axons wlth trregular dllated ter-
nlnatlons called. retractlon ba4g. T\ro days after the

lnclslon the ternlnatlons f,ron llvlng axons will form

glomerull, hooks and., occaslonallyo both of ühese. A

fer¡ of the axonso however, become pale and thelr âxo-

plasrn sonerqhat, granular. CaJal noted that axon ter-
nlnatlons whlch are best preserved- are those whlch

remaln ln the plasma exud.ate that forms from lnter-
stltlal haemorrhage. Myellnated. and. unmyelinated. cut

axons are perfectly preserved. for as long as elght d.ays

ln the coaguLum. Part of the same axon, sltuated. for
the same lengüh of tl¡ne ln a zone free of the exud.ate,

w111 sho¡s slgns of cellurar d.egeneration. caJal stated :

"In the phenomenon of preservatton a great part ls played

by some antlautolytlc prlnclple ¡uhlctr proceed-s fron the

sangulneous exud.ate and. ls flxed. ln the protoplasn of the
'axon.

Dendrlte presergatlon. CaJal observed that the
proxlnal end.s from cuü aplcal d,end.rltes of pyramld.al

iji':i.Ì
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neurons appear to be llttle changed_ by the trauma after
post-Ieslon perlod. of several d.ays. At the slte cf the

lnclslon the d-endrltes, ln Go1gl preparatlons, appear

denser and. somewhat d.arker. The dendrltlc end.s become

tapered. out and, ln some lnstanees may bend. backr,¡ard,s for
a few mlcrons" The entlre length of the d.endrttic

distal stunp undergoes atrophy and corroslon. The

ternlnal end. of the stump on the sld,e of bhe perlkaryon

d.lsappears. The new termlnation d.lsplays.compact

neuroflbrlllar bund.les vrhlch are hyperehro¡natlc to sllver
nltrate. Dend.rlte stumps ln the sub-plal area are

sllghtly tortuous and- dlsplay paler neuroflbrlls.
Cytological .oegeneration.

Dend.r.ltg. d.ese4eratlon. There ls a complete

absence of retractlon bal-ts, varlcosltles, sprouts and.

the neurofibrlllar reactlon ln d.egeneratlng d.end.rltes"

The process of l,Iallerlan d.egeneratlon (Waller, l.85Z')

of axons ls not found. ln d.end.rltes. Cajal expressed.

the oplnlon that ln cerebral wound.s the ,,lesion of the

Iarge d.end,rltes and. especlally of the rad.lal (stem zone)

trunk ls much aore serlous than that of the axon', n

Axong.l d esenerarlon_-qqs.tq-I.| .Ðg:¡glë. i{åt-ç_e
@!9r.

The dlstal stunp refers to the axonal flbre which ls
separated. fron the perlkaryon. Two reglons of d.egeneratlon

occur ln axons of pyrarnldal dlsta} stunps after an

lnclslon ls nad.e ln the whlte natter. The necrosed_
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seÃme-nç, the cut end. of the axon, a.ppears to be very

rapldly resorbed.. T\uo hours after the trauma the

necrosed. seguent has d.lsappeared.. CaJal noted. Einat ln
a few lnstances the necrosed. segment was represented. by

a serles of gralns,

The degenerat:Lgë se&nent, a few mlcrons behlnd.

the necro"uJsegment, d.isplays the lnttlal slgns of
traunatlc d.egeneratLon. lJlthln a few hours of the

lnclslon the' d.egeneratlve changes forn retractlon barls,
rlngsr oD both. The neuroflbrlls form a conpllcated.

retlculum wlthln the core of the ball. A portlon of
the retractlon ball has a clear area whlch was terned.

by caJaL as the hyallng êr€. Myelln sheaths renaln around

retractlon balls and varleosltles. TWenty-four hours

after the lnclslon helleal struetures sometines form

along the axon" Some axons, however, d.lsplay granular

d.lslntegratlon for tong d.lstanees. soon afterruard.s, the

d.lstal stunp d.les and. d.lsappears.

Gray matter. Wlthln the flrst few hours of
the lnelslon the necrotlc segment of the d.lsta1 stunp

und.ergoes rapld. resorptlon. The d.egeneratlon segment

nay form one of several types of retractlon balls.
r-erge axons of Betz eells form retractlon balls wlth
neuroflbrlllar retlculae. Retractlon balls of narro¡s

axons are proportl0nately snaller. rn some lnstances

lt was noted. by caJal that a thln and. tortuous axonal

thread" wlnds out from a retractlon ball toward.s the slte
l;i:ii¡
i:: .:i .l
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of the leslon. certaln axons have retractlon balls
wlth a d.ense neuroflbrlllar core whlch 1s capped. wlth a
hyallne area. These latter types lack extended thread.s.

Two or three d.ays after the lnelston the termlnal ba1ls

become completely hyallnlzed.. The varlcose thlckenlngsr
however, perslst,

Degeperatlon of She proxlnal. stump. Idhlte
matter and. d.eep grey natter.

The proxlnal sÈunp refers to the axonal flbre that has

retalned. lts connectlon to tþe perlkaryon. The necrotlc
gqgnent ls very snall and. d.lsappears soon after Èhe

lnclslon. The d.egg4era,Ul-on sesnent ln the proxlnal
stunp ls much shorter than lts counterpart ln the d.lstaL
sfump. The degeneratlon segments of large axons are

conflned. to retractlon barrs. The presence of a rrêüro-

flbrlllar retlculum ln the ternlnal dllatlon always

preced-es the fornatlon of a retractlon ball. snall
nyellnated. axons, however, form rlngs at thelr termlnal
end.s. These rlngs are sometlmes preced.ed. by glorierull
and. splrals.

Three d-ays after the lnclsron cut axons clearly
dlsplay four d.lstlnctlve d.egeneratlve reglons :

a) Termlnal retractJgn Þg11.. The stze of the
ball ls proportlonar to the axon d.laneter. sone balLs
und,ergo autotony r 1. ê . free balls.

b ) VarL.gose seflEre¡rt. A llnear serles of thlck-
enlngs that extends towards the neuron.

:'.Ìi¡
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c ) Hfpertroplulg segmegÊ. A d.tst,tnctlve long-

itud. LnaL swelIlng of the axon oecurs above the varleose

thlckenlngs. The neuroflbrlls ln thls area are hyper-

chromatlc.

d) Norgrgl seFncen-t. The slze of thls seguent

d.epend.s upon the slte of the lround., 1.ê. whether ln grey

or ln whlte matter.

lermlnal retraetion balls and. hypertrophlc segments

wlLl form onru when the leslon occurs ln the grey matter
d.lstal to the level of axon ôollaterars. Hypertrophlc

segments extend. up and. lnto the last two or three

unlnJured horlzontal collaterals.
The last pre-exlstlng collaterals extend oútward.s

new horlzantal or obllque branches whlch can be

followed for long d.lstances. The ner^¡ collaüerals d.o

not grow through the cortlcal lnclslon. The extracortlcal
axon ls pernanently lost. rn eonsequence of the above

events Golel type I pyramld.al cells are apparently

transformeb. lnto Golgl type rr cells. caJar conJectured.

that the propagatlon of the nerve lropulse d.own the

nutllated. axon wourd. not be lost, but ¡sould. be dlverted.
along the collaterals and. nelc branches.

Retractlon balLs and hypertrophlc segments are

not forned. when the slte of the lnclslon occurs proxinal
to the leveI of the last collateral. caJal belleved that
these cells "have sud.denly been kllled. and preserved',.
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Inelslons ln the sub-plal reglon lnterrupü

myellnated. and. unnyellnated. axons from collateral-s of

Pyrarnldal and. Martlnottl cells. The proxlnal stump of

these axons forn necroti.c and. degeneratlon segments.

These segments are larger than the counterparts In

the deeper layers of the grey natter.
So¡ra a.1te_rgÞ1o!L€. Aeeordlng to CaJal the

somata of several types of cerebral cel1s are affected.

by cerebral cortlcal lnelslons" The follorslng d.escrlp-

.tlons lncLud.e the nost frequent anatomlco-pathologlcal

celL types.

a) Gragular ngurons. these nerve cells repel

sllver lmpregnatlon after the lnclslon and. are then

granular ln appearance" The nueleus in affected. cells
ls usually perlpheral ln posltlon.

b) Hlrudlfs¡rn neurons. This type of cell ls
rare anð ls found. only aîþer a large lnclslon has been

made. The cells have short axon collaterals. A neuro-

flbrll,lar mesh occuples the perlkaryon and. varlcosltles.
These cells are usually lost seven d.ays after the

lnc1s1on.

c) Vacuolale4 neurons. Cytoplasnlc vacuolatlon

occurs ln the perlkarya of large pyranld.al cells ¡qhose

axons have been cut d.lstaL to thelr collateraLs. The

'nucleus 1s perlpherally d.lsplaced and. nay bulge out lnto
the aplcal d.end.rltlc shaft.

i::!"a::¡ì:
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d) Pycnotlg nel¡rgng. the sonata of these cel1s

ate elongate and are hyperchronatlc to sLlver lmpregnatlon.

These cells have nornal axons whose collateral-s are

unaffected. by the lnclslon.
e) Chrogago}Jrsts age cqle¿ fåqg$en!-at1,og. The

nutilatlon of the axon has a pronounced. effect upon the

Nlssl granules and. Golgi comprex" The retlculun of the

Golgl net becomes fragmented. and. granular. Complete

lysls of the complex preced.es the d.eath of bhe cell.
chronatolysls of the Nlssr gianules starts fro¡a the centre : . ,,., .

rÌ.,:::. -.:
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,tof the perlkaryon and. rapldly spread.s torrrard.s the
perlpheral regLon.

The effects of craniotony on flbre d.egeneratlon

ln the cerebral cortex of rabblts and. cats v¡as reported

by Harrls (1960 ). Experlnental craniotomy over the

ectosyrvlan, suprasylvlan and. narglnal gyrli ls âssoc-

lated. wlth flbre d,egeneratlon. Axonal d.egeneratlon

occurs ln all layers of the cerebral cortex. The extent
of flbre d.egeneratlon 1s proportlonal to the anount of
bone and. d.ura cut aü[ay. Harrls also observed. that the
greatest a¡nount of d.egeneratlon occurs when the pla nater
ls allowed to dry even for a few seconds. No evld.ence of
any other d-egeneratl0n or necrosls was found ln the

cerebral cortex. -Experlnaental eranlotony wlthout dura
'lnclslon d.oes not result ln fibre degeneratlon.

Colonnler and. Gray (Lg6Z) and Colonnter (L964)
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stud.led. the effects of und.ercuttlng the rat vlsual
cortex. They examlned- the changes ln the ultraflne
structure of the bouton termlnale of the cortlcal axons.

Twenty-four hours after the lnclston the mltochondrla

become electron opaque. The cytoplasm forms granulatlons ....: ..

and. appears electron d.ense. The synaptlc veslcles are :'::"

no longer present as d.lscrete sËnuetures. Neuro-

fllanents are not d.lseernlble. l.Three to flve d.ays later 
,.,.:,..,:.:

the Pre- and. postsynapÈlc nenbrane thickenlngs are i;',.;:.','l:,

..''.''

lnvaglnated. and. are lnvad.ed. by the phagocytle d.es- i;..i;
l.'.:.:

truetlon of nelghborlng gllal processes. The latter
form Lanellated. splrals. Durlng the three to flve day

perlod- d.endrltes appear rlormal. Colonnler noted. that
by ühe seventh to nlnth d.ay the cortlcal tlssue no longer

shows d.egeneratlng bouton terulnale.

Eese5teratlon ln !þe_ rerebggl_qqlte4.

4Iæ. CaJal noted that three d,ays after the

inclsion the centr¿iL sturnp of nye]-lnated. axons !r1rr forn
collateral branches. These branches are formed. from

ühe reglon of the d.egeneratlon segment. Collateral
branches arlse fron axontc varlcosltles and. on rare
occaslons from retractlon balls. A varicosity whlch send.s

out severaL branches was terned. by CaJal a rad.lal or
lestud.lnold neofornatlon. A second. type of collateral
orlgln was found. to arlse fron non-thlckened regloRs of
the axon. collaterars whlch arlse fron pyranld.al cells

ill:'i:j'i: ìi
:: .l:-:l'
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are short and. end. ln snall d.tlatlons.

Dendrltes" The oecurrence of new d.endrltlc
branches ln the CNS followlng anatonlcal lnterruptlon
ls rare. CaJaI noted dend.rltlc sprouting ln the splnal
cord of a young cat. He observed. sprouting followlng

.;'::: attempts to nerve graf t ln the splnal cord. These

d.endrltlc neofornatlons vüere found. a short distance

fron, the necrottc segment 1n the anterlor horn of the

','", lumbar sptnal cord.. The new d.end.rltes sprout d.lrectly

,,i, fron the perlkaryon and. forn short rad.late and. flllform
append.lces. Many of these'new d.endrltes have a snall
bulbous termlnatlon.. Blelschowsky and Gallus (r9r3)
reported slmtlar results in a human braln affected. by

túberose scleosls, ptck and. Blelschowsky (1911) observed.

slgns of d.end.rlte sproutlng ln human cerébral gang1-ia.
ì, T-Ð'fora (fgf¿+) reported that pyramlðal celIs of Amnon,s

Horn ln senlle d.ogs form new dendritlc branches wlth
d.llated termlnars. r.afora posturated. that a growth

f stlnulatlng substance ls released. from the cell proto-

on axonal sproutlng that ls exerted by agents tlnat
lnhlblt the fornatlon of connectlve tlssue" They

reported- that axon.collaterals were able to grow over
ä gap I nn long. There was no evldence of new d.end.rlte

sprouts occurrlng over the treated. area. snlder and Del
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cerro (L96? ) observed. drug-lnduced. d.end-rtte splne gror+th

ln PurklnJe celrs ln the adult rat cerebellum. sod_lun

d-lphenlhyd.antoln (litantrnB) was given ln large tntra-
muscular doses over a perlod. of flve weeks. The aninals
developed a type of nuscular ataxla E]naE is usually
assoclated. wlth cereberrar danage. The hlstorogical
effect was observed v¡lth the ald of electronnlcroscopy.
Ia,rge lanlnar bod.les 2 to 4 nicrons ln d laneter d.evelop

ln the forr¡ of sproutlng dend.rltlc splnes. The lnternal
arrangement of the sprouts has a lamlnar splral; these

splrals orlglnaüe from the cell nembrane. rt was found.

arso that a ferv axonal termlnals and. astrocytes develop

lanlnar splral bodles, The cytoplasm of the d"endrlttc
lamlnar bod-les ts d.evold- of organelles such as ¡nltochon-

d-rla, sfunlIarly, synaptlc veslcles are lacklng ln these

sprouts. snlder and. Del cerro have suggested. that the

"dend.rrtes of ad.ult PurklnJe ce}ls ln the cereberlun
dlsplay more morphologlcal plastlclty than 1s commq¡]y

believed.".

Grant (L965) and Grant and. Ald.skoglus (Lg6?)

reported. on changes 1n d.end.rltlc organlzatlon lnduced-

by axonal transectlon. The perlpheral portlon of the

twelfth cranlal nerve ln klttens was transectloned. and.

Nauta-rald.larv preparatlons were mad.e of the hypoglossal
nucleus of the medulla oblongata. The crlterlon whlch

the lnvestlgators used for recognlzlng a d.egeneratlng

d.endrlte was lts bead.ed necklâcê-llke appearance"

i :.'

i'a.:.::::

;- I ..'
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Retrograd.e d"endrlte d.egeneration was ln nost cases traced

as far back as the sten zone. Grant and. Aldskoglus

reported- that ln one speclmen the degeneratlon extend-erL

from the middle part of the branchlng zone to the dlstal
part of the termlnal zone. Jn two other sectlons the

d.egeneratlon was traced. fron the d"lstal area of the

branchlng zone to the ends of the termlnal zotle.

Globus and. Scheltrel (L966) noted. the effects of
d.eafferentatlon on the d.endrltes of the vlsual cortex

ln newborn rabblts. The afferent flbres fron the

lateral genlculate bod.y and. lpsllateral optlc nerve

were cut. Quantltatlve examlnatlons of Gclgl pre-

paratlons revealed. a selectlve red.uctlon 1n the d.end.rlte

splne d.enslty. A slgnlflcant falloff of spines oceurred

on the stem zone of pyramtdal celIs. Howevero the

splne d.enslty on.rthe obllque branches ln the branchlng

zone remalned unchanged.. A slnllar type of analysls

was d.one ln the parletal cortex after an lnclslon of
the corpus callosu¡n. The results of the la.tter
experiment agaln showed. selectlve splne reductlon. A

slgnlflcant loss ln splne d.enslty on the obllque branches

occurs after callosal lnclsionn whl}e the stem zor.e remalns

unchanged..

Jones and. Thomas (196?) observed. the effects of
d.eafferentatlon on d.endrltlc organlzatlon ln the cerebrar

cortex of adult rats. The olfactory ped.uncle was

obIlquely lnclsed. 1n such manner as to separate the

::.jiii.

i ....,Ìrirìi
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olfactory bulb and. tract fron the lpsllateral cerebral

hemlsphere. It should be recalled. t}l.aþ the aseend-ing

d.enårltes fron the pyrarnld.al neurons ln the prepyrlforn

cortex are the flnal junctlon for the lateral olfactory
tract. The prepyrlform cortex was prepared after the

Golgl-Cox technlque. Deafferentatlon of the olfactory
input resulted. ln a narked. red.uctlon ln the nurober of
dend.rlte secblons ln the branchlng zone. The greatest

reductlon took place ln the outer Layer of the prepy-

rlform cor.tex" There was no l'obvLous red.uctlon" ln
the number of dend"rltes ln the stem zone or basllar
d.end.r1tes.

The d.aüa fron the stud.les by Globus and Sehelbel

(L966) and. Jones and. Thomas (L962) esüablished. three

lmportant prlnelples" Flrst, structural aberratlons

result fron presynaptle lnterruptlon. Second., the

results d.emonstrate that the entlre d.end.rltlc arbor-

izatlon from one neuron ls d.lvlded. functlonally lnto
several speclfle areas" fhlrd., these flnd.lngs offer an

lnportant technlque for d.eterrnlni.ng the speciflc aîea

of afferent synaptlc contacü. Each area serves,

presumably, for the accoronod.atlon of afferent lnputs

fron d.lfferent reglons of the bod.y. Thls plurallty of
afferent accommodablon .ln monaxonlc neurons lndlcates
an ablllty for ¡rultlple coÖlflcatlon ln a slnsle d.end.rlte

tree and. soúê.
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Purpura and. Houseplan (1961) stud-led- some of

the physlologlcal propertles of the chronlcally lsolated'

cerebral cortex !n the i¡onature cat. Several attenpts

were made to flnd. an hlstoJ-oglea1 correlate for the

natu.re of the repetltlve d.lscharges ln the chronlc

preparatlon. The lnvestlgators reported that Golgl type I

celts wlth extracortlcal axonal proJectlons become

altered- to Golgl EyPe 11 cells wlth lntracortlcal axonal

trajectorles. These latter results confirmed' earller

flnd-lngs thab were d.escrlbed by CaJaI (19L3-L911+)'

purpura and- Houseplan (op,clt. ) also stated that the

lso}.atlon "lroqegufe--qlq noÈ alter th

of dendrltlc d.lfferentlation of cellå wlthln-Þbg

Å8933!g*1dÞ". They reported- further that basllar

d.end.rltes of pyranld.al neurons were not aLtered. in

thetrr naturatlon process. The nethod.ology they used.

.for thelr qualltatlve and. quantitatlve hlstologtcal

d.eterntnatlons was, unfortunately, not publlsheù.

The effeot of chronlc lsolatlon on neuron PoPu-

LaÈion d-enslty was stud.ied. by CaJal (19?8, I Sastry (L956) 
'

Echl.ln (L959) and. by Relffensteln ( fg64). All these

lnvestlgators reported. an overall reducülon 1n the ceII
:d.enslty. CaJal and Echlln poLnted. out that the rnost

characterlstlc hlstologtcal feature of chronlc lsolatlon

was the conplete dropout of the large Beþz cells of

layer V, CaJaI noted. that Golgl type II cells and'

pyranld.als whose axons vrere severed. below the level of

axon collaterals survlved the lsolatlon.

l:-: l:

1..':
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3. .E{[ECTS of EWIRONUIëNTAL MANIPULATION on MoRPHoLocY
of NEURONS

Some early stud les were mad.e by Mann ( 1894 )

and by Carlson (L902-A3) on the effects of sensory drlve

to retlnal neurons. These lnvestlgators found. that
controlled. retlnal sülnulatlon lnduced. signlfLcant

changes in retlnal neuron morphology. A more recent

study J,by Holloway (1966) shor'red that an enrlehed.

sensory envlronment lncreases dend.rlte conplexlty 1n

rats' cerebral cortex. 'Morphologlcal changes ln nerve

cells have been observed. also ln many studles where

the experlmental rnanlpulation conslsted. ln d"eprivlng

the test animal of any stlmulatton fron vlslble light.
Prolonged. light d.eprlvatlon has been shown to produce

cytologlcal alteratlons ln retlnal neurons of mammals

(welskrantz, l-958; Rlesen, 1960). Gyllenst,en (l-g59)

dèscribed. perlkaryal alteratlons ln the vlsual cortex

of mlce after a perlod. ln whlch the anlnals were reared.

from birth to l0 d.ays ln the d.ark, Coleman (L965) and.

Colenan and. Rlesen (1968) stud.led. the effects of
d.eprlvatlon from llght on cortlcal d.end.rltlc fleld.s.

They observed. that cats reared. ln the d.ark show slg-
nlfieant d.endrltlc ehanges ln layer IV stellate cells
of the vlsual cortex. Changes were also observed- ln
layer III pyranldal neurons of the posterlor clngulate

1:.:.

i,,
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g;yrus. the stellate cells exhiblt red.uctl0ns ln the

' length of dendrltes ln the thlrd. order of branching.
The dend.rlte sectlon lengths are reduced. by zz percent

of correspond.rng lengths measured. 1n control
preparatl0ns. some other consequences of lisht
deprlvaËlon ü¡ere observed- by coleman and. Riesen; these
srere: fewer d.end.rlte branches, a snall red.uctl0n ln
the ftrst ord.er of branchlng, larger red.uetlons ln the
next two branch ord-ers and smallest red.uetlons 1n the
succeed.lng branch ord.ers, colenan and Rlesen used.

sholl's technlque of concentrlc clrcles to examine

d.endrlte interseettons (shou, rg56) and. found. that
ln llght-deprlved. anlmars there are fewer of such lnter-
seetlons ln the band"s furthest away from the perlkaryon.
No changes $rere found. ln layer v pyranld.al ce11s rn the
vtsual cortex. valverd.e (196?) cond-ucted lrsht

.d.eprlvatlon studles on rats. He noted. a slgniflcant
red.uctlon ln the number of splnes per dendrlte sectlon
ln layer rv of the vlsual eortex. Globus and. schelbel
(w6?) cond.ucbed. rlght d.eprlvatlon stud.les on young

rabblts. They reported. that layer rv stellaüe neurons
d.lsplay shorter dendrlte lengths after sueh d.eprlvatlon
but lndlcatedr.however, that the greatest norphologlcal

l": l::;¡
1_:,:-....

i -':.::.

change that could. be found. was ln the deformity of spines i,:,..,,.,

along the central three-flfths of the sten zone ln aplcal
pyramldal ceIls. No reductlon ln the nunber of d.end.rltlc :

splnes was reported. for the rabblt. rt nay be noted.
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frnally that ln all the studles Just clted. on the effects
of Ilght deprlvatron there were no reports of changes,

as seen 1n Golgl preparatlons, ln the neuron poBulatlon
denslty of the vlsual cortex"

rt becones apparent fron the foregorng observations
that the resurts of both excesslve vlsuar stl¡oulatlon
end of essentlally complete d.eprlvatlon fron llght
tend. to substantlate an important postulate, rn certaln
na¡nmallan specles the maturatl0n process of d.end.rlte
branchlng and morphology ls d.epend.ent upon lts past
envlronnental expe:rlence as well as upon specles
lnherltance factors. The nalntenânce of the dend.rltlc
co¡nplexlty appears, also to be d.ependent on the ablllty
of contlnued afferent lnput to repeat and. perhaps to
relnforce the anlnal's past experlences.

ir
t.

i::
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METHODS AND MATERIAI,S

All neurohlstologlcar tlssues used. rn thls study
were prepared from adult cats of elther sex, welghlng
from ?. J to S, S kg. Thlrty-two cats were used. ln thls
study. They were of unselected. ancestry, Felis d.omestlca
(Llnnaeus, L?58), and were not known to have any
norphol0glc or metabollc d.lsorders. All cats were
carefuLly nalntalned ln a vlvarlum for perlods of fron
slx d-ays to slx weeks prror to thelr experrmentar use.
rn the vlvarlum envlronment the cats had. ad.equate space
for exerclse and normal movement; generally from J to
15 cats were kept ln one large enclosure. At arl tines
the anlnals were qulte placid; they were not knowlngly
exposed- to cond ltlons whlch would normally lnd.uce rage
or any other type of abnornal behavioral responses.

1. SURGIçAL PBOCEÐURES

rntagt cerebrar cortex. The cats used. ln thls
experlmental group were sacrlflced by the lntraperltoneal
admlnlstratlon of an overd.ose of sod.lun pentobarbltal;
the overdose revel was approxlnately twrce the dose
usually requlred. to lnd.uce d.eep anaesthesla. The lntra_
perltoneal anaesthetlc d.ose of pentobarbrtal ls generarry j=.,,,,..,j

i ;j:ì::

taken to be j5 ns/ks (Barnes and. Eltherlngton, rg6s) so
that the fatar dose grven ranged between B0 and 100 mg/kg.

:^::': :':'
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At the flrst slgns of loss of consclousness ln the cat
lt ,was transferued to an elevated surglcal table and.

posltloned on lts ventral aspect. The head lras sllghtly
elevated. and elanped. ln a czerm,ak hold.er (palmer).

A nld'Ilne rncrsron of the sealp was mad.e wlth a

frZL seaLpel blad.e; thls separated. the lntegunent and

und.erlylng superflclar fascla from the d.eep fascla. The

anterlor polnt of the lnc1s1on was a few mlrllmeters
ahead of the Junctlon made by the coronal and, sag!.tüal
sutures and. extended to about 3 cm caud.ad. to the lanb-
d-oldal crest. The deep fascla were allowed. to remaln

lntact to the underlylng temporal nuscres. The tenporal
fascla, whlch serve as the orlgln of the temporal nusclen
were cut on a llne whlch extend.ed over the saglttal
suture and. the saglttal and ranbdoidar crests. The

temporar fascla and. und-erlylng perlosteum were then

. bllaterally separated. froro the carvarlun bones. The

separatlon proceed.ed. ventrolaterarly along the tenporal
fossa and. flnally ternlnated. where the lanbd.oidal rld.ge l..i:.,;,,î,.:':: : :

Jolnts wlth the zygamatlc process of the tenporal bonec i,,r.ì.,i,,.,,.,

The tenporar muscres were lateralJ-y rèf lected. and. 
:;'1r¡i;¡1; ;:

clamped- Just above the lever of the zygomatlc arch.
The unattached. part of the musole was transected. and. 

:.;,,;.::;.,.::
removed.. A rectangular area of bone about j.O x !.5 cm i,. i:'1:,iìì,r:

was clrcumscrlbed over both parletal bones. The surfaee
regional relatlonshlps of the area's borders were:
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anterlorly about 3 mm fron the coronal suture, d.orso-

med-lally about 3 mn fron the saglttal suturer vêrtro-'
laterally about 3 rnn from the squamous suture of the

temporal bone. The area's lnternar reglonal relation-
shlps to the topography of the braln were: anterlorly
the ansatus sulcus, med.lally the lateral half of the
narglnal gyrus, posterlorly half of the posterlor lateral
gyrus, laterarly half of the ectosylvlan gyrus, and. arl
of the suprasylvlen gyruso A number I vanad_lum steel
dental burr r¡as used. to furrow a groove lnto the bone

on the perlneter of the clrcumscrlbed. area. The furrow
extend.ed. lnto the depth of the outer tatrle and dtploe
of the carvarlum" The furrow was lrrtgated wlth normal
sallne at 37og¿n order to clear the d.ebrls and.

haemorrhage from the traurnatlzed. d.lproe. The lnner
table was furrowed., care belng taken to prevent any

trauma to ühe underlylng d.ura nater. The freed bone

was then Ilfted and. removed. The area of exposed. dura
mater ¡sas enlarged. by rongeurs. rf the anlnal were stlll
allve at thls polnt extrene caublon would. be taken not
to traunatize the saglttal slnus. surglcal exposure

of the contralateral slde was then conpleted. At thls
stage of surglcal proced-ure, lf the anlmal was stll-I
allveç &n ad-d.ltlonal overdose of sod.lum pentobarbltal
lras admlnlstered.. The' central reglon of the exposed

dura mater was llfted and. a longltud tnal sllt was cut
wlth a palr of flne need.renose sctssors fltted r.¡lth a
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blunt lead lng polnt. The free ed.ges of the d.ura ürere

. reflected and the.exposed pia ¡rater was kept molst by
a constant drlp flow of warm sallne. Several topo_
graphlcal landnarks of the braln (F1g. 1) were used. as
common guldes to facllltate the ldentlflcatl0n of slnlLar
areas ln alr the experfuoentar- cats. The anterror rand_
mark of the suprasylvlan gyrus was d.eflned. as a 1lne
paralrel to the coronal suture and. passlng through the
crosspolnt of the ansatus and. Lateral sulcl; the
posterl0r land-nark was a l1ne slmllarly d.eflned. that
passed- through the polnt at whlch the mlddr_e suprasylvlan
sulcus changed dlrectlon to forn the posts¡rfyian suLcus.
the gyrus beyond. the posterl0r land.nark was cut with
a tapered end- ln ord.er to rdentlfy thrs portlon d.urrng
the orlentation of the b10ck for sectl0nlng by the
nlcrotome. A number 11 scalper blad.e was flrst thrust

. lnto the anterror rand.narko and then passed. along the
marglnal gyrus a felv nlrrlmeters from the lateral sulcus,
a10ng the lnd.lcated. tapered. posterl0r end, and. lnto the
ectosylvlan gyrus a few mllllmeters fron the nld.d.le
suprasylvlan sulcus. The cut borders r,fere und.ercut wlth
a number 22 brade. The bl0ck was gently llfted. out,
¡vltBrut bend"lns, by the broad. end. of the scalpel handle.
The overall stze of the block was about Zg x 12 nn and
10 nm d'eep. The trssue brock was qurckry rrnsed wlth
warn sallne and- praced- ln a brown glass Jar contarnlng
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Ablated. area

Flg. 1. Dorsal Vlew of Cat Cerebral Henlsphel@se

Anterlor and posterior topographlcal land.-
',t' mar:ks are lnd.lcated. Ablated. area lndlcated by

cross hatch marks.

j .l,r:. :: . r.rr,

i.:)1ìl:t::ì l1:;ni:J :
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the hlstologlcal flxatlve (see p.10?). No attempt was

mad.e to perfuse the braln wlth sallne before the cortlcal
ablatlon.

lon of i soJ.ated. slabs ocerebral coitèx.
Acute lsolatlo!. a.naesthesla was lnd.ueed. by ether after
the techntque descrlbed. by Brock (lg6?j. The cat was

placed- in a snalI wood.en box contalnlng an ether-soaked
pad- of cotton wool. surglcal anaesthesla was attalned. wlth
onry a brlef perlod. of the excltenent stage of anaes-
thesia (Goodman and. Gllnan, Lg65, 3rd. Ed.ltlon). The

anaesthetized cat was transferred to an operatlng table
and" placed on lts back. The adnlnlstratlon of ether
was contlnued by the use of a îosê-cofrê. The traehea
ráras cannulated., the nose-coÍrê renoved and. a varlable-
bypass ether bottle was connected. whlch roaintalned.

surglcar anaesthesla" subsequently, a second. cannula
vras lnserted lnto the rlght fenoraL vein for the purpose

of,' lntrod.uclng a neuronuscurar blocklng agent, gallanlne,
anc fluld.s. The galramlne was ad.nlnlstered. ln d.oses

of 5 mg/kg, at varlous lntervals, ln ord.er to ¡nalntaln
relaxatlon of skeletal muscle.

The surgrcar proced.ures used for the exposure
of the suprasyrvian gyrus ln thts experrmental group of
caLs followeri. very closely those technlques prevlously
descrlbed. ln thls chapter for the lntact cerebral cortex.
The sallent d.lfferences were the äbsence of sodiun

i, l
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pentobarbltal and the nore lrberar use of bone wax
(beeswax wlth ?% phenoL) to controL haemorrhage resultlng
fron trauma and exposure of the dlploe of the parretal
bones. Neuronally lsol,ated. slabs of cerebral cortex
were cut ln the caËs' suprasylvlan gyrl by slight
nod'lflcatlons of technlques prevl0usly d.escrlbed by
Burns (tgt+9, Lgso), and. plnsky (Ig5?). t 3 mm} area
of pla and- its superflclal blood. vessels at the posterlor :i:.:-.:i.

end- of the gyrus was erectrocauterlzed. wlth a d.anped,

hlgh frequency electrocautery devlce (Blrtcher Hyfereator
Mod.el #?O3), A hole about 2 nn ln.dlameter was

asplrated. through the cauterlzed. area wlüh a f1ne1y
tapered- glass tube connected to a faucet asplrator.
The hole extended. d.own lnto the lateral ventrrcle and.

thus provld.ed. a dralnage route for the escape of excess
cerebrosplnal fluld. the d.ralnage hole helped. üo red.uce

. the lncldence of braln swelllng. A wlre_knlfe (plnsky,
L95?'), conslstlng of a süeel wlre 20 run rong wlth a
rlght angle bend. t+ nn long and. frtted. wrth a round.ed.

ülp was lnserted- lnto the d.rarnage hore. The trp ivas

nanlpulated to the subplal posltl0n and., ührough the
translucent pra, was Just vrsrble to the operator. The
wlre-lmlfe wad gently pushed. to clrcumscrrbe a rectan-
gular area 20 mm x 5 nm, as lllustrated. ln Flg. Z, Ihe
knlfe was then gently removed. from the brarn. A spatula
stalnless steel knife d.escrlbed by plnsky (Lg5?) was
used- as the undercuttlng knlfe. It was lnserted. lnto the
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Fig. 2. Dorsal Vler+ of Cat Cerebral Henlspheresr

Rectangular area, Z0 mm x J mmo ln supra-

sylvlan gyrus lnd.lcates dorsal llmlts of acutely
lsolated. slab.
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dralnage hole and. gently pushed, at a

and. parallel to the plal nenbrane, to

100

depth of j mn belol
a polnt Just

beyond the anterlor end of the slab. The spatula was
then rotated sllghtly fron slde to sld.e. The rotatlon
lnsured a complete und.ercut of cortlcar afferent and.

efferent flbres of the srab. The overlying blood. vessels
of the pla whlch supplled. the lsorated. slab were not
d'amaged'. The surgery for the sld.e cuts left a d.ark
subplal llne whlch was barely vlslble. The proof and. the
extent for the conpleteness ôf neuronar lsoratror¡. r,ras
later d.eternlned. by hlstologlcal nethods. Howeverr the
unlfornlty of ühe d.ark subplal llne was usually lnd.lcative
of neuronal 1so1at10n at the gross observatl0n level.

Decerebratl0n rvas carrled out by a4 electro-
cautery 100p whlch transected. the braln stem at the nld.-
colllcular level. The tentorlum cerebelrl was taken as

. the anatomlcal narker 1n ord.er to ascertaln the regl0nal
reIatl0nshlp of the braln sten. The verüebral arterles,
ventrally slüuated., were not d.anaged.. Ether adnlnlstratl0n
was d'lscontlnued. and. the exposed. braln area was kept
nolst wlth sallne. The cat was then üransferred. to a
recordlng tabJ:e and. a resplratory punp was attached to
the tracheal cannula. the free ed.ges of the lncised
scalp lntegument were sutured. to a clrcular lron clanp
by slnple ianots of strlng. Thls technlque forned. a r,rell
over the exposed braln and surround.ing bone whlch was

;¡ì
:i
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fllled. wlth nlneral o11 at 3ToC. The body temperature
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of the cat was malntalned at 3?oc. by a rectal probe
connected- üo a heatlng element whlch bler¡ ?rarm alr
through a perforated netal plaüe ii,hat supported. the cat.

After a perlod of electrical stlmulation, the
nature of whlch ls d.escrlbed ln a later part of ühls
chapter, the cat was transferred back üo the operatlng
table. The mlneral 01r was asplrated. and. the cat was
sacrlfleed. by a large overd.ose of sod.i.un pentobarbltal
ad'mlnlstered- through the fenoral veln gannula.

The procedure Just descrlbed. for sacrlflclng
the anlmal was d.ecld.ed. on because the effects of anoxla
on the nod if red. Gorsl technrque are not rimown. There_
fore the cats cou1d. not be sacrlflced slnply by turnlng
off ühe resplratory punp. Nor could d.eath of the anlna1
be lnduced. by intravenous lnJection of saturated.
nagneslum sulphate slnce hlgh concentratlons of thls

. compound. ln the braln could. be expected. to lnterfere wlth
the hlstologlcal technlques.

surgleal proced.ures used. for cortlcar abrabion at
thls stage ¡rrere srnlrar to those enployed. for ühe rntact
cerebral cortex. rn a few acute lsolatlon experl¡nents
the ed-enatous swelllng of the braln was consld.ered. too
severe for.hlstol0glcal use. rn these cases lt was felt
that nany cytologlcal and. hlstologlcal d.etalrs of the
cortex would. have been d.lstorted and therefore would not

. represent thelr natural reratl0nshlps to each other.

L ... ::.
i::'..:.¡:.:1,
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C,hronli .lsglatlon. Cortlca1 slabs ln thts

group ?¡ere neuronally lsolated for'perl0d.s of from slx
to eleven months. In general, the cats galned. about
1'5 kg ln welghü after the operatl0n, over a perl0d of
about nlne nonths. orr the basls of thelr weight galn
they were consld.ered. to be ln better health than pr10r
to thelr flrst operatlon.

The surgleal procedures for the preparatlon of
10ng tern cortlcal neuronal lsolatlon have been
descrlbed by several authoré (Grafsteln and sastry, Lg5?t
Sharpless and HaLpern ç L96Zi; Gorchynskl , L964¡
Relffensteln, Lg64; Brock, Lg67). These technlques
were ln some ways slnllar to those used. in the Þre:
paratl0n of acute neuronal 1so1at10n. The cat was
anaesthetlzed. for surgery wlth so¿lun pentobarbltal
(35 ng,/XE, lntraperltoneal). It was posttloned., und.er
anaestheslan on lts venüral aspect and. the head 100se1y
clamped. in a Czernak hold.er speelfled prevlously. The
lnltlal lnclsl0n and. subsequent d.1ssectl0n of the scalp
area vrere ca*led out und.er clean but not aseptlc condltlons,
The left tenporal muscle was reflected. from lts d.orsal
nld.llne orlgln. Great care üras taken not üo traunatlze
the reflected. tenporal fascla wlth lts attached perl0steun.
An area of parletal bone was renoved. by the nethods'd.escrlbed earli.er for acute lsolatlon. The dura nater
was lnclsed on the nldline of the exposure area; each
half oi the cut dura was then reflected. Ar¡ area of
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pla naterr about 4 nn ln d.laneter, was then cauterlzed
aþ the eaud-al end of the reglon lntended. for lsolatlon.
The braln tlssue beneath thls was then asplrated. away
to provrde a d-rarnage hole lnto the rateral ventrlcle.
Neuronal lsolat'l0n of a cortlcal slab was then d.one ln
the suprasylvlan gyrus. The free ends of the d.ura mater
were sutured to each other wlth flne nyl0n thread.
(ethrcon #6'0). The reflected. tenporal nuscle an.
fascla were sutured. to the orlgln of the rlght temporal
muscle. The osteogenlc layer from both the outer
perl0steum and from the d.ura nater were ühus placed ln
apposltlon wlth each other. The reflected. scalp
lnËegunent Ì'ras suturecr. on the dorsal nld.llne wlth lgo
cotton thread. prophylactf-c antlblotlcs, such as
streptomycln 0. J granr or 1100, 000 unlts of penlclllln,
or 1n some cases both, were a.nlnistered. one half-hour

. after surgery and. thereafter once d.ally for the next
three to flve d.ays. The cat was then returned. to the
vlvarluru' Burns (L958), ln connentlng upon the usefulness ¡,,,r,.,,,,,i

of thls nethod, stated. that ,,the remarnd.er of the anrnal i¡ '..rr,-
¡::j:::-::serves only as a convenlent heart-luog systen for

perfuslon of the lsolated. braln,,.
Re-exposure of the chroniearly isolate. cerebral .:

¡r -r!-i ii:ii:i:...tcortex requlred. a slight no.iflcatl0n fron the procedures iìì:::r':;::1;:

for acute lsolatlon (netffensteln, Lg6t+). The üemporal
nuscle and fascla could not be refrected. fron orlgln :

ln.thelr entlrety wlthout also tearlng aivay the newly grolrn j ...,::,,
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bony praque and und.erlylng brarn tlssue. Therefore,
snall groups of ¡nuscle flbres werê teased. away and. electro_
cautery was used llberally for henostasls of snall
b100. vessels. The tenporal nuscle was then clanped
near the lambdoldal rldge. A snall hole was mad.e ln
the parletal bone wlth #g vanaô,lum steel d.ental burr
and gently enlarged wlth flne rongeurs. The und.erlylng
ad.heslons were cut wlth flne lrls sclssors and.

cauterlzed before the remalnd.er of the regenerated. bone
r{as renoved..

sone of the chronlc cats were used. for electro-
phys1010g1ea1 experlnents whlch lnvolved surface
stlmulatl0n and. recordlng wlth 1r1dLun-platlnum and.
sLlk-rslck electrod.es. In thls experlnental group the
procedures for anaesthesia, tracheotomy and decerebratl0n
were as prevl0usly d.escrlbed. for acute 1so1at10n. The
anlnals were paralyzed. wlth gallarnlne trl10d.1d.e (Flaxed.l1,
Poulenc, 5 mg/ng lntravenous). The cat was sacrlflced.,
at the ternlnatl0n of the elect¡lcal experlments, by the
intravenous lnJectton of an overd.ose of sod.lum pento-

','barbltal. The resplratlon punp was shut off slowly after
thls lnJectl0n. rn the second. group of chronlc cats the
slabs rrere not stlnulated; these cats were sacrlflced.

ylvran i;:

gyrl were renoved and lnmed.1ately lnmersed. in the tlssue
flxative.

I :r': . :.:,:
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2. EJSTOLOGICAL TECHNIQUE

A hlghly speclflc hlstologlcal technlque was

requlred ln order to carry out the quantltatlve and

qualltatlve measurements mad.e ln thls study. It seens

reasonable to state that the ld.eal stalnlng process

for cytoarchltectonlc süud.les ln gyrl of lntact and

lsolated cerebral cortex would. be one that ls pre-
ferenüla'l for all neurons whlre belng achronatlc towards
neuroglla and. b100d- vessers. None of the lnrown

nlcroscoplc technlques fulflrIs these requlrenents.
Neurons are dlfferentlated. norphologlcally from gllal
cel1s by the presence of tlgrold bod.tes. The granules
are readlly stalned ln thln paraffln seçt10ns by any

of the followlng nethod.s: a) nethylene blue, Nlssl
(1894); b) cresvl vrolet, Kerler (t9bsl; c) thlonrn,
Clark and. Sperry (t945¡, d) gallocyanln, Elnarson
(195I). However, lsolatlon of the cereb.ral oortex results
ln retrograd.e d.egeneratlon of cerebra] neurons and chrom-
atolysls of thelr tlgrotd substance (CaJal, lr}ZB). As

a result of the chromatolysls a cytoplasmic organelle
staln would no longer provrd.e a rerlabre nethod of
dlfferentlatlng perlkarya of neurons from those of
neuroglla. The Abercronble eg46) correctlon factor,
whlch ls appllcable only 1n thin mlcrotone sectlons,
enables an accurate count of the actual neuron. nuclear
populatlon d.enslty to be made from the observable

':i.:J
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number of nuclear fragnents. r,, thln paraffln sectl0ns
of lsolated cerebral cortex lt would. be vlrtually
lmposslble to ldentlfy separately the dlscrete morpho_
loglcar drfferences rn nuclear fragments of neurons and
of g1la' cells. As a result of these .lfflcultles the
correctl0n factor could. not be used ln thls study.

An analysls of varlous parameters of dend.rlte
trees fron cortlcar pyramldal neurons forned an lnpor_
ta.nt part of thls stud-y. It has long been establlshed.

s 
ln neurohlstologlcal stud-les that cortlcal dend.rltes
fo]-low a tortuous three_d.1.menslona1 pathway. Therefore
patterns of d-endrltlc arborlzatlon can be traced out only
fron thlck mlcrotome sectlons. Thlck sections that
have been sllghtly overstalned. wlII always present an
extreme d.lfflcuIty ln the ldentlficatl0n of a conplete
cortlcal d.end.rlte tree from one nerve ceIl that ls
observably d.lstlnct and. separate fron another. on the
other hand, sltghtly under-stalned. sectlons d.o not reveal
enough of the snarler dend.rlte branches and thls would.
lead to a blased result.

several nethods of slrver lmpregnatl0n wlth 10w
vlscoslty nltrocellulose (celloldln) lnbedd.lng were trled..
The cox (1891) modlftcatlon of colsrls rapl. nethod
(cofsf, 1878) was.faulty on two maln polnts. Flrst, the
lmpregnatl0n period. was rather 10ng, requlrlng fron 3
üo J weeks. second, the length of the braln tissue bl0ck l

f .,, i,.;-:',,,
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could not exceed 1o mm. rt was felt that there were

obvlous advantages ln an en-brock stalnlng technlque
which wourd retaln the structural lntegrrty of the
enblre gyrus. A mod.lflcatlon of Mallory's verslon of
Golgl's rapld_ nethod (trtallory, Lg],B) was devlsed. after
fourteen other d.lfferent trlal nethod_s had been

attempted and, reJected. The nethod. flnally arrlved.
at pernitted sllver lnpregnatlon of reLatlvely large
blocks of cat's cerebral cortical tlssue. These blocks
measured 20 mn long, I nn wld.e and. 6 nn deep. There

are no reports ln the llterature of such large bl0cks
of braln belng successfully treated. conslstently to
yleld sllver lnpregnatlon wlth unlform resurts through-
out the tlssue block.

1. Flxatlvg. The frxatrve sor-utton conslsted.
of l+0 ml of 2,5% w/v aqueous potasslun dlchronate
(X2Cr2Or) and 10 ml of l% w/v aqueous osmtc aci¿ (OsO4).

stock solutlons of potasslum d.lehronate and. osnlc acld
were prepared but were not mlxed_ together untll requlred..
The flxatlve solutlon was d.trscard.ed. after each üsêe

Flxatlve and fresh braln tlssue $¡ere placed. ln tlghtly
stoppered. d.ark glass bottles. The volume of flxatrve
used. was abouþ zo tlnes the volune of the tlssue to be

flxed.. Flxatrve tlme was ?z t 3 horr"s wrth gentle
agltatlon once every 12 hours. Flxatlve tlme was found
to be hlehly crltlcal.

:::,r::
f-:l-
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11. Stalnlng. (Meta11lc lmprggnatlon). The

staln used- rcas 0.75% w/v sllver nltrate (nsNo3) so1ut10n.
The use of thls reagent has been nore accuratery terned.
a metalllc lmpregnatlon technlque (Davenport,

Humason, ],962'). Fresh solutlon was prepared. Just prlor ].,:':.

to lts use and d.rscard.ed. after each preparatlon of
stalned tlssue.

The trssue brock was renoved- fron the frxatrve i,:,i,
and' wrapped lnned.lately 1n surglcal gauze. rt was

washed t¡clce ln d.lstLIled water; each wash lasüed only
30 second-s. Extreme cautlon was taken to ensure that
the surface layer of each tlssue block d.ld. not dry out.
Prolonged- washrng or partial d.esslcatr.on rnvarrably
altered. the d.egree of sllver lnpregnatlon and gave

lnconslstent results. The gauze-Û¡rapped. tlssue block
was suspended ln a stoppered. dark glass bottle for
48 t 2 hours, wlth gentre agltatlon once every lz hours.
Agaln, thls tlne factor was crltlcal for the flnal resulü.
The volume of slIver nrtrate solutlon was al¡vays nad.e
l+0 tlmes the volune of trssue to be lnpregnated.. The

staln soruülon was dlscard.ed. and replenlshed whenever
lt turned. cloudy yellow after the lnrtlaI rmmersron of
the flxed.. tissue blocks.

111. Dehvdratlg!. Edhyl alcohol and a flnal
alcohol-ether mlxture were used as the dehyd.ratrng

iri:-:
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agenfs. The entlre dehydratlon process vüas carrled_

out und.er condltlons of subdued llght. The gauze-

wrapped. tlssue was transferred. d-lrectly fron the sllver
nltrate solutlon to a graded- serles of ethyl alcohol-
d 1stllled vrater solutlons (v/v ) rn the followtng rnanner:

JAft alcohol--l hour, 5O%--Z hours, ?Tft--U hours,

95ft--2 changes eaeh of 4 hours, LOO%--? changes each

of 6 hours. Flnalry, the tlssue was transferred. to a

5a¿5a nlxture of Loj% absoluÈe alcohol and. anhyd.rous

dlethyl ether for 12 hours.

lv. # v. rnflltratlon aJrd enbedd.lng. Lo!,¡ vlscosity
nltrocellulose (LvN, ce1rold ln, parlold.ln, pyroxylln)
was used- as the lnflltratlng agent. rnltlally, attempts
erere mad,e to lnfllürate the large tlssue blocks 9r1th

nltrocerluJ-ose by the nethods descrlbed 1n several
authorltatlve texts on mlcrotechnlque (cuyer, ]1953t

Davenport, L96O; Hunason, Lg6Z; LlIIle , 1965). Lt vgas

found. that these nethods never allowed. more than a thln
outer layer to become lnflltrated. even after a whole
week of treatment. As a result of such lncomplete
lnflltratlon lt was lmposslble to sectlon the tlssue
block core. A nod-rfred technrque was consequently
d-evlsed.to ellnlnaüe the lnflltratlon. d.lfflcuIty. Thln
sllces of braln tlssue, a few mllllneters thlek, were

cut away from the ventral surface of the brock untlr
the llght green color of the whlte matter r,ras exposed.

\:'a..



A #2r ot #zz scarper-blad,e rras found useful for this
proced-ure. The b10ck was kept molst durlng thls part
of preparaülon by perlodlc rnmerslon rnto the finar
alcohol-ether mlxture. The trssue block was then
transferred to a graded. serles of nltrocelrulose
solutl0ns whlch were kept in covered. stender d.ishes
whleh measured 6o nn x J0 nm. The solvent was a J0:
J0 mlxture of LOoft ethanor and. anhyd.rous ether. The

inflltratron tlne for each of the d.rrutlons r{ere:
LÈ% celÌoid-in tn alcohol-ether solvent__t day , 3/"
cel1ord Ln--z days , 6% ce1lord.1n--1 d.ay and. saturated_
ce1101d'1n--1 day. The inflltratl0n proced.ures were
carried. out ln subd.ued. Ilght.

rnflltrated. tlssues were embed-d.ed rn saturated.
nlüroeellurose after a uod.rficatlon of the raprd. nethod.
by rlumason (Lg6zl. The contalner part of cardboard. plrl

.boxes' ,oeasurlng 6.5 cm ln length, þ.0 cn rn wld.üh and.

2,O cn ln d-epth, r¡ere d1vld.ed. d.iagonally by a card.board.

110

insert to form two trtangLes. The trtangular conpart- i:',trt,,' .';,.''
nents so formed were filled. with saturated. nltrocellulose ,,,,.,' ,,

and- a block of cortlcal tlssue was placed ln each 
) ::::

compart¡0ent. The cortical bl0cks were rested. on thelr
ventral surfac'e wtth the anterror end of the block ì .

l:t'ìì';r'-
d-lrected. toward.s the apex and the posterl0r end. üoward_s ii,'ù'#

the base of the trrang]-e. The conpartmented boxes
were transferred to a srnall schelbler g.lass deslccator

ir¡;;;:¡;:;;r
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contalnlng 10 nl 0f chl0roform and. wlth the cover
tlghtly cr-osed. The bl0cks were a110wed to ,,set,, for
two days or untlr the nltrocelrulose was of gun rubber
conslsteney. The nltrocellulose bl0cks were removed,
properly trlnmed d.o¡qn to sectlonlng slze, nounted. wlth
fresh saturated nltrocelrulose solutron on square red.
flbre blocks whose surface was scored. to lncrease
ad'heslon. The nltrocelrulose brocks were carefully
orlentated on the flbre b10cks for future coronal
sectlonlng wlth a horlzontal sLl.lng nlcrotone. The
mounted bl0cks were then returned to the d_eslccator
for an ad.d.ltlonal- 24 hours. At the end of thls tlroe they
were lmmersed. rn roft alcohol for a few hours or untll
hard. enough for. sectlonlng.

vi. tlng. Serlal sections
of the nltrocelrulose-e¡nbedd.ed. tlssues were cut on a
horlzontal cIlnlcal mlcrotome (Sartorlus).
several test sectrons, rangrng fron 3o-zoo microns in
thlckness, were carefully examlned. for d.lsürnctness
of cytologlcal and hlstologlcal d.etail. A JO_nlcron
thlck sectlon .was d.eclded. on as the best conpromlse for
the lntend-ed stud-les on d.endrlte trees and neuron
populatlon densltles.

A stead.y pool of 10ft aLcohol was matntalned on
the top of the nrtrocerrulose brocks and. at the edge of
the knlfe whlle sectlonlng. Mlcrotome knlves wlth an

.:' : :.
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angle A or angle ts cuttrng bèvel weré used. The serrar
ord.ers of all sectl0ns r¡rere malntalned. by placlng then
on 10ng strlps of alcohol-nolsüened clgarette paper
("Chauntlclalr'. paper). At each nllllneter lnterval

along the length of the trssue block the central sectron
as v¡erl as the two ad.Jacent sectl0ns were kept for
mountlng purposes. precleaned. mlcroscope slld.es, ?5
x lJ rnm, ürere covered hghtly wlth a mrxture contalnlng
strarned egg whlte and. a few d.rops of glycerol. The wet
clgarette paper contarnlng úhree tlssue sectlons were cut
and lnverted onto the tacky slld.es. The sectl0ns were
llshtrv blotted. and. then d.ehyd.rated. wlth )Jft akcohor for
lJ mlnutes. Thrs was followed by two changes, each of
10 mlnutes, of Looft absorute alcohol contalning a few
m11l-11 lters of chloroform. The sectrons were cleared.
wtth terplneal (Ftsher) fn üwo stages: a JOIJO mtxture
of terplneaL and. Loo7 absolute alcohor for 15 nrnutes
followed. by pure terptneal for lJ nlnutes. The slld.es
were d.ralned of the clearlng agent and ughtly bl0tted.
They nere then frood.ed. wrüh Frsher's pernount nounting
nedlun and. covered wlth cornlng cover sllps, #l thlckness.
Flnally, the slld.es were transferred. to a drylng oven at
45oc ror two dayso

The hlstoroglear nethod. Just d.escrrbed., although
'lnvaluable for thrs type of study, !,ras marked. by one dls_
ad'vantage. The tlssue blocks, after berng enbedd.ed. wrth
saturated nltrocellurose, courd. not be stored. as ln other

':"'-1
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nethod.s. The tlssues had. contlnuously to be processed.
up to the flnal coversllp stage. Nltroeellulose blocks
wlth lnpregnated- tlssue embed.d.ed ln them became
darkened- upon storage and the netalllc staln exhiblted
a tendency to d.lsperse off the dend.rltes ont.o the
nelghborlng area. These problens rfere not allevlated.
by storage Ln ?oft alcohol wlth glycerol, nor wlth a
varlety of chl0roforn mlxtures. storage of embed.d.ed.

tlssues, therefore, was never permltted. for speclmens
exanlned. ln thls stud.y.
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' The nature of the structure-functlon stud.y whoÈe

results are reported. 1n thls thesls has been d.eternlned.
by a slmple but fundamentally important postulate. This
postulate ls that the cNS conslsts of neurons whlch
lnteract wlth each other. The anatonlcal paraneters
that were to be quanülfled. and. exanined. were chosen,
wlth thls centrar hypothesls ln mlnd., by naklng two
assunptlons coneernlng the cytology and hlstology of
the cat's cerebrar cortex. These assunptlons vrere:
a) trrat there w1ll be a d.ependence of cytologlcal d_enslty
upon h1sto10g1ca1 volumer 1.€. that the packing d.enslty
of neurons and of dend.rrtrc processes rs rnterrelated
wtth the total volune of avallable cerebral cortex¡
b') that the nature of the rnteractlon and anatonlcal
relatlonshlps betryeen neurons would. be artered. as a
result of neuronal lsolaülon.

Two imned.late effects whlch nay be expected. fron
neuronal lsoratlon of the slab areå (r) structural
d.eafferentatlon--Loss of lsogenous lnput stlmull upon
the d'end'rltes and. perrkarya¡ (z) axotonr--retrograde
d.egeneratlon wlth a reductlon of survrvrng neurons.
Therefore, ln atüempülng to examlne.the correlates
suggested by the assumptlons Just stated., hlstologrcal
evldence of these lnnedlate effects was soughü. The

followlng secülons d.escrlbe the technrques by whrch the

L.::.::t t: ..:,:

lpj:r.!:::: ,1 '{ ;.
r::'._: :'-._:_-:
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a[Þproprlate hlstologlcatr and cytologlcal paraneters

were examlned and quanülfled..

i'leasurement of hJstoloeigal pe¡Anç¡ters.

ï**.
' The

hlstologlcar dlnenslons and. cortlcar depth of the lntact
su.prasylvlan gyrl were measured. from serlal- coronal
sectl-ons, J0 nlcrons thlckr ât nagnlfylng powers of
)3-.2Jx anô' 200x. A1r observatlons wlth llght-nlcroscopy
før lntact and. for lsolated cortex r{ere made wlth a

zelss-wlnkle research grad.e conpound. mlcroseope, fltted
wath ùhe followlng optrcs: planocompensatlng oculars

lox, 16xr 40x and a N.A. L,3 planapochronat roOx o1r;
a N.s. 1.3 substage cond.enser wlth auxllrary swlngout
lens ; bulrt-ln lrluninator wlth.. lumlnous-fleld. d laphragn.
Axrso fltted. was â large rectangular necharrlcal stage wlth
a rmovement range of 50 x ?5 mm, A nlcroneter glass
d-Lsc, ruled- by a rrnear scale of ro0 subd-lvlsrons, wrth
e\Fery tenth llne nunbered., was lnserüed. onto the ocular
d-f,aphragm. values of the grad.atlon lntervals were

ca..llbrated by the use of a stage mlcrometer rured by
1@0 subdtvlslons tota1llng 1.0 nm (I000u) fn length,
eaich subdlvlslon belng 0.01 nm (l0u) long.

Gyrus wld.th and cortlqql d.epth. These
parameters were measured on coronal sectl0ns at 1 nm
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lnüervars along that portlon of the Byrus whlch had_ been

successfully exc1sed., stalned. and sectloned. as d-escrlbed

1n l{ethods and. Ivlaterlals (p. lO5). Measurement of
d.lstanee was made to the nearest nlcron.

Gyrus wld.th on any one sectlon was taken to be

the wld.est part of the lntact gyrusr âs measured. by a
stralght llne between the plal surfaces of the nld.d.le

suprasylvlan and- lateral sulcl (Flg. 3). Thls llne
frequently passed. through the whlte matter of the gyrus.

The cortlcar depth u¡as measured. at the mld.polnt of the
gyrus v¡ldth and. thus forned. a llne vertlcal to the
flrst (Flg. 3), lhe d.eepest part of the cortex was

taken, for all neasurementsr âs being a polnt Just
above a d.ensely entangled hyperchromatlc layer (plates
I and. II). Thls layer conslsts of perlkarya and

processes of ollgod.end.rocytes, astrocytes and. mlcrocytes,

. blood vessels and. some splndle cerls. The lower slde
of thls layer was lndlstlnct to a d.epüh of about J0

mlcrons and. for thls reason lt was not lnclud.ed. ln the
measurenent. rt was fert that the dellberate omlsslon
of thls layer lncreased. the reprod.uclblllty of measure-

nent and hencé lncreased. the accuracy of the estlnatlon
of cortlcal d_êpth.

The results of these measuremenbs were protted
to show the varlatlons ln cortlcal d.epth and gyrus wld_th

arong the length of the gyrus. The results were examlned.

to d.etermlne any correlatlón between the cortlcal depth
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Flg. 3 Dlagran of Coronal Sectlon ln the Left Intact Gyrus

A-B Maximum wLd.th of gyrus

C-D Cortlcal depth at mld.polnt of gyrus wldth
l-il
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Plate I. Coronal Sectlon, Intact G}rrus, 12 
" 5X

Contlnu.ous

d.emarcates gray

hyperchromatlc "gllal llne"
from whlte matter"
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Plate II. Hlgh ltfagnlftcabton of Gl1al Llne, 5O0X

Interrcoven processes from neurogllal and_

neuronal cells" Perlks.Tya from both types of
cells are Ind-lstlngulshable tn thls layer"
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and the gyrus wld.th. These parameters lrere measured at

tr.'nn lntervals along the length of the g;yrus
" 

Neuron populgtlon 9el$-l-ty. A speclflc ar.ea

of the lntact cortex was selected for stud.ies on neuron

populatlon d.enslty. Thls area- correspond.ed. to those

ln other cats from whlch acute and. chronlcally

lsolated. slabs were prepared. Measurement of neuron

populatlon denslty was d.one ltlth the ald of two ocular

mlcrometer lnserts superinposed upon each other ln the.

mlcroscopê. The flrst lnsert was a net nlcroneter glass

d.lsc, 10 x 10 mm, ruled. by 100 squares wlth every llne

on the two ad.Jacent sldes nurnbered-. Thls lnsert was

callbrated agalnst a stage mlcrometer. The second

lnsert ltas the prevlously d.escrlbed. llnear scale mlc-

roneter of 100 subdlvlslons.

That portlon of the coronal sectlon whlch was

chosen for the populatlon d-enslty studles conslsüed of

an area v,thlch extend.ed. 1500.mlcrons on either sld.e of

the nld-polnü of the gyrus rcld.th and. was further bounded

by the pIaI surface and. by the upper surface of the

hyperchromatlc layer d.escrlbed. ln the prevlous subsectlon.

The manner ln whlch thls area ÏIas subdlvlded ls
lllustrated. in Flg. 4, the cortlcal d.epth was dlvlded.

lnto two equal halves wlth the upper half subdlvlded

lnto four equal parts. Each one of these slx sub-

d.lvlslons w111 be referred to, throughout thls study,

as a cortlcal segmegt. Thls method of cortlcal sub-
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Flg. 4 Dlagran to Show Subdlvislon of Intact Cerebral
Cortex lnto Segments
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Legend for Flg. 4

A-B Mld.llne of gyrus wld.th 
,,,

C-E Dlvlslon of cortical d.epth lnto upper and. lower
halves

C-D 1,500 mlcrons dlstance from A-B and. equal to D-E

F-G, H-I Sld.e llnlts of d.emarcated. aîea and" paratlel to A-B ,,,1

J-K, I/-M Vertlcal subd-lvlslon of upper cortical half 
:'

lnto 4 equal Parts

C-K, K-D¡ D-M, M-E All d.lstances equal to each other
each d.lstance 750 nlcrons

1Ar'18, ?L, 2F., 3r4 Tlttes for' each segment tn
subdlvld.ed. cortex
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d lvlslon permltted. a stud.y to be mad.e of d,lfferences
between neuron populatron densitres in regrons of the
cortex separated by only srnall d.lstances.

Neuron populablon densltles were determlneti. at
otte mllrlneter lntervals for the entlre length of the
gyrus. The determlnatlons nad.e for each segment were
a) the number of ocular mrcroneter squares and. b) the
number of observable neuron ce]l bod.les. The volume of
cortlcal tissue 1n each segment was calculated, from
the la:orçn thlckness of the sectlon and. from the number

of squares in the segment. The folrowlng example

wlll lllustrate the neeessary calculatlons:
d.lmenslons of microneter square = ZOu on an edge

thlclaness of tj-ssue section - 50u

.'. volume of cortlcal tlssue contalned

ln each observed square = /0u x fOu x JOu

= Zt+J x to3u3

Where there are ,rr1, squares per

the volume, ,'V"r of the segment

v=ftå3#3îlq x'uåai*#

". 
V'=o x24Jx 10-663.

the neuron populatlon d_ens1ty, ,,D,,, in a

calculated. from the formula

D = (n/v) observabl,e cells
mmJ

11 = rì.o. of observable cells ln the

segnent,

is calculated from

x 1.0 nm3-f-o'güf

segment may be
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cortlcal segment and_

V = volume of the segment, 1n mm3'o as

explalned. above.

For calculatlons from the ra'/¡ d.aüa ,'D,, was calculated.

from

D = no. ,o_f obselvablq_ge]ls pgg-sçruqlt, Ino. of squâres per segment x-ZE|-x. 10-o

The unlüs of thls parameter are observable ce11s,/mn3.

Cytoarchttectontc stud.les by Sholl- (W56) have

shown concluslvely that the Golgl Rapld. Ivlethod. funpregnates

wlth sllver approxlmately 2 percent of the avallable
neurons in cat's cerebral cortex, Therefore, D x 50

w111 approximately equal the number of neurons p"" *"3
ln the cortlcal tlssues taken fron the specrmens of
cat's lntact suprasylvlan gyrus used ln thls stud-y.

Aqf¡lely lsolated cortex.

serlal coronal sectl0ns , 50 nlcrons thlck, r{ere mad.e from
acutely lsorated. slabs ln cats' suprasylvlan gyrl. The

folIowlng parameters ¡Íere measured.: à) gyrus wldth,
b) slab i^rld.th at plal surfaee, c) slab d.epth lncludlng
whlte matter, d) slab cortex d.epth, ê) depth of lntact
cortex ad.Jacent to rateral sulcus, f ) d.lstance betü¡een

suprasylvlan suleus and. apex of srab, g) cortlcal wldth
at base of slab. These paraneters are lllustrated ln Flg. 5.
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Flg. 5 Coronal Vlew of Gyrus wlth Acutely Isolated SIab
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Legend for Flg. 5

A-B Maxlmu¡n wldth of gyrus, measured as for lntact gyrus

C-Ð Slab wld.th at plal surface

E-F Slab d.epth lnclud_lng whlte matter

E-c Slab cortex depth

H-r rntact cortex d.epth, measured at rlght angle from
splnd.le line to pial surface

J-K Distance of suprasylvlan surcus to left margin of apex

L-F1 Cortical wid.th at base of slab
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These hlsüologlcal parameters were used ln
several speclflc studles. First, they provlded an

opportunlty to extend. bhe correlatlve stud.ies of cortlcaf
d.epth and. populatlor, !."rr"ltles of neurons. Thls area

of lnvestlgatlon paral}eleci. the stud.y ln lntact cortex.
second-r the measurements afforded- an opportunlty for
ad.dltlonal examlnatlon of dlscrete hlstotogical
d.lfferences whlch were observed. to exlst between closely
spaced. reglons ln cat cerebral cortex, Thlrd.r hlsto-
loglcal observatlons on the effects of short tern
lsoraülon r¡ere record.ed and. analyzeð-. speclar attentlon
was gioun to ascertaln the extent.,of shrlnkage and

conpressl0n of lsolated. cortex throughout the entlre
length of the s1ab. Also1 an attempt was made to
ascertaln whether the tlghtly lnterrcoven basal layer
of spind.le cells and neuroglia contrlbuted to the

archltectural lntegrlty of the ülssue. Finally, an

observatlon that had. been nad.e earry in thls stud-y was

extended ln the analysls of the acutely lsoIated. tlssue.
The early observatlon had- suggested. that the apex of
slabs ln chronlc and. acute lsolatlon exhlblted. a pre-

ferentlal geometrlc orlentatlon. The parameter J-K ln
Flg. 5 permltted a nore extenslve analysls of thls
observatlon.

Neuron populatlon d-enslty. The parameters

tn¡hlch subd.lvlded the acutely lsolated slabs for cetl
denslty studles were slmllar to those'whlch were pre-

r,i,r::::.
Li.: l
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vtously descrlbed ln the subd.lvlslon of the lntact
cortex. The nethod-s used. to ca.lculate cortlcal volume.

ln nm3 for all cortlcal segments, for the enumeratlon

of neurons and for the expresslon of neuron populatlon

d.enslty, !'¡ere the same as those prevLously d.escrlbed

for the lntact eortex. The subd-lvlslon of the aiutely
lsolated cortex ls lllustrated. ln Flg. 6,

Several attenpts v¡ere mad.e to d.etermine whether

a regular relatlonshlp exlsted betv¡een each of:
(a) cortlcal volume, (b) gyrus w1d.th, (c) cortlcal d.epÈh

and. (d) neuron populatlon d"enslty.

Chronlcglly. lsolated. cortex.

slqb-and syruq dåEengiellg, cprtlcal depth.

Cerebral eortlcal tlssue could. be expected. to und.ergo

consld.erable hlstological alteratlon and_, posslbly,

reorganlzatlon after long terrn lsolatlon. The pred-onlnance

of nerve tracts ln ühe whlte ¡aatter contrasts wlth the

more cellul-ar character of the cortex. The preparatlon

of lsolated. slabs always lnclud.ed. an area of lvhlte matter

whlch was greaüer ln d.epth than the cortlcal d.epth.

The degree of shrlnkage and. compresslon ln each of these

two areas wlthln the same slab nlght d.iffer fron
ad.Jacent areas outsid.e of the slab but lylng wlthin the

same gyrus. The geonetrlc orlentatlon of the slab apel

was measured as for acutely lsolated. slabs. The para-

mefers measured. ln coronal sectlons of chronlcally
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Flg. 6 Coronal View
Cortical Subd.lvlslon
Denslty Stud.les

of Acutely Isolated. Slab Showlng
lnto Segments for Neuron populatlon
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Iægend. for Flg. 6

A-B MtÖllne of slab rilld,th

C-D Dlvlslon of slab cortlcal d.epth lnto upper and lower
halves

E-Fo G-H Equal subdlvlslon of each quad,rant in upper half
to yleld. a total of slx segments in the cortical
sectlon

The subdlvlsions aqe expressed. as:

C-F, equal to R-f

I-H equal to H-D

A locallzed compresslon or shrlnkage along a sld.e

cut was expressed- as an unequal subd.lvlslon between C-F

and. F-I to I-H and H-D.
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lsolated- slabs were as follows: a) wld.th of gyrus,
b) wtdth of slab at plal surface, c) d.epth of slab from
plal surface üo apex at nrdpolnt of slab wld.th, d)
d-epth of slab cortex at nrdpolnt of slab wld.th, e )

d-epth of lntaet cortex on left sld.e, f ) d.epth of lntact
cortex on rlght sld.e, g) d.lstance between slab apex and

suprasyrlvlan surcus. These parameters are lllustrated.
ln Flg. 7.

Neuron. poÞulatlon d.englty. The cerebral
cortex ln chronlc lsolatl0rr vfas subd.lvld.ed_ (Flg. B)

by the nethod.s prevlously d.escrlbed. for acute lsolatlon.
cortlbal- volume and. d.ensity d.eternlnatlons were as

d.escrlbed- for acute lsolatlon.

eters. The

analytlcal- stud_tes d,one by Bok (1936, LgSg) have d.emon_

strated concluslvel-y that there ate at least as many

cytologlcal paraneters ln a cortlcal öend.rlte tree as

there are eortlcal hlstologlcal paraneters. The

selectlon of the cytologlcal parame.üers exanlned. ln thls
stud-y was lnfruenced. prlnarlly by resurts from severar
electrophyslologlcal stud.les on lsol-ated. cerebral
cortex (Burns, L949, 1950, L95L, Ig5t+, L}SB; plnskyo

L957, 196L, L963, L96?; Grafsüetn and Sastry, L95?t

Hal-pern, f96O; purpura and Houseplan, Lg6L; purpura,

lg6L; Pinsky and Burns, Lg6Z; Relffensteln, L964¡

Sanders and Plnsky, 196?), These stud.les d.eal nalnly
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Flg. 7 Coronal Sectlon of Gyrus with Chronlcally Isolated. Slab "l
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Legend" for Flg. ?

A-B Wldth of slab at plal surface

C-D tlldth of gyrus

E-F Depth of slab cortex at mld"polnt of slab lirldth

E-c Depth of slab at plaI nldpoint to apex

H-I Distance between suprasylvlan sulcus and slab apex

J-K Depth of lntact cortex on left sid-e measured. parallel
to E-F

I..-M Depth of intact cortex on rlght sld.e, neasured at
right angle from splndle layer to plal surface



Flg. B coronar sectlon of chronrcally rsolaÈed. slab
showlng subd.lvlslons for Neuron populaülon Denslty
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Legend" for Flg. B

A-B Mid.Ilne of slab wldth

C-D Dlvlslon of slab cortical d.epth lnto upper
and lower halves

E-Fr G-H Equal subd lvlslon of each quad.rant
in upper half
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wlth the responses obtatned. when lsolated slabs of
cat's cerebral cortex are stlnulated electrlcalry at
thelr plaÌ surface.

Coronal sectlons from suprasylvlan gyrl were

observed. through a camera lucld.a lnstrument attached-

to t}:.e zelss-l.Ilnkle mlcroscope. A d.rawlng tube of the

Treffenberg type (¡qo¿el SZB3ZL) was supplled by Wtld.

Heerbrugg Ltd.l swltzerland-, The d.rawlng tube proJected.

a real image of the drawing paper ln the lntermed.iate
plcture plane, the paBer lnage, therefore, was not
mlrror-reversed.' The d.rawlng tube was attached. on the
one slde to the blnocular lncllned tube and_ on the other
slde to the obJectlve rotator cone of the mlcroscope.

thls system permltted. the contlnued. and. simurtaneous

use of nuIülple ocular lnserts. one of the oculars
was fitted wlth a lJX ocular gonlometer havlng a )600

. etched. rotator on crossed. hairs. rü was used. ln d.lrect
mlcroscoplc observatlon. The other ocular was fltted.
wlfh two superlmposed mlcroneter d.lsc lnserts whlch vrere

earller d.escrlbed.. Both mlcrometer d.lscs v¡ere recall-
brated. agalnst a stage mlðrometer. The extenslon of
the nlcroscopé tube by the drarulng apparatus resurted
ln a r"?5x nultlplylng factor. Two rotatlng polarlzatton
llght fllters ?üere separately fltted beneath the sub-

stage cond-ensor. By seleetlve fllter rotatlon the

vlewer was able to vary lndependently the lmage brlghtness
of the nlcroscope slld.e and. of the drawlng paper.



t37
Intact corgex. An area, correspond lng to the

reglon prevrously chosen for studylng hlstologrcal
parameters ln the lntact cortex, was subd_rvlde<1 J.nto

four segrnents as lllustrated in Flg. g, The cortlcal
segments deslgnated. I and- 2 extend.ed d.ovrn to Brod.mann,s

layers r' rr, rrr and- part of rv. The combrned. v¡ld_th

of seguents I and ? we.s 3o0o ntcrons, the ¡n1¿-pointr
(¿-n in Flg. g), passed. through the nld.clle 

'f the gyrus
wldth' The depth of ühe segments was harf the cortrcal
depth at the nrd--pornt of the gyrus wid.th, segments 3
and 4 lncluded. Brod-nann's layers rv and v, Thls method
of subd-lvrslon helped to rule out errors due to varla-
tlons between dlfferent cortlcal reglons"

Analysls of cytologlear changes was conflned to
patterns of arborlzablon ln aplcal d,end,rltes. canera
luci.da drawlngs were mad.e from those nearly complete

.dendrlte trees whlch had. an observabre sona. A repre-
sentatlve dend.rlte üree was chosen from dlfferent
corflcal segments at 1 nn lntervals, as ltlustrated.
ln Flg. 9. The sequence of segments chosen folr-or,rred a
llnear sprral ln whlch segrnent 1 was serected. for the
flrst mllllneter, segnent 2 for the second mrrllmeter
and so on, l.ê. ¡ LZ3ULZ}U. Thls selectlon pattern
usually enabled. each se6ment to be represented three
tlmes ln each gyrus. rt was necessary to plnpolnt the
exact regl0nal relatl0nshlps of the selected sona
¡¡l'thln the lntact cortex. the soma dlstances from the
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Flg, 9 Coronal Vlew of
Corüex lnto 4 euadrants
Parameters

Intact Cortex wlth
for Measurements of

Subd ivlslon of
Cytologlcal
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Legend- for Flg, 9

A-B lvlldpolnt of gyrus wldth drawn through
eerebral cortex

C-D Total wid.th of segments I and_ Z at base llne
and- equal to 3,000 mlcrons

C-E Total d.lstance 1,500 mlcrons and. equal
to c-D

A-E One-ha1f the cortlcal depth and equal to c-B
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dorsal pla1 nembrane and the lateral sulcus r,rere

measured and record.ed. These parameters helped to
ld.entlfy the exact locus of the soma ln reratlon to the

Ansatus surcus as werr as to the closest plal surface.
The soma d.lameter may be neasured. by several nethods; ,,

ln thls stud.y the sona ðlaneter was consldered. as the
wld.est horlzontal plane whlch lay vertlcal to the apical
shaft. Dend-rtte trees, wlth the exceptron of thetr 

,,,.
': ..splnes, were traced. out as exactly as posslble fron '.'

sIld.es whlch vÍere observed. at Z5ox roagnlflcatlon. All ¡.-',

discrete and. tortuous pathways of the dend.rite branches, 
,:

lncludlng v-shaped wedges (Besults, pz3!), were folrorsed.. 
i

rn some instances lt was alnost lnposslbte to dis-
tlngulsh the dlfference between a branch bLfurcatlon
and. two closely separated. dendrltes whose angle of
crossover was Less than 45o. rn such cases the oculars 

i

were changed. to 20x KpL and. the obJectlve to an olr- j

ilmmerslon 100X planapochromat. Although thls power 
::,,;,.¡

was above the effectlve nagnlflcatlon Tang€ for these I ,

optlcs lt nevertheless enabled. the vlener to make the :'....':
requlred d lstlnctlon.

Bok (L959) reported. a posltlve correlatlon
between the slze of the perlkaryon an. the slze of the 

.,:,,dend.rlte tree. rn thls present stud.y the dend.rlte "

arborlzatlon v¡as d,ivlded. arbltrarlry lnto zones, each

of whlch measured r0 tfunes the dlameter of the neuron,s
own soma. Thus the slze of the dendrlte tree zones 

1,ì.,
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was related to the slze of the somai thls pernltted
the data from neurons with differlng dendrlte tree slzes
to be pooled. Each brfurcatron rn the cendrlte tree,
referred to throughout thls study as a branch polnt,
was asslgned an encounter number whrch commenced. from ì,,,,

the cl0clnulse d-lrectl0n. The flrst branch point
encounber along the aplcal shaft lsas deslgnated. as the
flrst order of branchlng. Each branch polnt fron 

,,:,,.
succeedrng branch sectlons was then d.eslgnated a singre ,'',

.. ..:nunerlcal lncrease ln branch ord.er (Flg. 1O). The nunber ,:t;

of branch polnts and- v-shaped- wed.ges ln eaeh zone urere
recordedn A branchlet i.¡as d.eflned. as a d.end.rlte
sectlon whose llnear rength rs less than twrce the soma
dlameter 

"rd
shqft ln the sten zone. such branchrets were not
enumerated in thls study" The d.lstance between the 

idlstal part of the observable tree and. the dorsar piar 
i

surface was measured. and. record.ed..
it..,',1An ocurar gonloneter was used und.er d.lrect 1;':':

rlrca¡wa.þ.t^* &^ 
---- 

,.,'.nicroscoplc observatlon to measure the angles at branch ,,,

polnts. on a few occasl0ns the two branch sectl0ns
lmmed'lately fo1-1owlng a branch polnt were not ln the
same plane of focus. rn such rnstances the tno branch r,r,L.,.;

l.;..-'sectl0ns can be conpared. to an angle rotated. around one
of lts arms. rn consequence the observed angle must
always be less than the real angre. The correctron
factorlvh1chwasused'toca1cu1atetherea1ang1e

!::..,, ti
: r..: .:
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U@NE 3

zosdE 2

ZONE T

FIg. 10 Dlagranrnatlc Presentatlon of Aplcal Dendrltlc
Tree Showing Zone Dlstrlbutlon and. Deslgnation of Branch
Order

Each zone neasures 10 tjmes the d.lameter of the

neuronts own soma, '
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^: requlred the measurements from the followlng parameters:

a) The observed.angle, b) the vertlcal dlstance between

the two branch secttons at locl J microns from the branch
polnt. The trlgonotnetrlc basls for thls calcul,atlon ls

,: glven ln the append.lx of thls thesls. 
,...,.,

rsolated cortex. The cytologlcal reorganizatlon
of aplcal d,end.rltes nas anaryzeð, ln acute and. 1n

I chronlcally lsolaüed cerebral cortex. lviost of the ,',,,,,,
':

ìnalVtlCal me' ¡rì aar.l { o¡ fn¡ rha i nàaa{- ' "analytlcal method.s d.escrlbed, earller for the intact
'l

i.:,.,"J cortex were applled. also to the lsolated" slabs. The ,., ,',.

r hlstologlcal locatlon of ühe perLkaryon v¡as d.etermlned.

ln relatlon to the slde cuts of the slab and. not to the
I

plal- membrane of the ¡nldd.le suprasylvian sulcus. Thls :

parameter plnpolnted. the d.lstance between the soma and

the area of surglcal deafferentatlon. l

There are several technlques by whlch hlstological
Ii parameters can be measured-. the d.lrect method, whlch 

l

.ls the most reliable technlque, obtalns measurernents
i,:'

. und-er d.lrect microscopic observation. Instrumental i::::'
v¡Jvv¡' ¡v y s v¿v¡¿a f ¡¿È Va UUIçII t/AJ-

' .: .:

:;:".::,:::'ï:::,:: :::",:::::::;" '";:.i::î.:::'"' .

methods involve the use of photomicrographs, canera

' lucida d.rawlngs and. projectlons of mlcroscopic images ,,,,.

:

on a screen or through a televlsion monitor. These

technlques utlllze both optlcal and non-optical systens

each of which has 1ts own characterlstlc loss of resolutlon.
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The slngle use or coupllng of any of these technlques

results ln a slgnlflcant red"uction ln optlcal
resolutlon and. spatial orlentation for observlng and

for measurlng cortlcal celluIar components. In the

present study all hlstologlcal and- cytological measure-

ments were obüalned. by the d-lrect nicroscoplc technlque.

l.:,... .

''.4.:.4:. i'
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.&n- , rn thls
study the neurogrla were nelther qualrtattvely nor
quantltatlvery anal.yzeö-. Hlsto- and. cytonorphologlcal
dlfferences between neurogrlal and. neuronar cells v¡ere

d-etermlned before any analyses were nad.e of the hlsto-
loglcal sectlons. Neuroglla id.entiflcatlons were made

on the basls of the followlng: a) slze and. shape of sona,
b) norphology of processesr c) hfstologlcal and. cyto_
loglcal relatlonshlps. currently stand.ard neuroanatony
texts recognrze four basrc types of glral ceIls ln the
cNs: a) frbrous astrocytes, b) protoprasnlc astrocytes,
c) ollgodendrocytes, and- d ) mlcroc¡,tes. Hortega (lg?O)
and Polyalc (1965) consldered nlcrocytes as a ,'false

neuroglla" whlch belong to the reticuro-endothellal
systen. Thelr vlews were based. upon the mesoder¡oal

orlgln of nlcrocytes whlch ls ln contrast wlth the
ectod-ernal orrgln of astrocytes and. of ollgod.endrocytes.

Polyak (1965r, tn hts revlew on the ttght mic_
roscopy stud-y of neurogrla, noted. that metalllc rmpreg-
natlon was the only rerlable technique for the stud.y of
gIla1 norphologr. However, some grrar cells, such as
flbrous astrocytes, do not exhrblt conslstent norpho-

. loglcal characterrstrcs wrth mod.rfrcatlons of the metarlrc
technlque" the Golgr method rmpregnates the celr body
and lts processes, the caJal nethod clearly d_emonstrates
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perlvascular end-processes, whl1e the Hortega urethod

preferentlally exhlblts g11oflbr11s. Ramon-l{ollner

(Lg5?| ]196lr) reported- that rnlcrocytes and. ollgodend.rocytes

stalned weII ln fresh tlssue only when the flxatlve
contalned a nlxture of formaldehyde, d.lchromate and

chloral hyd.rate. The mod.ifled, Golgl-Rapld. method. used.

to lnpregnate dend.rltes for thls stud_y gave Inconsl.stent

stalnlng of neuroglla. Therefore, ln ord.er to d.lstin-
gulsh accurately betvreen neuronal and. neurogllal ceI1s,

thls stud.y took lnto account the norphologlcal charac-

terlstlcs of neuroglla after d.lfferent lnpregnatlon

teehnlques.

Protgplasrntc qålr_qgyleg are conflned, vrlth few

exceptlons, to the gray matter of the braln and. sptnal

cord . They are found- ln abund-ance, attached. to the

undersurface of the pla. The soma, whlch ls mononuclearn

ls elther stellate or nultlpolar ln shape and_ glves rlse
to several processes. The astrocytlc soma and nucleus

are larger than counterparts found ln ollgod-end.rocytes

and. mlcrocytes (Snart and Leblond., 1961). The nucleo-

plasrn contalns flne chronatln granules whlch are closely
packed. at the'nuclear membrane. The cytoplasm contalns

a centrosone although no mltotlc ftgures have been

found (Hano I965't. Other cytoplasnlc lnclusions lncIud.e

d.ark granular gllosomes, whlch, together wlth nunerous

glloflbrl}s, extend. throughout the length of the processes

.(Penfleld-, Lg32), Llpochrone plgments and a nucleolus
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are present but each requlres a speciflc nonmetalrlc
stalnlng technlque for detecti on.

The somata glve rlse to numerous wavy proeesses

whlch branch freely. These processes are consid.ered. 
.to

be cyüoplasmlc extenslons whlch Ite between axons and

dend-rltes. Astrocytlc processes do not ensheath neuronal
processes (Penfleld, L932). paray (L958) and palay et al
(l-96?) observed, wlth the ald. of the electronnlcroscope,

that astrocytlc processes forrned a naJor portion of a

cNS neuropll. Mod.lfied. cerebral cortical astrocytes
wlth a mlxture of protoplasmlc and. flbrous processes

were noted by Held (1909). plegrnatoflbrog€ astrocytes
found. at the boundary betu¡een cortlcar gray and r'¡hlte

matüer also bear a mixbure of processes (Bloon and-

Fawcett, 1965) " The protoplasmlc type extend. tnto the

gray matter vrhlle the flbrous type run lnto the whlte
natter. Protoplasmlc processes are d lrectlonally
orlentated. elther to a neuronal perlkaryon or to
cortlcal bIood" vessels. The vascular conbacts are forned_

by means of terminal d.ilatlons whlch CaJal terned.

perlvascular end-feet.

Hortega (:-'91tJ) recognlzerj. three types of
plasmic asbrocytes : (a) Neuronal satelllte--the
cytlc soma lies flaütened. ln close apposltion to
body' (b) rnte.rneurs¡nà1--the sorna 1s ûofi-speclf rc
locatlon whlle the processes are perineuronal and

vascular, (c ) Vaseular s_ate_!!l!e--the astrocytlc

proto-

astro-

a neuron

1n

peri-

soÍia

i,::
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1les ln contact wlth the waIl of a blood vessel.

Superflclal inJurles to the braln and, splnal
cord are acconpanled. by süructural changes to the sub-
plal astrocytes (lalay, LgsB; Bunge et aI, 1961). The

number of flbrous processes soon lncreases and. these
conürlbute, rn part, to the formatron of cNs scar tissue.

Flbrous astqocyteq are generally conflned, to the
v¡hite natter of the cNS. The soma norphology is slnlIar
to that for sonata of the protoplasmlc astrocyte.
Flbrous processes, rn contrast wlth the protoplasnrc
type t aTe narrow ln dlaneter and. have very few branch
points (penfleld, l.?3?), Several flbrous processes
bear termrnar dllatlons whlch forn perlvascular feet.
The remalnder of the frbrous processes run between
and parallel to nyellnated- flbres.

Ollggdendrocxtes are the nost abundant üype
gllar ce11 found. in ühe gray natter and. bo a lesser
nunber ln the wh'rte matter of the trraln and spinal
(Penfle1d., Jg32). The oval sona, whlch ts smaller
lts astrocytrc counterpart, contains erther an ovar
a round. nucleus. A nucleolus ls present; however,
lt can be d.enonstrated only wrth a specrflc nonmetarllc
stalnlng techhlque. cytoplasmlc chromaürn granules,
whlch coexisü as both coarse and. flne types, are closely
packed. near the nuclear menbrane. palay (]¿958) noted
that ultra-f1ne nucleoproteln granules and. vacuoles were
present ln the cytoplasm. G110f1br11s, whlch are a

of

cord

than

or

l.:;': r::.ì
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commoll feature of the astrocyte r are not present ln

the soma or ln processes of the o1lgod-end'rocyte' In

the Sray matter the ollgod'endrocytlc sona usually lles

as ãsatelllte of elther a neuron cell body or a blood'

vessel. The ollgodendrocytes ln the whtte matter are

conmonlydlstrlbuted-lnrowsthat}lebetweenmye}lnated.

flbres.
The ollgoÖend-rocytlc processest v¡hlch are few in

number, orlglnate d-lrectly fron the sonâ' The processes

are long and' slend'er and have very few branch Polnts'

ThemoÔlfledGolgl-Rapldrnethodelûployed'lnthlsstud'y

often resulted' ln Perlodlc dllatatlons along the

attenuated ollgod'end'rocytlc processes' The termlnatlons

of processes fron ollgoôendrocytes d'o not form perl-

vascular contacts. Penfleld Ogiz) and Luse Q956\'

as well as other lnvestlgators' have noted- that ollgo-

Öend'rocyteprocessesareassoclat'ed.wtththenyeltnatlon

of nerve flbres'
Hortega (l:9?,8) recogn\zeð' four morphological

tYPes of ollgodend'rocYtes :

TvDe I--1r€1ê found" to be abunôant ln the Sray

natter of the forebralnr cerebellum and Splnal COrd'

Thesecel}swered.lstrlbuted.aroundblood.vesselé'neurons

anÔ flbre tracts' The type I cell body' whlch ls L5 to

20 mlcrons in d'laneter' ls etther spherical or slightly

polygonal' Several processes emerge from the ce11 body'

and'thenbranchtoformelongateÖellcateprocesseswhlch
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beeome dlrectlonally orientated- tovrard-s nerve flbres'

Type I correspond' to Robertson's (19OOa) rneso8lla cells'

TvDe Il--were found only ln the r'thlte matter'

ThesomarXoto40mlcronslndlaneter'hasasomewhat
cubold shape and' ls larger than the tyPe I soma' The

processes are fewer and thlcker than tyPe I and are

usually c1.osely wrapped arounÔ nerve flbres' Aecordlng

toPo}yak$965)typellcellswereprevlouslyreferred-
to as CaJal's aPolar cells'

Type III--I{ere found nalnly ln the splna} cord'

cerebellar and cerebral ped'uncles" The somat lrregular

lnshapelglvesrlsetoSor4relatlvelythlckprocesses
r^¡hlch cover a wld'e a'Tea of nerve f lbres' These cell.s

correspondeÖ to Paladino's $Bgz) neurogllaL cells'

TvDe IV--were found' only ln the whlte matter'
-

The cel_l boôy, which lles ln apposltlon to nerve flbres'

1s elther mono or blPolar ln shape'

Penf leld (Lg3Z') has 'suggested that ollgodend'rocytest

lnaddlülontothelrtnvolvenentwl.thmyellnformatlon'
lare tn sone way assoclated wlth the eltmlnatlon of

d.ebrls durlng seconÔary d'egeneratlon of nerve flbres'

Truexand.Carpenter(1961+)havetheorlzed.thatperl-

neuronal ollgoôendrocytes are probabry responslble for

neuronophagla, the removal of dylng nerve cells'

$lcrocy-LË are comnoonly found' ln the gray matfer

of the splnal cord and braln' They are also found'' lD

lessernunbers'lrlthewhltematterlylngbetv¡een
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nyellnated' nerve flbres' The ntcrocytlc somat snallest

of all the neurogllal cells' ls elther pèrlneuronal or

perlvascular 1n posltlon (Snart and Leblond'' 1961)'

Ivllcrocytesrasamesod'ernalôerlvatlve'orlglnatefrom
the pla mater and' usually accompany blood' vessels into

the braln and splna1 cord-" Cerebral cortlcal nlcrocytlc

somar when stalned wlth henatoxylln and' eoslno appear

elongateand.oval.WhenlmpregnatedbytheGolglnethod

the soma form a stellate outllne (Penf 1e1d'' L932) " The

nucleoplasmcontalnsunlformlydlstrtbuted.coarseand.

flne granules r'¡lthln an ovaL or rounöed' nucleus (Smart

anô Leblond, 1961) ' Gllosomes and' gtloflbrlls are not

present ln the cYtoPlasm'

The mlcrocytlc processes are relatlvely thick

wlth several smal-I branch sectlons whlch bear short

splnes. The ternlnatlons of the processes Ôo not forrn

Perlvascular end' feet'

T-Ðcerattons of braln tlssue are accornpanled' by

an enlargement of aôJacent mlcrocytesr termed' compound'

Granular Corpuscles' or Gltter cells' whlch become

phagocytlc ln actlvlty (Ransom and' Clarke ' 1959)'



RESULTS

1. GBOSS APPEABAN-CE

I¡lAgJ--gy¡E' The surface topography of the

suprasylvlan gynrs ln adult cats exhiblts subtle gross

morphogenlc varlations at both anterlor and- posterior

enòs (Paxez, L929)' The ansatus sulcus wâs taken

arbltrarlly as the land'mark whlch would d'emarcate the

anterlor end of the suprasylvlan gyrus' In the

naJorlty of cats examlned' the ansatus sulcus formed'

an approxlmate angle of 1150 from an ai-l'ached' vertlcal

axlsforned-bythelateralsulcus(Appendlx,Flg.j).
However, lfr some cats the angle ls larger than L45o'

resul-ting ln the placement of ühe ansatus sulcus ln the

posterlor slgnold' gyrus' A varlatlon of thls type d'ld

not crearry rôentlfy the morphologlcar Ölstlnctlon

betweentheanterlorend'ofühesuprasylvlangyrusand

the posterior end' of ühe coronal gyrìrs' In such cases

theanterlorend.ofthesuprasylvlangyrusvlastaken
arbltrarlly to be at the coronar plane whlch passed'

throughtheJunctlonoftheansatusand.lateralsulci.
Ivlorphogenlc varlatlons of sulci ln the occipltar. atea

necessltateòthecholceofanarbltrarylandmarkwhlch
would-lôentlfytheposterlorenÔofthesuprasylvlangyrus.
The angle between the posterlor sylvlan and' rnlddLe

151
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suprasylvlan sulcl usually forms a right angle'

Ilowever, 1B some cats where the angle was gteat'er than

90o the posterlor ternlnatlon of the suprasylvlan Syrus

was somewhat lnôeflnlte' The d'emarcatlon betvreen these

tu¡o latter gyrl was taken to be the coronal plane whlch

- !' - erlor suPrasY1vlan
passed. through the Junctlon of the post

anò the nldèle suprasylvlan su1cl' In ad-d'ltlon' the

posterlor lateral sulcus was not always contlnuous wlth

the lateral sulcus' Thls resu]-ted' ln a notlceable

gace, ?-3 nú w1d'e' of cortex between the marglnal and'

suprasylvlangyrl.Afllpsllateralmorphogenlcvarlaflon
was not necessarlly repeated- on the contralateral

homotope gyrus' The suprasylvlan gyrus ln all cats

examlneÔhad'asllghtcurvewhoseconcavesurfacealways

faceiL the mld-saglttal Plane' '

Surglcal procedures employed' for bllateral

craniecüony and' removal of the dura mater dld not cause

any undue swelllng of the brain' The plal membrane and'

lüs contalnlng blood' vessels appeared qulte normal

fo]-lowlng surgerY'

Acu-te Ãyruq' The gross rnorphogenlc varlatlons

descrlbeðearllerforlntactSyrlÌferefound-alsolncats
used- for acute neuronal lsolatlon' The blooÔ vessels

. lylng between the lntlma pla and' eplplal layer (fey

and- Retzlus, :IB?5; Millen and Woollan' L96L' L96?)

showed. no evld-ence of lunlna1 collapse ln elther the
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acute or the chronlc type of preparatlon' The

occasslonal sllght swelllng of the supraèyrvlan gyrus

fo1-1owlng surgery subsld'ed' after a couple of hours'

Ilowever, lrl two acute preparatlonsr the braln was

dlscard-ed- because of excesslve ed'ematous swe1lln8; lt

was felt that cJtologlcal d'lstortlon woulð have

occurred wlthin the cerebral cortex of those two

preParatlons'

The lsoLated' slab coulô be ld'entlfieô' at ühe

gross Ievel, by a subpial rectangular dark llne whlch

corresponded' to the cortlcal sld'e cuts'

chE'onlc syruF' Newly regenerated' bone ln the

chronlc anlmal was thln and' very d-elicate ' It had' a

mottled'outersurfacewhlchcontrasted.wlththesmooth
plane surface of the old' parletal bone' Flbrous

connectlvetlssuead-heslonswereforned'betrceenthenew

bone anÖ the sutureð dura mater' Subdural aöhesions

d.eveloped flbrous attachnents wlth the und'erlylng

eplplalmembrane.Surglcal.d.etachnientofthead"heslons

d.ld not lnJure the cerebral cortex' There was no gross

evlòence of hypoxla or anoxla ln the ãT'va,' All gyrl

lntheareawerep.j.nklshlncolor.Ingrossexamlnatlon

. the suprasylvlan gyrus wlth the chronlcally lsolated-

slab appeared sllghtly sunken ln relatlon to the helght

of ad-Jacent tntact ectosylvlan and' narginal 8yr1' The

dorsalperlpheryoftheslabwasoutllned.byacontlnuous
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dark lIne whlch was forrned fron subplal cortlcal scar

tlssue.
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Iptact 'cortex' Coronal sectlons from lntact

suprasylvlan gyrl were lnltlaIIy examlned' aE ZJX'

Observatlons of rrO' nm sectlon revealeÖ that cortlcal

morphogenlc d-evelopnent ln thls gyrus could' be cate-

gorlzeÔlntothreebaslchlstologlcalpatterns(Plates
rr1, rv, v).

( I ) Type r-- contlnuogs @' The cerebral

cortex ls horlzontally arched' between the two adJacent

gyr1. The g11a1- Line appears to extenô contlnuously

across the ectosylvlan' suprasylvlan and' marglnal gyri;

however, the Llne ls lnterrupteð by lnvaglnatlons of the

lntlna pla from the rn'iôd'le suprasylvlan and' lateral

sulc1.
( 11 ) Type rr--Bartlal g4' The gllal llne ls

. unllaterally contlnuous wlth lts counterpart ln an

aðJacent gyrus' The contralateral part of the gIlal llne

curveslnwarÖsand.lsd'lrected.toward.sthewhltematter.

It therefore has an lntragyral- termlnatlon'

(rrr) Type rrr--rnürasvral gI9' rn thls type

thegllallinelsbllaterallydlrectedtoward'sthewhlte
matüerand.d.oesnotexhibltspaülalcontlnultywlththe
gllal 1-lne of ad'Jacent 8yr1' Tlrro nodlfted' forns of the

three baslc types are shown ln Plates VI and' VII' The

gyrus shown ln Plate VI exhlblts a paplIla-llke evag-

lnatlon of whlte matter extend'ed' lnüo the cerebral cortex'
I ì...:; i



Pla.te III. Coronal Sectlon of ÀcuLe Gyruse I?"sX

Hlstologlcal Pattern tYPe I"

Arç.b

Gllal llne appears to exLend

across eetosylvlan, suPrasYlvian

ry6

Contl nuou,s

contlnuously

and. marg1.nal gyr1.
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Plate fV" Coronal Sectlon of Inta.ct Gyrus e L?. 5X

Hlstologi.eal

Gllal llne ls

pattern type

intragyral
II" Partlal Arch

on one slde.
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Plate V. Coronal Sec.tlon of Intact Gyruse J.2.5X

Hlstologlcal pattern type III" Inlfgsyfq]
Gllal llne i.s bllaterally d.lrected- tov¡ard.s

vrhlte matter"

4rgtr
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Plate VI" Coronal Sectlon of Intact Gyrus e J:Z.5X

Note papllla evaginatlon of r^¡hlte matter
extendlng into cerebral cortex.
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Plabe VII" Coronal- Sectlon of Intact Gyruso 1'2.5X

Note extensive overlapping of marglnal

rlght std.eo cortex thin and. elongate.

gyrus
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Plate VII shows an elongate arch on one sld.e and- partial
overlapplng of the d.orsal surface.

The en-bloe stalnlng technlque used. ln thls
stud-y gâveu for the rnost part, conslstently good results"
However, in one lntact preparatlonu the cortex from the

left and fron the rlght homotope gyrus was not impregnated.

Unaccountable overstaining of tv¡o other lntact gyrl
resulted ln the eortex being rend.ered- useless for cyto-

logical stud.y"

It was calculated Èhat approxlmately Zft of the

neurons and. thelr processes Ïrere linpregnated- wlth sllver.
These results are ln accord. wlth those reported earlier
by Sholl (1956). The perikarya, apical and basilar
d.endrltes appeared blaclç agalnst a yelloivlsh background.

However, or epllunlnatlon the neurons appeared. greylsh

ln co1or. A few protoplasnic astrocytes and oligod.end.ro*

cytes rúere found. scattered. throughout the secblon.

Dend-rltlc splnes were v¡ell lnpregnated_ and. were easlly
d-lscerned" In almost all sections examlned_ the lumen

and. cellular walls of blood. vessels were not lmpregnated-"

The cross section and. longltud.lnal sectlon of cortlcal
blood- caplllarles shorsed. up as optlcally light areas

whlch accounted. for vacuolar-llke areas throughout the

sectlon (Plate VIII ) "

Apical d-end.rltes ln the terrnlnal zone sometimes

shor¡ed. a bead-ed- effect (Plate IX). The perlkarya of
these d.endrltes could. be found in elther layer III or
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Flate VIfI. Intact Cortex, 200X

Irregular
are dlspersed-

pafterns of

throughouü

oPtlcally llght areas

the eortex.
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Some d.endrltlc sectlons ln termtnal zones

end- as d-endrltlc d.ilatatlons
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layer V. Dend-r1tlc dllatationse when present, were found

only ln the subplal area of the suprasylvlan gyrus'

They were never present ln the cortical areas of the blqo

ad-Jacent eetosylvian and- marglnal gyri" These results

are ln contrast with the results of an earller stud.y

of "d-endrltic bulbous d.llatabions" by lvlungaL (1967). The

slgnlficance of the two contre.sLlng results w111 be

presented ln the Dlscusslon secti-on of bhis thesls'

Åeg!e__qq_r!g¿. The sld.e cuts wlthln the cortex

were read lly ld.entif led. by tlo d.ark scar llnes that

extend-ed- fron the pial- surface to the gl-lal llne" The

cuüs in the whlte matteru though d"lscernibler were less

pronounced. (Plates X and. XI ) " S¡na11 cyst fornations

whlch contalned a nlxture of clear fluid and. blood- cells

were observed- at the base of the slab wlthln the flrst
four hours of acute lsolatlon" Blood- plasna exud.ate and.

blood. cells were noted. also to oeeupy the entlre depth

of the s1d.e cuts. The lnpregnation of acutely lsolated-

cortex r¡tas very sinllare generallyu to that of lntact

cortex. Tr¡o acute slabs were electrically stirnulated.

for short perlod.s of tlne lrlth 1" 0 m Sec pulses at a

frequenclr of J0 per sec an¿ pulse anplltud.es of applox-

hnately 10 volts" These slabs appeared.r orì strictly
subJectlve observation, to be more heavlly lmpregnabed

wtth sllver thlan were the unstfunulated. preparatlons.

The g11a1 lIne between the sid.e cuts was
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Plate X. Coronal Sectlon, Gyrus wlth Acute Slab e 3'2.5N

Sid.e cuts ln cortex marked. by two dark lines.

Cuts ln white matter less d.lscern1b1e.
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Plabe XI. Coronal Sectlono Whlte Flatter of Acute SLabo 25X

lJhlte matter of slab shotss evldence of blle,teral

shrlnkage after slx hours of isolatlon,
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elevated for a few mlcrons rnto the cortlcal area" The

und'erlylng whrte matter, after only a fev¡ hours of
lsolatlon, showed- structural evrdence of blrateral_
compression and- concurrent shrrnkage (plate xr).

The photograph on plate XII shows part of a
coronal sectlon of an acute preparatlon two hours after
lsolatlon" The lnitial forn of the acute sr_ab rras a
rectangle and. no evidence of compressl0n was s€Êfi, sueh
a result ind-lcates that the wlre lsoIatlng knlfe had
been lnserted paral1el to the height of the eortex and.

t]nat the und.ercuttrng ]aaffe was at right angles to thrs"
The photograph on prate xr reveals the presence of
bllateral eornpression after srx hours of lsolatlon.
rn thls example a six-hour lsolatlon period. resulted. rn
a reductlon of the wid-th of the slab at the base of the
cortex compared- wlth the slabus subplar- wldth. The

forn of the slab, therefore, becomes that of a rhonbold_
after perlod-s of lsolatron thet are srx hours or greater.
Thls eventual rhomboid. shape may be d.ed_uced. from the
extenslve serLes of measurements which are sumrnarlzed_

ln Table ? and F1g.12 of the next sectlon"
Preparatlons examrned after 1J hours of rsolatlon

showed- evld-ence of the slab having und.ergone consld.erable
tissue d_efornatlon (plate XIIf ) " The lsolated_ cortex
became shalrolqer than its adJacent intact cortex 1n the
sâne gyrus. cyst formatl0ns at the base and a10ng the
sldes of the slab apex wete. lar.ger þtì¿an..In...the,sLab
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Plate xrr. coronal sectlonu i,Jhlte Matter of Acute slab ,z5x

No evld_ence of shrlnkage or tlssue distortlon
after tluo hours of lsolatlon. Cyst formations

fllled wlth blood- cel1s and. clear fluld..
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Plate XIII" Coronal Sectlon of Gyrus wlth Acute Slab , L2.5X

Preparatlon after lJ hou.rs lsolatlon sholring

extenslve cortlcal deformatlon.

ì,.::lÈ
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examlned_ only a few hours after lsolatlon.

Chroqie colte_x. The htstologlcal effect of
long term chronic lsolation ls shown ln plate xrv.
After 6 -to 11 nonths of chronic rsolation the sr.ab

. exhiblted- conslderable tlssue defornatlon and shrinkage"
rn coronal secttons the orlglnal rectangular isoLate
was transformed- into a triangular shaped. mass rctth the
apex d.lrected- toward.s the ruhlte matter" The Þial surface
of the gyrus had. three convex curves; two d_lmples on
the pial surface correspond.ed ln posrtion and. u¡ere

attached- to the underlylng cortrcal scar tissue. The

lower two-thirds of the slab was surround-ed. by large
clear cysts l¡hich were notaìrly d_evold of any cellular
constltuents" chronic slabs were not as intensely
iropregnated- as rntact or acute cortlcar preparations;
howeveru perlkarya and- their dend.rltic arborization
patterns hrere clearly d.eflned. and. rater anal.yzed.,

rn only one chronic prepara.tl0n d.'d" neurogllal
scar tlssue conpletely fill the corticar area of the
slab" Thls type of netaplasla was arso found. ln the
lnned-late adJacent rntact cortex of the same gyruso

Arterl0les and venl0res lylng nlthln the pla
mater were found- to be f11Ied. with blood. cel1s. Blood.
caplllaries were abund.antly present 1n cortlcar and.

subcortlcal areas.

Chronlc slabsu in contrast wlùh lntact and acute
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preparatlons, showed- a total lncrease ln the number of

observable lmpregnated protoplasmlc astrocytes 1n the

cortex. The glla1 llne appeared. dlssociated. ancl had

lost lts normal hlstologlcal lntegrlty" I{ost of the

observable astrocytes were found- in the lower cortical
areas" Reiffensteln (Lg64) reported. a fourfold" lncrease

ln the number of astrocytes ln chronic sLabs.

Evldence for d.end.rltie sproutingu whlch has been

d.escribed by Pick and. Blelsehowsky (1911), CaJal (1913),

Blelschor,.rsky and. Gallus (l)tS) and. Lafora (19L¿t), .;re.s

not found. ln thls stud.y. Dend-rltes were not observed.

to extend- across the cortlcal scar l1nes. Numerous srnall

cells, plobably nlcrocytes, were found. on elther sid_e

of the eortical cuts (Plate XVI ). In ahnost all chronic

slabs examined. the neuronal isolatlon extend.ed, for the

entlre d.epth of the cortex" In two chronic slabs it was

observed. thrat inconplete separatlon had. oceurred ln the

subpial areao Thls corblcal contlnulty between the

chronlc slab and- ad.Jacent lntact cortex v¡as /J nicrons

ln d.epth (Plate XVII ) . An explanatory note whtch might

account for thls contlnuity will be glven in the Discusslon.
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Stogcur

Plate XVII" Chronlc Slabu Subptal Region, 500X

Cortical contlnulty between chronic slab cortex
and. ad.jacent lntact cortex measured. about Z5

mlcrons ln d.epbh"
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l" . Hr.sTOlqcICAL Drl{ENSTQNS

Inlact gyrr,"_" The quantlfiable parameters of
gyrus width and" cortex depbh were measured. froru coronal
sectlons of flve intact left and. flve honotopic Byrl,
snall variatlovrs in these d.imensrons were found. at
each mlllimeter lnterval throughout the entlre length
of every gyrus' The mean dlmenslons of gyrus wld.th

and cortex depth from flve cats are shown ln Table 1.

The rnaximum variatlon in the mean gyrus wid.th on the
left std.e ranged from a low or 6o3tu to a high of 663gu;

the mean cortlcal d.epth ranged from L559u to t690u;
these results represent a naxlnum range of ro% in both
of the histologlcal parameters. The mean d.lmenslons

from lntact honotopic gyrl r{ere wlthtn the same ran8e

of variatlons as those of the left slde. The mean

wld-th of the honotopic gyrus ranged- frorn a Iov¡ of
59?9u to a high of 67g5u; the mean cortical, depth of
the honotope ranged" from l53?u to r?zzu; the maximum

range for both parameters was lft anð, rzft respeetively.
labre I shows that there are no slgnlficant

dlfferences betv¡een the nean d.imensions at each

millimeter lnterval bhroughout the lengths of lntact
left and. homotopie gyri. However, an examlnation of the
measurements from the lndividual gyrl showed. that ln
elght:out of ten gyrl the cortical depth and_ gyrus rvldth
r{rere sllghtly greater at the anterl0r and posterior
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Table 1. Mean Dlmenslons of Five Intact l¡efù Gyrl
and. Five Homotopes

Dlsb. From
rr O, Seetion

ln ¡nm

Left
Gyrus
r{1d.th
l{lcrons

Lef t
Cortex
Depth
Mlcrons

Rlght
Gyrus
IrJldth
Mlcrons

Rlght
Cortex
Depth
I¿llcrons

6

5

4

Anf, End

3

2

t
0

l-

2

3

t+

5

6 Post" Ehd.

6t+tz¿z3o

6t7o¿t7z

6o3ttreo

6:-7 o¡t4z

6zo73to9

6zq¡tt7
6zzz+tjg

6z59+:-5o

6368+z3o

6z957zz6

6295tr93

636832t9

6$93256

L69o¡ 98

L66B+ 98

1610*102

lJBB+102

lJBltl-06

L592+\t+2

L573*ü-3

L559*LL7

L6}J¡La6

r595t 95

r,6t75toz

L6L?t 95

t647t 98

624a3LzB

5973t 9L

6at+6tt4?

6t563t68

6:-563t24

6097¡tzo

6aoz¡t7z

J)z)+20),

6zoo3t7 5

6295*I5?

6tgztt93

6t85¡z5z

6IL?328 J

Llzl 3L)L

16p0+]"If

1610+10ó

lJBt* ÇB

t JÅ|t+sl1J

1588+109

LJJISto)

]-J667]-az

1603t113

IJlj3loz
lJB r.J102

1JBl,+120

LJJt tL?o
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reglons than ln the central reglon" The cortex depth

and- gyrus i.¡ld.th ln the central seven sections ln each

gyrus was reasonably constanL for each anfunalo although

the d,imenslons ln d"lfferent animals mlght be very

d,lfferent" The ranges of these parameters, from all
the Byrl examlned, tr{elre as fol-Lovss:

gyrus wld.th: mlnimum 5l+L6 mlcrons

maxlmum 677t microns

cortex d-epth: mlnlmum 1O9B mlcrons

maxlmum IgOj microns.

The posslblllty of a sinple relatlonshlp between

cortex d.epth and gyrus width was considered.u and the

result is shown graphically ln Fig. 11. The mean

values of these two parameters, frorn flve intact left
gyrl, Ítrere plotted. agalnst each obher" The scatter
d.lagram suggests that no slmple relatlonship exlsts
between cortex depth and Byrus v¡idth"

Acute-ly_isgla.ts4_gyrus" Sl-abs frorn the rlght
cerebral hemlsphere r,lrere prepared. by the earlier
technlques d-eveloped- for thls stud"y (page g ?)" These

d.1d. not always lnflltrate the tissues fully wlth nltro-
cellulose" Consequently, the number of hlstologlcally
preserved slabs from the rlght cerebral hemlsphere ls
small-er than fron"uhe left slde. Gyrl ln which acutely

lsolated slabs had been prepared. exhlbited smarl variatlons
ln their cortical and rtort-cortlcal parameters. The



L7B

o- :r
2"
ì0.

C

;r.
Þ
cl

o
¡1,(,
F
z
ts
Í 1.,
J

T
F
Àu
ô
f 1.,
F
êa
ou
z
$ r.,
€

5

s
o
+2

6.2
MEAN

6.4
WIDTH INTACT LEFT GYRUS

F1g. 11 Mean Gyrus t'Iid.th plotted. Against Mean
Cortex Depth from 5 Intact Left Gyri

No simple relationship ls shohrn,

Note: Sections anterlor to mid_section
o'O'n are deslgnated, as + mm; sections posterior
to nld-section '!0" are d"esignated- âs - Íiln"



179

range of these measurements at each mlrrimeter interval
t¡as ccmparable wlth ilrose Just described for the lntact
gyrl (Tables I and" Z), Howeveru the overal_l- wldths of
gyri in v¡hich acutely isorated slabs had been prepared.

1n left and. rlght hemlspheres were significantly greater
than comparabre parameters for intact gyrl (p s 0.00r).

varlations in slab width r^rere examined along the
length of the slab in ord.er to d-etermine rr¡hether there
was a d istlnctlve pattern of shrinkage at the pial surface
of slabs ln the reft hemrsphere. The result of protting
the mean widths and. their.sbandard error from Table z
are shovrn in Fig" f,2. No signlflcant d_ifferences were

found-, in five acute preparations, betv¡een the mean

slab v¡ldth at any of the 1.0 mm secLlons for a d_lstance

of 6.0 mm on elther sid_e of the ,rO., section"
such resurts lnd-rcate that the rsolatlng cuts

had- been mad.e v¡lth uniforn spaclng. There isu honevero

an unnlstakable tend.eney for the nld_d.Ie of the slab to
be narroÌ'rer than any other reglon; an examlnatlon
of the dabe fron each ind-1vldua1 gyrus showed. that rro.r am

section nras always the narrowest part of the slab
between -5 nm to +J nm sectlons.

The depth of cortex in the acutely isorated. sr-ab

was always shallower at the same Locus than the adJacent
lntact cortex wlthln the same gyrus (ta¡te Z). The

shallowest parts of the cortex ln the neens of slx aoute
slabs ïrere found to be at the slab mld.sectlon area of
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Tablo 2. Ìlean Dlmonslonc of F'lvo 
^cuto 

lsol"Âted Gyrl and l'our llonotopos (t,llcrons)

Dlst. Fro¡o Lêft
"O' Sectlon Slab

ln mm Hldth

Iaf t
Gyrus
wldth

Ißf t
Sfab
Cortex
Depth

Ißî t
lntact
Cor Ee x
Depbh

lef E

Slab
Hldth at
Corter
ljas e

6

5

4

3

2

I
0

I
2

3

4

5

6

Anr. End 386t4r24

4355tr46

4)7?ttz[
4)04¡!46

426o¡IJo

4260t]-62

4L)4¡LlJ

428)¡IJl

43?0tt7 5

. 44o6¡20t+

446J¡].B)

44?9+zI9

Post. End 405r1248

646)a2ol-

666ltri5
6906!2or

699?t2ob

lOL6azt+t

6880¡?J6

6954t256

l04J¡2J6

6g4ltz3z

6??B!230

66Jo¡z4B

6?89!256

699olzor

L903+I57

IB))+]-24

t6)4tI06

1/0131-02

L6))¡]..24

160lJL2o

I47t¡tat,
I493+J-t?

LJo4¡I42

LJJ2¡L20

I?o'tt 95

t84t+3 69

1P!4111f

J-BB8316rr

t.9I?+L42

LB)J¡I)j
Il))¡I24
Ll4)7 97

L749t 95

IlL27]-o6

l?05+Lo9

L??B+Il-3

1808+10p

1BBB3 98

1P6rÉ102

2020+t)I

22Bl¡2)l

2?66!402

296t+!329

)IJt+¡2)z

)JB4+2)0

3286+I5?

)345=186

)425+252

3t+25t256

)484¡?)z

)449)14

)zJo3)o0

2t+96tt46

D1st. Irrorû Hlght
'0" Sectlon Slab

ln mm l.lldth

nrght
Gyrus
!Jld th

Rl6ht
Slab
Cortex
Depth

E lght
Intac t
Cortex
Depth

Rlght
Slab
l{ldth at
Co¡tex
Bgse

4 Á.nt. End

3

2

t
0

l
2

3

4

J Post. End

468a¡JBJ

474)1-622

4889+5Lz

4941 t6zz
4B)-ttJBJ

4853!4? 5

4878+54)

48 53-ç5t+9

r47 5!+oz

4r)J!66

7LDt366

l268¡14

l2)4¡)4o

T56tzÍJ9

734ltJ66

7330!+02

?)o5Ð66

?232+322

6954Ð29

67)t+ +4? 5

L464! 95

:-4l4¡L))

I43B+Il-7

]'464tt-)J

l!.4)7IJl
IJ22¡LB)

153?+2oI

l-6l-0+256

I?05+2.74

16Ð+259

l6t+? +2ol^

tJÇJa16B

16101150

1632tIzB

LJPJ¿I24

r632t 95

162rJlll
t64? +I5o

Lf Jó rl-6t+

J.810+.201

)4o)¡ )6

)8o6¡2IÇ

38gzttza

41lJ+181

4o99+292

4026+Ió3

)97I!I28

3397+tao

35r)t329

)o92 + )?.9
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-2 mm to +2 mm sectlons. The mean slab cortex depth

of thls reglon was 1518 J ff5 microns. The naxlnum

depth tn thls reglon was LgO3 J f+O microns. The gyrus

cortex d,epth vras compared. to the slab cortex depth in
the nid--reglon of the sl.abo from section -2 mm to +Z mm"

A paired. comparisons test showed. the gyrus cortex d_epth

to be slgnlflcantly greater than the sl-ab cortex depth

over this dlstance (p 5 0" 01). There urereu howeveru

no slgnlflcant differences between the slab and- gyrus

cortex d.epths at the end.s of the slab, (-6 to -4 and.

+6 to y'l mm sectlons ). These d-ata are presented. ln
graphleal form ln Fig. L3.

Data from Table 2 reveal the rhomboldal shape

whlch the lsolated- slab assunes after period.s of lsolation
lastlng slx hours or nore" Thls is graphlcally

illusbrated. ln Flg. 12 luhere the slab lsld.th at the pial
surface ls seen to be always larger than the slab width
aE the base of the cortex throughout bhe enüire length

of the slab,

Chronically _lsol-ajellsyru-s" The anterlor two-

thirds of each chronlc gyrus v¡as alnost entlrely of
unlforrn wld-th whlle the posterlor end. was notlceably
narroluer and taperlng (Table J and. Flg. 14), These

flgures show bhat the rnean hrldth of six chronlc gyrl at
"+5" mm section was L5% less than the mean rsidth at
I'Orr rnm sectlon.
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lab)e ]. Hean D1ûenrìlons of S1x Chronlc Isok¡ted cy¡1 end Thrcc llomotopes (l,ltcrons)

Dlst. From Iæft
"O" Sectlon Slab

ln rnm tlldth

I€ft
Gyrus
Hldrh

Left.
SLab
Cor tex
Depth

IÊ18
lnLrct
Cortex
Depth

IÆ.f L
S l¿ìb
Depth

I-ateral-
SuIcus
to SLab
/lPex

6 
^nt. 

End-

5

4

3

2

L

0

1

2

)
4

5

6 Post.End

2287!It-3

2fi6¡II)
2602+ Bo

2?45t 76

2862+ ?6

ZBUZtr1z

292ltJ-2B

21663t46

2l4J¡I64

269olrz9

?J62tIJo

24?4t ?3

2525t 73

516?+ 9r

4562il'+

4494t212

4Jz)a22)

4l)4¡IJo
4t+B?t256

448112J6

44)2¡214

4J0J¡214

4)84¡2oI

))B)¡?Lj
)84)aI})
3?33tro9

131?l B0

I)6Jt JB

t42l¡ l)
r39ot 7)

1lJ4+10p

llP4+10!

1339t109

Lz)Ia )I
1262¡ )t3

]237t 9r

LLl4¡]-02

12gr¿ 9I
I)J42 )I

IJol¡I2B

l.614+IZt+

1JkB311/

IJ401111

l4B5+ 98

IJlrÉ p1

1449+ 4j
L4)8+ )6

L4?4t 62

IJzJz 87

L566!]-09

16?6tr46

tll J¡It+6

I7'tJ2+274

2lBrl p8

22)6+ 62

2217+ Bt+

2796+].þ6

2IJ2¡L)I

201't tl-))
2061at24

zo)l tI)P
Ij4)¡I))
rB)3+r46

76)ztIB)

20r)¡ )6

2)24¡41 J

2232+208

239)+l46

2444¡IJo

235?+II7

2217+L46

zIooSLJ)

I)J4+]^20

TBJJ¡ Bl

L756t\oz

I?45t BZ

t464t ?3

I)Il¡I46

Dlst. From Rlght
"O" Sectlon Gyrus

ln ron Wtd.th

Rlgh t
Intect
Cortex
Dep th

6 .ant. nna

5

lr,

3

2

I
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2

3

4

5

ó Post. End

6o?q+t+02

5965t!+oz

J1lþL46

5903tL46

5819t11?

59o3t 65

6oozt 36

633Lt 62

6Jl4¡l'z1

6463+l-oz

6796! zI
6002¡ )6

5B0rt 18

1592+ 36

IJI)+ LB

LJIBa J4

IJ)o+ 62

IJItt 73

14lB+128

l44)aI)p

]Ç27t]-39

1464a11/

IJ22+]',2B

7J22¡I02

1628+ LB
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The wldths of three gyrl ln whlch chronlc slabs
had- been prepared was compared. to the nonoperaLed_ homo-

toplc gyrl ln the same anfunals. A parred. comparlsons
test sho'v'Íed t]nat chronic lsolatlon causes a slgniflcant
(p Í 0"001) red-uctton 1n gyrus wldth ln the gyral regl0n
alongsld-e the rsolated areao The mean wldth of the
three chronlc Byrlu ln central region (_Z to +2 mm

section), was vzgt+ mlcrons and- the mean wldth of their
homotopes rn the centrar regron of the gyrus was 6ttz
mlcrons' Thls red-uctl0n of 22ft ln mean gyrus wid.th
seemed to be a feature of all slx ehronle gyrl examlned.o

as máy be seen from comparlng the data in colunns J and B

of Table 3"

After 6-rr nonths of chronre isoratron the
subplal widths of the ehronlc srabs rrere signlf lcantry
less than correspond.lng paraneters rn acute srabs
(p Í 0"001)" The mean wrd.ths of slx chronrcalry isolated.
slabs when eonpared- at 'o' mm sectlon were onrv 657"

of the lpsllateral mean wld.ths of flve acutery isoLated.
slabs (Tables Z and. 3) at the correspond.ing ,,0,, mm

sectlon. rn contrast wlth acute slabs the wldest regron
of the ehronlc slabs was at thelr centra] region. The

ternlnal ends of the chronlc sr-abs, vrhleh were bad.ly
scarredr tapered rnarked-ly to a wldth of about 100 mlcrortso
The means of srab and- gyrr wid-ths from slx chronic gyrl
were plotted agalnst each other ln order to ascertaln
whether any re8ular relatlonshlp extsbed. between the
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shrlnkage factors of these two parameters (ffg. 15).

A slraight llne relatlonship was found_ between the tv¡o

parameters. The onry slgnlficant d.evlatlons from the
relatlonship v¡ere at 1l-þ, m¡n and .,-5,t mm sections whlch

tdere ad.Jacent to the d.ralnage hole"

Bobh the chronic slab cortex depth and. the

chronlc gyrus cortex depth were unlform at the anterlor
end. of the slab (,,-60, to ,eOd mm). The mean cortex d.epths

of s1x chronic slabs were always shallovser aü the same

l-ocus than that oceupled- by the adJacent intact cortex
wLth1n the same gyrus. (Table J and Flg. 16). 'Signlf-

lcant d.ifferences (p rangtng from 5 0.01 to 5 0.001)
$rere found by paired. comparisons test betv¡een chronlc
slab and. cortex d.epth throughout the entlre length of the
chronlc slab"

the mean d-epths of non-rsolated- eortex in each

of the three types of gyrl and. thelr honotopes ïÍere

earculated- from the d.ata obtained. at all sectlons along
the length of the slabs. These data are presented.

below and. are shown graphlcally ln Flg. L?,

Intact IÆft

Intact Honotope

Acute Left

Acute Homotope

Chronlc Left
Chronic Right

L69B J fg ntcrons

1701 3 f+ nicrons

1690 ! Zg mlcrons

t6t+7 J 4o mterons

1606 ! lz mlcrons

15BB J ff ntcrons
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Note: Sections anterlor to nld-sectlon
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No slgnlflcant dlfferences ïrere found between the mean

depth of cortex ln the lntact left gyri and_ thelr
homotopesn nor between the mean of thls parameter rn
the acute left gyrl and thelr honotopes" A slgniflcant
d-lfference does exlst beti+een the mean cortex depth
of lntaet left gyri and chrontc lefb gyrt (p S 0.01);
also there ls a slgnlflcant d.lfference between the mean
corfex d-epth of the tntact honotope gyri and. chronlc
honotope gyrl (p < 0.001).
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Earrier cytoarchrbectonic stud-res on neuronpopulatron denslties in the cerebrar cortex ;;;"concenLrated on tv¡o structurally spatlal p""**ãters"
The flrst parameter v¡as a measure of the d.ifferencesin packing d.ensities which rsere found. at d_lfferentcortreal depths v¡lthln a small region of the sanebraln; the second. paraneter measùre¿ packingd.ensltles in d-ifferent henotsphe"i"-regrons of thesame brain v¡ithout regard. to varlations atdifferent. cortlca] depths (r¿sh1ãy and clarkeoL9+6; K1otz and. clarkä, Lgso; Bailey and.von Bontn, L?SI; shollo r9t6, Lgsg). These earlyresults showed- that there v¡ere conslderablevarlatlons ln populatlon densltles wlthin anysmall par! from any region of the cerebral cortex;for exampreu cat visuaÍ corter, 

-à"a-sensorr-notor
cortexu man strlate area and. precentral Sy""". 

--
The data from these measurements were taken fromrelatlvery few sectlons cut rron ii""ou brocksonly about ? r*- long. rn conirã"t, histor-osiõartechnlques developed for the p*""urrt studypermltted contlnuous lnvestrgátl0ns of neuronpopulatron densltles at reguiar rntervals frontlssue bl0eks lJ nm 10ng. Quantltatrve resultson neuron populatl0n densltles were obtained iro,the three types of gyrr preparations and. therrhomotopes 

"

-- c rnt*ut "ort"o" During the period of experlmentation
1n this stud-y the hlstoroglcal trne proced.ures d rd not
enable a larger number of samplings frorn gyrl with lntact
corÈlces" The nean popuratlon d.ensrty of observabr.e neurons
per mn3 of eortex ln the cortreal segments was earculated
and ls shown ln Columns I and_ Z in Table t+. Slnce the
estlmated neuron inpregnatron rate was zft of avarrabre
neurons (sholl, Lg56), the nuruber of observable rleurons

1per mmr as sho¡sn rn this table may be multlplled by a
factor of 50 1n ord.er to ealcurate the actuar neuron
populatlon d.enslty.



Tab1e k. I'lean Neuron
per mmJ.
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Populatlon Densi.ty of Observed_ Neurons

(1
Intact
Lef t

Intact
Honotope

5
A.cufe
Lefb

Acute Chronle Chronle
Homotope Left Homotope

tA, 263*34

18 ?55t30

2A 222t2)

2B 286¡JI

3 362¡49

t+ JoB+6r

Ë ):"ø!+2

39t+768

4ot¡33

256+46

37 5t52

þ10É43

t+53fl8

JBt¡21

180*14

21rÉL0

L97* 7

L6?tL6

J)43L6

462*zB

261*JL

TJ\t?T

2?'t--LZ

22)a16

11831/

)88¿Jo

JoLtJ0

z68¡60

1t/3IB

2007)4

I) J¡zL

L68320

2)2326

280¿LJ

208¡?l

207* 7

297*47

249t36

221¡It+

2BB+66

400390

?lB72B
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The d,ata fron eaeh of slx cortical segnents

(see lnsetu Fig" 18) Ìrrere palred ln each tlssue sectlon
for the entlre length of the gyrus for conpared comparlsons

tests ln the follov,'lng manner !

A Ì{18t1 2B

18 wlth 2A

4 l^rith 3.

þIhen treated 1n thls manner the data shorsed- no signlflcant
dlfferences Ln neuron populatlon d.enslties betr¡een each

of the paired- u.pper eortl-cal segments and. no signlficant
differences between each of the palred- lov¡er cortlcal
segments in the lntact left and. honotoplc gyri, Never-

thelessu there are genulne d.ifferences 1n populatlon

d.enslty betr,ceen these palred. segments ln any one sectlon,
and also between any one of these segments and. its counter-
part ln any other sectlon, Thls ls graphlcally

lllustrated in Figs" 18 and. 19.

The mean neuron population d.ensltles for the

entire upper half of the cortex were eompared. wtth the

means for the entlre lower cortlcal half at z nm lnterval
sectlons; palred- d-ata r{ere used from lef t and honotoplc
gyrl. A slgnlflcant dlfference (p < 0.01) exlsts ln
neurorl populatl0n denslty beti,reen the tr.¡o compared.

cortlcal- d-epths .throughout Èhe entlre lengths of lntaci
gyrl.

The mean neuron populatlon d.enslty wlth stand.arcl

error for each corblcal segmenL from all avallable
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sectlons 1n l-ntact left and. homotoplc gyrl are shoç¡n in
Flgs' 20 and- 2L. The d-ata presented- ln thls form serve

the purpose of shor*lng a representative coronal sectlon
wLth those cortlcal volume and. cellular pararoeters which

could. be found ln a classlcal Golgl preparatlon and.

ln the mod.lflcation d-eveloped. for thls stud.y" The mean

d.enslty (expressed. as observed. neurons,/r*3) in the upper

cortlcal half of the cortex ranges from a l-ow of
222 ¿ 2) to a hlgh of ¿¿01 +33t the range tn the lower

cortlcal hatf extend.s from a lol,r of 362 t t+g to a ht6h
of 508 ! 6I" The d.ata are also shov¡n tn hlstograa
profiles ln Flgs " 22 and- 2j" The results show that
varlatl0ns in neuron populatl0n denslties ln lnLact
gyrt occur even between bnro closely spaced parameters

ln alf spatlal ortentatlons of lengtho r¡ld.th and. d.epth.

Agt{Þe1y ls_olated" qqrteE. The neuron populatlon

d.enslties from nlne acute left and- homotopic gyrl in each

of slx corÈlcar segments vrere conpared. populatlon

d.ensltles ln the d-lfferent segments were compared" accord.lng

to the scheme on p. rg2. As well, a palred. comparlson

was mad-e between the acute reft gyrl and- thelr hono-

topes.

The results of these tests showed that no slg-
nlflcant d.ifferences exlst between each of the palred.

upper cortlcal segnents ln the left and homotoplc gyrl,
Hor¡evero slgnlflcant d-lfferences are found. between
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Dorsal Pla1 Surface

Flg" 20 Coronal Sectlon of Intaet Left Cortex
Mean of 1 Slab(3 sections only)

d. = Denslty of Observed. Neurons,/mm3

XN = Total Number of Observed. Neurons

EV = Tota1 Volume ln nm3

D = Estlmated Neuron populatlon Dens Ity/nn3

X Neurons Observed for I Slab = ?jg
X Volume of Cortex Exarnined = 0.6?8nn3

Neuron Impregnatlon Rate = Z%

d = 26JIJI+

XN = l-B

x\r - 0"070

D = L3,L50

TA

255*)a

=22

= 0.086

d=

f,N

XV

D=

d = 2221?)

xN-20
f,V = 0.089

D = l-10100

d = 286+JI

XIJ = 18

Ðv - 0"066

D = 13,600

d = J0B+61

EN = !¿+

f,v = 0" 185

D = 25,400

&

d = 362Xt+9

xN=66
EV = 0.182

D = 181100

fr.
s¿



Dorsal Plal Surface

d = 391þ+6ó

XN = t*4

ÐV - 0"11¿$

D = 19 0700

d = 4Otl33

f,N=61

EV = A"I52.

D * 20u 050

d = 2J6t46

EN=39

XV = 0,152

D = l2oBO0

d. = 37 5t52

EN=50

Ðv - 0.133

D = lB,75O

d = 453+?8

f,N * L33

XV = 0"293

D = 22,650

d = 410+43

XN = l'zl-

IV = 0.295

D = 20r5OO

Flg' 2L coronal section of rntact Honotoptc cortexMean of I Slab (J Secttons)

d, = Denslty of Observed Cells/mn3

EN = Total Number of Observed. Neurons
?ÐV = Total Volune ln mm,

D = Estfunated. Neuron populatlon Dens |ty/nn3

X Neurons Observed. for 1 Slab = 448

X Volume of Cortex Exanlned. = I" 1J9*r3

Neuron Inpregnatlon Rate = Zft
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the two loruer cortlcal segments rn both the left and.

homotopie gyri (p < 0.05 ln both henlspheres)" A

greater paeklng d-enstty ls found_ ln the l0vrer l_a1;eral

cortlcal segment, deslgnatecl ln thls strrd.y as #U, Ehan

in the ad_Jaeent medial segment (#j). Segment 14 ]les
acJacent to the tract assoclation area of the ectosylvlan
gyrus. the slnllarltles ln denslty proflres of coronal
sectl0ns at regular intervals throughout the lengths
of acute left and acute homotopic gyri are shown graphicarly
ln Flgs " ?4 and. ZS.

The data from populatlon d.ensitles ln cortical
segments from every 2 mn lnterval seetl0n ln acute left
slabs was compared- to the d-ata from sinrlarry d_efined

cortlcal segments in acute homotoplc slabs. No

slgnlflcant dlfference exlsts between the denslttes or
palred cortleal segments in left and. hom.otoplc gyri.

A hlghry srgnrflcant dtfferenee exists rn neuron
populatlon ddnsltles between upper and lov¡er cortical
depths ln both acute left (p < 0,001) anrj_ honotopic
(p < 0"001) slabs" No si.gnlflcant drfferences in
d'ensltles vfere foundu ât 2 nn lnterval sectionsu in
the foJ-lowlng: rn the upper corticar harfu betrveen the
mean d-ensrtres of acute left slabs and. thelr honotoplc
slabs; ln bhe lower cortleal half n betneen nean d.ensltles
ln aeute left slabs and bherr ho¡rotoprc slabs"
srgnlflcant d.lfferences ln populatlon density are not
always found bebween d.lfferent segments rshen these are
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tested. by paired. conparisons ln severar sl-abs. Never-

theless the resuLts show that genuine d ifferences d_o exist
belween indivldual segments along the entire length of
ae'utely lsolated slabs. These results are shown graphl-
celly ln Figs. 2þ and_ 25"

.â representatlve coronal secËlon of mean d.ensitles
for cc¡rtlcal segnents from nlne acute and_ homotoplc gyrl
are shoiun in Figs, 26 and. zz, The upper central cortlcal
segmentse 1u€ue LB and. 2Ao have the hlghest popuLatton

d-ensltles ln the upper cortlcal haLf. The non*homo-

genelfy of packlng d-enslty ln the cortex of the slabs
1s graphlcalJ-y demonstrabed. ln hlstogram profiles ln
Figs, 28 and 29. A drstrnct profile of populatron d-enslty
nay be d lscerned ln the upper and lower halves of bobh

acute left and- homotopic slabs. The eharacteristlc of
this proflle l.s thatu ln both hemlspheres, útre two outer
segnents ln the upper half are snaller than the two

central segments; the two Lower segments are marked.ly

larger than any of the upper segments.

chronlcalry lsolated cort_ex. paired_ comparison
tests of neuron populatlon denslty lrere made between

varlous comblnations of slx cortlcar segments frorn flve
chronlc left gyrl" The d.ensllles between each of the six
cortleal segnents frorn flve chronlc left slabs were paired_
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Dorsa1 Plal Surface

Flg" 26 CoronaL Sectlon of Acute Left Slab Cortex
Flean of 5 Acute S1abs

:- d - Denslty of Observed- Ce11s,/mn3

EN - Tota1 Number of Observed. Neurons

[V = Tota] Volume in mm3

D = Estlnated Neuron Population Dens tty/nr,3

X Neurons Observed for J Slabs = ?r 537

Ð Volune of Cortex Exanlned - B"?70 6r'3

Neuron Inpregnatlon Bate = 2%

d = 180t1l+

Xhi = 16?

EV = 0" 900

D - 9,000

TA

d = 211+10

f,V = 1.151

D = l-0,550

rB

d = I97t?

tN = 229

EV = 1,16þ

D = 91850

ffie

d = I62+L6

tN = 162

XV = 1" 002

D - 8,100

2ffi
d. = 462+28

XN = 9Bl

XV = 2.I2?

D = 23,100

&

d = J)4+I6

XN = 760

ÐV = L.931

D = 19,700

4
@
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Dorssl Pial Surface

d = LJ't l7L
xN =96
f,V = 0"6j5

D = 7,550

d = 22L!L2

rN - Lg6

EV = 0"883

D = 1Ir 050

d = 229+L6

IN - 2L3

EV - O,g2B

D = 11,450

d = 11831/

f,N=78

EV = 0.66I

D = 5,900

2W

d = J01lJ0

EN = B¿¿j

Ev - 1" 681

D = ?5rO5O

d = J8B+J0

xN = 738

XV = I.902

D = 19,400

A#

Flg. ?7 Coronal Sectlon of Acute Honotoplc Cortex
Mean of 4 Slabs

d. = Denslty of Observed Ce11s/mm3

XN = Total Nurnber of Observed. Neurons
\ì\r - ¡
'¿v = -total VOIU¡ne in mn3

D = Estlmated. Neuron populatlon Dens LþV/nn3

X Neurons Observed for 4 Slabs = Lr 55B

X Vo1u¡ne of Cortex Exa¡nlned. - 6.690*rn3

Neuron hopregnatl0r.¡ Rate = 2%
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2I0
as previously descrtbed. ln the schemes for lntact and-

acute preparations (p, I9?). There are no slgnlfleant
dlfferences betv¡een the palred segments 1n the upper cor-
tlcal half (p < 0.10); nor are there any significant
d-lfferences between the segments in the lov¡er cortlcal
half (p < 0"70). A paired comparison test of mean

d.enslties between the upper and lower cortieal half in
the chronic slab shorvs slgnlflcant d_lfferences (p < 0.001).

Hlstograms were prepared. to show the proflles of
mean neuron populatl0n d.ensltles for each of the slx
cortlcal segnents ln the chronlc sIabs.. Flgs " )4 and- j5
clearly dennonstrate that denslty proflles v¡hlch were

observed rqlth acute left and. homotoplc srabs are stlrl
present" They aree howeveru corlslderably flattened. and_

rrith peaking l-ess pronounced. The hlstograms along the

length of chronlc slabs also shors an unmistakable

tendency for the neuron populatlon d-enslty ln the upper

cortical harf to becone sllghtly less towards the posterlor
reglon of the slab (nig. 30)" Thls tendency was not
observed. ln the hlstogram proflles of lntact, acute left
and honotoplc gyrl (nfgs. lB, ].9n 24 and, Z5).

variatlons ln mean neuron populatlon densittes for
each of the slx cortlcaL segments along the lengths of
five ehronlc slabs are shown l-n Table 4. The resuLts
shol'r that the central upper cortlcar segmentse 1.€o e 18

and- ZAu maintain sllghtIy hlgher d.ensltles than the two

adJacent cortlcal areaso Howeveru a t-test for two sampres
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Dorsal Plal Surface

d" = 117+fB

DIV = 54

lv = 46þ

D = 5çB5O

TA

d. = 200+24

f,N = L35

EV - "6?5

D = 10u 000

rB

d = L)J32I

tN = I34

XV = .688

D = 9'750

3A

d- = L6Bt20

EN=78

DV = Àt64

Ð - B,4oo

2W
d - 280t15

EN = 114

f,V = 1.120

D = 14r 000

&

d = 2)2+?6

EN = J26

EV = 1.116

D = 14u600

q
qd

Flg. 32 Coronal Sectlon of Chronle Left Cortex
Mean of 5 Chronlc Slabs

d. = Denslty of Observed Cells/nm3

tN - Total Nunber of Observed. Neurons

ÐV = Total Volume in mm3

Ð = Estlnated. Neuron Populatlon Dens IEy/nn3

X Neurons Observed for 5 Slabs = ],041

Ð Volume of Cortex Exanlned - l+,522 nr.3

Neuron Impregnatlon Rate = ?ft



?L4,

ln chronle srabs whlch lumped, a1l the d.ensitles ln
cortlcal segments 1A and 28 d1d not show any signiflcant
d-iflference from the luroped. d.ensitles in l-B and zA,

The homotopie gyrt hrere not avallable for neuron
populatlon stud.les" However, a chronlc homotopic gyrus

wl&h an lntact cortexn whose ehronic left slab was not
strãcled, was analyzed. for neuron populabion density.
The data fron this homotoplc gyrus rÁ¡as compared_ nith
the*t from lntact left and. rlght gyrls using a t-test
for two sanpre means whose populatlon varlances are
unl'rror¡¡n" No slgnlfleant dlfferences ürere found. between
pop;ulat10n densltles ln the varl0us cortlcal segments

in the chronlc homotope and. their counterparts in the
lnt-.act gyrl from anlnnals v¡here slabs had. never been

prepared (Ffes. lp and. 31)"

the mean neuron populatlon densitles for each of
the slx cortlcal segments from flve chronic slabs and

the one homotoplc gyrus are represented. as typica]
coronal sectlons in Flgs " jZ and 33.

A vlsual comparlson of bhe srx ir-lustrations
(nies.2?u 23, ZBu Z9r il4u 35) whlch show the means for
each of the slx cortlcal segments in the three types of
cortlcal preparatlons gave the lmpresston that the neuron
popuratlon density in the upper cortlcal half was hardry
afflecbed by varylng perlods of neuronal lsoLation.
Accordingly then, several t-tests for two sanples were

mad-e on densltles ln each of the slx cortlcal segments
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Dorsal Ptal Surface

d = 207t7

XN=7

XV = 0" OJ/-L

D = 10r 350

rA

d. = 2)7+41

f,N_L6

f,v - 0,053

D = 14u820

?B

d = 24)¡)6

ÐN=L5

EV = 0.061

D = 12,450

d = 227+L4

tN=13
EV = 0.062

D = 11r 350

mw

d = ¿100+90

XN=48

XV - o.LZl+

D - 20,000

d = 288+66

XN=14

EV = 0.104

D = 14u400

ã
AJ

Fig" 33 Coronal Sectlon of Chronlc Honotoplc Cortex
Ivlean of 1 Gyrus (Z Sections only)

d. = Denslty of Observed. Ce11s,/mm3

XN - Total Nunber of Observed. Neurons

XV = Total Volune in ¡nm3

D = Estlmated Neuron populatlon Dens itv/mn3

E I'Ieurons Observed. for I Slab = llj
X Votune Cortex Examlned. = 0.438 rnmS

Neuron Inpregnatlon Rate = ?%
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betv¡een chronlc slabs and- acute sl_absu and also betv¡een

chronic slabs and lntaet Byr1. DaEa fron each of the
cortleal- segments rB and zA *ere lu-mped (=lB + zA) as

representing a surglcally*protected. aTea. in the upper
cortlcal half; ]A and. lB were lunped_ (= lA + zB) as

representing equally traumatlzed. upper segrnents; J and-

4 were lunped- as representlng equarly traumat,ized lov¡er
segments" The resu.]ts of the t-tests show t,hat NQ

signifleant dlfferences exist between the forrowlng;
(18 + 2A) on chronrc slabs vs. (18 + z.e) on acute slabs;
(tB + 2A) on chronlc slabs vs" (lB + zA) on lntact gyri;
(14 + 28) on chronlc srabs vs" (1A + zB) on aeute srabs.
Â htghiy.slgnificant dlfference was found. to exlst betr¡een
(14 + 28) on clrronlc slabs and- (1A + 2B) on lntact
gyrt (p < 0"001)" TITe d.lfferences rn neuron population
densltles between ]umped. segments (3 + ¿¿) ln chronic
slabs and- in acute slabs vrere also hlghry signlficant
(p < 0.001)" Frg. j6 rs a hlstogram proflle on the mean

neuron population denslby for each category of cortlcaL
preparatlon" Thls type of graphlcal presentatlon shorvs

the tendency for chronlc 1solat1on to lessen the neuron
populatlon d.enslty ln the cerebral cortex.
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<. ANALySIS oF pEi{pRrTEÞ

Analysls of cytologlcal changes was conflned.to the aplcar dendrrtrc trees ãr py"*¡oida' cerlsas observed fron coronal sections"" The meandendrlte denslty was carculated_ from the nurnberof dendrlte sectl0ns lylng ruithln a tree zone,The diameter of each zône was correrabecr to the' dlameter of the ne*ron's own sonia (r,lethodsu p" r40).No attenpt was mad_e to analy"u ¿"rrd"it"distrlbution rn each of the cortlear strattficationlayers by beehn_lques prevlousJ_y d.eserlbed. byBamon-I'roliner (Lg6J-) ior the pästcruciate gyrusln the cat.

The parameters of cortrcal d.endrrtes whrch were
neasured and- analyzed were . a) the number of aplcal
d'end-rites per pyranrdal cell in the tntaet and. ln the
lsolated' cortex, b) the extent of dend-rlte branchlng ln
both horrzontal and. vertlcal spread.lng patterns and.

c ) the number of splnes &s a partlal lnd-icatl0n of
afferent clrcuttry" These measurements and- numerou.s

other recorded neurocytologrcar observatlons pernrtted.
also data to be obtatned, tonard. the folrov¡rng obJectrves:
a) to examlne and- to quantrtate the structural changes
ln d'endrltrc trees after varying perlod.s of neuronar
lsolation, b) to ascertarn the extent to whlch tissue
conpressl0n and shrlnkage mlght contrlbute to struetural
changes ln corrclcal dend,rrtes and. c) to posslbly contribute
to the knowred-ge of cr-assrcar neurocybology v¡hlch mlght
be cliscovered. ln the cat cerebral cortex.
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, Small nurnbers

of nearly cornplete dend.rltrc trees with attached. sona

were observed Ln each tlssue sectl0rÌ. several factors
d-etermlned the selection of a tree for analysls z a) tne
blased seleetlvlby of the staln ln fa"¡or of certaln
neurons by faetors whlch are, as yebp unknown; b) dend_ritic
trees v¡hich lay wlthln a geonetrlc paütern v¡hich l,¡ould.

permlt roost of the dendrltes to remaln intact and- not be

sectloned by the nlcrotome knife ¡ c ) the blas of the
lnvestlgator in favor of those trees found. r¡ithin ,,clear,,

areas whlch viere d.lscernlble fron adJacent structures.
the dlstrlbutlon of d.endrlte d.enstty was expressed

as the number of dend.rrte branch points per bree zone.
The data for eaeir of the three types of eortex ls presented.

ln Table J anð.u graphicallyu ln the hlstograns of Flgs"
)l end- 38" The results show that in lntact and. acute
gyrl the largest dend.rlte d.ensity ls found in those neurons
whose soma ls situated ln the upper cortical halves
(raute 5u Flg, 3?). No d.lfferences were found ln d.en_

drlte densltres between neurons in each of the two upper
quadrants or between neurons ln each of the bwo rower
quadrants of intact and of ecute gyrl, rn chronrc slabs
the neurons ln each of the four cortlcal quadrants have
essentialJ-y slmllar dendrlte densltles.

FlB. jB provides a graphlcal summary of the
effeets whlch var¡ring perlods of neuronal lsor.atlon
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TabIe 5. Dlstributlon of Dendrlte Denslty

Quad. Quad. euad " euad., l,Íean1234

INT4.C

I,E¡T

GYBUS

Branch Polnts

Cortieal Zones

Branch Points/Zone 3.5 3. oÉ0" J

Quad. Quad. Mean34
ACUTB

LEFI

SLAB

Branch Polnts

Cortleai- Zones

Branch PoLnts/Zone ?,5

CHRONI

I,EFT

SI,AB

Branch Polnts

CortlcaL Zones

Branch Polnts/Zone L" 5 l" 0 1" 1+0" I
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have on mean d.end.rltlc

quadrants, ln the three

The greatest change ls
lsolatlon,
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densltyu averaged from all four
dlfferent klnds of preparatlon.

seen to oceur after long term

The data from each of the three types of cortex
was tested for slgnlfrcanee by the t*test for tl.ro samples.
The resur's show a hlghly slgnlflcant d.lfference (p < 0.00r)
was found between lntact gyrl e.nd. chronlc sLabs" No

slgnlfleant dlfferences in d.end.rlte densitres exist bet_
v¡een lntact gyrl and acuûe sr-abs or between acute and

chronlc slabs. Howeveï, an e'avrlnatlon of the data from
lndivldual neurons clearry suggests that the d.end_rlte
dlfferences found between the three bypes of gyrl shor¡n
ln Table J and Flg" JB are a biologlcal fact"

. T*n:'' examples of camera lue id-a d.ra*rlngs of
dend"ritle trees used 1n thls stud_y are presented. on
PlaIe XVIII "

The absence of lmpregnated and. optically resol_
vable dendrites ln the superflclal layer was a hlsto-
loglcal artlfaet, probably characteristle of thls sllver
technlqueu found. ln most tlssue sectrons, The d_rawlngs

sho¡s clearly that horlzontal extensl0ns and. branchlngs
of d-end-rltes ln thls layer were not enurnerated. Their
onlsslon frorn this stud.y rs not meant to rnfer that
'horlzontal dend.rrtes Frere no longer consrd_ered. to be an
lmportant part of the circultry in the cerebrar- cortex.
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Plate XVIII. Camera lucid.a dran¡lngs of t'¡¡o aplcal d.en-
d-rltic trees.

Top photograph from chronlcally lsolated slab.

lotçer photograph fron acutely isolated slab.
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Angul-at_lon at brglrgh potntg"

rnltiar inspeetlon of the lmpregnaLed. neuronsgave the lmpression that the magnitud.e of angu_latlon at braneh polnts was snalrer ln the chronicslabs than ln acute slabs and. lntact gyrl. Anocular gonloneter r.x&s used. und.er d-lrect microsco¿r.plc observatlon to measure angles at branchpolnts. A trlgononetrlc correction factor(Append-ixu p"331) was applled ln order to convertthe observed. angle to the real angle r{hen bhe
ti¡¡o d.endrltlc arms of the branch point werenot ln the s&me pÌane of focus"

The d.lstrlbutlon of mean angles at branch polnts
ls shown in Table 6" Measure¡nents were mad.e fronn aplcal
d-endrltlc trees whose perlkarya were situated. ln one of
the four cortlear quad-rants" very snarl dlfferenees
in the mean angulatlon r¡íere found. betv¡een each of the
quad-rants ln lntaet Byrl and. acute slabs. The renges

ln mean angulatlon v¡lth thelr stand.ard. errors were as

follows: lnbact gyrl varied, bety¡een 5O,U ! 2.60 to
46"3 ! ),3o a acute slabs varled between 5?.0 ! 5.3o
to 43"4 + 2'3o. rn chronic srabs the mean values for
each cortlcal quadrant were notably snarler v¿here the

ranges varled. between 1 5.? ! Z"go fu b5o0 + j.?o.
The results shov¡ also that ln the three types of cortex
the maxlnnum and. minlmum mean values were not repeated.ry
conflned to any one cortlcal quadrant,

Palred. conparlsons tests rn lntact gyrl and. acute
and chronlc slabs showed" that no significant dlfferenees
ln anguratlon exlsts betr'¡een any of the four cortlcal
quadrants ln each type of preparation,
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Tab1e 6" Mean .å,ngle at Branch polnts per euadrant

lNTACT

LEFI

Quad.I Quad..2 Quad-.3 Quad".l+

I{ean Angle al
GYRUS ü Bt.Pts" /euaa. 46" jj:3,) 46"glj,5 Jo"U+2.6 t+B.z+z,B

ACUTE

LEFT

Quad-"I Quad..2 Quad.l Quad"/l

Mean A,ngle at
LAB å ¡""Pts. /Quad." 5L"6¿2"L 4J"t+¡2"J 48.J+t+.) 5?.e!5,3

CHRONIC

LEFT
I iviean nngle aL

SLAB t e".pts" /Quaa, 35"?t2.9 41" 033.1å 45,0!3.7 3g"o!2"?

Quad-" I Quad,2 Quad. J euad.4
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severar t-tests for tv¡o samples were made for
slgnlflcance of d"lfferences between data pooled frorn
all quadrants rn intact 6yr1 and. acute sr-absu and-

between slmllar data from lntar:t gyrl and chronle slabs,
The results of the tests showed. that no slgnlflcant
d.lfferences ln pooled. angulatlon exlst between lntact
gyri and aeute slabs (p < 0"40) or between lntact, gyrl
and chronle slabs (p < 0"IO). Howeveru there is a

signlfleant d.lfference (p < 0"05) beiween the means of
the angles measured. ln quad.rant I of ehronlc slabs and

lntaet gyrtn and arso between the means of angles
neasu::ed ln quad-rant I¿ of chronlc slabs and lntact
gyrl; the meell angulatlon ln the ehronlc slab ls
red.ueed from that ln the lntacb gyrus"

All t-tests were repeated using the d.ata from
uncorrected. observed. angles ln ord.er to ascertaln
¡shether shrLnkage and d.lstortlon in the chronlc slab
had artered. the geometry of the d.end.rltr_c Ëree, The

results of these tests shoived. no change ln the p values
for the upper cortlcal quad-rants in all three klnd.s of
preparatlon. Thls tnplles that chronlc lsolatlon does
not lnduee rotatlon of d.end.ritrc trees ln the upper
quad.rants. Hov¡ener, the p values for the l-ororer cortlcar
quadrants 1n chronlc slabs changed. fron p ( 0. l0 to
'p < 0"40" The altered p varues found. onry for chrontc
slabs lndleates that the partlal rotatron of the apex,
observed- ln chrontc slabs rn thls stud.yo(paraneter H*r
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ln FlB' I and- colunn 6 1n Tabte 3), also affects the
geometrlc plane of aplcar dendritlc trees , A palred.
comparlson test vfa.s mad_e bet;{een corrected. and uncorrected.
angles ln lntact gyrus, acute and. chronle slabs. No

slgnl-f lcant d rfferences were found_ ln the rntact gyrus
and- acute slab" Hovtreveru a hrghly slgnlflcant d.rfference
was fouird in the chronic slab (p < 0"001). These results
lend- greater support to the evld.ence for rotatl0n of
d.endrltlc geometrle domarns rn chronle slabs"

Fig" 39 llrustrates 1n hrsto8rem forn the mean
angle at braneh points for each quad.rant tn the three
f¡"pes of eortlcal preparatlon" The proflles show ttBt
chronle lsor-atlon resurted rn a reductron of mean

angul-atlon in arl eortlcal quad_rants examlned v¡hen

chronle slabs were eompared. to intaet gyrt and acute
s1abs" Thls decrease ln braneh angutation eppears to
be generally dlstrlbuted. throughout the chronrc sr.ab"
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Ð_enêr:L!l.c qplne de4s 1Ly 
"

The splne densrt¡' vras e)spressed. as the nunberof observable dendritlc splnes found per mlcronlengbh of dendrlte sectlon" Separate d_ensityealculations hlere mad.e ln eaeh of the stena,branchlng and terurinal zones which are found_ln a dend-rttrc tree. Neurons rsere categorlzedlnfo one of two 6roups : a ) soma of pyramld-aL
neurons sltuated. in layer IfI as representlngthe upper cortlcal halfu and b) soma of pyraJmldal neurons_ ln layer v as representrng- trrelower cortlcal harf , Thrs tecirnique of neurongrouping we,s based. upon recent resulbs ofstud.les on cortlcal clrculbry by means ofenvlronmental d.eprfvation (Globus and. scheibeluL9ç7; valverdeu Lg6?; Colenan and. Riesen,l-968). The acute-left staU cfiãsãn-'ror thisparf of tlu stud-y rnvolved. surface stlmulatlonand reeordlng wlth irrdlum-pi-atinum and srrk-vrick electrodes. The pulsei were 2 mllll_seconds ln duratlon, the pulse amptitud_e
ranged fron L0-?5 volts and_ the stab v¡asstlmulated at 30 pulses per second_ for perrodsof 1 to 2 second_s. Intact gyrus and chiontcslabs rcrere left unstrmulateã for thrs part ofthe study.

Three d.end.rttle trees ln each of the cortical
halves were analyzed for splne denslty. Dendrltlc spines
were nof found on any parts of neuronal somata ln denslt¡r
stud"les on 36 dend.rltic trees" The d.endrltic splne
d-enstty ln:the three klnd-s of cortlcal preparatlon are
shown in Table ? " 'The results showed that the least
spine d-enslty ls usuarly found. ln the stem zone whlle the
greatest splne d-enslty vras eonslstently found ln the
branchlng zone" These results lndleate that the largest
afferent reglon of the d.endrltle tree ls the lntermed-late
area whlch v¡as deslgnated as the branching zone; thls
agrees r^rlth the observatlons of MungaL (196?).
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Table 7. Denrlrlte Splne Denslty

Note: All preparatrons were unstlmulated. except for
the acute left slabs.

INTACT LEFT GYRUS

Upper Lower
Half HaIf

STEH ZoNE In 3¿0.06 I.&a0.2

BRANCHING ZoNE 6.0+I.0 ?"3¡0"3
TERÌiilNAL Zor\E 2.6¡0"06 1. Zg0.l

INTACT HOMOTOPE GYRUS

Upper lo'¡¡er
Half Half

1. 110. 0B I. Z+0. I
6.530.1 5.5!0.4
1.030.0J Not Avall.

ACUTE LEET SLAB

Upper Lower
Half Half

STEM ZONE L"l+0.2J J"Z¡L"4
BRANCHING ZONE 6.L¡0.5 g.1J0.4

TERMINAL ZONE 6.J¡0.7 4.2!0.3

_ 

ACUTE HOI'IOTOPE SLÂB

Upper lpwer
Half Half

1.3+0.16 1.2+0. I4

7.2!0.9 6. 1É0. 20

2.4¡O.j Not Avail.

CIIRONIC LEHT SLAB

Upper Lol¡er
Half Half

STEM ZONE 1.J+0.1 1.6+0.1

BBANCHING ZONE 4. L30" 2 4.g¡0, J
TERMINAL ZONE 1.J+0.4 0.6+,08

CHRONIC HOI'IOTOPE cyRUS

Upper lower
Half Half

?. J+Q"6 1.9Ê0,3

6.8a0. J 5.6!0. 5

J" 010.6 Not Ava11.
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Pal.red comparlson tests v¡ere marle to test for
slgnlflcant differences ln spine densltles betv¡een

slrnllar zonesi ln lntact left gyrus and. honnotoplc Byruse

acute left srab and hornotoplc slab, chronlc left sl-al:

and. homotoplc Byrus. No slgntflcant dlfferences ln
densltles were found, betv¡een the Left and honotoplc
preparatlon. several t,-tests for tr.ro sanpres were mad_e

for s16nlf lcance ln splne densitles between s1¡oll-ar

zones ln the three klnd.s of cortlcal preparatlon. The

resurts showed no slgnlflcant d.lfferences ln splne

d.ensltles bebween the three honotoplc preparatlons.

slgnlf lcant dlfferences were found ln spine d_ensltles

betv¡een upper cortlcal termlnal zones 1n lntact left
gyrus and. acute left slab (p < 0"OZ); htehl-y stgnlf 1-

cant dlfferences were found bebween lorqer cortical
bernlnal zones ln lntact left gyrus and acute left
slab (p < 0.001)" slmllar slgnlflcant values r{ere fouird_

1n the termlnal zones betr¡een acute left slabs and

chronlc left slabs" These results v¡ould. appear to

lndicate that repetltlve relnforcenent of electrlcal
actlvlty on the p1aI surface of the slab slgnlflcantly
lncreases splne d.enslty ln subplal dend.rltes. The fall-
off ln splne d.enslty ln unstlnulated chronlc srabso

as noted ln Tab1e 7 u supports the theory that the

apparent "d-ls-use" of dendrltes results ln partlal loss
of thelr structural lntegrlty. plate xxxr il-lustrates
the differences ln spine d.enslty in the termlnal zones

between acute l-eft sl-abs and. chronlc left slabs.
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Dend._rlte v{ed.€:Ss" In the present studyu d.end.rltlc

wedges ï¡rere found- regularly ln lntact gyrlu ln both

acute and chronlc slabs" Plate XIX shov¡s a photo-

nicrograph of cerebral eortex frorn an intact gyrus with
three lnconrplete dendrltlc trees whose somata are sltua-
ted. ln layer III" Dend.rltlc wed.ges are d-lstrlbuted ln
both stem and. branchlng zones. Wedges found ln acute

sl-abs are llÌustrated. in Plate XX. Dendrltte wedges

were found also ln chronlc slabs"

In some lnstances dendrltlc wed.ges from several

ad Jaeent neurons t{ere grouped 1n palrs (plates XX and

XXI). Plate XXI, whlch is a htgh magnlficatlon of the

aTea seen ln Plate XXu three pairs of d.end.ritic vred.ges

are shown. The results obtalned. from. the silver technlque

used- here does not preclud-e the posslbllity that other

d,end.rltes nlghb also be present between the palred

wed.ges.

Dendrlt1e wed.ges r{ere stud led. for angular re-
d.lrectton beyond the 'V'i¡ conflguratlon" The results
showed. that ln the examlnatlon of 82 d.end.rltlc wedges

the post-lved.ge dlrection of d.end.rlte sectlons was usually
wlthin 10o of the pre-rvedge pathvray. It was found- that
the narrosr range of angular pathnays was malntalned. for
dlstances up to lJO mlerons"

Observations of dendrltlc vredges at hlgh mag-

nlflcatlon sonethnes show the transverse sectlon of a
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PLate XIX" Intaet Cortex, Upper Cortlcal Half, 200X

Pyramld"al neurons of Løyer III I'¡lth aplcal

d-end,rltlc trees. Dendrltlc wedges are shorçn ln

both stem and- branchlng zones"
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Dend.rlblc wedges

neurons a,re grouped.

from several ad.Jaeent

ln palrs"
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Plate XX. Acute Slabo Lower Cortleal Half, 200X
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Plate XXI" HlSh }la.gnlfleatlon of t{edge Á.rea Shoitrn in Plate XX

Three pâlrs of d,end"rlttc wedges from ad_Jacent

neurons. Note large nunber of dend.ritlc splnes

ln upper d-ark wedge 
"
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broocl vessel lylng wlthln the acute angre of the wedge

(plate xxrr ). ' rt w111 be noted that the d.endrlte sectlono

lnstead. of assumlng a new tangentlal d.lrectlonu follows
the clrcumference of the bIood. vessel and. thereby maintalns
lts pre-wedge dlrectlon" such results suggest that the
dlrectlonal grovrth of aplcal d.end.rltes nay be lnfluenced.,

ln part, by taxlc factors found. ln the subplal reglon.
The d.lstrlbutlon of d.endrltlc wed.ge denslty,

In terns of the total number of wed.ges found ln each

d.end.rltlc tree, were calculated. The results for lntact
left gyrl, acute lefü slabs and chronlc reft slabs are

sumnarlzed ln Table 8. No statlsticar tests were made

to test for slgnlflcant differences betlreen the d.lff-
erent preparatl0ns. However, the results demonstrate

an unmlstakable tendency tor+ards a red_uctlon ln the

nunbers of wedges per d.end.rlte tree after long tern
1so1atlon.

Basllar d,end.roÈend.r1ülc pathways. Arr early
observatlon ¡nad-e d.urlng the course of thls stud.y re-
vealed. a possl-ble dendrod.end.rltlc Junctlon between two

pyramldal neurons, vla thelr basllar d.end.rltes. Thls
observatlon was regarded. wlth extre¡ae cautlon, reallzlng
that llsht mlcroscopy alone could. not provld.e cytologlcal
evldence for any of the followlng: the ultlmate
structurar characterlstlc of the Junctlon, whether

not thls klnd. of Junctlon ls phys1o1oglca1, whether
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Table B" Distrlbutlon of Dendrltlc lJed_ge Density

I'lean \ Prepar-
Denslty \ationDendritic \ FLi,iedges, \ b¿
(v¡e¿ges/Tree ) \F\

Intact Acute Chronlc
Left Left Left

Gyrus Slabs S1abs

Upper
Cortlcal Half

Lower
Cortlcal Half

I{ean of Upper
and. Lov¡er Halves

2"6 r"3 ]."4

3.5 4" 5 2.4

3.1 2,9 I.g
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Plate XXII" Acute Slabu Dend-r1te I'Ied.ge, 6O0X

Dend.rlte sectlon follows clrcumference of
blood. vessel and. malntalns its pre-vred.ge d.lreetlon.
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the Junctlon 1s an artlfact pecullar to thls staln

technlque. Taklng note of these cautlons the cortex

fron the three klnd,s of tlssue were examined- for further

evld.ence of such basllar d.end.rod.endrltlc Junctlons.

ln P1ate XXIII taken from an intact gyrus, the centre

of the fleld. of vlew, observed. at 200x' shows two py-

ramld.al neurons ln Layer IIJ. An exanlnatlon of the

basllar d-end.rltes bet;*een the perikarya, observed. at

L?JAr o11 v¡lth a N.Ao of I.3, falled. to reveal any

separatlon along the d.endrlte or at the perlkarya. 1n

Plate XXIV üwo pyramldal neurons ln Layer III from a

chronlc slab shows another such posslble communlcatlon

between two perllratya vla a basllar dend.rod,end.rltlc

pathrvay. It was lrnposslble to ascertaln by neans of

optlcal nlcroscopy whether thls basllar pathway

conslsted of a slngle dendrlte fron one perlkaryon

(d.end.rosoroatlc ) or ti^ro d.end.rltes Jolned. at a glven polnt

between the t+¡o cel1s (d.end.rod-end-r1t1c ). In Plates

XXV and Ð(VI a basllar d.end.rod.end.rlt1c pathway Is sho¡qn

to extend. fron a Layer lll neuron to a Layer V neuron.

The two photographs are composltes made from ê cors€-

cutlve serles of photographs, each of whlch was taken

at a d.lfferent plane of focus.
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Plate XXIII. Intact Gyrusu Upper Cortlcal Halfu 200X

Two pyranld.al neurons ln Iayer III show an

apparent basllar d.endrod"endrltic pathwa¡r.
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Plate XXIV. Chronlc Slab, Upper Cortlca1 Half, 200X

T\so pyramld.al neurons ln Layer III shorç

ad.d-ltlonal evld.ence ln support of a posslble

basllar d end.rod,endrltlc pathway.
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Plate XXV. Aeute Slab, Composi-te Photograph, l'250X

¡L posstble basllar d.end-rodendrltlc pathvray

ls shown to extend. from a Layer III neuron to a

La¡rg' V neuron.

ACUTE
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Plate XXVI. Intact Gyrusn Conposlte Photographo L2sOX

A possible basllar d.endrodendrltlc pathway

1s shov¡n to extend. from a r.ayer rrr neuron to a

layer V nerlron.
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" Localized fallure
ln developrnent of the gray matter was observed. ln the
mld-regl0n of one lnÈact left suprasylvlan gyrus (elæ,ue xxvrr).
The anterior and. posterion regå_onso ln eozrürast Èo the
abnormal mid'-regl0nu appeared quite normal Ín devel0p-
nenf' The co*espond-ing contralaterar- gyrus appeared
to be entlrely normal" .A, reasonabl,e assumptlon would
be that abnornal d'evel0pnent oecurred during the fetar-agyrl stage (Truex and Carpenter , ]1964)
an. was maintalned lnto the perio. of postn *ta. growth.
rt would- be reasonable also to assume that the lnlt'al
devel0pment and subsequent growth of dend_rlbes during
Ëhe postnatal perl0d- was lnfluenced. by bhe same unknor¡n
factors hrhlch lnflueneed the abnornar devel0praent of
the gray matter. This gyrus was, thereforeo dellber_
ately omltted from the anar-ytieal d_ata reported ln theearller parts of thls th.ls thesis"

An examlnation of the cortex at 200ð ln the
nedlal half of the abnormaL gyrus showed. a type of
Layer rrr pyranldar- neuron not prevl0usly described
here or 1n the llterature (plate XXVIII ). The ternlnatlonof ùhe aÞlcal d.end"rltic shaft ls marked by a lt:!flurc-ate{branc! po14t" Addltl0nar observatl0ns at r250x (plate
xxrx) and at 1J00x revear-ed clearly that three d_eglrlte
sectlonsu each dlreeted towards the plal regl0nu energed.fron thls branch point" Each of the three dendrite
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Plate XXVII. Coronal $eetlon, Intact Left Gyrus ' ?5X

Locallzed fallure ln d-evelopnent of gray

matter ln ti'le mld.-reglon of a suprasylvlan g;yrus'
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Plate XXVIII. Upper Cortleal Half o Rlglrt Std-e from
Plate XXVII, 200X

Tlrpe of leyer III pyrarald.aL neuron wtth aplcal
d.end.rltlc shaft narked. by a trifurcated. branch point"
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Plate XXIX" HiSh t¡lagnlfleatlon
Polnt o L25ON.

Lor{er rlght
structural part

by fj.ne optlcal

of Trlfurcated. Branch

clend.rl-te secflon is
of the trlfureatlon
adJustments ) "

nsf a

(d"eternlned
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as lf ln

from the

was found to lle ln a d,ifferent
a bouquet arrangenent; hovrevero

branch polnt was ldentlfled for

plane

the

eaeh

electrlcally stlnulated. by surface stinulatlng electrodes"
The amplltud-e of the stimulatlng voltege rras between

10 and 2J voltso the pulse d,uratlon was 30 pulses per

second ln perlods of r to z second.s and. the pulse duratlon
was 0.2 msec" The electrodes were applled to the plal
surface. at about the nld-*regton of the slab. The exan-

lnatlon of the anterlor ends of both slabs showed an

unusually large number of apicar d.end.rltlc shafts, each

of whlch were apparently eut off fron thelr ovrn perikaryon

by the microtome knifeu sfunllar cortical areas ln
lntact gyrl and. non-stinulaËed- acute srabs showed u by

subJecÈlve observatlonse a Breater nu¡ber of dend.ritlc
ap1eal shafts rnrhlch were attached. to their own perlkaryon"

The hlstological relationship of a d.énd.rttrc shaft to
1ts perlkaryon ln a coronar section of stimuraÈed. sLabs

was slmilar to that of a halr shaft to lts halr roob

ln a vertlcal sectlon of mammallan skln, The apical
d.end.ritle tree from the mldpolnt of the aplcal- shaft to
the terninal z,one may have "bent', towards the stlmulated
point" These observations were nelËher analyzed nor
tested for slgnlficant d-rfferenees between stimulated

24'9

of focus

contlnulty

seetion.

StructuraÀ--yer:gl.!,ions and eleetrlcal stl
lwo acute left slabs examlned- ln thls study were
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and non*stlmulated. slabs. However, it ls lnteresting to

theorlze that exogenous electrlcal stinulatlon may have

exerted. some sort of taxi-c lnfluence on geometric domains

of dend.rltic trees "

Dend.rltic spines ln stinulated acute left slabs

appea.red. mueh longer ç¡hen eompared- to slmllar struetures

ln the nofi,*stlmulated cortex (Plate Xy"X). The longest

splnes appearèd ln the subpial region of the stlnulated-

slabs, These observatlons were nelther analyzed, nor

tested. for signiflcant dlfference"
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Plate XXX. .å.cute Left slabu Dend.rite sectlonu 1500x

Acute left slab electrlcalty stlmulated' by

surface stlmulatlng electrod.es. splnes appeared-

much longer ln stlmulated. slabs when compared. to

non-stlnulated eortelc.



DISCUSSION

A maJor airn of thls studyo âs stated. ln an earlier
secbion of thls theslso v{as to determlne r{hether there are

histomorphologleal changes in chroniealry isolated slabs
whlch could account for any of the known alterations in
fhe electrical actlvlty of such a preparatlon. Any

attempt to form such structure-funetlon correl_atlons from

d-ata ln the neuronally lsolated. cortex must eonsld-ern

as g påloqåu those physleoehemlcal faetors whlch na¡'

have conbrlbuted to the dlstortlon of the tlssue and_ the
loss of cerebral cortlcal volume" The cerebrar cortex
ls subJeeted to consld.erable trauna by the extenslve
surgery of the sldecuts and_ und.ercut. The surgery required
for cranlotomy cane by ltself, be reasonably expected to
cause some forn of mlcroscopic dlsturbance to the und-er-

lylng cerebral- cortex. Experrmental craniotomy accompanied-

by dura lnclsion over an lntacb area of ectosylvlano
suprasylvien and marglnar gyrl ls assoclated. v¡lth fibre
d"egeneration in the underlying cerebral cortex (Harrls,L96o).
surgery in the cortex and ln the underlylng F¡hlte matter
results ln extenslve intracortj-cal hemorrhageu axotonyu

dend.rlte fraettonatton and gllosts (Cajat, l-gZB).

olPHOLOcrcAL cHA EqI¿rcLJING NEUBONAL ISOLATION

252
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The loss of cortlcar vorume and. tlssue deformatlon
were anatomlear features lJnat vrere noted. in arl acutely
and chronlcally lsolated sIabs" cortlcal volume loss
mightu theoretlcallyu be d_ue to several mechanls¡ns whleh
act ln comblnatlon to produce the resurts observed ln
the experlmentaL data from thls stud_y. Among such

mechanlsms three posslbilltles are most pronlnently
su_ggested by the data acqutred ln thls stud.y i these are:
a) tlssue shrinkage from loss of perrvascular fluidu
b) tlssue coapacLlon from loss of arl other extracellular
spacesu c) loss of intracellul-ar fluid. from neurons and.

neuroglia.

rn the cerebrar eortex the amount of lntercelrular
fLuld appears to be lnversely depend.enb upon the d.ensity
of cortical vaseularlty and. cell populatton d_enslty.
Blood, vessels from the subarachnold spaee and pla course
into the underlylng cortex vla perlvascurar channels thaL
are llned by a cellular contrnuation of the lntima pia
(weed., 1922.). Perlvascular channels aree in turno
continuous wlth pericapillary spaces ly1ng ln the d.eeper

recesses of the cerebral cortex. cerebrosplnal fluld.
fron the cerebral ventrlcles dlffusesu vla t.he epen-
dynal epithelruno rnto corticar perrvascular and perl-
capillary spaces (urtlen and idoollann 196r, l962) p¡hich

aet as absorptlon routes for cerebrosplnal fluld ln the
eerebral henlspheres (Adams, lg5L; Maas and_ Adamsu I95]-;
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Sweetu Talland and Ervln, lg5g; Browsheru Ig5T) " A low

neuron populatlon density lmplles greater lnterneuronar
spaces that are avallable for blood- vessersu neuroglia
nerve processes (Shol1 u lg5g). Thls hypothesis of Sholl
appears to have been conflrmed by Ramon-l,lollner (1961)

who reported. that in the postcruc Late gyrus of the cat
neuroglial population denstties sholr varlatlons r¡lth the
cortlcal depth and. the region examined." varlations ln
vascular d-enslty ln the cerebral cortex were reported. by
Dunnlng and þIolff Qg36u I93?). A d.irect relattonshtp
between cortlcal caplLLarLzatlon and. neuropil d_enslty
rlras observed by Lcrente de No (Lg7?), campberl (rg3?)
and Drummond. (L944). Blood caplllary d-enstty in the
cerebral cortex ls hlghest in cortlcal layers rrr, rv
and V (Canpbe11, Lg39), Varlations tn neuron populatlon
d-ensltles throughout entire lengths of suprasylvian gyri
were reported earller ln thrs stud"y and. are shown

graphically ln Ftgs" lB u 19, Zvu 25, J0 and_ 3L. The

histologlcal paraneters of acutel¡, and_ chronically lsol_ated.
gyrl presented_ In Tables Z and, 3 in thls study sholç

concluslvely that changes in the slabs' d_lstortion and

shrlnkage occurs at 1 mm lntervals throughout the entlre
. length of the isolate. rt may be conclud.ed from the
foregolng dlscusslon that lntracortlcal surgery cuts off
nunerous cortlcal b100d. vessels fro¡n thelr surround.lng
tortuous routes; thls ln turn shuts off Þerlvascular
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channels that serve âs an lmportanb rntracortlcar route
for cerebrosplnal flutd. The inferences ihat may be

dedueed are tç¡ofoLd: first that cortlcal shrlnkage may

be attrtbutable to a loss of cerebrosplnal fluld u and_

second- th,at the varlatl0ns in neuron populatl0n d.ensltles
and- neurogllal popul-atlon d.ensltles inplles lnverse
rablos of vascular densitles wLth perivascular channels
for cerebrosplnal d.raln,,ge. The latter aecounts for the
variatlons ln amounts of tissue shrinkage d.ue to flutd.
loss along the length of the slab"

severar unsuccessful attempts have been nad.e to
ind-uce an experlnental in vlvo eond itlon of brain oed.ema

by water overload. (Gerschenfeld. o ]959), Tlght Junettons
in 911a1 eel-ls form oeelud.ing zones thab reduce the
intercellular gap to about 50 I (Farquhar and. paIad,e,

L963). These oeelud"lng uones were offered as a possible
area of fluld lnpermeabillty" De Robertls and. Gerschenfeld
(196r) reported. that the size of extracellular spaoes

ln the gray matter of the cNS ranged between 100 L an¿

250 î,. Their in vlvo stud.iesu obtained d"urlng braln oed.ema

of braln slicesu showed that no lncrease oceurred rn the
slze of the extracellular space d.urlng oedema" Howeveru

they noted- also that astrocytic somata and their processes
vlere slgnlftcantly sr+ollen. De Robertls (1965) consld.ered
thls as proof agalnst the concept of extracerlular oed_ema

ln the gray natter of the cNS" Astrocytes vrere consld_ered
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also as constitutlng inportant pools for CNS water

and el-ectrolytes" De Robertls hypothesized that, some

part of the blood.-braln barrler meehanlsm rrroul<l pump

the excess fluld baek into the blood capillaries.
In conslderlng the foregolng ln relatlon to the

observatlons ln the present study there seems to be

good. reasons to assume tl.ar tlne sizes of interoellul-ar
spaces in the cerebral cortex wil"l not va.ry to any great

extenf as a result of varlous experimentar procedures"

cortical segments 2A and. 18 ln the chronically lsolated-

sl.abs. here represent areas of surgleal protectlon"

The observed. number of cells ln these segments r,¡ere

approximately VOft Less than correspond,lng segments

in acute slabs (ffgs. ?6 anð. 3?). The volume of these

cortical segments ln the chronic slabs biere general_ly

reduced by arrnost, 40% when eompared- to slnilar segments

ln acute sl-abs (fies. ?6 anð. 32). It v¡l-I} be noted_

that the neuron populatlon d.ensitles ln these chronlc

cortlcal segments were not lncreased.. lt seens reason-

able to assume that lf cortlcal volume red-uctlon was d.ue

fo prlnarlly tlssue compactlon through a 1oss of inter-
cel1ular spaces then the neuron populatlon d.ensitles

ln chronic slabs would. lncrease rather than renaln

comparable to thelr acute counterparts. rn consldering

the evld-ence agalnst the possibllity of variatlons ln
slzes of lntercellular spaces presented by De Robertlsu

Gersehenfeld. and Farquaharu and. the results of neuron



252
population denslty stud-les lt seems r.easonabl-e to
propose that cortlear volurne reductions ln chronic srabs
ls not d-ue to tissue compactron" rnd-eed,, it rs temptlng
to postulate t]'aL an lncrease in tissue compactlon in
the cerebral cortex is not posslble" rt nust therefore
be conclud.ed- r]naþ ross of cerebral eortlcaL fluid, and.

ceLl fall-cff are the prinary factors for reductlons in
cerebral cortlcal volume.

rn a prevlous anatomrcal stud,y on neuronarry
isolated cerebral cortex Relffenstein (lrg6t+) measured.

gyrus wld-thu slab d.epth and. cortlcal d.epth from one snall
undetermrned- area of the suprasylvran gyrus. rn the
present study serlar measurements ?¡ere mad-e of hlsto-
loglcal parameters of gyrus v¡rdth and- eortrcar d.epth

ln lsolated gyrl. I'feasuremenÈ was made to withi_n an

accuracy of the nearest mlcron at each nllltneter
lnterval. These measurements were then compared Lo

srnlLar parameters taken fron lntact gyri, prevrousry

it was not knorqn whether there was any regular pattern
in the oecurrence of dlscrete changes rn wrd_th along
the length of Èhe suprasyrvian Byruso erther r{rthin a
slngle cut or as a general sÈructural pattern rn
d-lfferent eats, Sholl eg56) reported. that large
varlatlons ln the.d.epth of the vlsuaI cortex rq¡ere found
to oceur 

'ormally 1n d-lfferent mannmalso rt was nob

known rvhether stmllar vartatrons ln cortex d.epth would
be found rn the suprasylvlan Byrus of d.lfferent cats.
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The lcldest gyrus observed_ ln this stud,y was

6?zl mlcrons (fron d.ata used- to cornplle Table r) and the
narrol,fest i,fas 5416 mlcrons" Thls ?5,% difference betv¡een

these two gyrus r+id-ths (Lj55 mlcrons ) vras statlstlcally
signif lcant (p < 0.001). It ls of consld.erable lnterest
to find. thatu although the gyrlus r.rldth ln any one anlmal

varles at eacln nillimeter lntervalu these variatlons
are not statlstlcally signlflcant when compared. to the

mean gyrus wid.th on E:r,at same animal. The d.lscrete
variatlons ln i¡rid-th d-o not recur as a regular structura]
patbern ioi-thln the same gyrus" These results lmply bhat

for eaeh lnd-lvldual cat, the suprasylvi.an gyrus haso

tÁIlthln a narrol,r range a àyL ai¡pl.qr]uate ?r!g.tþ that represents
a stabre paranoeter for that cat. The mean wld_th of
five lntact gyrl at each nlllimeter interval is shoivn

ln Table 1. No slgnlflcant d-ifferences were found

between the mean v¡ld.ths at the d.lfferent ¡ollll-neter
lntervals for all the gyrl measured." The stablrity of
thls pararneter around a mean wld-th ls shorun graphtcally
ln Fig. 11. rt ls therefore suggested- thaf, lt wourd be

appropriate to refer to a Eeen approximate wid..Lþ to
descrlbe the mean for the gyrus wld.th fron several
d-ifferent cats" By thls suggestlonu then, the supre-

sylvlan e;yrus ln each ind_ivldual animal has an gpplo_E_

-fm"+-Ëg l¡ld !h rn¡hlle there ls a m-qan approxlmate wld,th of
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gyrus for a populatlon of anlmals. rt rnustu thereforeu
be noted that na slngle absolute measurement ln the içldth
of this Byrus can be 00nsid-ered. as an e:ri.àe-v representatlve
for the sane gyrus or any other gyrus in other cats.
Thls circumstance v¡as not taken into account by varlous
earller lnvestlgators from the classlca} descrlptlve
perlod.

An analysrs of cortex depth rn the lntact supra*
sylvian gyrus lead.s to strnlLar concluslons fo those Just
descrlbed for lntact gyrus wid.th" The d.lfference found
betr+een the d.eepest cortex ln one caù and- the sharror+est

lntact cortex of another cat v¡as BOJ nlcrons (zog dtff-
erenee ). Thls d.lfferenee in cortex d.epbh between the tv¡o

cornpared. gyrl vras statlstieally slgnlfieant (p <0.001-).

No slgniflcant d.lfferences Rlere found_ in cortex d.epth

bebv¡een the d-epths at each nllll¡neter lnterval wlthln
the sane gyrus" Alsoo fio slgnlficant cliff'erences ln
nean eortex depth were found between each mlllimeter
interval ln the mean of 5 lntaet left and. honotoplc gyrl
{Table 1)" rt nust therefore be conclud.ed that the depth
of the cerebral cortex ln the suprasylvian Byrus for each

i-nd-lvld.ual cat should. be represented only by lts ol{n

Êpjplgxlmat-s qep&h" similarly, in referrlng to a population

.of gyrlu a m-q.?E qpplgKl&ajg Èepth rnust be eonsld.ered

as representatlve for the gyrl. These eonclusions are
ln agreement wlth an earlter stud.y by Sho}l (Lgsj, 1956)
on the vlsua1 cortex ln cats. In Shol1's stud.y the bralns
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from Lz cats v¡ere perfused wlth formol saline and

subsequently embed.ded in paraffin" sho11 stated that
lt 1s probably expedient to eonslder the relatlveu rather
than the absolute, depth of the ind.ivld_ual anlmalus

cortex"

The mean values of cortex d.epth and_ gyrus iErd bh

were plotted agalnst each other (Fig" 1l). No simple

relatlonship exists between these two parameters" These

results are of partrcular lnterest in that they

d.emonstrate the presenceu ln the cerebral cortexu of
tvco separate paraneter d_eterminlng meehanlsns i one

mechanism lnfluences the extent of gyrus wld.th r,rhlIe the
other the extent of eortex d.epbh" The extent of gyrus

wld,th night very r,rell be related_ to a foetar mechanism

that determlnes the fornation of gyrencephalism by

lnvaglnattng the closely lnvestlng p1a mater. The

extent of cortex d.epth ruourd appear to be related- to
those specific mechanisms assoclated_ wlth the histogenesls
(neuronaln neurogllal and. vascular) or the cerebral cortex"
Albhough both these mechanisms are exerted. tnltlally
d.uring the d.everopnental stage lt seems most reasonable

to assume that. these neehanisms àTe not necessartly
interdepend.ent" rn considerlng the stablllzatlon of both
parameters in each gyrus lt ls apparenb that each

mechanlsn bears unlform infLuences throughout the length
of the gyrus.
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The depth of co'tex rn acute slabs was consls-

tentry less at the same locus Lhan in the adJacent rntact
corfex ürlthin the same gyrus (taUte Z). Howevern the
resulbs have shov¡n that signlflcant d ifferences between
the two compared d-epths occur onry ab the slab mid-
region. These results have sho-ucn also (rrgs" 1g and- Lg)
that no appreclabre drfference in neuron populatlon
denslty occurs between the ¡old--reglon and. terminal
reglon in intaet gyrl. rt can therefore be inferred_ that
the slgnLficant loss of cortlcal depth ln thls reglon
ls attributabre to eortlcal shrrnkage after the effects
of surglcal trauma ln a reglon of greater cerebrar eap-
illary d.ensity,

rn the procedures used ln thls study ille posterlor
dralnage holeu whlch extend.s from the pla nater to the
lateral ventrlcleu can be expeeted" also to contrlbute
to the partlal d-eformation of the gyrus vrlth an acute
slab.

rf ls reasonable to assume that the escape of
ventrlcular cerebrospinal fruld. wouId. enter the und.er-

cut lesion and lift the entire neuronal srabo An

examlnatlon of plates X and XI r,¡ould tend. to
substantiate thls concluslon. The cerebrosplna] fluld
would. also contrlbute to the extensive cyst formations
found withln the und"ercut lesion.
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the width of the acute slab at lts lowest depth

wlthin the cortex was found. to be conslstently narrovrer

than its subpial width (Table Zs columns ]. and. 5), The

anarysls of tttaL data, provid.ed in the prevlous sectlonu

has lnd.lcated rh,ab the two sld-e cuts of the slab r{ere

almost paral-lel to each other at the tlme of thelr pre-
paratlon" This slgnlflcant loss of wld.th, which was

confined to the slab baseu rvould thus suggest that the

investlng pla mater contrlbutes, in some d-egreeu to the

structural lntegrlty of the cerebral cortex" The loss
of perivascurar fruld. and. colrapse of blood vessels at
the slte of the slde eut suggesL that eltkrer bllateral
compressl0n or tlssue shrlnkage had" taken place" The

results have shown that neuron populatlon d.enslty was not
increased ln the lower cortlcal segments ln acute sl_abs.

Had there been a slgnlficant lncrease in population

d-enslty then a compresslon mechanism would- have been

lndlcated" as more llkely than Èhrlnkage. The adJacent

lntacf cortex in the same gyrus cì.1d not exhlbit the seme

d"egree of volume loss as that found withtn the slab (taute
20 coluron 4). This area of lnbact cortex nalntalned a

vaseular supply from three d.ifferent sources: a) d_orsa1

piar blood vesselsu b) plal blood. vessels from the adjacent
surcus, c) collateral caplllarizallon from the und-erlying
whlte rnatter. vascular suppry wlthln the acute and_ chronic
slabs were malntalned- from only one source, the dorsal
plal blood vesseLso
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The anterlor and- posterlor ends of the acute
srabs dld- not exhlbit any appïeclable ross ln subpral
wldth relatlve to the middle reglons of the slab. Thls
was ln contrast r+ith the slgniflcant ross ln subplal
sl-a.b v¡idth found. at the end_s of chronic slabs (tables
2 and. 3), Any attempt to explain these d-lfferences
musb conslder two mechanisms z a) ftuiA flow of cerebro_
splnal fluld, along the pathway of the undercut leslon
and- b) trre accumulatlon of a congealed mass of haemorr-
hagle exudate' rt has been noted. rn an earlier section
thaic. the contents of the cyst formations rn acute slabs
eontalned- a mlxture of clear fluid and blood cerls" rt
seems nost likely that congealed. exudate aceumulated. at
the ends of the slab would provld_e some measure of
proteetlon agalnst an exeessive fl-uid. loss and. shrlnkage.
rt ls therefore posslble that these protecblve neasures
were nof encountered. equally at the plaI surface and

at the base of the cortex in the acute s].ab. one posslble
expranation for this is that the lntima pia of the pla
mater contrlbutes to the structurar lntegrlty in bhis
area of the corbex lvhere shrinkage 1s aLso evld"enL"

Long term chronic lsolation of cortlcar srabs
was characterized. by a strucbural pattern of birateral
and d-orsoventral reductlons ln size ÍJhen cornpared. to
short term (acute ) lsolation (Tables Z and, 3), The large
surface area of exposed ends of blood vessels woul_d

naturally l-ead" to an area of great shrinkage" chronlcity
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v¡as also assoclated v¡ith eyst formabl0ns r+hlch had

surrou.nded. the apex of the sl-ab, These cysts were now

acellular and had- contained. a clear fruid. ft c&n there-
fore be concLuded that extenslve phagocytosis had_ taken
place along the slde r.¡alls of the slab.

the greatest change in the wrd.th of chronlc
slabs occu*ed at the posterlor region (nig" 14 and.

Table 3)' The anar-ysrs of the d.ata suggests that the
cortlcal tissue sumound.lng the posterior d.rainage hole
had- collapsed inbo the area of the hore" rt should arso
be noted that the neuron populatlon d.ensrty ln the post-
erlor regron of chronrc slabs shovred a pronounced"

tend-ency to be d.eereased. with respect to the m1d*

reglon of the slab (Fig. 30). Thls falloff in the
number of neurons ean be expected. to contrlbute to the
red-uctlon in slab d.lmenslon. Thereforeu there seens

no reason to belleve that the mechanlsms r^¡hlch lnfluenced_
fLuld- ross at the posterlor region v¡ere any d,ifferent
from those wnrcrr lnfluenced. the rest of the slab.

Beritoff (t965) reported. that cats wtth bllateral
abLatlon of the suprasylvlan gyrus suffered. a d_istlnct
loss of spatlal orlentatron" }Jlth Berltoffus technique
no part of elther suprasylvlan gyrl nas left ln neuronal
comniunieatl0n rclth the rest of the cNS. The approxlmate
dorsal surface area of the gyrusu vrithout the surcal
reglon' rnay be estt¡nated fron surface topography to be

approxlnately 25 nn x B m¡a or approxlmately ?00 nnz. In
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thls present study the extent of chronlc lsolatlon
encompassed a surface aTea. approxlmately 20 nm x 6 mm

or approximately 120 nmz. Thusu ln the animals used to

obtain the data for thls thesls, some 30-35 percenb of
the gyrus on the operated- henlsphere was left intact
and. ln neuronal conmunlcatlon vrlth the rest of the CNS;

the contralateral gyrus was totally lntact " Lt is
lnterestlng that the ablatlon prod.uced. by þhe tsolation
proced-ures was insufficienb to cause any d.iscernlble

loss of spatial orlentatlon or of sensory awareness

1n fhe operated animals"

Surfaee stlnulation of the lntact supras)']vian

gyrus ln fhe cat has been reported. to be assoelated.

wlth a ra.ge response (Ke;að,au 1951 )" In the present

study ehronic isolation of the gyrus d"id not appes,r

to affect the usual placid- or tlmid" charaeter of the cabs.

Assoclatlon tracts runnlng from the ectosylvian
gyrus to the suprasylvlan gyrus have long been establlshed.

Recentlye associatlon tracts fron the vtsual cortex

and. genlculate nuclel have been reported by i.Iil_son and

Cragg Q967), Wll-son (1968) anô Dubner and. Brown (1968).

In fhe cats stud.led here no obvlous loss of hearlng or

slghbe nor lnabll1ty to perceive sinple sound.su could.

be d iscerned. ln the cats wlth chronlc neuronaL lsolatlon.
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Earller studies on eytoarehitectonics (cf.
literature review) reported_ tha7 the thlckness of the

cerebral cortex varled. considerably from one gyrus to
anoÈher wlthln the same ind.lvid-ual" ,rnd.eed.u the data
from the present stud¡z ¡¿s shovrn that smal]u though

dtatlstically not slgnifleant, d.ifferences ln cortical
thlekness occur nornally along the length of an lndiv-
ld.ua.l gyrus" Sholl (Wsg), ln a stud.y on neuron pop-

ulaËion d.enslties ln the cerebra] cortex of mouseu cat
and. huroan, took lnto aceount the varied. cortleal thlek-
ness ln dlfferent ind-lvtduals of the same specles. The

cortexn wlth the exception of the subplal neuron-free
zonee v¡as d-lvid.ed into ten strlps of equal depth" The

neuron denslty was then ealculated. for each area of
reletive depth. No correetions were mad.e for cortlcal
shrinkage caused by the hlstologLcaL proced.ures. The

neuron populatl0n d.enslty 1n the caü cruciate gyrus can

be calculated from shorrus pubrlshed. d.ata (Lgsg) and. was

conpared r^rlth the results obtalned- in the present sbud.y,

shollns results on denslty studles ¡nust be consid.ered

ln relatlon to those speciflc technlques that he employed."

His ca]-culated. neuron population d.enslty for the upper
ôorblcar harf of the cruciate gyrus was approxlnately
}ruaoo/nm3. rn this present stud-y the calcula.ted d.enslty
for a comparable area of intact eortex in the supra-
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sylvian gyrus r{as approximately l:6uOOO/mg3 (calculated-

from Flgs" 2O and- 2]-). The d_ensity given by Sholl for
the lower cortical Ìralf of the cruelaie gyrus was

approxinately ]r5rOOOt/nn3a ln the results the comparable

atea ln the lntacb suprasylvian Byrus Fras approximatery
')2rr50o/mm)" sholl reported. arso on d.enslty stud.les for

the cat visual cortex" His d.ata shorçed. that the neuron

packing d.enslty ln the upper corblcal half vras approx-

tnratel¡r l}0r 000/mrn3 and- ln the lower cortlcal haLf lt was

approxlnately 35uAOO/nm3. SholI reported. also trra' the
neuron populatlon density varled from section to sectlon
ln the sa.me reglon of a slngle brain. The d.ata from

sho]l's study and- the present stud_y are not necessarlly
ln confllct rçlth each other" No serlous suggestlon has

ever been made ln the llterature that bhe neuron pop-

ulatlon d-ensltles for all gyrl rn the same ind ivid.ual
or in dlfferent lnd.lvld.uals of the same specles nust be

the same. Therefore lt nay be suggested. that the car-
culated neuron population densities expressed_ in the
present stud.y l_te wlthln an accepbable rangec

rt has been largely established. ln the llterature
that the cat vlsual cortex ls purely Fsensory" while
the cruclate gyrus is "sensori-motor.,. rn contrastu the
suprasylvlan gyrus has been varl0usly descrlbed. as an

assoclatlon areau a determlnant area for spatlar orlen-
tatlon, an area whlch when electrleal-ry stinul_ated, pro-
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d.uced a rage response, and flnally as a '"silent ârea,,
(cf. literature revlew), It may therefore be posslble
thaþ variations ln neuron population clensityu as an

anatomlcar chatacterlsLl.cu are in some vra.y correlated
wlth the variatlons of physlological responses.

Bamon-Iloliner (1961) studled, bhe neuron pop_

ulation denslty ln the cat postcruclate gyrus" He d.iv-
lded- the cortlcal depth lnto zo equal strlps and clearly
d-emonstrated the necessity of taking into account a
tissue linear shrlnkage faclor as v¡eI1 as shrinkage

factors for perikarya both ln neurons and- in neuroglla"
The present stud.y, rvhlch d.id. not calculate shrlnkage
factorsu does not lnfer that the acLUAI neuron pop-

ulatlon denslty has been caleulated-. Ratheru an alm

of the presenb stud.y ls emphaslzeð. ln þ]nat lt provides

a comparlson for d.eterninlng relatl,ve measures for
neuron packing d.ensitles which are present ln the three
categorles of brain tlssueo a) lntact cortex, b) acutely
and c ) chronically lsolated. cortex.

A serf-sustalning nechanlsm rshich influences
neuron populatl0n denslty appears to be present in
cats' suprasylrrlan gyri. The lnd-ivld-ual d.lfferences
ln neuron populatlon d.enslty ln the varlous sectlons
along the length of the gyrus are real and- genurne"

Howeveru the analysis of the d.aba showed that there
were no slgnificant d"lfferenees ln neuron population
d,ensitles between upper cortlcar harves ln any of the
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follov¡ing flve types of gyrl: lntact left gyrusu lntact
rlght gyrusu aeute left gyrusu acute honotopie rlght
gyrus and the chronic honotoplc gyrus. Nelther were any

signlflcant d.ifferences found- between bhe lov¡er cortlcal
halves in these same ftve types of gyrr. The large
dlfferences ln neuron population d.ensitles at d ifferent
cortlcal d_epths ln the same B,yrus have been thoroughly
analyzeð. and. dlscussed. ln a prevlous sectlon.

These results nost strongl¡r suggest tna? ln the
cat suprasylvlan gyruse lrrespective of cortlcal volumeu

a mechanism exisLs whlch ¡aalntains d_istlnetive patberns

of neuron population d.enslty for spectfle areas ln the
cerebral cortex" There is a slgnlftcant d lfference ln
neuron populatl0n d.ensity between the upper and_ rower
corbrcal harves in all gyrl of any one klnd.. some

speclfic mechanlsm must be responslble for this. There-
foreo lt is posslble to suggest that this same nechanlsm

results also ln the naintenance of a baslc d.enslty proflle
that is fundamentally operative along the length of bhe

suprasylvian g;yrus" The coupling of the above results
wlth the concl-uslons Just enunciated. further suggests

a plausible slmllarlty in arl of these gyrr of an

lntracorblcal structural organizatlon for lhe establish-
ment of comrnunlcatlon pathways"

CaJal (]rìZB) noted- that axotomy was assoclated
¡¡1th retrograd-e degeneratlon of neurons" rt was con-
sldered of parttcul-ar lmportance to ascertaino from an
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analysis of the data ln thls studyo whether there uras

any evldence of such degeneratlon ln the neuron pop-

ulatloir censtty in the upper cortlcal half of chron-

1ca1ly lsolated slabs. rs axotomy or deafferentationu
or a comblnatlon of bobho the cause of a farloff in
neuron populatl0n density? rt ls interesttng to note

that in crrronlcally lsolated cortex no slgnlficant
d lfferences were found. ln neuron populatlon d-enslty

betrireen the lumped d.ensrtles of the protected. upper

central cortlcal segnents 18 + zA and the adJacent non-
protected. segnents ]A + 28 (Fig. i,U). In order for
axotony to cause the death of the eelr by neans of
retrograd-e d.egeneratlon the axon v¡ould_ have to be cut
at a proximal point to bhe flrst collateral branch

(cf " l-lterature revlew ). These results do not provid.e

evld.ence in favor of retrograde d-egeneratlon by axotorny.

The saae results shol.,¡ed also that there r^¡ere no s1g-

niflcant dlfferences ln d.enslty between the upper
protected. segments of chronlcally lsoLated. cortex and_

acutely isolated cortex nor between sinllar segnenbs 1n

ehronlcally isolated. cortex and. the non-operated cortex"
A simllar lack of dlfference was found. ln comparlsons

betr+een the traumat Lzed upper cortlcar segments ln the
chronically lsolated- and. ln the acutely lsolated cortex"
Hotleveru t,here rqias a h1ghly slgnlf lcant difference
betv¡een chronlc and lntact cortex tn the rumped neuron
populatlon densltles of the unprotected segnents lA + zB
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(p < 0.001; t-test for two samples). It should be

nobed, however, that the degrees of freedon 'fr1,r for the

tests between chronlc and_ acute ?Iere ?6; the d.egrees of
freed.om 'rn" between chronic and- lntact r¡rere only leu wlth
l+ sampres from 2 lntact sections contrlbuttng to this
tesL. That t-test lncrud-ed data from only z sections
ln that specifle intact area and. therefore some d.egree

of reservatlon should. be exerclsed in placlng an¡, reliance
on that partleular t-besto An analysls of the data in
the chronically isolated- cortex shorvs unmistakably a

tend-ency towards a d-ecrease ln neuron populatlon denslty
in the upper cortlcal harf wlth respect to aeutely
lsolated slabso Houtrever, the faet that this d.lfference
is nof stabistically signlficant is strongry suggestlve

that axotomy may not be bhe only causal relatlonship to
the red.uctlon of neuron d-enslty 1n thls areà. Evld.ence

ln favor of degeneratton by axotomy would. have rlkery
resurted 1n a signiflcant dlfference ln neuron population
d,enslty 1n the non-proteeted cortical segments as compared.

to the protected. segments. This statenent ls substan-
tlated. further by Ëhe results from an analysls of the
data ln the lower cortleal half.

The present study has demonstrated conrrinclngly
that only when there ls extenslve axotomy ln ehronlcally
lsolated sl-abs d.oes the fall-off 1n neuron populatlon
density reach a statlstlcalry slgnlflcant lever. The

proof for thls lles ln the concl-uslons d.ral,rn from an
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analysls of the d.ata from the rolver cortlcal half" No

slgnlficant dtffererrce was found. in the neuron popuration
denslties between the two lower eortlcal segments 1n all
the non-operated. gyrl or bet¡.reen the two l-ower cortrcal
segments in chronlcalJ-y isolated cortex. IVo slgnlflcant
dlfference was found in the lurnped_ neuron popufatlon
denslty of cortlcal seguents 3 + 4 betr,reen non-operated
lntaet cortex and. acutely lsolated. cortex; a highly
slgnlflcan9 dlfference üras found ln d.enslty ln lower
cortical halves betv¡een chronic slabs and acute sl.abs.
These resuL'r:s are suggestlve of extensrve axotony" The

results showed t]nat a signlfleant d.lfference vras always
found 1n neuron populatron density between upper and

lower cortlcal halves ln the non-operaheù intact cortex
as Ì¡re}1 as in the acutely rsolated. cortex. rt ls lnpor-
tant to note that the results show also that even after
long-term neuronal lsolation ln chronlc slabs wlth êx-
fenslve und"ercut axotomy a slgnlflcant d.ifference is stli-l
observed between the neuron d.ensltles ln the upper and_

lower cortrcal halves. Therefore if axotony had been

a naJor factor in the fafloff of neurons in the upper
cortlcal half ln chronlcally lsotated..slabs then the
d-lfferences in neuron denslty between the upper and Lower

halves of the srab r+ould have been greatly d.rmlnrshed,.

Axotomy contributes to a slgnifrcant dlfference in neu-
ronal density ln lower cortlcar halves between short
term and. long term neuronal lsolatlon perlod,s.
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Non-anatomlcai factors mlght be closely related
to the neuron falloff ln the upper cortlcal harf of
chronlc slabs. An import,ant physlologlcal effect
assor3lated v¡ith the slde-eut ls the complete loss of
extre"cortlcar afferent input fotlowi-ng surglcal d.eaff-

erenlation" rn consld.erlng the manner ln whlch surgical
d-eafferentation and. envlronmental d.eafferentatlon
signiflcantry affects dend.rltlc density (cf. llterature
revlew), lt ls te¡nptlng to postulate that the loss of
continuous afferent reinforeenents may have less effect
ln a more chemlcally d.ynamlc area of bhe neuronar perl-
karyon" Perlkaryon ehronophilla and chromophobian whlch

are 'Ðhe result of eytoeheni.car faetorsu have been süccêss*

fu115r used- as an lndleator of neuron activity (ef.
llterature revlel)" It seens probable then bhat the

result of surgical deafferentatlon would therefore
contslbute to a genulne though Boh-slgnlflcant farloff
of neurones ln the upper cortlcaf half of chronic sIabs"

The narked d-lfference in electrica] behavlor between

chronlc slabs and. acute slabs wlth regard_ to responses

elicsted from the upper cortlcal half nl8ht be attributed.
to a conbinatlon of changes In the pattern of humoraL

med-lators and. d.endrltlc arehltecture" The d.evelopment

and- malntenance of a neuron populatlon d-enslty for
speclflc areas of the braln that ls specles constant
would. appear to be interdepend.ent, then, upon both
geneLlc lnherltance and- constant physlologlcal relnforee-
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mertt "

some physlological meehanlsms appear to influence
fhe nalnbenance of density proflles at varlous sectlons
along the length of acuf,e and cÌ:ronlc slabs (nrgs. zo and_

30). Hov¡everu chronic slabs to some extenl ]ose their
profile at bhelr posterior reglon" Thrs a;rea eorresponds

fo the highly traumattzed surglcal d.rainage hole where

the greatest neuron falloff can be expected to occur.
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the greatest decrease ln dendrite density forl-
owlng neuronar isol-atlon rvas found to occur in the upper
cortlcal- half of the slab. rn contrasb, this ls ç¡here

the least ehange in neuron populatlon d.enslty occurs"
rt must be conclud-ed-n thereforen that the red.uctlon in
dend-rlte d.enslty ls a result d-ue prlmarlly to the
neuronal lsolatlon ltserfn and. not necessaril)' 

"ut*tuufo degenerabrve changes rn the neuronal somata,

corroborattve evidence for thts eoncruslon rnay be found

in the followlng results of other physlologlcal and

anafomieal studles"

several detalr-ed. stud-ies on d,end.rite density
1n cerebral cortex were reported. by Bok (f%6, Lgsg),

Sholl (L953, L955, Jg56) and Ranon-Mollner (1961). Sholl
was abre to concrude from his stud.ies þ]nat ln pyrarnid.al

cells of motor and visual cortex there v¡as no simple

relationshlp between the totar number of a neuronns

d.end.rltes and. the d.epth of its sona berow the surface of
the pla" He was able to sho¡r that neuronal somata whlch
were situated deeply ln the cerebral cortex d 1d not have

fewer branches or shorter d.endrltes than neurons found

in the upper area of the cortex. Shol1 ß956) reJected
a hypothesls by Bok that there is a constant number of
dend.rlte braneh polnts at any glven rad.lal dlstance fron
fhe soma of large pyrantd.al neurons (Bok, Ig36u Lgsg),
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The stud.les of Ranon-Moliner (1961), rvhickr have shown

the presence of three peaks of dend-rlte d.enslty in the
cat's posbcruciaüe gyrusç are d.iscussed in a subsequent

sectlon of thls thesis,

rn the present stud-y chronic sr-abs shov¡ed. only
slight evid-ence of cytoarchitectonic d.isorganlzatLon of
1ts layers whlIe no d-lscernible d.lsorganization was

evld.ent ln the lntact or acutely lsolated. preparations,
As a result the analysls of d_end.rltlc trees in all three
types of preparatlon r.tras a representatlve sanple of most
types of pyranld.al neurons whlch are normarly found ln
cortlcal layers.

An analysrs of the data on dendritic denslty per
tree z,one tn the three types of preparatlon mrght, from
the argumenb put forward. at the beglnning of thls sub-
seetionn reasonably be expected. to d,enonstrate changes in
the neuronos afferent pathway. The largest d.endrltlc
d-enslty per tree zane ln lntact and- acube gyrl were found_

ln neurons l¡hose somata were situated.. in the upper cortlcal_
quad-rants. No signlflcant d.ifferences ln d_end.rite

densltles were found between each of the quad.rants" rt
seems reasonable to supposeu then, that there r¡ust have
been rlttle d.lfference ln the amount of afferent lnput
to bhe neurons in each of the quad.rants ln the lnbaet
preparation" A comparison betroreen dendrlte densitles
1n the upper quad-rants of lntact cortex and of shronlcally
lsolated cortex showed a hlghry stgniflcant reductlon of
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dendrlte denslty ln tlne chronic preparation. These

results indicate a marked- red.uctlon ln afferent frorç

lnto the chronlc cortex" the eonsideratlon of dend.ritlc
splne d-ensltyu whlch follovrs in the sueceeding subsectlon,
provld.es fur-r,her evid_ence tlnat the extent of red,uced.

afferent flow is in proportion to the statlstleally
signlficant loss of d.endritlc d_enstty"

The analysis of the d-ata In Table 5 shows that
chronlc slabs have neurons rrrlth slmilar d.end.rlte d.enslties

ln all four cortlcal- quad.ranbs. Thls factor nould- tend.

to equalize the likerihood of lmpulses bravelltng wlth
equal faclllty between upper and lower regions ln the

chronlc srab. Thls night be related to the ability of
the chronlc slab to sustaln very long lastlng epllep-
tiform afterdischarges (Grafstein and. Sastry, L95?;

Sharpless and Halpern, 1962; plnskyu Ha1pern, personal

communication). El-eetrlcal nod.els of neurons lslth
branching dendrlblc trees sho¡u that there wllr be Less

d-ecrement in the cond-uctlon of subthreshold actlvlty
from the d-endrltlc perlphery to the soma in those neurons

which have least branches (ptnsky , Lg6?--Bremer Meettng).

Both these structure-function rel-ationships can posstbly

accounno ln partu for the fact bhat chronically lsolated.
cortex respond.s to strong electrical stlnulat,lon wlth
epireptlform afterd.lscharges whlch can rast for several
hours. Thls response contrasts vrlth the afterd.iseharges

of only 10 second duratlon which can be tnd.uced. in acutely
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lsorated. cort,ex r'¡lth a grealer d,endrltlc d.enslty.

The resurts on the farloff in d.endrlte denslty
are ln accord v¡lth other stud.les on the rnorphology of
pyramtdal trees" Mungar (196?), in a study of d,endritlc
Lrees in pyraroid,al neurons, reported- that the stem zone

had. p percent of the total, the branching zone had j6
percent of the total and the terninal zone had JJ percent

of the botal nurnber of dend-rrte seetlons tn the neuron"

Jones and- Thomas (L962) have shov¡n that surgleal d.e-

afferentatlon results ln a slgnlflcant loss of d.endrlte
sectlons fron the perlpheral arees of the Lree wlthout
any reductlon of d.end-rlte sectlons fron the sLem zor1e.
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4" .¿wcui,arrol_åt ¡BêNcH lorNTÞ

rt has been shown in these stud-ies that the
chronieally isolaied slab und.ergoes partial rotation of
the apen (p. 2?B)" Deflnttive evld_ence was presented to
show that such rotatlon of ilre slab affeeberl_ the Beo-
metric plane of aplcal d.enclritle trees" A signlficant
d ifferenee 1n the mean angulation Ï¡as found. between

corrected angles of dendrites in intact eortex and_ chronlc
slabs" The dend.rite branches ln chronlc slabs run
closer to the naln axis of the aplcal shaft than ln lntact
cortex and acutery isolated- cortex. The tr¡¡o factors
of a loss ln d.end.ritlc d-enslty and. smaller anguration
ln chronlc sLabs would- tend to conflne eleebrotonlc
excltatory stlnouli betv¡een upper and. roruer reglons of
the slab"
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(. DENDRTTTC sPrNE DEI,ISlTI

Dendrltlc splne d-enslty is regard_ed. as a Telatlve
and quantitatlve measure of the neuron's afferent lnput
(cf. literature revler.r)" spine denslty ls known to be

highest ln branching and ternlnal zones of dend.ritic
trees and- least in the stem zone" Reduction of splne

density by envrroninentar deprlvation as a type of
d-eafferentation has arread.y been Lhoroughly d_ealth wlth
ln the literature review. rt was therefore not sur-
prising to flnd. thatu lrr the present studyu the surglcal
d.eafferentatlon consequent on neuronal lsolatlon had_

slgnificantly redueed splne d.ensity in the outer zones of
d-endrltic trees 1n unstimulated slabs. rt ls of
conslderable interest that a slgniflcant l4erease 1n

splne d-ensity was founcl ln stlmulated. sl_abs lrhen compared

to non-stinulated cortex. rt wouId. appear that those
structural components srhlch form the nain afferent path-
way ln a neuron requlre repetltive relnforcement for
their maintenaficeo on the other hand an lncrease of
exogenous electrlcal actlvity,, whlch ls probably far greater
than that resurtlng from ncumal physlologicat d.rlve
results ln an end.ogenous growth stlnulus or factor rshlch

lncreases spine d.ensity" These results rvould. appear to
be ln agreement r'¡1th the flnd-lngs of Marln-pad_illa (Lg6?).

He reported that aplcal dend-rltlc splne density ln notor
neurons increased in the newborn human being ln anounts
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lnfant,! swhlch roughly

awareness and-

corresponded. to an lnerease ln the

motor dlscharge.
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6. tnl_¡nnrrn wnncss

An examinatton of drawings raade by Cajal on

d.endrltlc trees w11l show clearry that the occâsional
d.end.rlte section has a v-shaped wed.ge" cameÌa lucida
drawlngs mad.e d.urlng the course of stud les by several
other neurohistologists of the crassle schoor have also
d-emonstrated- the presence of d_end_rlblc vled.ges. ldard.

(I96L) proposed. a theor¡' that, chronic d"epolarizatlon of
d.endrites courd. be inlbiated by d_end.rltlc wedges. ward_

presumed- that the vied.ges observed. ln hls stud.y llrere formed
by the d-lrect action of leslons which were ind.uced. by
alumlnum hyd_roxld.e.

The tend.ency tov¡ard_s a reductlon ln the number of
wedges per d-end-rlte tree in chronlc slabs seens bo be

lntimately related. to the rotation of the slab around

lts apex" Alteratlons to the d.end.rltlc geometrlc
d-onaln would- appear to affect bhe structure of the wed.ge."

rt rs postulated- that angurar red.rrection of
d-end-rltes beyond" the wed.ge structure ls ind lcatlve of
taxlc factors that may be found. ln the subplal reglon.
Extreme examples of thls posslbllity may be seen where

the d.end.rlte section follows the perlphery of a blood_

vesseL and-.then resumes its orlglnal course (pIat,e xxrr).
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7" _BASTL^4 _pE]gpR0l]E{pJrrrc JlérqgAys

Quantltatlve hlsto1ogleal pathiuays of basllar
d.endrltes from cortical pyranidal ceLls were stud-led. by

Lorente d-e No (Lg3t+), sholt (Lgsi), Bok (Lgsg ) and- Ramon-

Mollner (1961), Lorente d.e No observed that branches of
aplcal shafts and. basilar d.end-rltes were short and.

generally horizontal ln their dlrectl0n. He reported-

al"so that some basilar d"end.rites frorn Iayer rrr pyramld.al

perlkarya d-escend- into re,yer rv, Basllar dend-rites

from pyramld-al neurons ln rayer rv reach dov¡n to bhe

lo'¡ler linit of Layer IV but never reach La.¡rer V" Lorente
d-e No reiterated_ CaJal0s observatlons that Layer V

basilar d.end-rites remalned- exclusively wlthin the vertlcal
range of Layer v" rn J.F. F\rl-tonts authoritative text-
book "Physlology of the Nervous System" (jrd Ed-. L949,

pp. 274-301) Lorente d.e No concluded. tinat dend.rltes

"fractionate the vertlcal sectlon of the cortex into
several strata of more or less horizontar d.end.rites

crossed- by vertleal shaf ts',"

Dend.ritlc horlzontal Lamination ln the cat cortex
was analyzed. by Ranon-MoLlner (1961) who reported_ that
dendrltic d-enslttes occur ln three peaks. The flrst peak

was found to occur ln the subpial reglon; the second_ peako

v¡hlch was d-ue to basllar dendrltesu was found ln Layer v;
the third peak was due to horlzontal d.endrltlc plexuses

of spind,le cell-s and. r,¡as d-eepry sltuated ln the cortex.
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He notedu hol,rever, t]nat a very srnall nurnber of d_end_rites

do leave the level of løyer V"

Sholl (I953) reported. that basilar d-end.rttes of

one pyramld.al cell eou_ld. posslbly spread over a cortlcal
àTee. v¡htch would contain between 2r000 anð. 4r000 perlkarya.

In a llterature revieu¡ by Ranon-lvloliner (Lg6L) on the

lmportance of d-endrltic dlstribution Van der Loos (L956)

Ì{as reported. to have denonstrated. tlnab d.endrod_endrltic

synapflc Junctions oceurred only at regular dlstances

from the perlkaryon. The maximum neuronal communlcatlon

possibre via basllar d.end.rites would therefore be a eertaln
percentage of the area enconpassed" by the basllar spread,

Colonnter (L966u 196? ) presented. evid.ence from

stud-ies on axodendrltic contacts to shol an anatonlcal

correlate of the physiological columns prevlously d.escrlbed

in sensory cortex by lvlountcastle (L95? ) and. Hubel and. Wlesel

(1962), and. in notor cortex by Hubel and. Wtesel (1965).

lhe basllar d"endrod-end.ritic clrcuits d.eserlbed- ln thls
stud-y would. thus provide a columnar d.end.rltlc pathway

for physiological relnforcement of those afferent colu.mns

d-escribed by Colonnier"

The demonstration of functional basllar d.end.ro-

d.end"rltic pathways v¡ould tend to establlsh new prlnciples
of neurophysiologlcal signlflcance. Basllar pathways

betrtreen two neurons 1n the same layer or between two

neurons of dlfferent layers v¡ould i.ncrease the number of
neurons and- processes lylng wtthln the reach of the
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receptlve field of one neuron, This lvould. tend. to

contrlbuie to bhe pruripotentlar capablrities of a s1ngle

cortlcal neuronu A basilar d-end-rodendritlc clrcuit that
would consist of two dendrites would" also es-r,abrlsh the

concept of afferent d.end-::ites whlch are physiologically
antldronic írlthln the cerebral coriex"
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B "_ rnrrunqnr.Eiif_eBa[cn pgrr,rI

The devel-opnent of the huruan telencephalon in
the flrst few rnonths of gestation is characterlzed by

su.rfaces ruhich are both smooth and_ non-convoluted (Truex

and- Carpentero 1964). Rapid- growth of the cerebral hem-

lspheres d-uri.ng the sixth and. seventh months of geslation

resuLts 1n the developnent of surface lnvolutlons u¡hich

develop convoruted. gyrl, shallow surcl anc d.eep furrowed

fissures" It would be reasonable to postul-ate that the

gyrenceph¿¡lic brain of the cat develops also in a simllar
wayo

A nalforrned intact suprasylr¡lan gyrus ln which

the gray matter had. d.eveloped only along Lhe lateral
regions of the gyrus was observed. (Plate XXVII). In this
abnormal cortlcal region an apical d-end.ritlc shaft was

noted. bo bear a trifurcated. branch point (llates xxvrrr
and XXIX) "

Several theorles, some teleological ln thought,

nlght be offered. to explaln the funcblon of a trlfurcated
branch polnt ln a malforned- cerebral eorbex. An increased_

number of dend-rltes ln an area marked. by a low d_ensity

of neuronal perikarya i.sould. have bhe net effect of
lncreaslng the functional load of each trifurcated neuron

to acccmodate the afferent lnputo A trlfurcated neuron

nay demonstrate plastlclt)' of forn ln ord.er to meet a

specif 1c functional requirement"
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9-. STRUCTURAL BI:,:GRESSIQN gF-çEBqlqIC__S-LILEê

The developmen| of spontaneous activtty in the

neocortex of the ner,¡born kltten was studied_ by Grossmen

(r955). He observed- that the spontaneous activity rêc-
orded at the corticar surface at birlh d_oes not exhiblt
spiklng or rhythmtc oscillatlons i at 5 da¡,s of age

oscilLatlons wlth a few very Lov¡-level spikes occur at
the r'-i,e of 6 to ? per second-" At }J d.ays of age the

spontaneous actlviby of the neocortex exhibits row leve1
splkes followed by large smooth hraves l{I.ìieh occur at
a frequ.ency of I to r.5 per second,, The l0 rçeel< old
kltbenn in contrastn develops e self*sustainlng
spontaneous aetivlty which conslsts of rapld. and.

repetltlve splkes with only lnternnlttent small waves"

The unstlnulated chronlcally lsolated. cortex in bhe

adult cat shols spontaneous aclivity in surface recor-
dlngsu whlch conslsts of lntermlttent spiklng, folrowg¿

by slor,r waves and- short bursts of hlgh frequency activlty
(Sharpless and }lalperne 196Z; Vasquez, Krlp and" plnskyu

L969), Thls spontaneous actlvlty ln the chronic sl-ab

of the ad-urt cat thus resembles that seen in the

inmature cortex of the neonate kltten.
The hrstogenesrs of the suprasylvla.n gyrus was

studled by Conel (I94?)" He reported that the larger
neurons ln the lor¡er cortlcal half develop earrier than
the snafler neurons in the upper cortical half. The
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developntent of cortlcal spontaneous actlvlty characterlstic
of the adult cat thus coi_ncldes with extenslve growth
and- d-evelopment of d.endrltic ar'borization patterns r,Jith

lnterneuronal connectlons (Grossman, Lg55),

An eplleptc'genrc e.Tea withln the cortex shor,¡s

cellula.r destn:ctlon that has regressed_ hlstoroglcally
and physiologlcally to the lnmature cortex (ibld..), The

Lhree peaks of dend.rltlc d-ensity at dlfferent cortical
d-epths in adult cerebral cortex, as reported. by Ramon-

Mollner (1961), wou-ld therefore be lacking v¡ithin the
eplleptlc focus. Thls ls consrstent wlth the flnd.ir:g
in the present study that chronlcally lsolated. slabsn known

to be eplleptogenlc, showed. no slgnificant d-ifferences
ln d.endritle denslty between upper and_ Lower cortical
halves.

rt ls therefore postulated that the structural-
re8ressl0n of chronic slabs to prinal hlsto10g1ca1

features is correl-ated. ir¡ith the slab,s regresslon of
spontaneous activlty to the level of 'the immature cortex"
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As early as the latter part of the l9tfi century

Franz Nlssl inltiated the techirique of the und-ercut c€?ê-

bral cortex ln an attempt to flnd. eorrelations betv¡een

hlstomorphology and. fu_netion ln thls type of tlssue"

Further studies by Cajal_ anô others have slnce glven

detalled. descriptlons of chromatolysisu axon-collateral
sprouting and changes ln cytoarchttectonl-cs that resurt
from neuronal isolation. The technlqu.es used. ln the

aforenentloned. studles were extended and. applied. to the

present correla.tive stud_y"

All neurohlstologleal. tlssues u.sed in thls study

vrere prepared. fron J2 adult cabs of either s€xu A

mod-1f icablon of ltlalloryus (1938 ) verslon of Golglos Bâpld

Method was especially developed- for the quantltablve and

qualltatlve measurements mad-e in this study" Coronal

serial sections J0 nlcrons in thlckness were nad.e of the

entlre length from suprasylrrlan gyrl from lntact glr1,
and from. gyrl ln whlch an acutely lsolated. and chronicall¡r
lsolated. slab had, been prepared ø

The quantlfiable parameters of gyrus wtdLh and.

cortex d-epth were measured. from coronal_ sectlons fron
flve lntact left and- homotoptc gyrl" No signlficant
d.lfferences were found. beLv¡een the mean dlmensions at

zBg
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each milllmeter lnterval throughou| the lengths of the

gyrl, These resul.ts inply tlnat, for eaclt lnd-1r'id.ual cat

the suprasylvlan gyrus hasu iulthin a Ílarrow Tan1eo ân

approxlmate r¡lclflr and. ân approxlmate cortex depth, t.hat

represents a stable parameter for that ca.t" No slnple

relatlonshlp wes found. to exlst betr¡¡een cortex d.epth

and- gyrus wi0.th" The d.epth of cortex in the acutely

lsolaLed. slab was alwa¡rs shallorryer at the same locus

than the adJacent lntac.t cortex v¡tthln the sâne g;yrus.

A palred conpa.risons test shov¡ed- that ehronic lsolatlon
eauses a signlficant (p S 0"001) reduction in gyrus

wld.th in the gyral reglon alongsid.e the isolated- area.

The neán cortex d.epths of six chronle slabs viere always

shallowey aE the same loeus than thab occu.pied. by the

adJacent intact cortex lrlthin the same gyrusn Slgnlf*
lcant d.ifferences (p ranglng from ( 0" 01 to S 0" 001)

were found- by palred- comparlsons test, betv¡een the

compared- cortex d.epths, These results lnd-icate that long

term neuronal lsolation by surglcal technlques employed

ln the present study slgnlflcantly reduced the l'ofume of
the lsolated- cerebral cortex"

A slgnlflcant d.lfierence (p < 0.01) was found- to

exlst ln neuron populatlon denslty betlveen the upper and

lower cortlcal halves for each of the three types of
tlssue exanlned-"- Howeveru ln each type of tlssue no

slgniflcant differences in neuron populatlon denslties
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were found. at each 2 mm lnterval sectlon" lrlo slgniflcant
differences in neuron d.ensity r,rere found l_n the upper

cortical halves betv¡een intact gyrl, acute and- chronie
slabs" Howe\rero a highly slgnif icanb d-ifference (p < 0.001)
in neuron populatlon d.ensity in lower cortical halves was

found- betr^¡een ehronic and_ aeute slabs. These resuLts
demonstrate convinclngly bhat the signlficant red_uction
in neuron popuLatlon d-enslty in the lol,¡er cortlcal half
of chronlc srabs was ca.used- by extenslve axotomy.

The analysis of aplcal dendriles shov¡ed tha.t ln
lnbact gyrr and acute slabs the largest dend.rltre d.ensity
ü¡as found in those neurons whose sona rlras situated. ln the
upper corf lcaL harves. A t-test for tr,¡o sanples shov¡ed.

a highly stgnlflcant d.lfference (p < 0"001_) in d.enrlrite
densitles betrueen lntact gyrl and chronic slabs. fn
chronic slabs the neurons ln the upper and_ lower cortical
halves had. essentlarly sinllar d-end.rlte d.eirslties. Thls
factor rrrould- tend. to equalize the llke]lhaod_ of impulses
travelling with equal facllity betiqeen upper aird. lorqer
reglons in the chronlc s1ab.

An ocular gonioneber rvas used- und-er rrirect
nlcroscopic observation to measure angles at branch poinLs.
A trlgononetrlc correcilon factor was used to convert the
observed angle to the real an¡çle ivhen the two d,end_rltlc
arms isere not in the same plane of focus. palred.

comparlson tests in lntact Byri and. acute and. chronic
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slabs shov¡ed that no slgnificant d lfferences rn angulatlon
exist between the upper and. ror,¡er parts of the cortex
ln each type of preparatlon. A paired comparison test
v¡as made betv¡een corrected and- uncorrected. angles ln
lntact g)'rusu acute and. chronic slat¡s" No significant
differences were found in the inùaet gyrus and. acute
slab" However, a highly signlficant d.lfference was found.

in the chronlc slab (p < 0"OOl_)" Dend_rlte branches in
chronlc slabs run closer to the naln axis of the aplcal
shaft and wourd. tend. to conflne elecLrotonic excitatory
stimuri between u-pper and- lower reglons of the srab.

The spine denslty was expressed- as the number

of observable dendrltie spines found. per micron length
of d.endrite sectlon. The least spine d_ensity vras found. in
the stem zone r¡¡hile the rargest spine density was

conslstently found in the branchlng zone" No slgntflcant
d.lf ferenees in splne d ens ltles vJere found. ln the three
honotopic preparationsu A hlghly signlficant d.lfference
1n splne d.ensity was found. betr.rreen ter¡nlnal- zones of
lower neurons ln unstlmuLated intact left gyrl and.

electrically strnulated. left acute srabs (p < 0" oOL) 
"

The slgnlflcant increase in spine denslty in stimuLated
slabs rsouLd- appear to have actrvated. an end-ogenous growth
stlmulus or factor whlch lnfluenced splne d-evelopment"
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Newjbse_rvetl_ons. The present stud_y has presented.

several observatlons whlch form the basls of this author's
clalms to orlglnallty; these are as follows:
(1) A modlf lcatlon of Golglos Rapld- I'fethod- r\ras d-eveloped

'for thls rrrork. The resultlng technlque has enabred a stuc.y

to be mad.e of qualltatlve and. quantltatlve parameters

from serlal sectlons taken contlnuously from the entlre
length of the suprasylvian gyrus ln the adult cat braln.
(2) The hlsto¡norphology of the suprasylvian gyrus ln
ad.u1t cats, Fel1s d.olqLe_stlc_g (Linnaeu-su I?58), may vary
toldery w1üh respect to cerebrar cortlcal hLstorogy between

ad-Jacent sulcl
(3) The gyral wldth and. d,epth along the entlre length
of the suprasylvlan Byrus 1s relatlvely constant for any

lndlvid-ua} cat and represents a stable parameter for that
cat.
(4) chronlc neuronar 1solatlon after surglcal proced.ures

results in a slgnlflcant loss of cortlcal vol-ume wlth
a conslstently observ'abre twistlrrg of the slab's apexo

(5) rn chronlcally lsolated- cortrca] slabs the d-epth of
slab cortex is slgnlficantly less than that of the ad Jace_nt

lntact eortex ly1ng wlÈhln the same gyrus.

(6) , Der¡crltlc bulbous d.llatatloris on aptcal ternlnal
d-endrltes appear to be artlfacts of hlstologlcal pro-

cesslng proced.ures" No evld,ence 1¡ras found to substanülate
the clalm that they form regular cytologlcal features of
dend.rltes.
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(?) The neuron populatlon d.ensltles at slrnilar cortical

d.epths throughout the length of Lntacb gyrl and- acute

slabs betrveen tv¡o closely spaced. sections seem to show

d-lfferences, but these are not statistically slgnlficanto .

(B) A tend-ency towards a reductlon 1n neuron populatlon

denslty was observed tn those areas of chronlc slabs which

ÏIere protected. froro axotorny and- anoxla'

(9) Short term neuronal lso1atlon--12 hours--results ln

a tendency toward-s a red.uctlon ln d.end.rlte denslty of

aplcal arborlzation trees.
(I0) In chronlcally lsolated slabs the neurons ln the

upper and. lower cortlcal- halves had essentlally sirnilar

d end.rlte d-ensltles.

(11) Chronlc neuronal lsolation results jn a red.uctlon

ln angulatlon at dendrltlc branch- points so th¡al- the

dend-rlte branches run closer-to the nain axls of the

aplcal shaft.

(I2\ Electrlcal stlnulatlon of acutely lsolated. slabs

resulted. ln a süat1stlcal1y slgnlftcant lncrease ln

dendrltlc splne denslty when compared to non-stimulated

slabs. * (see reference p. 2g5)

(13) Dendrod.endrltic pathways can apparently occur

between pyraraldal neurons via thelr basl.lar dend.rltes.

One such posslble pathvray extended. betv¡een tv¡o neurons whose

sonata lay ln Layer III; another such pathway extend.ed

between i.ayer III and. Layer V sonsta.

(14) Struclural regresslon of chronlc slabs ¿e-prlma1
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hlstol.ogicaJ- f ea.tures ls' correlaLed wiLh the slab ¡ s

regres:;i.on of spontaneous acblvity to the level of the

lmmature cortex"

.,r Slnce the publlcatlon of thls thesis, Schaplro and"

Vul<ovlch (Sclence j Jarno !6, Vol.. 16?, itg?O) reported.

thelr observatlons on the effects of lncreased. sensory

experlence on the dend.ritic spine denslty ln infant
rats. Dendrltlc splne d.enslty was slgnlflcantly
lncreased ln the envlronmentally stiroulated. rats
when compared- to non-stlmulated. rats of the same age

group. It was po'stu1.at.ed. Lhat the lncrease of afferent
lnput had a d lrect effect upon the d-evelopnent of
d.end.rltlc splnes. The results reported by Schaplro

and Vükovlch appear to confirm the ftndings in the

present study. Exogenous electrlcal stlmulatlon, as a
nethod- of lncreasing afferent lnput to the braln,
slgnlflcantly lncreases d.endr.lttc spine d_enslty.
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Prosencephalon

I'1e sencephal-on

Append.lx. Fj-g, I" Iongitucl.rnal Seeti.on of Four Weelt Old
Human En'bryo 
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Three bra.ln veslcles of braln are thtn*lvalled

and eplthelial 1n aPPearânce"
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Leeend. for Append-ix Flg. ?

The llnes OX, OY and. OZ are orthogonal axes.

Dend-rite branch polnt ls at "O"o

One dend.rite section is taken as lying on the X-axls;
the other section is represented by the line OP'

&tu ^ is the angle sought.

The 1lne OR was rneasured- as Ju.

The line OQ ls Ùhe proJection of OP on Elne X-Z plane.

The llne PS is the verülcal height at Ju fron the branch
polnt, of the d-end.rlte sectlon above the X-Z plane,
as measured with the vertical fine stage ad-justment.

&t" a. ls the angle observed. in the goniometer.

The d-esired. angle, "à", ls given by the formula

a = þan'l

Daba v¡ere fed, lnto FOCAL program for solutlon.

Fornula and- program provld.ed by.E.hl. I'[azera}I.


