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ÂBS1'RACT

The puupose of this study rras to deterrcine rvhether seute (LZ l:rc .) anrl chroulc
(6-2l+ nonths! Lsolatlon fn the cats t cerebrai. eortsx r,¡ouicl have any effect on f:he

aetroeyËic poirulatåou densíËy.

Intact, acutely and ch-ronicall}z isolaf;ed !9rËex r¿ere ¿t¡lated from LefË and

rlghË eupraevf-'råan gyri of adult cêts, LeÅLg',, 9at_us'. flfunaeuq, Llsïlo Ït&mon-

Moll.nerrs (1"*57) ruorÌiflcefíon of the Goi.gí Ëechn:i.qu.e r.¡as used to fmpregaate

ProËÕplásmíe ansl fi.t¡rous asËËocytes in all three cortf.caL preparaLfons" AsËrocy¡is
popula'cíon denalËies r{ere calculaËed at tr+o millinreter inËervals and ar Ëhe nít1-
pof-nË aLong the l-enggh of fntacE årrd lsclaLed cor,i:íces"

In ztL1 fhree eypes of corl;i,cal prepere-tians asEroeytåc popu}ation ctensLtiee

ruere sf.galffcantly i.ess ftr upper cortice1 segnenÊs vihen conpared fio lor,¡ar eorticel
segmenLs.

PooLed astrocyt,ic populatJ.on densíty wes found to be sS.ight1y less in lorses

cortLcal segr¡ent,s of acutely lsol"eted s1,aÎ¡s rüheft conpared by eignífieelnce tests
to pooled Lol¡er corEfcal eeguenËs ín each of the non-operetír"e corÉices.

The astrocytic popu.latfon denslËy ín chronícaI.ly fsolaeed slabs shot¡ed thet
a signiff.canc íncrease in êctrocytie poptiLation clenslty had occured 1n the upper

cortícaÏ- seglfienË$ rvhen com¡rE¡red Lo the densff:y -hl simiLar ee¡pnents in the non-

operative chronÍc houotopes,

The app¿rrenË rrfal}-offrr l"n densíty of obser¡¡aÌ:le astrocyEle celLs ín l-orrrer

corËical segtnents of ecutely Lsol-ated sLabs må¿y represen'c a r'orm of fntesn:edfate
cel-i.u-tar mef:abolÍsm and/or phystcal refre.ctoríness of ast¡:ocytee to stalnf.ng
procedureso Locel.f.zed asErocytosie found t,o oecur fn upper corËical eegments of
ehronLc.aJ-1-y f.solated r:ortiees is belietred to have been a result of an LnteracËlon
betryeen tire fol.l-arvlng factoirs: phagce.l'¿6sís, fha requireunenf: for nerv cells to
fi'Il spacee left by degene::etÍng derrdritcs, the ue-ed to Ër€lnsport aclditionaL nutrf.ents
&^ !l-^Es Enc uppcî ccrtÍ-caï- lia1f er'd ffrrail-y thc specÍfJ.c i:eqirårciüei:tõ of glucose nctaboll.sn
Ín the lsoLated cotsõåcaL s1a'0"
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STATTA'IENT OF THE PROBLEM

Neuronally isol-aterl cerebral cortex in the mamma.l has

often been used as a convenient method of studying the

electrical and. phamoacologica.l properties of this type of

tissue. Ilistological studies by others have examined the

reorganized- neuronal population density and neuronal- cir-
cuitry in the isolated cortic'al tissue"

[he purpose of this histological study was to deternine

whether acute (12 hours) and" chronic (6-24 months) neuronal

isolation in the eat0s cerebral cortex rqou-l-d ha.ve any effect
on the ¿,,strocylic population d-ensity v¡ithin the isolated

tissue. The present stu.cly r.vas designed to give a more cle-

tailed aceount of the possíble role of astrocytes v¿1th

respect to (a) evidenee of phagocytosis a.s a -resul.t of sur-

glcal trauma d-uring tù:.e preparatj-on of the isolate, (b)

histological evidence of astrocytic neuronal. pathlays within

the isolate and (c) the possible role of astrocytes in form-

ing cellul-ar supportive netlorks n'j.thin the isolate,



IIISTORICAL EEVIE!Ù

1" - EUBBLOTüIC DEJrEL9SIV1ENT OJL NEUB*Og-,IA

Cell-s:Derlved frour_EctodgJ:gil 31sÉue" Durlng

embryonlc d-evelopnent of the human braln froro the 13"3 mm

to JJO rnn stage the eplthelLal- Llnlng of the prlmltive

neural tube conslsts of trlangular shaped. cells whlch

und,ergo rapld proLlferatlon and. nlgratlon (Rud-eberg, L964),

Berqulst (Lg32) reported. thab nlgratlon of the cell-s from

the prlnltlve neural tube extend.ed" radlally and- laterally
lnto the ad.Jaeent zonal &Tê&ø CeL1s terned. spongloblasts

appear spherlcal ln shape &ylcl later d.lfferentlate to form

astrocytes and. ollgod.end,rocytes (nfs, 1889). There are

no reports ln the Llterature of the speclflc embryonlc

stage ln anlmal d.evel-opnent whlch can. account for the lnltla1
¡norphogenesls of neurogllal cells" The un<Llfferentlated.

neuroeplthellal- and. germ layer oells were consldered. by

Schaper (L897 ) to ¡e slnllar to each other d.urlng the

proeess of nltosls"
CaJal (1910) consld.ered- spongloblast cells to be

dlfferentlated. lmmature neurogllal cell-s. Neurogllal cells
tn the chlck ernbryo appear durlng the thlrteenth day; ln

the human embryo neurogllal ce1ls appear durlng the thlrd"

monbh,

Two cell types d.lfferentlate fron the prlnltlve
neuro-eplthellum (Truex and. Carpenteru l?69; Hamu 1269).



Spongloblastsu the fl-rst cell bypeu develop frorn the

med.ulloblast whlle the neuroblast, the second. ce11 typeu

arlses from the germ l-ayer cel}s" Spongloblasts lnvad,e

the neural tube and. d-lfferentlate to forn astrocytes and

ollgod.endrocyteso whl1e neuroblasts d.lfferentlate to form

nerve ceIls"

Cells Derlved fro¡q Me*gc[þ¡Se1-glssgg, Mlcrocytes,

anoËher type of neurogllal cellu are elaborated fron m€so-

d.ermal tLssue (Pol. L965i EIamu 1969) " The growth and.

d.evelopment of mlcrocytes ln bralns of mouse, raË and.

hunan were d.escrlbed by Fleld (L953)" He found, contrary
to the f lnd lng of Hortega (Lgza), that ful1y d.eveloped and,

dellcately branehed. nlcrocytes were alread-y present ln the

11 mn rat, the IJ rnn mouse and. the 55 nn human enbryo.

PrulJs (L9?7 þeserlbed the orlgtn and. the d.lfferentlatlon
of mlcrocytes from the ep erd"ymal reglon of foetal and o€t¡r-

born rabblts' Rydberg (rgjz), uslng hlstologlcal technlques,

observed. transltlonal ceLl-s whlch were nelther sponglo-

blast nor mlcrocyte. These ceLls ûrere found_ ln the foeüus of
the humanu the rabblE and. the cat" Transltlonar cells
whlch r^Iere nltotlcally actlve have been observed also ln the

subependymal layer of the cat, the dogu and. the rat (Allenu

l9l-2; Bryan, L959). Cells ln thls area were reported. to
have a hlgh proLlferatlve rate (Ler^¡ls e 1968 ), Kershnan

(1938) reported. that the subepend.ymar layer forned a broad

band of nouroblasts and spongloblasts whlch later d.lfferentlate
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to form neìrrons and. g1tal cells respectlvely' Hortega

(1916, L9L7)u uslng a comblned- nuclear and- cytoplasmlc staln

d.eroonstrated. that nlcrocyteg v¡ere d.erlved' entlrely from

mesod-ernal tlssues. He observed aLso that d.urlng foetaL

and early postnatal- ôevel-oprnent nlcrocytes were found- from

the pla*mater and vaseular end.othetlal ce1ls. Lewls (1968)'

uslng autoradlographlc Ëechnlques descrlbed. the presence

of several types of astrocytes and. mlcrocytes whlch v¡ere

presumably forned- fron the sub-ependynal layer"

2._ s_o3PäOLOGy

Brotoplqås.lcJstropytes, Thls cell type ls found.

Ln the gray matter of the cerebral cortex (lruex and.

Carpenteru Lg6g; Po1 ya^k Lg65) " These cells were observed

to have a Large nuoleus Ln relatlon to the overall slze

of the perlkaryon, The nucleus ls round or oval ln shape

wLth a snal1 amount of chroma,'bln" A nucleolus has not

been observed. l-n astroeytes (Schade and. Ford., L965)'

Llght mlcroscopl has sho¡çn thab the cytoplasm of the perl-

lraryon is scanty and- fllleð wlth granular materlals terned

gLlosomes (I{yd.en,. L962)" The processes of these ce1ls

were noted. also to be attached. to bl-ood vessels and- the pla

by means of ternlnal end"-feet or fusa (Teuberu 1960)" It
was observed- that ln some lnsbances fhe perlkarya of

protoplasnlc astrocytes were sl-tuated. ad,Jacent to neuronal

perlkarya and. were terned- neuronal satellites iTruex and

Carpenteru L969) " In vlew of the fact that thelr processes
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exËend beüween nerve flbres of the gray natter and. beti,qeen

nerve flbres and. blood. vessels, protoplasmlc astrocytes

can be consldered. bo lend valuable support to braln tlssues

and also to form, a med.lum for nutrltlonal transportaËlon

(schad.e and. Ford. , L9651 .

Processes of protoplasrnlc astrocytes constltute a

naJor portlon of the neurophlle (Slnghu L967)' Palay and.

Peters (L965) observed. that these processes were not

randonly dlstrlbuted but were arranged. ln dlscernlble patterns.

The paËternsu whlch vary l-n dlfferent reglons, appear to

l-end. evLdence tn support of a theory that receptlve surfaces

of neurons are lnsulated by astrocytlc proeesses from all
axonal ternlnals exeept those axons iuhlch synapse specl-

fically upon the neuron"

Ftbrojrs*"Astrqg,y_Ue" Flbrous astrocytes were reported.

by nany authors to be present only ln the whlËe natter
(Bloo¡o and. Fawcettu 1968 i Hamu l-9691. Perlkarya of these

cel-ls were observed. to lle adJaoent to myeLlnated. flbres"

These astrocytlc processes were noted- to run parallel and-

ln beblveen nyellnated. flbres and. to blnd. the processes to

bl-ood. vessel-s" The branches of flbrous astrocytes do not

branch extenslvely and- are less tortuous in thelr pathway

than branches found. ln protoplasrnl-c astrocytes' Ultraflne

flbrllsu terrned. astrogllal flbrlls, were observed. ln the

astrocytlc processes by many workers uslng electron nlc-

roscoplc techntques (Mu8nainiand Walberg, ]-964) and. tlssue
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oultures(Meller and. Hauptu L967)" Hlstologlcal technlques

have demonstrated- the presence of rlbosomes, nlfochond.rla,

Golgl apparatus and. a sna1l a¡nount of end.oplasnnlc

retlculun ln the perlnuclear cytoplasm of the astrocytlc
perlkarya (Bourne u L968) 

"

SpeclaL Types of As_Lree;¡tes" A speclal type of
protoplasnlc astrocytes, termed. Bergman's cells or flbresu

rt¡ere observed- ln the nolecular layer of the cerebellum,

the perlkarya of these celLsu sltuated- ln the purklnJe

layeru bear processes whlch penetrate the plexlforrn layer

as they reach the pla-mater, Palay (L965) observed. that
ln the cerebraL cortex an i.nterruedlate type of astrocyte

exhlbLted. both protoplasnle and. flbrous processeso Thls

cell type was observed. to lte ln Ëhe lower layer of the

cerebral cortex and- was ad.Jacent to tho rqrhlte matter,

91:Lgoè-e.nd.roc_LLs " 01-Lgod.end_rocytes nere observed.

ln both gray and. whlte rnatter (Bloon and Fav¡cett, I96Ba

Hanu l)6 y po1 ya.lc 1965; Nakat , Lg63) , Thrs neurogltaL

ceL1, when conpared to the astrocyte, had- a smaller perl-
karyon and a nucleus whlch was hyperchromatic to baslc

dyes ( culllnu L963; Lllle, L95l+) " Processes of oltgo-
dend.rocytes are not extenslvely branchedu bear few splnes

and. form contacts wlth blood. vessels (watat, L963),

Bourne (1968), uslng glutaraldehyde flxatron wlth electron

nlcroscoplc technlquesu observed. the presence of a oüc-
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leoLus |n the nuclêüsu He also observed d-ensely packed.

rlbosomes, end-oplasmlc ret|culum, mltochond.rla and. Golgl

A,pparatus in the cytoplasa of the perlkarya. U1traflne

flbrlls were not reported, to be present" In the cerebral

cortex the perlkarya of o1-1god.end-rocytes were often

observed. to be sltuated adJacent to neuronal perlkarya

and. were termed. perlneuronal satellltes (Pol ya]/- 1965r

Hamn L96 9) a

In the whlte natter, ollgod.endrocytes were obsefved.

to be arranged" |n rows betv¡een nyellnated. nerve flbres

(Eanu L9fu9), Maturana (1960)' Peters (1960)' Palay (1965),

and Bourne (1968) have reported. that ollgod.endrocyfes are

lnttmately assoclated. wlth the uechanlsm of myellnatlon

tn the CNS" Perlkarya of ollgodendrocytes were observed.

lo l|e ad-Jacent to bl-ood vessels (äano L969). These fl€üro-

glla râIere bermed. perlvascul-ar satellltes"
Hortega (L928) d.escrlbed four types of o]-lgoden-

drocytes and. classlfled then on the basls of thelr morpho-

logy" Type I cel-ls are present tn the fore-bralno cere-

bellum and. splnal cord." They lte around blood vessels,

neurons and. ftbre tracts" The perlkaryau L5 to 20 u

ln d lameter, have a spherleal or sllghtty polygonal shape

from r+hlch nulrerous flne processes extend toward,s the

nerve fibres"

Type IIu termed CaJaI ceI]:s are 20-40 g ln dlaneter

at the perlkaryonu have a polygonel or ouboldal 6hepe 6nd.

aTe present ln the whlte matter, Thelr processes are fewer



and- thlcker than type I and, are lntlnately assoclated wlth

nerve flbres"

Type III' terned Palad-lno cells, are found- ln both

cerebral and. cerebellar peduncles, medulla oblongata and-

sptnal cord, Êxtend-Ing from the perlkaryon of a Type III

ceLl are both thick and. thln processes whlch proJect for
shorü d.lstances and. lle ln contact wlth llerve fLbres.

Type JV, the Schwanold. cel1-u are elther round or

blpolar ln shape" The perlkarya &îe always ln contact wlth

nerve flbres and, thelr processes are short and. non-branchlng'

They are found- ln the perlpheral nervous systen"

Uigåg-cJæ" Mlcrocytes were observed. to have a smal-l

hyperchronatic nucLeus surround,ed, by scanty cytoplasm (Schad.e

and Ford , L965) " Mlcrocytle oells were observed. also to

have a nucleolus v¡hlLe the cytopl-asm contalned. an abund-ance

of rlbosomes and other l-ntra*cellular parttcles (BoòIan,

Lg6L+) " The processes were noted- to be covered wlth a

conslderablo nuurber of tlny "splnes"" Mlcrocyfes were

reported- to be dlstrlbuted throughout the braln and splna1

oord.. Morl and. Leblond- (L969)' wlth the ald of electron-

mlcroscop¡', observed- ml-crocytes sttuabed ln the expand.ed-

portlon of a caplllary basement menbrâr!ê. These cells

contained- a small amount of cytoplasnu a few d.ense lntra-

cellular particles and gave rlse to a few processes"

Evldence !¡as presented also to support the vlew that these

celLs could. break out of theLr basement membrane enclosure

and. enter the surround.lng braln flssue"
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3- FUNCÎIONS OF NEUROGLIÁ,.

There are several aecounts ln the llterature lvhlch

pertain to the functional lmportance of neuroglla. rt ü¡as

the consid.ered- optnton of Frlede and Houten (tg6z) tnat
thls bod.y of knowled-ge v¡'as sttll tnsufficlent to explatn
neurogllal functlon.

rn the cerebral cortex neuroglla r¿rere observed. to
lle as sabelllto ce11s of both neurons and. blood. vessels
(Morl and Leblond., Lg6g; pol''¡ralt Lg65; Hamu 1969;.Bourne,

]-968). Neurogtla were consldered. also to be part of the
packlng d-enslty of nervous tlssue and- thus contrlbuËe

slgnlflcantly Ëo braln volume. Fþtede (L953) theorlzed.

that the retentlon of braln shape was a functlon of the
leptonenlnges o

CaJal (L907), ustng a gold subllmate method_u

observed. that astrocytlc processes forned_ physlcal- conn-

ectlons wlth both blood- vessels and neurons. Bamon-irfollner

(L95?) nad.e slmllar observatlons uslng a d.lchromate

nethodo These contacts Ï{ere lnterpreted. as havlng forned.

a type of d.lffuslon channel for the passage of mabertals
from blood caplllarles to neurons. Nakal (L963) and. poI.gak

(L965) attrlbuted the blood.-braln barrler mechanlsm to these
physlcal conbacts" Gray (lg5g ) noted thab astrocytes and

thelr processes aeted- as relatlvery large v,rater pools d.urlng

the process of cerebral ed.ena, De Bobertls and_ Gerschenf ..eld
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(fg6f) reported that astrocytes were also electrolytlc
pools and nay lnfLuence the electrlcal actlvlty of adJacent

neurons.

Several accounts ln the llterature have attenpted.

to Ilnk ollgodendrocytes wlth the process of axonal

nyellnatLon ln bhe central nervous system, Luse (l-956)

observed- that processes from several olLgodendroeytes formed

clrcular Iamellae around. axons Ln the cerebral cortex"

Olnstead (1961), uslng tlssue culture technlqgesu observed-

thrat astrocytlc proeesses and axons were ln close contact

wLth each other. IIe concluded from hls stud.les that
astrocyües were llnked also wlth the nechanlsm of axonal

myellnatlon" Walberg (1963), uslng electrorunlcroscopyu

demonstrated the presence of close contacts between

flbrous astrocytes and. axons ln the whlte matter" Walberg

stated. that h1s observatlons relnforced. the theory of other

lnvestlgators (Alpers and Haymaker , I93l+; Schelbel and.

Schelbel , I95,tD¡ and Olmstead , J-96:..) ttrat more than one

neurogllal cell type contrlbuted to the formatlon of nyelln.

ln the central nervous system"

Klatzo and Mlquel (1960) and Gonatas et al (196Ð .

d.emonstrated that mlcrocytes were phagocytlc ln functlon"

Schade and Ford (1965) attrlbuted to olj-godendrocyËes

the propertles of vieurophagla and- phagocytosS-s of fragmented

nyeIln. Leslons j-nduced by freeze dry technlqu-es resulted

ln an accumulatlon of extracellular spaces and sllght

swel-1lng of neurogllal cells (Gerschenfeld et â1u 1959;
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Ralnond.l et al, I962e Klatzo et aL, 1962\. It has long

been establtshed. that neurogllal- cells and- thelr processes

form a maJor part of lnterneuronaL spaces ln the braln

(Hyd-enu Lg62) " It ls therefore hypotheslzed. ln thls thesls

ti¡ral the accumulatlon of lnterneuronal fluld should. affect

the slze and- fluld content of neurogllal- cel-l-s" Bankay (L965),

uslng electronmlcroscopyo mad-e a careful study of cllnically
and- experinentally lnd.uced braln edema. He v¡as able to

demonstrate that und.er such cond ltlons neurogllal cells
becarne swollen wlth no lncrease ln lnterstltla1 volume

durl-n6 the lnduced swelllng. Koelle (t962) reported thab

g11a1- eell-s contaln a large aroount of chollnesterase for
whlch no speclflc funetj.on was reported. Hertz (L965)

suggesbed that glLal cells act as carrlers of potasslu'rû

lons from one neuron to another' He therefore conclucled

that neurogllal cell-s mey act as a med.lator of a nerve

stLmul-us between two neurorls.

QuantilatLgi]Wud,lqs pf Neuloellal ceIls-in the
lenlse L__Ne.ryo u q Sy_gÍeu .

Durlng cond.ttlons of tlssue cuLture glla1 cells were observed

to prollferate and- to exhlblt amoebold- novenent (Lun.sd.en

and. Pomerat, L95I; Pomerat and Costero, 1956; fllId. o 1957;

Peterson and- I{urrayu 1960)" Attman (1969) reported- that

91lal cells reprod-uce by anltotlc d-lvlslon. Galarnbos

(1961) reported that the populatlon of neurogllal ce1ls

ln the braln ls approximately ten tlnes greater than the

estlmated number of neurons. Bllnkov and Glezer (1968 )
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reported- that o.r" r*3 of braln tlssue was estlnated- to

contal-n 80r000 to 100r000 neurogllal cel1s" They reported.

also i'lnab the greatest percentage of neurogllal ce1ls

conslsted. of astrocytes"

The lmportance of quantltatlve stud.les on neuronal

and. 91-lal populatlons has several -\applí-eatioÐ5¡.¡:s,:...:ir.' The

current llterature has shown ühat nourogllal cells are

assocLated. wtth the folLowLng braln cond lt,lons: hlsto-
pathology braln traunau toxlcltyu lnfecüious trauna, ed.ema

antl metabollc d.lsturbances lshlch are the result of

d.ef iclent blood- suppl-y"

Earller stud-ies on ûhe analyses of hlsto-patho-

loglcaJ- changes ln the CNS have rec¿rrlrecì. an examlnatlon

of the ehanges assoclated. wlth celI shape and. cel-l

populatlon" In the eentral nervous systen these studles

are d.i.rected. also tor'¡ards ehanges ln oell d-enslttes of
neurogllal and. neuronal" conponents,

Nlssl (1898) and- Von Bonln (1948) compared. braln
slze anrL eell d.ensl'Ly Ln several cLlfferent anlnals ln the

phylogenetlc seale of mamnoals" They reported. a lower

d.enstty of neurons in the cerebral cortex of large bralns

lrhen compared to the d-enslty of snall bralns" These flnd.lngs

1ed. then to hypotheslze that the slze of lnterneuronal

spaces would. ahrays be greater ln aninals wlth a large

oerebral cortex. Lt could therefore be hypothes\zeð- that
anlrnals wlth large bratns r¡ould. have a greater populatlon of

91lal cells t|ian anhoals r¡1th snaller bralns,



I2

Fblede (L954 ) studled. the gl1a1 tndex¡ tn ê" e the

number of 911a1 cells per nerve celI, ln the telencephalic

cortex ln several specles of animals" He reported. that the

g1la1 lnd-ex lncreased" ln the phylogenetlc scale from frog
to nammal' These concruslons were later contrad.lcted by

Hawklns and olszer¡¡skr (r9SZ). They comparecì. the bratns
from two adult blue whalesu BalaenopSera physlel_Lg,

wlth human bralns" They repoited that the g1ia1 lnd.ex

was related- to braln slze rather tlnan phylogenetlc

hierarchy' They found. that the g}1al lnd.er 1n the whqle

braln was 4,J4 lvhlle ln the human lt was 1.?8" Ftltman

(1936) and. a,ruLvunova (].?lg) reported. ühat tn the superior
frontal gyrus of the human braln the glld,-lnd.ex ranges

from 0.2 to 2o7-n BrLzze and- Jacobs (LgSg) reported. that the

mean g11ar lnd.ex for all gyrl ln the catso cerebrar cortex
ls 1"50, Blinkov and. GLezey (1968), uslng results
prevlously reported by Ranon-lulollner (1961), calculated. the

nean gllal-lnd.ex ln the cat as z.o. Har^rklns and olszewskl
(1957 ) calculated. the mean gllal ind-ex tn the human brain
&s 1.78 . r3rLzze and. Jacobs Qgsg ) showed- that the g1la1

l.nd-ex ln the cortex of klttens 60 days old_ r¡¡1th a brain
welght of 13.20 grârns lras 1"00" fn ad.ult cats wlth a braln
welght of tB.O grans the gllar lndex ls 1,50" llllman
(l-936) found- that the glia1 lnd-ex ln the cerebrar cortex of
newborn gulnea ptgs was 0"08*o"zz whlle in the ad_ult of the

sâme specles lt was 0"20-L.So" Frled_e (L963) reported t]na?

the glial lnd.ex of large neurons, such as Belz cerlsr rdas



r3

hlgher v¡hen compared- to pyramldal colls ln layer I to V,

Relffensteln (1964), uslng 1lght mlcroscopy technlques,

reported. tlnab ln chronlcally isolated- cerebral cortex

there ÍIere slgnlficant lncreases ln astrocytlc and-

nlcrocytlc popuIatlot1s" UsIng a Golgl sta1n, Relffensteln

estlnated that ln chronlc sLabs the astrocyte populatlon was

four tlmes greater when compared- wlth acutely lsolated

cortex. Ee reported- also that the Golgl staln showed. a

populatlon loss ln areas around. the outer leslons"

.Cbow a:rd. Dewson Q966) reported a decrease In

neì¡ronal populatlon ln the lateral genlculate bod.y of

rabbits d-urlng perlod.s of retrograd.e d"egeneratlon" They

reported- also an lncrease ln the gllal populatlon 1n the

early stages foll-ov¡i-ng surgical ablatlon,
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METHODS AND MATEBIALS

Thls hLstologl_cal stud_y usecl Lntact, acutely
and chronlcally lsolated cortex fron the left ancl

rlght supra sylvLan gyrl of ad.ult cats, r'eIls. domestj_cus

(Llnnaeus, r?58)" A total of 13 cats s¡as used ln thls
study' The cortlcal preparatlons used. $rere as folror,rs:
(a) four lntact left gyrl and thelr homotopes; (b) three
chronlcally 1-solated slabs and thelr homotopes and.

(c ) three acutery lsolated. slabs and- thelr slnllar1y
prepared homotopes" Paraffln sectlons were prepared. also

from lornalln flxed tlssues of lntact and homotope cortex
taken from one cat " severar experl-mentar staln technlques

!üere cond.ucted on four lntact suprasylvlan gyrl taken from

two cats"

f.n siIRGIC4t _EEQgEpIrEEq

rntact cerebral cortex. Four cats v¡ere used. for
thls part of the stud.y" The cats were anaesthetlzed þy

sodlun pentobarbltal (Nenbutal) ad-nLnlstered- lntraperltoneally.
The anaesthetizing dosage was prevlo,usly d-etermtrned, by Barnes

and. Eltherlngton (J-965) to be 35 ne/ke welght of cat. The

lethal dose used was between Bo and 1oo ng/kg. After loss
of consclousness the anlnal was placed on Lts ventral aspect

on an operatlng table and" surglcal proced,ures for cranlectomy

were followed. by rnethods prevJ.ously descrlbed by tùelsnan (1969)"
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Marginal Gyrus

SuprasylvÍan Gyrus

Ectosylvian Gyrus

Posterior Drainage ffi,aJ;e

Flgrure 1n Dorsal- Aspeet of lvlature Cstrs Cerebral üenlspheres

to .,',:iShovt' êrea of,¡., Study'
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The head vuas fltted. ln a Tscherrakholder whlch kept 1t
ln a senl-rlgld posltlon. A nLd-Llne dorsaL lnclslon
lcas mad.e on the scalp and the lntegunent was separated

from the und.erlylng faclal and temporal muscles" These

muscles were exclsed. ln order to expose posterlorly the
calvarlum as far back as the lanbroldal rldge and Laterally
on both sldes to the zygomabrc arch. An oval atea 2 cm by

l"J cm of carvarLum sltuated- above the suprasyrvlan gyrus

ü¡as clrcumscrlbed by an electrlcally povrered d.ental d1111

fttted wlth a No. B vanad-1um steel d.entar burr. The area

was malntalned. nolst by sallne kept at 3?oc" A bone rongeur

was used. to enlarge the exposed &rea. Great care u¡as taken

so as to prevent any destruction of the dura mater" I[eed1e

nose lrls sclssors (Irex) wereused. to remove the dura materu

leavlng the pla-mater ln l-ts normal state" A Noo 11 scalpel
blad.e fltted. on a number J blade hand.le was used. to (Fig" I.)
clrcumscrlbe and" to cut a bLock of oortlcal tlssue measurlng

25 nn x 12 mm. The cuts were macLe ln the adJacent margLnar

and. ectosylvlan gyrl, A number 22 scalpel blade fltted on a

number ll blaAe handle was used to make a horlzontal und-ercut

I nm d.eep on the Lnclsed cortex. Thls cut facllltated the

separatlon of the gyrus fron the und_erlylng tlssues" Upon

removal of the gtrrus the posterlor end- ¡^ras narked for future
reference. The tlssue block was kepü molst r^rLth saIlne kept

at 3?oC" The exclsed left and rlght g¡rrl were placed ln
separate dark bottles contalnlng the fLxatlve. The anlmal was

then saerlflced by an overd.ose of Nembutal"
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AcJ+tgll':--Isol-.d:ed .Sl-aÞs* Acutelv lsolated slabs

were prepared in both left and rj-ght gyrl b¡' teehnlques

descrlbed by Welsman (1969). Acutely Lsolaùed sl-abs r\rere

lntermltteni,-1¡ælectri"cally stlmula'ced over a perlod, of I2 hours.

The stiraulatlng current applled was between 100 mlcroamps and

JOO nleroamps u I pulse every 5 second.s t'vlth a pulse duraf Lon

of lOO nlcroseeonds" Following the conclu-slon of tLre electro -

physlologLcal expertments the gyrl firere excl.sed. uslng technlques

prevlously d-escrlbed for the lntact cortex' The Syrl l,{ere

rJ.nseÖ qulckly i,rlth sallne and. plaeed. ln separately ma.rked.

clarlc brol,¡n bottles contaLnlng the flxatlve"

Chronleal-]¡t Ts-ola-teci SLq,Þg¿ Chronieally lsoi-ated-

slabs ldere prepared as descrf'bect bJ' Plnsky (L96L) and' welsman

(L969) , ehronielty extend-ed- over a perlod between IJ to 36

months" Neuronal lsolaülon for Ì:oih chronle and- acute slabs

was prepared by slmllar technlques l¡hleh u.sed. two slde euts

and. one slngle undercut. The i-eft gyrus was neuronally

lsolated. r¡¡hll-e the h.omotope gyrus remalned j-ntaet" Re-exposure

and. rem.oval of the left gyrus lnvolved. the teaslng alnray of

nertrly formed- flbrous adhesions and. regenerated- bone" The pla

nater rn¡as not d.lsturbed- nor lnJured," Both gyrl were exelsed

by techntques d-escril:ed. above for the lntact gyrus. Ttrssue

blocks tfere kept mol-st u¡1th warmed. salLne kept at 3?o C and.

?Íere placed- tmmed.tately Ln seperate C.ark bottles contaf.nlng

the flxatlve"
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2. HïSToLoGICAL TECÏÐITQIIES

Several stalnlng and_ lmpregnatlon technlques have

been used. successfully to observe each of the d.lfferent
types of neurogllal cells (Ca¡at l-916; Hortega I9L?;

Penfield. 1924, l93O; Ramon.Mollner L95?, 1958). No slngle
technlque Ls knov¡n to lmpregnate successfully the three-types

of neurogllar eelIs" The nuclel of the d.Lfferent neurogllal
cells can be dlstlngulshed from each other only b¡. uslng

nucleophLllc stalns such as cresyl vlolet, thlonLnu methylene

vlolet and. Haematoxyll-n-Eos1n" The processes and_ soma of the

d.lfferent neuroglf.al cells can be d.Lstlnqulshed. from each other

only by a metalllc f-mpregnatlon technLque" Most of these

netalllc lmpregnatlon technlques use e:i3.ver nttrate, whlch

ls based on the orlglnal Golgl (IB73u 1885) nethod." Several

mod.lflcatlons of GoJ.gLf s method have been reported- (SaIa 18932

Strong TB95; Ip,chl LB95¡ Flsh 1895; ' Eortega 1928;

CaJal 1933; Ðavenport and- Combs l-g5l+)" Protoplasmlc

and. flbrous astrocytes have been observed. by the use of CaJat's

Gold subllnate (1916) " Ramon-Mollnerts (I95? ) nodlflcatlon
of the Golgl technLque Bras found- to be the nost sultable for
the demonstratlon of both types of astrocytes ln all three

oortlcal preperatlons" 1nê" lntactu acutely and chronlcally

lsolated cortex o
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3 " FX(ATIOIü PROCEDITRES

The fol-lorolng mlxture of solutlons lvas_ used for fLxatl_on:

4O ¡ot of 6fi aqueous potasslum d lchronate
20 mI of Jfi aqueous potasslum chlorate

3O ml of 2O/. aqueous ehloral hydrate and

10 nl of 3&l tornaldehyde

stock solutlons of each of the above solutlons nere prepared

and kept ln separate bottl-es, solutlons were nlxed Just prlor
to use" Braln tlssues were cut ln preces measurlng & mm x

6 nn ln ord.er to facllltate easy and total penetratlon,
Extreme care was taken to ¡ralntaLn the anterlor to posterlor
orlentatlon of the gyrus" ThLs was aceompllshed by naklng a

small notch on the posterLor end of each bloctr of tlssue" The

tlssue blocks were transf,erred to separate glass Jars. contalnf.ng
a volume of flxatlve whlch was 2O tlmes tlnat of the 1nd.lv1dua1

tlssue block. optlmal flxatlon tlne was found. to be J days"

solutlons vrere changed each d.ay and- follov¡ed- by gentle

agltatlon" Tlssue blocks were then separately transferred to
a Jrt pot,asslum d,å.ehromate solutlon" The volume of the chromate

solutlon was 20 tlnes that of the tlssue blocks" The solutlon
'hras changed twlce dally-over a perJ-od of J d.ays.

METALLTJ TMPREGNATTON

A I% w/v sllver nltrate solutlon, was used for the

lnpregnaþlon of astrocytes" The tlssuesu prLor to thelr
Lnmerslon ln the sllver n1-trate solutlonu were qulckly washed.

ln di-stLlled water lir order to prevent the fornatlon of a

l+,
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precl-pltate reactlon bettseen potasslu¡n d,l-chromate and. sllver
nltrate" The volume of the sllver nltrate solutlon was zo

tlmes that of the tlssue blocks" The tr-ssues v¡ere lmmersed

ln sllver nltrate solutlon for J days r^rlth perlodlc agltatlon.

SECTIO}TTNG AND HOU}I'ITNG

Serlal lrozen sectlons 40 mlcrons Ln thlckness were

cut on a horlzontal cllnlca1 mlcrotone n Sartorlus llerk

Ifod.el' 2? No , 20690. The tlssue block ¡¡as posltloned. on a

netal stage connected. to a Hlsto-Freeze, Irloclel No" 3905-1"

The Hlsto-Freeze was electrlcally povrered and was capabre

of elther lor'rerlng or raLslng the temperature of the stage"

SectLons Ì\rere cut wlth a Type B mlcrotome knlîe" To cut sectlons

of unlform thlckness u the knlfe holder of the nlcrotome was

racked. only once to lts maxlmum length. It was notlced. that
any attenpt to cut frozen sectlons of a hlgher thlclaness

resulted ln sectlons of varylng thlcI¡resseso

Serlal sectlons were taken at tr^¡o nllllmeter lntervaLs
and.atthemi.dsectlon along the length of the gyrl" The frozen

sectlons were stored. ln absolute alcohol for a rnlnlnum of two

hours" The sectlons were then transferredto a solutlon of

xylol for only one mlnute" sectlons were then nounted, on pre-

cleaned mlcroscoplc slldes measurlng 25 nm x Z 5 m. permount

(Flsher Brand so-P-15) 'hras used- as the nountlng fru1d, cornlng

cover sllp No. l thlclaness'was used. slld.es were left to dry

at room temperature 6
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6" PARAFFTI{ PREPARAÎTON

For¡nalln flxed materlal v¡as processed on â
Shandon El1lott model No. I?l+2, automatlc tl_ssue processor"

The tlssues were enbedd.ed ln parafflnuFlsher Brand No,T-299-

12'61+?8" serla1 sectlons, 1o mlcrons thLck, were cut at
2 nlll-lneter lnterval-s on a rotary mlcrotomeu Jungu model

No n 2?t+45" sectlons were stalned wlth rfr cresyl vlolet
(culttn 19Ø) and. examlned under llght mlcroscopy at x5oo

and. at XI25O magnlf lcatlon* This technique stained al_l the nucleiand was used- to caLcu-l-ate the percente.ge of astrocytes impregnriioo"
7 " ANALYTICAL IIETHODS

The purpose of thls study was to deter¡alne whether

acute and. chronlc neuronal lsolatlon 1n the cat ls cerebral

cortex would. have any effect on the astrocytlc populatlon

d.enslty" All nlcroscoplc observatLons on lntact and. lsolated
cortLcal slabs were made by means of 11ght mlcroscopy, A

Cooke-Troughton and Slns mlcroscope, mod.el No " ZZ L6OZ, ü¡as

used " It was fltted wlth Huygenlan oculars and. flourlte
obJectlves X5, XlO,X4O" '

The nLcroseope was fLtted. also wlth a mechanlcal stage and.

a bulIt Ln lllu¡rlnatlon source. The slze of protoplasmLc

astrocytes was found to vary between 25 anð- Jo nlcrons j.n

dlameter" rt was found that rellable ceIl ùounts could. be

made at XJO nagnlflcatlon" fn the event of clump1ng of
astrocyfl'lc celIs a hlgher raagnlflcatlon of xrzs ruas used to

facllltate the ceLl eount ø
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The ¡rlcrometer ocular lnsertse one sub-dl-vlded lnto 100

squares per square nl11lmeter and the other marked. rslth a

lLnear scale of 10O sub-d-lv1slons to the nLlllneter were

superlmposed. upon eaeh other ln the same eye-plece. The

lnserts ïIere calLbrated. by a stage mlcrometer sub-d.lvlded

lnto LOO sub-dlvlslonsn .4. slnl-lar technlque of ocular lnserts

was prevlously used- to enumerate neuron populatlon d-enslty

(I'IeLsnan et al-,1)6f ) 
"

Intact 9or!ex" An area of lntact cortex, 3OOO

mlerons In wld.th was d.emarcated on coronal sectlons " Thls

&rea eorresponded. to slnllar areas ln acutely and chronlcally

lsolated sLabs" Coronal sectlons lrere sul-r-d1v1d-ed lnto upper

and. lov¡er cortlcal halves" The, upper half was sub-d.lvlded.

lnt,o four equal cortlcal segments, ttolo segments lylng on

eLther std.e of the nld-polnt of the gyrus wldth(Flg" 2)" The

l-ovrer eortl-caL half was dlvlded- lnto two cortlcal seþnents of

equal wldth"

Acutely Isolated. Cortex" Coronal sectlons of

acutely lsolated cortex were sub-dlvld"ed lnto slx cortlcal
segments by nethods slnl-}arly descrlbed. for lntact cortex.

The sub-d.1vi-sic¡ns r'¡ere uade rsLthln the acute slab as shovnr

1n Flg, 3 ø
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Flgure 2, Dlagram to shor,¡ sub-Dlvlslons of Non*operated

Supra-Sylvlan Gyrus lnto 6 Segnents.

Segments l-u 2e I and ll are of Equal l{ldth"

Se6inents J and 6 are of Equal Wldth,

A-B Dlvldes CortlcaÌ depth lnto Trn¡o lIalves,

C-D Dlvld_es Cortl_ca1 width lnto Two Halves,

A-E ls equal in wldth tor.E-Fu F_Gu G_R"
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FLgure 3 "

rt
lmm

Dlagran to Show Sub-Dlvlslons of Acutely Isolated'

Supra-Sylvlan Gyrus j-nto 6 Cortlcal Segnents"

Segnents 1u 2e 3 and. 4 are of Equal Wldth

Segments 5 and 6 ore of Equal Wldth"

A-D Dlvldes Cortleal d-eptlr Lnto Two Halves.

C-D DLvldes Cortlcal wldth lnto Two Halves"

A-E Ls equaÌ ln wldth tou E-F, F-G, G-8.
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chronlcal_ly rsolated cortex". coronal sectlons of
chronlcally Lsolated cortex ürere sub-d-l-vld.ed- lnto sLx cortlcal
segrnents by nethod.s slml]arly descrlbed for acutely l-solated

cortex. All segmenbs 'r,rere measured rqlthln the chronlc slab
as shown ln (Flgure 4)"
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lmm

Fl-gure l+. Dlagram to Show Sub-DlvlsLons of Chronlcally

Isolated Cortex Lnto .6. Segments"

Se65ments le ?e J and 4 are of Equal Wldth"

Segnents J and 6 are of Equal Wld-th.

A-B Dlvldes Cortlcal- depth lnto Two Halves.

C-D Dlvldes CortlcaL rolclth lnto Two lIalves"

A-E ls equal ln s¡ldth tou E-Fu F-Go G-8.
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Astroc[b:þ Populatl.on Denslty" Astrocytlc populatlon
calcula-ted_

densltles rrrere .r ^ at tï¡o nlll-lmeter lntervals and at the

mld-polnt along the length of lntaet and. lsolated cortex"

The calcula-ti.ons t:equlred- for thls stud-y were as follows:
(a) volume of each cortlcal segment and (b) the number of

observable protoplasmlc astrocytes lylng wtthln each cortlcal
segnent" The volume of eortl-cal tlssue ln'each segnent wa,s

calculated. from the number of mlcrometer squares ln each

cortlcal segment muItlpl1ed by the thlckness of the sectlon.

Sample_Cal.pgÞtLog" , At XJO magnlfLcatlon each square

on the ocular lnsert measured. JOO x JOO rnlcronso The thlck¡:ess

of the sectlon rn¡as 40 mlcrons" Therefore the volume'of tlssue

ln each square was:
', .)

(3oo x loo x 4o) lq )

For rrtlr¡ number of squares the volume (V) of tlssue
3

= (n x 300 x 3oo x 40) $-
;?

= (n x JOO x 3O0x 40) '^'
T

Calculated. Astrocytlc Densi.ty (D) for each segment:

rì (Number of Observable Cells ) 'l 3! 
ì imn



2B

Statlstl-cal 4nq1ys1s" Determlnatlon of statlstlcal
slgnlflcance was carrled out by palred comparlson ,,t,, test and.

studentf s rrtrr test" Palred. comparlson 't' test was used. to
determlne statlstlcal slgnlflcance betr^¡een segnents of the
gyr1" rn comparlsons between d.lfferent gyrx of the same

and dlfferent cats student ds nt'' test v¡as used. Al-l means wlth
thelr standard. enors are glven for lndlvld-ual segments ln
a representatlve eoronal sectlon for each type of examlned_o

P values 'hrere obtaLned. fron a two talled rrt* table (Flsher

and Tates 1953) 
"
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RESULTS

AIqA!.qMICAL FEATURES

Gross Obseryqtlons.

Intact Cortex" Gross examlnatlons of lntact

supra-Sylvlan Eyrl shorved- that they were s1ml1ar ln colour

to the ad.Jacent nargLnal- ancl ectosylvlan gyrl. Small blood

vessels beneath the pla-mater dld not appear sïfollen nor

collapsed followlng cranlectony" Norre of the lntact gyri

examl-ned- ln thls stud.y sr¡¿s found to have any klnd. of lnherent

malformatlon or gross pathology. Vlsual comparlsons between

supra-sylvlan gyrl ln the same cat and- between d.lfferent

cats showed sllght varlatlons ln shape and. slze. Ïn most

cases the anterlor and posterlor termlnatlons of the Syrus

vüere not clearly d"ef 1ned " The ansatus sulcus whlch ls

sltuated at the anterlor reglon of the Syrus showed. several

varlatlons ln angular pattern" The posterlor termlnatlon

of the supra-sylvlan grrus vlas taken as that polnt where

the lateral and. posterlor su1cl appeared- to meef"

Aclitel{ fsgl-qted. Cortex" The supra-sylvlan gyrus

ln whlch an acutely lsol-ated slab had. been prepared shor¡ed,

lndlcatlons of sllght swe}Ilng" The edematous Swelllng

was probably the result of trauma fol1ow1ng surglcal

procedures durlng the preparatl-on of the cortlcal slab. No

attempt rvas made to calculate the lncrease ln volune of

29
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cortlcal tl-ssue follollng braln edeaa".n Extenslve

studles deallng wlth the lncrease of cortlcal- d-epth and

wldth ln acutely lsol-ated cortlces have been prevlously

reported by Relffensteln (1961+), Welsnan (1969), and

KrnJevlc et al- (1970)" Morphcgenlo varlations, slmllar
to those descrlbed. for lntact supra-sylvlan gyrl, were

found also ln acutely lsolated. gyrl. PlaI blood vessels

dld not show any slgns of lumlnal col1apse" Cortlcal sld-e

cuts urere observed, as superflclal dark 1lnes on the pla-mater

ln t,he form of a rectangle. These llnes were used to

locate accurately the posLtlon of the acutely lsolated slab

prLor to exclsLon of the gyrus,

Chronl"cally ïsolated Cortex" Durlng the perlod

of cortlcal chronlclty f.n the left supra-syIvlan gyrus'

newly formed- bony tlssues ïrere found to d.evelop over the

surglcally cranlectomlzed area of the parletal bone" The

newly regenerated. bone shov,red. a nottled. surface and was

oonslderably thLnner than the surroundlng lntact bony tlssue"

Conneetlve tlssue had formed flbrous adhesl-ons between the

bone and. dura-mater as well as betr¡een d-ura and pla-mater"

Durl-ng the operatf-on lt rqas posslble to separate the flbrous

adheslons wl-thout darnaglng the und.erlylng cortex of the supra-

sylvlan gyrus. Vlsual observatlons of the g'yrus ln whlch a

chronlc slab had been prepared showed. evLdences of cortlcal
reducllon 1n volume"

Blood vessels observed Ln the pla-mater of all
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non-operated. chronlc honotopes were reglonally conparabLe

to those found. on left supra-sylvl-an gyr1. Gross morphogenlc

varlaflons found on chronlc homotopes rvere sfuollar to those

found on l-eft supra-sylvlan gyrl. Gross morphogenlc varl-atlons

found on chronlc honotopes r^rere sl¡nllar to those previously

d.escrlbed f or lntact gyrl"

I'ÍICBOSCOPTC OBSERVATTONS OF HTSTOLOGTCAL PREPARATTONS

ïntact Gyrl. Frozen coronal sectlons of lntact
supra-sylvlan gyrlu when vle¡+ed. under llght mlcroscopyu

appeared- yellow ln col-our" The pIal-surface of l-ntact gyrl

was convex ln shape and llghtIy lnpregnated- wlth slLver" Pl,ate

The ablllty to Lmpregnate astrocytlc eells was found.

to be most rell-able uslng technlques d-escrlbed. by Ramon -
Mollner (I9 5? ) " Other roethod.s , such as CaJal t s Gold. Subllnate

and. Penfleld's neurogllal technlqueo were observed. to rand.om-

Iy lmpregnate astrocytle ce1ls ln a non-unlform patterno The

percentage of astrocytlc cells lmpregnated. by Bamon-MolLnerés

ft957 ) technlque v¡as calculated. for thls study to be approx-

lroately I"5%" Thls rate of astrocytLc cell lmpregnaülon

compared. favourably wlth calculatlons obtalned. uslng a

standard. hlstologlcal technlque of formalln flxed. lntact
cerbral cortex whLch rsas lnflltrated wlth paraffln and

stalned by cresyl vlolet " Protoplasnlc astrocytes observed.

ln the cerebre.l cortex of the supra-sylvlan gyrl have a

mossy appearance and. glve rlse to short d-arkIy stalned
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protoplasmlc processes(Plate rI)" These processes were

observed to emerge fro¡n the perlke-ryon" The termlnal end

feet of protoplasmlc astrocytlc processes were observed to

be lntlnately assoclated wlth blood-caplIlarles and neurons"

(Plate fI andfll.
ïn the whlte ¡aatter flbrous astroeytes appeared-

ln large numbers. They were noted. to have long flbrous
processes rvhlch extended- from the perlkaryon for dlstances

up to JOO nlcrons. Flbrous astrocytes were al-so observed- to

make lntlnate contacts wlth blood vessels by means of ùhelr

ter¡rlnal- processes 
"

Only a feiry ollgodendrocytes and mlcrocytes were

observed. to be lrnpregnated. and T{ere randomly dlstrlbuted

throughout the cerebral corten" No effort ¡{as mad.e to

estLnate the populatl-on of these oligod-end.rocytes and nlcro-

cyteso A few neurons !üere found to be lmpregnated throughout

the cortlcal tlssues" Those neurons whlch Í¡ere lnpregnated-

ln the lower cortlcal layers shov¡ed a darkly stalned. perlkaryon

on ¡vhlch an aplcal dendrltle shaft and. a few basllar
d-endrltes. It was not possible by means of thls staln

technlque to make a detalled'study of the neuronse *
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Plate 1. Photo-nlcrograph to shorv coronal sectlon of

non-operated. supra-sylvlan gyrus stalned accord-

Lng to Bamon-Mollner (l-95? ) technlque" X6"
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Ðend.rlte

Plate II; Photo-mlcrograph to shov¡

protoplasmlc astrocYtç!

relatlonshlp between

and d.end-rlte. X10O0,



35

Bloo{ Capill-a.ry

Plate ïII.Photo-nlcrograph to show relatlonship between

protoplasmlc astrocyte process and blood" vesseL"

xlooo.
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Acutely Isolated Cortex" Coronal sections of

acutely lsolated cortex showed clearly the two slde cuts

nad.e for neuronal lsoIatlon" The scar rsas mod.erately

lmpregnated. wlth slLver (plateIV )" An exud-ate caslstlng

of blood-*ceLl-s and- clear fIuld. was observed on both sld-es

of the sld-e cuts as r¡elL as the under-eut" Rate of lmpregnatlon

of astrocytic cel1s was slnll-ar to that descrlbed. for lntact
gJrrl 

"

The effects of shorb term 1so1atlon on the hlsÈologlcaI

rearrangenent of the supra-sylvlan gyrus of the cat have been

prevlously reporüed by Wetsnan (tg6?) " fn thls study coronal

sectlons shorved. that the acutely lsolated cortex had. swollen

s1lght1y when compared to lntact gyrl. Bl-lateral structuraL

defornatlon of acutely lsolated slabs was not observed, to

be ad-Jaeent to the undercut of the whlte matter and these spaces

were rrtt"U ir¡ith blood.-cells and a clear flu1d" Ihese ob="t-

vations confirmed the findings reported earlier by ï/eisman et .

aI (1967 ) o
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Plate IV. Photo*mlcrograph to show coronal sectlon of

acutely lsolated. cortex sËalned accordlng to

Ramon-Mollner (Ig5? ) technlque' Pi'cture sho¡vs

the lsolated part of the supra-sylvlan gyrus " X2"
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Cþronlcally fsolate_d Cortex" Protoplasmlc astrocytes

Tr¡ere clearly lnpregnated ln chronlcally lsolated Cortex. The

astrocytes appeared somewhat small ln d.laroeter than thelr

conterparts ln lnt,act cortexo No attenpt was made to measure

the slzes of the cells" The lsolated- slab was trlangular

ln shape and reduced conslderably ln volume" (Plate V )"

The hlstologlcal reorgan Lzatlon of chronlcally 1solated. cortex

aS reported. by others vras found- to be ln agreement wlth the

hlsto-anatomlcal fLndlngs observed ln this study.
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Plate 'tr Photo-mlcrograph to show coronal sectlon of

ohronically lsolated- eortex stalned accord"lng

to Ramon-Mollner frg5?) technlq.u;" Plcture shows

the lsolated- part of the supra-sylvlan gyrus" X6'
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â)ø ASTRoCYIIC CELL pE[,SrTY

Intact Gynus" The astrocytlc populatlon densltles
were calculated. at 2 mm lntervals 1n B lntact Byrl comprlslng

4 lntact lef t and. thelr 4 lntact honotoplc gy-rl" The

results of these cal-culatlons are shown ln Table l- and ln
ühe form of three dlmenslonal hlstograns ln ff.gs, 5 and 6"

Palred. comparlson tests were carrled out ln the lntact gyrl
to test for slgnlflcant dlfferences between the foIlowlng

cortlcaL segmentsl

(a) Cortlcal segment 1 vs 4t (b) 2 vs 3; (c) 5 vs 6"

The tests were repeated ln the lntact honotoplc gyrl, The

resul-ts showed that there were no slgnlflcant dlfferences

ln populatlons d.ensLtles at each ttZ" mm lntervalsu along the

length of both lntact left and. homotoplc g¡rrl for each of

the above tests performed."

Palred. conpari.son tests were made also for
slgnlflcant d.lfferences ln populatlon densltles betlr¡een

the upper and Lower cortlcal halvesu A hlghly slgnlflcant
d.lfference (P€O"OI) was found- to occur betv¡een the upper

and lower eortlcal segments at each 't?rt mm lntervals along

the entlre length of both left and rLght gyrl. However,

there rvas no sLgnlflcant dlfference between the upper and

lower half aE reO'¡ mm poLnb ln the 1ef t gfrI" These dlf f erences

are graphlcally shovrn ln f1gs" J and. 6. No slgnlflcant
d"lfferences ln denslti.es were found. to occur between slnlIar



Mean astrocytlc

4r

TABLE 1

populatlon densltles ln þ lntact Left gyrl"
Observed /istrocytes

Dlstance from
Ant" End til mrt

Cortlcal- Segmenbs

i4
o

2

4

5

6

B

10

0

2

4

5

6

B

10

208

138

o

r7

0

L7

L2L

6t+

345

L59

3Lþ

L70

t52

97

59"5

111"1

6L" 5

49,o

119

77

103

L43

?77

168

90

B9

79

LT9

r59

r63

o

t+z

r69

77

110

12t+

297

168

99

t+9

flg
l.26

54

63, 5

o

L02

25

t7

41

ln4

lBg

337

268

263

4oB

249

39r

160

446

39t

33r

300

364

369

Mean astrocytlc populatlon d.ensltles
gyrl'

lntact homotoplc

ú6
269

104

100

r92

r07

I7

358

3l-9

35r

356

l6s

522

4oz

319

504

365

3BB

411

t+4Ll

384
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Flgure 5. Astrocytlc populatlon densLtles caleulated at ,2.. mm lntervalssupra-sylvl-an 8yr1" The anùèrlor and posterlor reglons of thelnd. lcaöecl at ÍO'r nlm g¡d r'10¡' 
mmn

1n Àt. lntact
Syrus are

N)
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Flgure 6" Astrocytlc populatlon densltles caLcuLated at ..2, mm lntervals
supre-sylvLan 8yr1. The anterlor and posterlor reglons of ttrre
lndlcated. at ,Orr mm and. 'rlOt' ütmu

in 4 lntact
8:yrus are

\r).
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segments at ttztt mm lntervals l-n both left and- rlght gyrl"

Eorrever, sllght d.lfferences ln densltles do exlst between

slmllar segmenbs whlch were found bo be non-slgnlflcant,

the pooled. densltles from segments J and 6 at each

2 mm lnterval ln the left lntact gyrl were compared to

slml]ar cortlcal segments ln the lntact honotoplc Syrl "

No slgnlflcant d-lfferences were found to exlst between

the eompared pooled- segments along the entlre lengths of

the gyrl " Although no slgnlf lcant d-lf f erences ?üere f ound

to exLst between cortlcal segments 1 and. 4u 2 and 3 ln the

upper half and betlueen J and, 6 ln the lower cortlcal halves

ln both 1eft and- rlght lntact gyrlu neverthelessu the

lndlvld-uaI dlfferences found at each 2 mm Lntervals are

real "

Ttre d-ata from all sL¡rll-ar cortlcal segments ln

all the lntact l-eft gyrl were pooled- and the mean astrocytlc

populatlon d.enslty was calculated- and. ls shov¡n ln the form

of a sehe¡natlc coronal sectlon 1-n Flg" 7,and as a hlsfogram

ln FLg" B" Populatlon d-ensltles and- stand-ard- errors for

each cortlcal segment are shown" No slgnlfS-cant d.lfferences

Ln population d-ensltles were found. to occur between segments

1and. l+, 2 and. 3, 5 and 6ln the pooled lntact left gyrl,
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Flgure 7, Mean astrocytlc populatlon densltles ln
t+ lntact left gyrl.

N = Number of Hlstologlcal- Sectlons"

f = Mean Astrocytlc Denslty"

S = Stand.ard Devlatlono

SE = Stand-ard Error 
"
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The data froro all the lntact homotoplc gyrl

were pooled and calculated for populatlon densltles as

prevlously d.escrlbed. for all the pooled- lntact left gr¡r1"

The resul-ts of these calculatlons are shown ln flg" 9 and

10, No slgnlflcant di.fferences ln populatlon densltles

I¡¡ere found to occur between segments l and 4r 2 and 3,

5 and. 6 ln the pooled. lntact homoüoplc gyrl.
The pooled- cortlcal segments fron the lntact lefü

gyrl vtere compared by stud,ent û't' tests to slnllarIy pooled

cortlcal segments of lntact honotoplc Byrl ln the followlng

manner:

left (f plus 4) vs rlght (f plus 4)

left (Z plus 3) vs rlsht (2 plus 3)

left (J plus 6) vs rlght (5 plus 6)

No s1-gnlflcant dlfferences l^Iere found" to occur

ln any of the above tests, The mean astrocytlc populatlon

d.enslty was slgnlflcantly greater (pgO.o01) tn the lower

cortlcal half when compared to the upper cortlcal half 1n

each of the pooled. data from lntact left and rlght gyrl,

No slgnlflcant dlfferences were found to exlst between

pooJ-ed d.ata (1+Z+3+4+5+6) of lntact left gyrl and pooled"

data (I+Z+3+4+J+6 ) of Lntact hornotoplc gyr1.
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Acut_ely Isolated Cortex. Astroc)'tlc populatlon

denslty studles were made at 2 mm lntervars from J acutery

lsolated left cortlcal slabs and thelr J acutely lsolated
homotoplc cortlcal slabs" All acute slabs vlere electrlcally
stlnulated by surface stlnuratlng electrodes as outrlned

l-n the method.s sectlon of thls thesls"

The populatlon d.ensltles for each of the cortlcal
segnents are shovm Ln Tab1e 2 and ln the form of three

dlmenslonal hlstograms 1-n Flgs. 11 and 1,2, Statlstlcal
analyses for sLgnlflcance were carrled. out between cortlcal
segments ln acute slabs by methods d.escrlbed prevlously for
non-operated Lntact cortex"

Palred comparlson tests were carrled out to determlne

whether any slgnlflcant changes occurred ln the astrocytlc
populatlon densl-ty as a result of short-term lsolatlon
accompanled by electrlcal stlmuLatlon.

No sLgnlflcant d-lfferenees rrere found to exlst
betv¡een cortlcal segments; (a) I and. 4; (b) 2 and 3i (c) J anð. 6

at il28e rnm lntervals for the entlre length ln each of acuteÌy

lsolated" left and thelr acutely l-solated honotoplc gyrl.
The data of all cortlcal segments ln the upper cortlcal

half of each"2'n mfri lnterval-were pooled-, 1-ue " 1+2+3+4e

and the populatlon denslty compared. to other sfunllarlIy pooled

eortlcaL segment wlthln the same s1ab" No slgnlfLcant
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TABLE 1]-

populatlon d-ensltles ln J acutely lsolatedMean astrocytlc
left gyrl,

Observeð Astroc¡¡tes
Cort 1c

Dlstance from
Ant" End rvn¡nt 1 2 3

Segments

l+

B

10

Mean astrocytlc
homotoplc gyrl"

o

2

l!

5

6

B

l_o

o 83"3

37 63"3

55.3 79"3

37 33

37 263

zt+B,3 l-37

&1j." B 39 "6

7t+

37

190

33"3

106,3

220

97

5

6

ro5

92

r32

T7B "3

118"6

65"6

I?T"6

111

o

52 "6
26.3

92,3

l'l+z

165,6

26.3

26,3

L98

116

118. 6

66

2TT,3

69,3

3? "O

o

37

37

89

6o

o

3?

96

62

g 5.6

6,+, j
TT2

257

35r

26o,6

18þ,6

t66,3

363,6

2033

Ll+r " 6

497

141. 3

l-97

22r,6

12g

376

39r

r72 ,3

t6? ,6

2O8.3

222

39r'6
22? "6

r35,3

TB5

2L+o

t7B

?.23,6

r29 ,6

36t"6

populatlon d-ensltles Ln 3 acutely isolated.



Obser ved"ff lrocytic Populotion Density""fl Per *u3

å

rooþ

n

,L

I.EFT ACUTE

Flgure 11. Astrocytlc populatlon d.ensltf.es eâlculated at e.2'1 nm
lsol-ated honotople sLabs" The anterlor and- posterlor
gJæus are lnd.Lcated. at 'rOrr mm &nd 'r10re ilnIt.

Ant.

Posl.

lntervals ln 3 acutely
reglons of the (¡

ñJ



Observed Astrocytic Fopuloiion Density

AEUTË HOMOTÕPË

Ff.gure 12" AsËroeytLe populatlon densltj-es calculated.
lsolated slabs" The anùeri.cr and. posterlor
lnOlcated- at 0'0'0 mm and- r'1O' IilIff.o

at t'?'t nm lntervals Ln 3 acutely
reg1ons of the gyrus are

(¡
(¡)



54

dlfferences ln populatlon denslty was found to occur between

the compared areas. Tn the lower cortlcal half of the left
acute slab only the trOrr and rr8rr mm lntervals were slgnlfi"cantly
greater than other slnllarly adJacent areas ln the same slab.
ïn the acute homotope slab the denslty at the '1orr mm lnterval
ln the lower cortlcal half vras slgnlflcantly greater than

other sfunl1ar areas"

. The astrocytlc populatlon denslty fron the pooÌed

data from all upper cortlcal segments (L+Z+3+4) fn J acutely
lsolated sl-abs tyas sLgnlflcanÈly ]ess when eompared to the
populatlon denslty from pooled data (5+6) tn the lower cortlcal
half (fçO"ol), Sl¡allar tests for slgnlfLcance were carrled.

out for the honotopl-c gyrl ln whlch the d,enstty l-n the upper

eortlcel half was found to be slgnlflcantly less than the

d.enslty ln the l_ower cortlcal half (pgO.05).

Addltlonal tests for si-gnlflcance showed- that there

were no slgnlflcant d.lfferences ln d,enslty beÈween pooled.

data ln the followlng: (a) all left acutely lsolated upper

cortlcal- segments and all acutely lsolated homotoplc upper

oortlcal segments; ,(b) all left acutely lsolaüed lower cortlcal
segments and al-l acutely lsolated homotoplc lower cortleal
segments; (c) non-protected left acutely lsolated cortlcal
segments (1+¿+) and non-protected acutely lsolated honotoplc

(f+þ) segmentss (d) surgleally protected l-eft acutely lsolated

cortLcal segments (Z+3) and surgLcally protected acutely

lsolated homotoplc (2+3) segnents; (e) lower left acutely

lsolated cortlcal segments (5+6) and acutely lsolated homotoplc
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(5+6) segments"

The pooled astrocytlc popul-aflon denslty was

found. to be sllghtly less i-n the lorver corLlcal segnents

of acutely lsolated slabs when compared by slgnLflcance

tests to the pooled lower cortlcal segments ln each of lntact
Left, lntact homotope and non-operated chronlc homotope.

Ho¡^reverr rro slgnlflcant d-lfferences ln denslty were found.

between pooled- d.ata ln the upper cortlcal halves of acutely

lsolated. and non-operated cortlces"
The data from all segments ln all left acute slabs

?¡ere pooled and are shol¡n as a representatlve coronal sectlon

ln schematlc forn Ln Flg. 13 and. ln hlstogram form ln

Flg" 1ll" Mean astrocytlc populatlon denslti-es and standard,

errors are reeorded for each of the slx eortlcal segments.

The d.ata fron the J homotoplc acute slabs were slnL1arly

calculated and are shown ln Flgs" IJ and. 16,
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Chronlcally Is.olated Cortex. The astrocytlc
populatlon denslty was calculated at n?n mm lntervals
throughout the Ìengths of 3 chronlcally lsolated srabs

and thelr non-operated chronLc homotopes. The results
of these calculatlons are Ilsted ln Table 3, The denslty
prof L1es are sho¡rn ln J dlnenslonal hlstograms ln Flgs . r?

and 18" conparlson tests for slgnlfance were carrled out

as prevlously descrlbed for lntact and_ acutely lsolated.

cort lces

Palred comparlson analyses throughout the length
of chronlc slabs showed thrat there were !Q slgnlflcant
dj-fferences ln denslty ln the followlng: between each of
the non-protected eortLcal segments I and. 4 except at the

4 n¡n lntervals; between each of the surglcally protected

corttrcal segments 2 and 3; between each of the lower

cortlcal segments J and 6 except at the l-O mm lntervals"
Ïn the non-operated chronlc homotopes no slgnlflcant dLfferences

ln d.enslty were found to exlst throughout the length of the

gyrl between the followLng cortical segments; 1 and 4; 2 and.

3, J and 6"
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TABLE ]11

Mean astroeytlc populatlon densltles ln 3 chronlcally lsolated
left gyrl.

Observed- -,t stro cl¡te s
Cortlcal Segments

Ðlstance from
Ant. End- t4ú

o

2

l+

5

6

B

10

Mean astrocytlc
homotoplc gyrl"

o

2

4

5

6

B

10

population densltles ln I non-operated. chronlc

259

2r7

378

110

1þB

17g

333

161

111

189

t+6

12g

235

6g

TB2

lBO

110

8B

7B

il+4

244

222

79

209

105

t32

158

66

268

193

39

l-77

57

259

187

220

52

l-r9

92

131

2TT

66

4

3L9

l-63

23

96

l,25

ß6
14þ

181

52

o9

6g

266

26

T3I

t+tj

394

26t+

25l-

222

303

6zt

320

308

3r2

482

3l-5

338

391þ

ttl6

z60

160

244

?o3

141

301

4o4

t97

T?2

237

252

t23

265
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The astrocytlc populatlon denslby ln chronlcally
lsolated slabs was compared to the denslty ln non-operated

chronlc homotopes. The resurts showed thab a hlghly
slgnlflcant lncrease ln astrocytlc populatlon d.enslty had.

occurred ln upper cortlcar segments of chronlcarly lsolated
slabs (pgo.ool). The d-enslty ln pooled- cortlcal segments

I plus l+ ln chronlc slabs Ï,'as found, to be slgnlflcantly hlgher
at each Zumrrlt lnterval- when compared to slnl1ar segments in
chronlc hornotopes (ngO"OOl). Chronlc segments 2 plus J were

found also to be slgnlflcantly greater when compared. to
slmllar cortlcal segments Ln chronlc homotopes. The d_ata

fron all upper cortlcal segments were pooled and_ the meaïl

astrocytlc populatlon denslty was cal-culated for the j chronlc
sIabs. The results were conpared to slml-larly pooled data

from chronlc homotopes" The populatlon denslty was slgnlflcantly
hlgher ln chronlc slabs than ln chronl-c homotopes (rso"oo1)

as sho¡m ln Figs. lp and 20" Except at the lonnm" lnterval
no slgnlflcant dlfferences ln densltres were found. to occur

between pooled segments (5+61 1n chronlc slabs and. slnllarlly
$ooIed cortlcal segments ln chronlc homotopes. Dlrect mlcro-
scople observatlonsu howeveru seemed. to j.ndlcate that there
was a tend-ency for the denslty ln the lower cortlcal half of
chronlc slabs to be hlgher than correspond.lng areas of ehronlc
honoÈopes 

"

The densltl-es ln chronicalÌy lsolated sLabs v¡ere

compared wlth the denslti_es 1n acutely lsolated slabs. The
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results showed thatz (a) there v¡as a sl-gnlflcantly (fgO"OOl)

hlgher eell- denslty ln pooled. chronlc segnents 1 plus b,

lqhen compared. to pooled aeutely lsolated- segments l- plus l+

ln both left and rlght gyrl; (b) there v,ras a slgnlflcantly
(p-<O"OO1) hleher cell d-enslty ln pooled chronlc segments

2 plus J when compared. to pooled. acutely lsolated segments

2 plus 3 ln both left and- rlght gyrl; (c) there was a

slgnlflcant1y hlgher ce11 denslty ln pooled chronlc segments

J plus 6 when compared. to pooled acutely lsolated segments

J plus 6 ln both left and rlght gyrl (p-.o"05)"

The densltles of ohronlcally lsolated slabs were

compared wlth the densltles of non-operated. cortlces" The

results showed" that; (a) there was a slgnlflcantly hlgher

(p:0"05) cell d-enslty ln pootr-ed chronlc segments l- plus I+,

2 plus 3u than ln slm1lar pooled segments ln non-operated

cortlces; (b) there lrere $Q slgnLflcant d1fferences between

pooled. chronlc segments 5 plus 6 and pooled. chronlc homotopes

J plus 6a (c) there were $Q slgnlflcant dlfferences between

pooled- chronlc segments 5 plus 6 and þoo1ed. segnents 5 plus

6 of eLther lntact left or lntact homotope"

The mean astrocytlc populatlon denslty whl-ch vrould

be found ln a representatlve coronal sectlon fron pooled

chronlcally tsolated left gyrl and pooled. non-operated-

chronlc honotopes are shown ln Flgs, }p and 2O and- ln

hlstogram form ln F1-gs " 2I and 22 
"
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The data fro¡n 11 (eleven) non-operated- cortlces were

grouped u Loe, 4 lntact left gÍrlu þ lntact honotoplc gyrl

and 3 chronlc honotoplc gyrl u and the astrocytl-c populatlon

denslty was caleulated- at every t'?'r aJu lnberval" The results

of these calculatlons are Llsted. ln Table 4 and are shovrn 1n

J d.lmenslonal hLstogram form ln Flg " 23" At each t)Zt) mm

lnterval the d-ensl-ty 1n the upper cortlcal half ls slgnlflcantly
Less when compared to the lower cortlcal half (pgO"OOI). The

mean astroeytlc populatlon d-enslty for a}l cortlcal segments

ln all the non-operated. cortlces was calculated and ls shoirn

ln hlstogran form ln Flg, 24 and, as a representatlve coronal

sectlon ln Fig" 25"
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TABLE IV

Mean astrocytic populatlon densltles ln 11 non-operated
gyrl

Dlstance from
Cortlcal Segments

I+Ant" End" (Nt'tt4 1 2 3 6

o

2

L+

5

6

I
10

11þ

].57

79

7B

6I

B6

97

1ó1

1l+1

127

ß5

B5

B9

e5

94

r42

42

L2B

6z

5r

3t+

356

311

307

375

363

4o6

395

296

363

353

4oz

353

389

389

90 79

85 1o3

75

B3

B4



Observed,åstrocyf ic Populotion Density
'"'$ Per *"3

H

'ooþ
t
fl

,L

GROUPEÞ NON.OPERATED EORT!CE5

Flgure 23" Astrocytle populatlon densltles cal-cuLated from Ll non-operated cort1cesl-"e" l+ lntactu Þ lntgct homotopesu 3 chronlc homotopes"

Ant.

-{
t\)



73

X
ù
SE

=117 " 
4

= 87 "z',
= 1p"O,

2

1=116
s = 62"6
'SE = I3,S?

3

f = rz3,l+?
S = 68"5
sE = l'q'"gU

l+

F - 98"?6s = 77,99
SE = 17 "Oz

6

328 .6r
lo2 "o7

2? "27

x
s
SE

5

x
s
SE

3O4,85
99 "o52I"6I

Ff-gure 24" Mean astrocyülc populatlon d-ensltles

calculated. from all non-operated cortlces,

I = Mean Astrocytlc DensltY"

S = Stand,ard Devlatlon".

SE = Stand.ard Error 
"



74

a
Þ@ þñb çÉ'
6Ðtu
h
%
@
M
þ
ÞqJ _q

æw
Mw
@
@
ffiffi
MÆ-
%€N
M
ffi
ffi
RV4
aa B
E@

ffi
Þh
@
@

Æ
M
ffi

ffiffiffiUPffiffi
ru#ru-æPffiRATffiffi CffiRTHCffi$

Ftgure 2J" Mean astroeytlo populatLon clensttl-es ln 11
non-operated suPra,-sglvlan gYrl,

ryr¡
ffiffi['-]H,t
F;F4
F-l

hjl
F-+3t:1L:4-tdi¡-Hët-ËËE--------frlt----{{

Æ
Æ

CffiRTBCAL SffiGMffiNT



DISCUSSÏON

Tn thls lnvestlgatlon a study was mad,e of the

eftects whlch chronlc and. acute lsolatlon of cat cerebral

cortex vrould- have on the astrocytlc populatlon d.enslty.

The results from thls hlstologlcal stud.y suggest certaln

functlonal propertles to cortlcal protopla6mlc astrocytes

whlch w111 be d.l-scussed ln a later part of thls thesls

gectlon,

I{ORPHOLOGY OF CORTTCAL ASTBOCYIES'

The ld_entlflcatLon of astrocytes ln the eerebraL

cortex was based, entlrely on the morphol-ogy and dlstrlbutlon

of theLr cellular processes" All of the cOrtlcal astrocytes

observed. ln thls stud.y Tfere of the protoplasmlc type" In a

few lnstanees plasmatoflbrous astrocytes were observed at

the Junctlon of Brey and- whlte matter" These speclflc

astrocytes as ttell as ce1ls whlch were lmpossible to ld-entlfy

vfere not counted.. Thls nethod helped- to ensure tlnat only

posltlvely ld-entlfled. protoplasmLc astrocytes were enumerated"

Protoplasmlc astrocytes are known to form lntlrnate assoclatlons

wlth both neurons and- blood vessels by means of the termlnal

portlon of thelr processes" Several observatlons of t'hls

type were found ln thls stud.y (Plates IV and V). It ls, there-

foreu corrcluded. that only protoplasmlc astroc¡'tes were

enumerated.ln thls study and are the only type of astrocyte

to be found. ln the cortex of the supra-sylvlan gyruso

?5
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A few areas ln the cerebral cortex were sonetlnes found.

to be devold of stal-ned ceIls although blood-caplllarles
were clearly observed. to be present" Thls problem appeared

to be one of tlssue-staln refractorlness and l-s therefore
suggested as a future hlstochemlcal study of the cerebral

cort ex,

Hlstologlcal methods v.rhlch lnvol_ve nod.lf leatlons
of the classlcal Golgl teehnlque may posslbly lnvolve a

comblnatlon of physlcal and blochemlcal reactlons" The

cytologlca.I archltecture of nervous tlssue ls preserved

wlth the use of a good chemlcal- flxatlve. In thls stud.yu

Ramon-lvlollner¿s (f95? ) technlque always showed. a unlform

lnpregnatlon pattern of astroeytes agalnst a yellowlsh

transparent back ground " ShoLl (I956) reported- that ln
preparatlons lnvolvlng roodlflcatlons of the Go1gl technlqueu

the stalni-ng characterlstlcs of the cel-ls are unaffected by

leslons or vrounCs. Thls would. seem to suggest that any

observable cyto-morphologlcal changes ln astrocytes foIlowlng

braln lnJury or exogenous electrleal stlmulatlon of the braln

would be the result of blophyslcal and bloche¡nlcal alteratlon
oecurrl-ng rulthln Lhe cel1 and therefore not be attrltrutabl-e

to the stalnf"irg procedures used. ln thls stud-y.
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BÏOCHEMTCAL CHANGES TN ACUTELY TSOLATED CORTÐ("

Cortlcal tlssues whlch were subJected to both

el-ectrlcal stlmulatlon and acute lsolatlon appear to affect

the blochemleal propertles of neuronal ceI1s, It ls p1auslble

to suggest that neurogllal cells are also lnvolved. ln these

blocheni.cal changes. Any change ln the blochenlcal propertles

of eortlcal tlssue can be attrlbuted u ln part, to lntermedlate

stages of cell- netabollsm followlng anoxlas ê8u hypogly-

caemlao Krass et aI (f968) reported- that followlng neuronal

lsolatlon there 1s an lncresse J-n glucose met'ebollsm wlthln

the cortlcal sla.b. ThLs lncrease ln glucose metaboLls¡n

ls also observed to "parallel" for a few weeks a h1gh1y

slgnlficant reduetlon ln the tnherent electrlcal actlvlty

wlthln the slab (Vag,qluezu Krlp and Plnsky , 1969) " These

flndlngs rn¡ouId- seem to Lnd-lcate that changes ln the lnter-

med.tate stages of glucose metabollsn would. also be found

1n cortlcal astrocytes"

Changes ln the blochemlstry of acutely lsolated'

slabs could. not have resul|ed- from a d-epletlon or reductlon

of blood. supply" Both macroscople and. mlcroscoplc observatlons

showed that blood. vessels Ln the p1aI- surface vfere apparently

normal; also, YIo Lnstanees of necrosLs ln the protected- areas

1n the upper cortlcal hal-f l{ere noted to have occurred"

Hlstologlcal sectlons of acute slabs used ln thls study shoi^red

a hlgh number of blood*capl]larles" Plnsky (1961) reported

tlnab the blood- supply ln lsolated. slabs 1s adequate to help
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nalntal-n electri.cal after-dlscharges even after long-term

lsolatlon. RelffensteLn (t964) concLuded from hls

h1sto1oglcal studles that 1t was even posslble to consld.er

t}rat the bIood.-supply had lnereasecl rather tlnan decreased

ln the lsol-ated. slabs. Idlth an adequate supply of blood.,

1t 1s d.lfflcult to explaln the reductlon ln astrocytlc
populatlon denslty except from a physLca:-. and blochemlcal

aspect" It lsu therefore, suggested. that the reductlon

or I'fall-off" Ln the denslty of observable astrocytlc cells
1n acutely lsolated cortex represents a form of cheml-cal

and/ or physlcal refractorlness of astrocytes to the staln-
lng proced-ures and- nay not necessarlly be lndlcatlve of any

real fall-off ln astroeytlc population d,enslty,

Immed.lately followlng isolatlonu the cortlcal tlssue

ls lnrov¡n to be severely traunatlzeð- at the posterlor end of

the supra-sylvlan gyrus where the asplratlon hole had- been

made" The posterlo:: reglons of both left and- rlght acute

slabs showed tendencles toward.s an lncrease ln the astrocytlc
populatlon denslty" It ls tenptlng to suggest that although

an lrnms¿1*¡e response of astrocytosls was to be expected. the

stalnlng refractorlness resulted ln-a non-signlficant lncrease

ln the astrocytlc populatlon denslty 'observed in these'.tv¿o âT€a.se-

CHROI{TCALLY TSOI,ATED CORTÐ( 
"

Axotony 1s the consequence of neuronal- lsolatlon

resultlng from the surgerf qf the und.ercut and the Èrvo slde
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cuts" Axotorny ls also aceompanled by an lnnedlate and

progresslve degeneratlon of neurons ln the cerebral- cortex
(Ca¡at I92B), It has been well documented- that neurons

whose axons are cut proxlmal to the flrst axonal collateral-

w111 undergo lnmedl-ate degeneratlon. In the present study neurons

whlch l\rere present 1n the l-ov¡er cortlcal half as well- as

those whlch Ì{ere ad.jacent to the sld-e cuts could" be expeitecl

most affected by axotomy" Neuronal Isolatlon ls known also

to result ln a slgnlflcant loss of dend-rltlc denslty in the

protected. and non-protected areas ln the upper cortlcal half
(WeLsman et al 196?)" The g::eatest fal-l off ln dend.rltlc

d.ensity was found to occur ln the upper cortlcal haLf ln

chronlcally lsolated. cortex" The slde cuts would also sever

d-end-ri-t1e processes leavlng several dlsta1 stumps which wouLd

be expected to und-ergo d.egeneraúion" In thls stud.y lt was

found that ln chronic slabsu there was à slgnlflcant lncrease

ln astrocytlc populatlon d-enslty ln the protected- and" non-

protected areas of the upper cortlcal half v¡hen compared. to

non-operated- cortex. The populatlon d.enslty lncrease ÏIas

found to be unlform ln alL upper chronlc segments"

A fundamental question whlch must noi^r be asked,

1sl "Can protoplasmic astrocytes ln the cerebral cortex d.lvlde?"

Earller stud-les by several authorltaülve lnvesülgators

have attenpted to ascertaln whether neuroglla, taken from

6¿mmallan post-natal bralns and. not lnfluenced- by neoplasm

were capable of cell d"lvlslon, Nakal and. okamoto (I9û) have
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observed amltotlc cel-l- dlvlslon of astrocytes to occur

ln tlssue cu]ture" Lumsd-en (1963) reported slmll-ar results

for ln vltro studles of neoplastlc neuroglla" He also

observed, binucleate gIia1 celLs as belng lnd-lcat1ve of

anltotl-c nuclear dlvlslon wlthout the accompaninent of

cytoklnesls" Flbrous_ astrocytes have been observed- to dlvlde

nltoti-cally l-n normal and. 1n degeneratlng whlte maüter

( 1197CI) -

ilorl and Leblond. fue6O ); Vaughr, etal

Vaughn and Peters Ln 196? and- Vaughn ln 1p6 6

ad.vanced. the hypothesls that neuroglla, +¡hleh they renamed

nultlpotentlal glla may dlfferentlate lnto astrocytes or

lnto ollgod.endrocytes" Illque1 and- HaSrmaker O965) reported-

tlnat numerous mltotlc flgures were seen ln cerebral cortlcal
g1ial ce}ls follor^Iing X lrrad.latLono They reported- also that

ln each of the d-lvld.ing ce]1s the cytoplasm was rlch ln

glycogen. Aleksand.ro\rskaya and Kholodov (fg66) , follo'¡rlng

an E"E"G, stud.y wlth electrod-es ln-planted ln the bone of

cats and. rabbltsu reported. that astrocytes ln the cerebral-

cortex had- d.lvld.ed- by anltosls" Indlrect evLdence ls now

ad-vanced ln thls sectlon of the thesis to support the concept

that protoplasmlc astrocytes ln the mammallan cerebral cortex

d-lvlde ln response to an lncreased physlologlcal d.emand..

Several mechanlsns are suggested- whlch could posslbly

sccount for the lncrease ln astrocytlc popula.tlon d-enslty in
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the upper corttc"l hal-ves of chronlc s1abs" Flrstu the
physlologlcal lnfluences whlch deternlned- the extent of
astrocytosls ls unlfornly d-lstrlbuted. throughout the

wldth of the slab and not necessarlly conflned. to the

Lmms¿ir¿e areas of the two slde cuts. The slgnlflcant
loss of dend-ritlc denslty 1n the entlre wld"bh of the upper

cortLcal half would seem to suggest that spaces are formed_,

rt ls bellevecl. by ma-ny authoritles that neurogrlar celrs
funetion as the retlcular tlssues of the nervous systern,

ït Is, thereforeu tenpting to suggest that a Loss of

dend-rltlc denslty ln the cerebral cortex ls folLowed by a

correspondlng lncrease of astrocytlc populatlon denslty as

a means of f1}1lng the neur spaeeso

Seconcì.lyu recent studles by Vaughn and Pearse (]rg?O)

have shown that ftbrous astrocytes becone phagocytlc ln rat
optic nerves ln whlch Wallerlan d.egeneratlon of nyelln ls
present" They have suggested also that pathology ln the

CoN"S" whlch l-s the result of surglcal trauma lnd_uces

plurl-potentlal requir:ements -for phagocytosis axd celluJ.ar.

prolif era.t j.on"

Vaughn and. Pearse (tgZO) lnferred_ also that the

degree to ¡chlch severaL dl-fferent neuroglla may be recrul-ted

for phagocytosls ls reLated to the severlty of neuronal

degeneraùi-on wlfhln the lmnedlate area. Tn thls stuc1y lt 1s

suggested that these same lnfluences are unlfornll-y dl-strlbuted"
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Ln all segments of the upper corti.cal half throughout the

length of ehronlc slabs" thls unlfornity 1s evldenced.

by the perslstance of slnllar populatj-on denslty profiles
whlch are shov¡n ln Fig. I7

Thlrdlyu Campbell (1939), has shovrn that the

denslty of bl-ood. caplIlarles per cublc mllllmeter of

cerebral cortex ln the upper cortlcal half 1s slgnlflcant1y
less when compared- to the lov¡er corti-cal half wlthln the

same gyrus" AÌthough pial blood vessels over the sLab lñ/ere

not lnJured d.urlng the surglcal procedures l-t ls reasonable

to assume þlnat as a resul-t of the two sld-e cuts there ¡¡oulci.

be a tendency towards a reductlon ln the volume of blood flow

ln the upper cortleal half when compared to the pre-operated

cortex" The red-uced blood volume trrould. also paral},el a

decrease ln ühe nutrltlonal supply to neuronal elenents by

tray of the protoplasmlc astrocytlc pathway" An increase ln
astrocytlc denslty t'voul-d therefore be an effectlve nethod- of

compensatlon for the reduced blood. fIow" Slnce the greatest

faIl-off in neuron populatlon denslty occurred. ln the lower

cortlcal half bhe physlologlcal demand. for nutrltlon supplylng

astrocytes 1s correspondlngly less"

Astrocytlc cells oecupy approxlmately 5,23/" of ühe

lnterneuronal spaces ln the gray natter (Banon-Mol-1ner J.96J-),

There have been several reports that extra cellular spaces

ln the centraL nervous system are non-exlstant (Wyckoff and

Young f956; Luse 1956; Gerschenfeldet al (1959) " De Robertls
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et al (1961) reported tlnat the ¡naxlmum slze of any lnter-
cellular space ln the central nervous system, other than

s¡maptlc cLefLsu woulcl not be more than 2OO Ao" Hlstologlca1

studles ln the cerebral cortex have shovrn that astrocytes

form the princlpal pathway for metabolltes and water between

caplÌIarles and" nerve celIs (¡e Robertls and, Gerchenfeld- 196I),

ThLs concept has led- some investigators to attrlbute astrocytes

wlth the BLood-Braln Barri-er llechanlsn (Tschlr.g1 1958). Stab

wound,s ln the braln are followed. by a slgnlflcant increase

ln glycogen aceumulatlon wlthln the trar¡ne.t 7zed. arer- Frlede,

1954; Shlnlzu and Hansuro, 1958; Ëstáble - p{riþ etal
(Lg63), Mlquel and. Hayuaker (irg65) reported that cortlcal

les1ons whlch were the resuLt of X-lrrad.latlon gave rlse to
glial cells rlch ln glycogen" Krass et aI (l-968) reported"

that lncreased, glycolysf-s ln chronlcally lsolated cerebral

cortex ln cats perslsted, fo:: a perlod of two weeks after the

lnltlal lsolatlon, The lnereased presence of glycogen 1n

these traumatlzed areas of the braln would seem to lnd-lcate

t}:,at there ls s requlrement for an lncrease 1n energy for
the repalr and- heallng mechanlsm" Slnce glucose metabollsm

1s assoclated wlth astrocytes (Lumsd.en l- 968) the lncrease

l-n astrocytlc populatlon denslty would paralle,I ühe lncrease

ln cortlcal glucose content.

ït ls u therefore, suggested. that arr lncrease ln
the denslty of protoplasmic astrocytes wlth branchlng processes

would have the effect of lncreaslng the number of nutrltlonal
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pathlvays ln response to an lncreased physlologlca1 demand

for ne¡¡ astrocytes 
"

Lumsden (1968) has postulated the vlew that

" glla mLght be btpotentlal ln vlvo ln bhe sen$e
that ollgodendrocytes mlght become converted
lnto astrocytes al-though neuropathologlcal
evld-ence makes lt lmprobable that the reverse
change (astrocyte to ollgodenclrocyte) can occuru"

Astrocytosl-s, a reactlon to traumae hÌas postulated" also to
exlblt 1lnlted rnlgratlon (1bld ) " the mean depth of the eortex

ln chronlc slabs was about 13OO mlcrons" Astrocytes whlch

would. be sl'buated BJO nlcrons below the p1aI surface, need.

nlgrate a maxlmum of þOO rnlcrons to be enumerated 1n the

upper cortlcal half" It ls suggested- also that as a result
of bllateral shrS-nkage and. compresslon in the lower cortlcaf
ha.lf of chronic sl-abs (Uersman l-969) the total- volume of

enpty spaees left by d.egeneratlng neuronal somata ls
conslclerably red.uced ln that speclflc areau

Tt ls, therefore postulated that the slgnlflcant
lncrease ln astrocytic populatlon d-enslty ln chronlcall-y

lsolated cerebral cortex 1s a consequence of several physlo-

loglcal mechanl-sns whlch resulted l-n astrocytosls"
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Sül\íIr'l/t-RY

(f) Neurona.lly isolated cortical sla-l:s lrere prepareC

in such a tvay i"hat its blood. supply uras the only remain-

ing connectlon vrith the rest of the brain" The slabs

nere cut vuithin the margíns of the suprasylvian gyrusê

(2) Histological sections sholved. that in acutely and

chronically isolated, slabs there vi'ere no cellula.r con-

nections from neurons or neuroglial cells with surround-

ing intact tissues,
( ¡l (iuantitative estimation of astrocytic population

densities vrere carriedL out on histological preparations

staineiï accordin¿5 to Ramon*Iúorinerô s (I9rI ) technique.

Results from these stud-ies showedc

(") rn all nolrþopera.ted and isolated cortices, the

astrocytic population densities vrere significa:ntly

Iess in the upper cortical }ralf t''¡hen compared to

the lower cortical halfo

(b) Tn acutely isolated cortex tfiere vras a sigrrifÍcant

decrea.se in astrocytic population density in the

lov¿er cortical segments r'¿h.en compared to similar

areas in intact and chronic cortex' this decre¿-se

is irelj-eved to T¡e associated- rvith the chaage in

internred.iate ce]-lu-l-an metabolism.

(e) In chronicaLlly isol-atec slabs, it vras found that

there v¡ers a localized j-ncre¿.se in ¿istroc¡rf,iç liop-

ulation d-ensity t'¡hich '¡;as confined. to the Llpper
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eortical ha.lf"

Tiris increase coincicted- v¡ith those chronic segments

vrhere a significant "fall--off" of dendritic density

has been reported e¿lrlier. The 1ot''rer cortica.l seg-

ments, 5 axcl 6, shov,¡ed, no significant incree.se in

astroeytic popuJ-ation d.ensities l"¡hen compared to non-

operative gyri except at the region nearest to the

.posterior 
dralna.g,e hole" The íncrease in astroc¡rfiç

popuJ-ation densities in the chronically isol-a:ted slabs

seemed. to be a consequence of the experimental procec"ures

and. new functional conditions vrhich oceurred in the

isolated- cortex. Several citations in this thesis

ere in a¿çreemen-b lvith the finding tþa.t aÈtrocytes;cen

undergo multiP1ication.
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