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ISTROUUCTION

Cerebral enoxic events have been common to men since tho begline
ning of his histoyy, Down through the ages thare have been numorus
reports reflected in myths, logends, folk tales snd nowspapere of
suffosstion, mechanical etrengulstion, ond drownings, Modemn medicine
today 1s still eonfronted with the old prodlen of cevebrel snoxis even
more frequently due to carbon mopexide polsoning, strutospheric avie-
tion, and the injudioious use of anesthetic agents,

The treatment of cerebrel snaxia today 1s largely a wateh and
walt propositions The rationsl therepy of eny pathelogloal stete c-
volves fyom an understanding of the basie pathophysislogical svente
leading t» thet condition, It is Ghe suthor's hope that this study
will eontritute to the understending of the hevwtofore unkamm physioe
logical ohanges that tale plece during cerebwel ischemis.



WYL OF T LITERATURE

Early Stodies Convemilng Cerobral Ischemia

The first important experimental study o corelrsl ischemlo was porw
formed on dogs By Sir Astlay Cooper(l) in 1036. e tied the vertebwel
erteries ot thelr origine, end st the sanme tlme ligated the carotid
srteriss, Following thia he noted generalized tanicwolonic convalsions
which wore soon followed Wy the cosmatlion of vespiration.

Magendie and Polsesille(2) in 1837, Tacsmsal and Temner(l) in 1857,
and BrowneSeguard(l) in 1951, repested Sir Astley Cooper's experimente
end tried to measure the resistance of the brain o lochemise The
fiyst two observers found thet 1% waz Lmpossidble to revive thelr snie
mils sfter B3 minutes of ligetion, Hwever, the snimals were not
maintained on artificial respiretion, BrouneSequard noted that mme of
bils dogs survived arterisl ocolasion for 17 mlmtes, ™is was the first
in a long eeries of varistions found in the measurement of the susvival
time of the tewin fellowing ligatien of the four main corebrel vessels,
In 2876, Nayer(S) again conduoted the sbove experiments with great care.
e found by obeerving neurclogical changos in the animal that the vasoe
motor aad respirator; centers loot thelir excitedility later than higher
cerobral centers, This was the [irst experimental evidente showing
that soow aress of the Wals are wore resistant to ischemia than others.

In 1888, Sayes(C) studied the offects of ligating the verbtebral
and carotid arteries of the ralbit, He found that in most of his enie
nals 10«11 minutes of fschemia resulted in permanent meurslagicsl defie
cits, Fowever, this was not true in all the rebbite tested. Sows were
gble to resist the lwchemia longer. il suggested that this wes probably



the result of variation in the completeness of lechenda mecondary to
collatoral sireulatisn sob up around She erterial ligatures.

he Problem of Collateral Clreuletion

Humorous othey studles follmwed the wark of fgyen substantiating
the idea timt inomplote oorebrsl lschemds ocoured following ligation
of the vertebrol and carotid erterios in species other then the yebdbit,
In 1900, 2211(7} tled the four mein cervbral wessels in various spocles
of sninsls, 5o showed that cerobral enlleteral snastomosis must exlist
in doge mnd cates It was hip Dinding thet most doge canmot be killed
bty persanent ligation of the carotide and vertetsels, and that mnly
one of threa osts died after siniler ligations. #ill suepected the
moterior spinal ardery wes responaibile fopr the esllatewal ¢irpulation
in doge. In 3916, Drown(l) eonfirmed this ldea by demonstrebting thet
the opinsl vessels reedily carry dye to the brpin following Igstion
of the vertebrals and carotide. Bill alos showed that horses and gogte
could be ktlled by ligetion of the carotids aloun.

The Leportence of prevesting collstersl eirculstion to tho brein
vas ssphasised bty d'Stchepare,($) Satelld,(10) snd Camnon end Burket(ll)
who shoved that the presence of stagnant blood significantly reduced
the wlserebility of serve cells %o ischenis.

Host of the vorkers ot this time were striving ¢ correlate the
duretion of {schemis with resulting meuralogical and histeloglical
ohangess The problem eonfroating them wes how ¢o oreste a coplete
fsohexisg and stil) keep the enizal aliwe long enough to obucrve the
subsequent mecrological and histologicel changes, 1t wae o difficult
problem, and wes not solved until 1940, However, it 48 helpful to



exanmine the results obtained Ly workers who were unsble to obtain cowe
plete lschemis,

In 19061908, Stewart st al(12, 1J) studied the neursloglesl defie
eits resulting fwom conmbined ligstion of the vertelrel snd carotid mw
teries in 53 cats. Detalled obsorvations were mede on chenges in reflex
activity, blood pressure, respiration, and muscle tane, but little sttene
tion was pald to behavior changes, The authors eoncluded that irrevers-
itle demage %o the cerebral snd medullary centers resulting in death ooe
cured after 15«20 minutes of ischemis, They alss concurred with Mayer(S)
that the cerelysl cortex wes more sensitive to isohends than the vasoe
motar end respiratory cecters.

Is 1505, Comes and Pibwe(ls) studied the histologlesl changes in
the brains of the sainels used in the wxperiments by Pike, Stowart st
81(12, 13)s The oste were killed at various perieds afler the temming
tion of scelusion, and the bruing fimed appropristely and stained uaing
the ilesl, Fal ~elgert, and larchi stains, Thoy demonatreted hist loge
ically that nerve oells from different erees in the same animal showed
variation in thedr susceptibility to lschemis. Sepil pyremidasl cells
of the corebyal cortex were the nost sensitive to ischemie, Furitinje
cells of the cerebellam, medullery cells, cervical cord colls, and
opinal genglion cells exhibited progressively grester vesistance.
Nearoglia vere waffected by ischemis of the duretions used in thelr
soperisents, They also demonstrated thet the enimels must remain ge
live for severel bours following deooolusion in order to dessustrats
siy histological changes. These auimals dying during ischemia showed
ao histologlesl change, those dying soon after lechemis showed ®swollen
oells®, and those dylag meay hours sfter restoretion of the elrculsdion
showed shrumken, irregularly outlined cells vith vacuslisation of the



&rtapluss,

In 1510, P11 end Fott(15) conducted » elsdler set of eperinents
in Inglend, They permanently ligated the vertabwel end carotid arterice
of onte ond wonkeys end them mtudisd the histaloglesl changes st vari-
ous intervals following ligation, Using Nissl's pethod, they were sbie
4o demonstrste slight swalling sad chromatolysis of cortical cells after
a8 shord & perisd e 10 minates fxllowing Mostlons As yet this bas
not beon oulimwed by sy other observers, In enimels that died within
2k hours, the cortical oslls showed diffuse staining, ebsence of Nlssl
bodles, end ooagulation nesrosis, In those snlmale thet died after
2 hours, swollen, vacuolated cells with large eccentric nuclel weve
pregsent, Finally, those anisals that were able o survive parmsnent
ligation, shoued coll swelling, nuclear enleryement, snd nuclear dipe
placement, Mill and Mottt suggestod thet the latter changes were of &
reversidble natore. ‘

In 1930, Gdiden and Cobd(1S) undertosi e series of axperiments
sindlar to those of Stewart st a1(12, 13) in order to obtaln additional
informption sbout the histolsgiocal lesions ocouring in the cerebrsl
cortex of cats secondary %o lschenis, Thay hoped also o correlate
theve lesione with the synptoss that cccured as the result of ischamis,
by ligeting the vertebral and carotid artariss, It was necessary for
them %o establish some eriteria for edeguabe ooclusioms If they found
thet the enlmgl showed & prapt cessation of respiretion within from
1=2 ninutes after the onset of ischemia end conwulslons dupring the
oocluaion perioed, the ischenda wus adequate. 7 the 70 cats opermted
on, only 20 supvived for Zh hours or moves Fallure of norsal vespires



tions % return was the most common cause of deaths

O0ildes and Cobh emamined the pogtelschemic Lrains histwlogloelly
using the Wisel technique. The enimels were allowed to survive at
loast 2 hours before the histologiesl studien werw medes In generel,
thay concladed that no o type of leeion can be sald 42 be pathogno-
sonde of ceredral ischemia, Iike Oomes and Pikw(1h), and 8411 end
Mot4(15), these observers found azess of chrometolysis sod homogensous
staining cells immedistely following a perisd of corebral ischemis
vhich was sufficiently complete end prolonged to casse death, The
most savere leslons were aress of focal neorosls requiring st least
2 hours to sppear, The swat sarked changes occured in leminee III
eod V of the corebral cortex, Thy concluded that 10 minutes of severe
cerebral ischemia was sufficient ¢o impeir corticsl cells pereanently.

Tther less successful techniques were emplayed to creste complete
cevebral ischenis, such ap Stopping the heart(17), end exsanguineting
snimals 0 the point of elinical desth(18), There sre many obvious
reasms wiy these tecimigues were not successful.

Tindings Associsted With Coaplete Ischenis

istologics]l sad neurnlogical findings: It is, of eourge, teche
uicelly assler ts produce complete ischamia of the epinal cords 1t
would be helpful, therefore, to eamine the functional and histolsgical
shgnges in the spinal cord motor neamons following complete isehemda,

In 1908, do Duck snd de Moor(l9) reviewsd sll the experimentel
data eveilsble on spingl cord ischemis, snd eoncluded thet "insslts
npthad of staialng was the moot smupitive end satisfactory, and that
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sy priopy studies aol usling ¥issl's technigae should be disregarded.
Thay cbeerved ihat the animel must eurvive at lsast 3 hours after the
beginning of coclusion or no lesien cculd be found, On histologieal
exaningtion of the eplaal cord following Llschemis, they soted thal asrve
sell changes began with chromatolysis, fomsstion of reticulas, end later,
s loss of aflinity for stainings Thay ocbsarwed that the majority of
oslls atrophled vather than becoming swollen, The nueleus appeared %o
be more resistent than the cytoplasm, They slse reported nesrophagls
and lymphoeytic infiltsation, Like Gildea and Cobb{16), they concluded
that there was ao charecteristic histslogicel change essocisted with
lschamise

In 31936, Ls Le Toreen(20) wus the first %o document the reversible
oell changes following & given perdod of ischomls, e occluded the abe
dominel asrtar of cels for oup hour, and then killed the animuls ab
varying intesvaels following the offset of ischenls, The histalagleal
changes obssrved are sumarised in Table T below:

Table I
DURATION OF SURVIVAL POLLOWING DEOCCLISION
7 BOURS 26 nogns 36 BOURS L8 nXRS S DAYS 11 DAYS
Chromstole uunuu smorphous Inflammpe Nissl flabe Normal.

yeis, appearing roate and
cm-ul w:-.:gn -hl:-hl-

spindle~  Dark stabie meximom, ysis.
shoped ing nueled Jisund cell
aoll bode gnd aytoe 1nfiltrse
1e8e plasm, tisn end

i



Tureen mede the importent otservetion that the meuraloglesl defieits
vere st & mintmm when the histological pletare looked the worst (LS hours)e
Ho saggested thet there wes 11ttle correlation botween the reversible
histological changes and the observeble neurologlcal deficite., Tursen
falled o make eny cbservations earlier than 7 hours, but suggested thet
the initisd histologicel change prise %o chromatolyeis wes probebly cell
swellinge

In 19191950, Erie Krogh{20) confimmed Tureen's prediction by dome
anstrating in o series of sinllar experimente that the sarlicet cell
ehange followiog lechenis wes “scute swelling”. Ge deseribed the cone
socutive stages of dogenerstion leeding 80 the death of the cells as:
"acute swelling, liquifsetion of ¥issl substance (chrometolysis),
ischenis cell degenevstion of Splelneyer, pseudosclerstic darieonloved

Turning once again %o the etadies of cerebrel ischemis, we note
that in 1540, Weinberger gt al(22, 23) finslly wolved the problem of
incomplete corebral ischemla, Theyoceluded the pulmonary artery vis
an intrathomecic approach in 2L cets, end subjected them %o periods of
lechemis ranging from 230 minutes. They emplayed the disapposraace
and resppesrunce of redingl ertery Llood flow as critarios for the ade-
Quagy of ischemiag, In sll cases, thete wes @ oomplete ocsssation of
retinel avtery blood flow. With this techuique, ¥elberger gb al
folt that & relisble comparison of the neurolagleal and histological
changes oould be wmade,

Following 3 minutes and 10 seconds of cerebral ischenda no obe



servoble meurological deficits were present, and no permanent lesions
of the cerebral oortex were seen, After } minutes and 25 seconds, pere
naneat elteretion in behavior snd "paychic function® cccured, Metologle
cally, fvenk necrosis of the cortex was obeerved, Afber 6 minutes, vision
and sensation suffered some degree of pssmanent injury. Following

7 msinutes and 30 sevon'z, pormmnent and practically eomplote dementla,
blindness, serious sensory end suditory deficite, motor snd postural
defeots, and roflex shnommelities were present. [istologieslly,
widespreed sveas of leniner neorosis were presente After 8 mimutes end
L5 seconds or longer, 1ife could not be maintained for more then o few
hours,

In genersl, Weinberger gt gl observed that the moter aad visuvel
cortices sustsined the sariiest and nost profound changee 7The olise~
tory, orbital, end tesporal regions were the lesst susceptible, Lame
inge IXI gnd IV wore more wulnersble than I and II, The Purkinje cells
ranitod next to the corticel cells in susceptibility, wxi then the
basel maclei in the following owders lotersl peniculate, hypothslsmus,
thalams, glotue pallidus, and camdates Ihe brain etem sud spinsl coxd
moled were uninjured by periods of isobemis corpatible with continued
sarvivel of the animal,

In 19361939, Kabet end Dennia(2h, 25) devised s unique method of
arresting emplotely the cephalic civenlation of the dog, without sube
Jecting the saimal to the treoume of o empliceted operetion, the use of
anesthetics, and the catting off of the blood supply to ell other parts
of the body, a8 was done in Welinberger's{2i) wperizents, Thelr teche
nique conslsted of g simple prelinvinary surgical procedure invelving
the yesoval of both leminee and spines of the second cervical vertobre,
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thue exposing the vertebral srterics. After an interval of two days,
the traches vas cennalated with a motal tabe to insure an edequate
slywey during occlusion, mnd a large blood pressure cuff wes wrapped
around the dog's neclss The pressure ia the cuff was reised guiekly to
700 mm, Hgy, completely srresting the cireculation ¢o the brain, Using
this tectnigue, Xabet, Nennis, and Dalmp(26) observed that the suimels
*lost consclousness® in a very few seconds, and that the cormeal re-
flex disappeared in from 2040 seocnds, sad that spontanesus respires
tiong cessed in L0500 seconds, They concluded that snisuls subjected
to 6 minutes of ischemis or lese recovered completely, but that stesis
for 0 minutes or longey resulted in pemmuanent neurclogicsl deficit,

In 1546, Grensll(27), usiog the techmique of Sabad end Deanis(2h,
25), attmpted to correlate the aeurslogical and histologlcel ohangoe
with the duretion of ischemdse fe observed that follw ing 2 ninutes
or less or eireulatory arrest, ths animalp were in comm for 12418 hours,
and they exhibited sume slight ataxis for a week or mure, Histaloglcelly,
relstively 1ittls dsmage was sesn. After L minutes of occlusion, the
animels were unoonpeious for 10«2h hours, AL first, they showed lack
of interest and curiosity, spathy, sud a paucity of apontenecus movee
mente, but after several weeks they returned complotely to noreal.
Histologleslly, the cortex showed meny aress of severe injury, Followe
ing & winutes of occlusion, there wvas & gradual retwrn of conseiosusness
over & 2heli? hour perlod, Similar neurologleal deficite, as found in
I minute snimals, were present tut dissppesred after seversl wesks or
& nonth, Histologleslly, again theve vas "severe braln damage® pre~
sent. Adult doge rerely recovered consoiocusness after 8 minutes of



11
vasouls © ovelusdon. In geseral, Ceensll's histelogioal studies ree
vealed that various noelel appear %o behave a6 units in thelr resipe
tanoe to ischenis, He found thet demege was remarikably unifomm throughe
out & nucleus, end that adjecent muialel might show sarked Jifferences
in susceptibility. He suggested that e group of nearans constiduting
s sugtondeal ualt may also share gpecific metadolis charsoteristics,

Using the blood pressure cuff techoigue, Tebst et gl(25, 28) were
able to demonstrate thet young sod pregnant or lactating degs were
move renistent to {ischesis then the nommsl afult doge In evelueting
the experimental results of fslet gt gl and Oremell, the possibility
nust te boms in mind thet the early recovery peried may hawe been
complicatad by cervical cord trauma. |

In 1928, Splelmsyer(29) end in 1953, Courville(30) cumarised
thelr studlon on husan breins eoming to post movrten after episndes of
corebrel anoerda, I3 is of interest that they demongtrated histslogical
lesions sluilsr %o thoge desoribad in the aninel experimeats ebove,

Ingdaquacios of these stodissm In generel, most of the axperi-
ments sppearing in the pest liternturs heve dealt with the nsurelegie
cal and himtologlesl changes that sccur secondsry %o lechemis, There
are some dserisue shorbommings end lasdequacies that result from using
thess eriteris. First, numerous experiments have sham that there le
& lack of correlstion betwesn the histologicsl pleture sond the obe
sorveble neuralogicel changes(?0, 31, 32}« Second, 4¢ ip difficclt to
deteruine how much functional recovery is due to reversible neuron
changes, msd how much i due to compensation snd relesmming. Finslly,
insdequste histological prepereti end trauma to the brwin durlng



some of the early lechemde chunges(ld, 3bl.

Canglasions

From the past literature we are sble to conclude thut irveversible
histologioal chenges sppesr after Jiub minutes of complete lschemis in
the est and doge Complete ischemia for ¥ minutes or more is apperently
ingorpetible with survivel. There seems to de little correlation bee
twesn the snstomicel ploture snd the funotionsl stetus of the animal,
It 1o difficult o prediot fram the histological pleture the degree of
subgequent recovery because of compensation snd releamning,

12



STATONENT OF THE PROSLEM
lucss and Strangewsys(33), Sorvath et gl(35), Lemnox gt g1(36),
and Ksdet ot pl(26) have demonstreted thet there is e "pudden lose of
gongciouanssy® folluing the comet of ischemis, Suring dthis peprdod
no histologiosl changes have been oheerwed(23, 27)s The question
naturally srises ae t» the physisclogionl mechendem underlying this
vory sarly functional chunge. A% present, there is oo informstion
aveilable %o answer this questicn, It 45 the atm of this research to
try 35 find a solution %o this inteigaing problem,

Idogl
The ideal uay to solvs this probles would e to emenine experie
nentally the cbjective oorrelstes of the loss of emsolousness followe
ing the onsst of cerwbral ischamis. This {s sbviously impossibly for
sovarzl yeemmus, Firyed, and rnost isportant; no adequate definition
of esnseloumess ls gvailable at this time, Consclovmess 18 4400l
cull t» define speoificelly bLecense it i= desed on 8 complex centael

nervous systes fongtion integreted st meny lovels. There are, theree

fore, nany veriations in degrees of consoiousness, Accopding o
Colrne(27), Stenlsy Coldb defined conseicusness a8 "an swareness of
envirenment snd self®s Therefore, if there is litéls or no swerencss,
the pationt hes some degree of unconscloneness. 7The normal neab can
indieate by speech snd movements that of which he ip eware, bat lower
eningls carmote It is cbwlous that lower snimals must be used in
experizents designed ¢o explain the mochanisme underlying the lose of
consclongnesn, We are therefore 1oft with the problem of obeerwving

13



specohless behavior in response t0 various stimuli, and this carnot
posaibly provide information gbout swereness. Finaily, there are obe
vious humane ressons for not eubjocting unenecethetised animals to
cerebral ischemilg,

ideal iz ot present unattsineble, the next best cholee would be to
study a central nervous system function with the foallowing sttributes.
First, 4% muet be based oo & complex functionsl intereotion between
neurong,; comparable $o thet which fopme the beslis for compolousness.
Seeond, it should oocur spontaneously in unancethetised snimals.
Third, it should be obgerveble Uy objective means, Finelly, the
mechanisns of abolition of the funotion by ischemisa should Yo suse
captible to snalysis,

gponteneous spindiing fuifills requiresants: Most observers who
have studied spontanscus mpladling(38, 39, 4O) agree thet 1 is ape
parvently produced by an interchenge of setivity betwesn cortical and
thalamic neurons, These suthors have obeerved that the activity oce
curs in the form of burets of prepotitious discharpes in both cortical
and thalanic neurons, Some of the corticsl neurces sctive are those
giving rise to corticospinal fibers, In 1937, Adrien end Movumel(3%)
were the first %o mecord spindle burats in the motor cortex eand el-
miltaneous bursts of activity in the pyremidal trsot. This work was
later confirmed by Zenchetti and Pyvokhart(hl) and in the microeloc-
trode studies of Celma end Arduind (L2).

1
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Spindling sctivity is found in normal elseping sulmels end in
snimals with mesencophalic transections which do not need anesthesis.
Bpemer(li3), in 1935, vae the firet worker to demonstrate that an enie
mal with s lesion of the legnentum st the eslliculsr level appesred
for all intents and purposes liks the normal glseping snimal, fe
called his preparation the "cerveeu isole®, Lindsley, Dowden, snd
egoun(lh) recorded slmaltenscus burst ectivity in the cortex end
thalesms following mepencephalic trensection. Ihney suggested that
& link or fector wes pressnt associating the burst activity in thw
tuo reglons, Dy abolition studies, they were sble to demonstrate &
corticothalanic interdependence. Magoun(LS, L6) and Starsl, Teylor
wd Magoun(h7) heve demonstrated the lixportence of the sctivity of
the reticular formation in the srcused state. Eremer(lf), in 1953,
suggested that a mesencephelie lesion interrupts the tanic functions
ing of the reticulsr formation resultiog in what eppesre ¢o be a sleep
otate, shich i» apperently very sintlsr to that sccuring in the nommal
aninals,

Spindling ean be recorded sasily on the elesctroencephslograph.
hovording to Odbbs, Devis, and Leomox(L§) end Jesper end Carmichael(50),
the electroencerhalogres changes in sleep were [first obeerved Ly
Verger in 1929, Since then mumercus other inwvestigstions have cone
firmed hie sbeervatian(3l, 52, 53).

The cells of origin of corticospinal fibers can be stimulated in
pure culture sntidromicelly. The sntidromic sotivity ressits in the
production of an elesectrocortical cosplex which 1s detectablo at the
surface of the caprebrel cortex, The {irst observere to study this



complex wore Wooloay and Chang(5L) in 15L7. The purposs of their
study was to determine the origin of the jyranidal treet fibers in
several species of animals, In the cat, they deseribed two types of
responses recorded from the pericruciste gyri following pyresddal
stimulgtion, The authors were uncertain about the interpretation of
the componente of the wave complex, but suggested that the positive
deflections might represent conduction in thres different slsed fiber
groups with different conduction wwlocitiss. Woolsey snd Chang also
sugpested that the negetive deflection might be due to the spread of
electrical sotivity in the spiesl dendrites or to sctlvation of pyre-
widal sxon eallsterale.

In 1955, Cheng(S55), in & series of cerefully controlled experi-
nents, studied the ocorticsl vesponse to stimulation of the medullary
prramide in the rabbil, lie recorded sn electrocortical complex from
the motor cortex which ecneisted of two initiel positive deflections
followed by a long negative wave. From the evidence be presented in
his work, there was resson & believe that the initiel positive de-
flection wss the result of electricel ectivity in the exon, that the
ssoond positive deflection wae due to somatic eetivity, and that the
negative deflaction was due %o setivity in the apical dendrites,
Chang wee able to phow thet the nagative ocmponent wes very suseeptible
4o anoxia and asphymis, end that the positive cmponents were far move
revistant,

Other studies have been done on peripheral(3l, 56) snd orsalal
nerves(57) snd the spinsl cord(58, 59) which indicste that thw soma
is more seusitive to anoxis than the axons "o the other hand, Nogll
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and Chlnn(60) and Sugsr end Oererd(6l) 1a studying the visusl petiways
found that in the setinel snd geniculate ganglis, condugtion seross the
eynspse and oell body failed anly seconds before the axon became ine
excitable. Dronk end Larrebee(82) and Bargeton(63) found the emse thing
true in thelr studiee ou the superior cervical sympathetic ganglion.
The differences in the wesulte of the two groups of obpervers cmn proe
hebly be explained ty the faot that the work on the epinel eord and
eranisl asrves war based on the sntideemic estivation of the cell
bodies,; while the studies on the retinel, genlculste, end gympathetic
ganglis were based on orthodromle trensyneptic exoitetion of the cell
bodies,

We see, therefore, that spindling consiste of apontanecus sotivity
which is depondent upon complox intermsuronel exchange in unsnesthetised
animels, and should be abolished early in {schemis, Splndling sctivity
involves oorticospinal neurons which may be studied independently of
the spindling using sotidromic sotivation, Certein portions of the
response thus produced have been noted %o by ebolished early in muaie
and asphyxise It would seen wortiwhile to corpare the effects of
ischenis upon the complex activity called epindling, and upon the Yee
sponge of the sorticsspingl cells to antidromie setivetion. !masutes
mont of the duretion of ischenis vequired $o abolish these signe of
neursl setivity eould be used as eriterion of relgbive susceptibility.
Such correlation or lack of correlation as might appear oould then be
used to guidour attempts to understand the early functionsl resultes
of ischemia.
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Jeneral Flan
Cerebral ischemia wes produced by basllar end carotid artery

soolusion, The likelihood of varistions it the degrwe of ischemia
produced in dilfersnt snimgls wes conlirmed by observing the rvetinal
artery blosd flow in o number of cate fsllowing scolusion, The mee
Jority of snimsls bad sn immediate csssatlion of petinel artery blosd
flow, tut showed soewe retum of cireulstion in anywhere from 30 seconds
to 5 =inutes after the snset of occlusion., lespite these veristions,
16 woo congidered that the sensitivity %o ischemis of the mechanism
under consideration would obwiate the reguirement {or conplete end
total cessation of blaod flw, Sponteneous spindles were produced Ly
mesencephalic lesisne, Antidromically eonducted evokad potentials
wore produced st the cortex by stimulation of the medullary pyvaside,
The times of dimappearsnce of the spindles and the evoked responses
follmving the onset of ischenis wors cbserved end recorded.

Specific Details

Erodustion of isshesis: Ia preparetion for combiaed carotid end
basilar soclusion, it was found %o De sdventagesus to tie the basilar
artory ot loest 2 hours prior to the performsnce of the experiment.
Geveral sttempts 40 curry out all of the murgloal masipulations on
completion of the experiment, The animale were snesthetiged with
intreperitonesl pentsobarditelesodiom, 05 0o./kg., and an endotracheal
tube or tracheostony tabe was used to insure an adequete alrwgy, with
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the animel in the supine position, the base »f the skull was spprosched
vis the parepheryngesl route. The besioccipitel bone was entered with
® dental bur. The sportare was enlarged with a amall tipped rongeur,
The durs was divided end the basilar artery wes geen pulsating &n the
midline betwsen the two pyremids, 4 fine suture was pessed bencath
the artery st the lavel of the inferior border of he poose This pelnt
wes chosen 1n order %o presesve the siculstion in the mowe cendsl pove
tions of the basilsr artery, tus insuring an adequate blsod supply o
the reapirstory and cardiac centers of the medalla during the perisds
of ischemie. In addition, the mechsniesl pessage of the guture wos
feeilitated by the presence of & large elstem butwoen the inferior
border of the pms and the basilar artery, The aningl was given
fnids and perwitted %o vecover for st least 2 houvrs,

On the day of the experiment, under 1ight ether snwethesia, the
carotid arteries vere isolated sod loose ligatares placed arvund thems
A emgll length of polyetiylene tubing was slirped ower the fres ends
of the ligeture, so that coclusion oould be brought sbout by placing
traction on the ligature and sliding the tabing sver the doubledwup
artory. The use of this technigue greetly facilitated thw occcluding
and deoseluding proceapen,

Production of spootensous splodles: Lightly etherised cate were
plaved in the Harsley-Clark epparptus. Filaterel bur holes were placed
in the poetarior pardetel bones for insertion of the eogguladting elece
trodes, The electrodes were b mm, apart, and the distal b mm, vere
aninseleted, The electrodes were stercotaxically oriented to enter the
tepwatum of the sesencephalon ot the intercollioular level, Thw



lesions were produced by e radiefvequency generator cpurating at
8.7 megacycles, lilnety milliamps of current were pasesd betwesn the
eoagalating slsctyodes for 20 seocnds, producing o lesiwm b x b s,
Five sugh lesions were sdeguate to destroy the togmentum end spare
the esutral grey metter and cerebral peduncless Mo lesions vere
placed to the right and 1aft of the wertiosl midline, oriented eo
that their midpolnte were L mw, lstersl %o the verticnl midline snd
2 mm. above and below the borigontsl mero plane. The Filth lesion wes
placed go that the midpoint wes oo the verticel midlioe and b mne Dee
1ow the borisontal sero plane. I the lesion was complete, the puplls
becene slitelive within a few mizutes snd & soft yigidity developed in
sll the estresitiss, The imeldence of corebral edema following the
production of the mesencephalic lesion was reduced to o mdnimum by
careful avoidance of trouma %2 the superior segitial sinus,

Following the conclusion of the experiment, the snimal's brein
was perfused with formelin through the left carotid artery. Anstomie
eal cheoks werw mede on all lesions, The cerelwel peduncles and conw
tesl grey matter were spared in most cases, However, in seversl of
the breins there was sume slight eneroschmeat upon the central grey
notters |

In o1l ceses, the oneothesia wes disomntinued for st least
1 hour bafore the reconding was started.

legording of epindless The spindles vere recorded with e
lrase eight channel electroencerhalogreph (VEd). Unipslar electrodes
wore attached to the right frantel mnd the pight and left parietel end
socipital bones, Another lead wep taken directly from the left frontal
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cortax,

The GG wab rua contisususly during ischeais at @ paper peed of
1omme/soccnd, The Leglnalug snd end of lschenis wewe muavked on the
VG paper; and the duralisn ol Lfochewmis was celoulsted using the rede
of EEG peper movensnt ag o time bases

In sn abtenpt to represect the degres of spindling astivity
sraphdeaily withla & resscuable spees, Uw 0 recoids were mmadured
in the following waye The wecord Jor an enlire mun was subdivided
into two secoud Intervels, 1o esoh of Vwese Intervele, the percentage
of tine that woves were in excess of 100 microvolis was moesurcd,
These percentage values ware thea plotted on senilop paper. The
100 mlorovelt mpllituds was chosen srbltmrily oo that the difference
betwesn spindling and interspiadling setivity wmld be spparent
graphicslly. The total dlsoppesroncs of 21) NG a0tivity was uoed as
the wltimate criterion for measurement.

Produstion of the guoked yesponse: The medullary pyrendd was
piimlated with 2 Yipolay concentrisc elsctrads eonstyactsd Yy ine
sarting and fixing a 29 gouge nichvome wive inside s lesgth of
20 geuse hypodarmie needle tubing, Doth were inmulated to the tipe
vhich were oponed Yy hrushing ageainst Cine stones 4 0.5 mm, tip
separation wee used,

The sporturs for placement of the pyresidal electrede war made
with » dental bur in the secipilal bens swverlying the posterior part
af $he cercbellum. The pyrsmidel eleotrode wos starectaxically orie
ented to grrive ot the Jeft pyresid ceing s sngulay approsch through
the esrebellum snd pans.  The left motor sortan was stimalated and st
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the zame tine a recording was Sgimn from the pyranids] eloctyrods, Whan
the aloctrode entersd the pymemtd, the eorftieslly 1ndueed snthsdvomte
ryraddds) respanse eould be pecorded(37), At the esrw Iacation, spindle
Cinp could he honrd svar the sudiosmenitor, The use of thess oriteria
invared on spcurate locatisn of the pyremicdal cleotrods tip in the
medallary pyremic,

Prronide) stimll eonsisted of sinsle rectonsmlar puless of
=15 wolte intensity and 04) 02 0.5 mser, doration delivered through
e iesleting tesneformer. The stiralng frequency wes controlled
manonlly and the etimmll were gynchronised with sn oseillescope sweep,
Daring the emperimental period, the stimull wore timed mamually 4o
socar during lnterepindle Inlls in crder to insure & stahle background
thMnnt%mmﬂhnMMy

Hagording of evoked responser The antldroetonlly evoked pyres
mddal vesponse wae recorded {rom the left Lrontal cortex. nder light
ether snestheais, the laft frontal sinus wae entered with a dental
bur, Another bur hole was then esntiously placed in the thin posterisr
wall of the fpontel sinus. This sperture wee ealarped with & saadl
rongesr in order %o give & good exposure of the pericruciate corter,
The durp wes loft intact ss long as possibie prior to recordisg. 4
plestio well vas conntruvoted around the frootal sperture snd filled
with warm mineral oil to protect the exposed cortex, This procedurs
wap found %o be ensential %o the camplets recording of Uhe avoled
potential complexs The recording electrode was o thin, Lell tipped
silver vire, Following conventionsl erplification, the vesponses vere
recorded photogrephically from & cathode pay oscilloscopes The film
wes developed end snalysed using an enlarper,
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he seplitude changes of the compeusnls ol the sutidrusic pyree
widal regponse were measured sod plolled graphically using a senilog
tine bese, The zoniryol valien were delerndued Ly olilalulng Ve neen
aaplitedes of the samponents ol 1010 responses priler %o %w peried
ol lochwaies

Ihe period of iechemis: Celvre esol period of lsshaxls, 8 series
of 1017 condrvl vecords werw photogruplods, The onset of lachanls wes
tason 85 thet somend when both carelid erterlesvers socluded. Duriag
e period of ischends, an essistent Mwarved the sovtles) changns,
checliod he emiaet of the claglveds with the covtieal surlfecn, and
wplied wam rdnerel 21 % the well when neededs The eonclasion of
ischerda wes taken ge that monent shun one of the tws sarotid arteriss
van deoceluded,

The recovery perisd wps not shudisd in deteil becense 1% was oome
plicated by ocervbral edeme, proladly having 1te orizis in resctive
Iyperemia, Theee eonditions mndoubtedly secsed lsesl changes that
vore sovers enough 4o retard the nommel recovery oyolc.

The nean Jisgppesrance times of
thie 777 gnd esmponente of the pyramidal respones were determinad end
subjoetod % "t* test onalysis(fh), Thir wae dons 4o determine whether
any of the wogns were simificently different., Correlatise cosflisicuts
vare =lzo determined, eweparing the ITC diesppearense timae with the
dlesppesranes times of the pyranidal reeponss omponsnte((S), Seatter
disgrems with ¥y and Tx regression curves vers deaam for each of the
eomperisons nade,




RBULTS

The results to be deseribed hgve beer besed upon experiments oo
51 cats, Of this totsl number, the dete from 10 heve been used in
mmwm. From these 10 cats, 1l ischemia series
wore obtelned, The remeinder of the animsls were used for various
purpoges not productive of dsta edeguate for anslysie, A number
were used $o gein ferdlisrity with recording eguipment and techniques
of preparation, Still others were used in an ettempt to evaluate the
probabllity of the oceurrence of collasteral circulation which would
offset the ischemia produced by the combined arterial occlusions,
58411 others were nonecontributory because of the early onset of
cerebrsl edems, equipment feilures and other tectnicel difficultiss.

Preischonie Activity

Evolied responger The entidromicelly evoked corticel reeponse
vas bost recorded fyon the cortex surrcunding the lsteral portion of
the crueigte sulous. The response oomdisted of tiree positive de-
flections and s later-occuring negstive deflsction, These coamponents
have boen deoignated 1, 2, 3, and k. Fhotogrephie reproductions of
the typlcal preischemic response may be seen in Figure 1 {coatrol),
The renges of latenuies and duratiomns of their camponents a8 recorded
in 3} ischemis series sre summarised is Teble II,

W b4 4
Latenay of onset (mees.) Durstion {(usen,)
Camponent 3 Qulwllel Op el
Component 2 1el.5 ) §
Component 3 Pa3 36

Component & Gl 5
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It wes necessary to use fast oscillosoope mweep speeds in opder
@ sepearste clearly coponents 1 end 2. The use of fest sweep speeds
would sometises throw the later-ccouring fourth cmponent off the
oscilioscope sereen, In those experiments where sll the ocapononts
were clearly visible, cooponent 2 wes very amall snd diffieult te
moagare with sny eoouresys Therefore, under the oonditions of this
experinent, no velishle informetion oould be sbtained sbout the suse
coptibility of component 2 to lechemda. |

The cortical response wes evoked during isterspiodle lulls be=
cause anplitude varigtions in the response occured when 1t was evoksd
during spindling sotivity.

in ell experivental preparations, a variation in the pure entle
dromic pyremidel response could be obtained if the etimulus intensity
vas increesed to 30-L0 wolts, and the recording elsotrode placed over
the sensory cortex,s A long high amplitode positive wave uith g lae
tency of 0«30 msec. and duretion of Se7 moeg, would sppear. The
charecteristics of this wewe corresponded closely with those of the
*pensory response® of Chang(L$). It is ressonsble to belisve that
increasing the stimulus intensity allowed the spread of the stismlus
to the lesmiscel system which is locsted Just dorssl to the pyremide.
mmumw.m'mmumm
cwplicetion oocuring st the sene time s components 3 and Le The
overlap of the seasory end satidramic resposses obwiated satisfactory
englysis of the later portisns of the gntidromic response, Subsequent
examination of the bipolar concentric stinalsting electrodes revealed
that there wes o 1j mm, separsticn detwoen the tip of the core and the

26
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shielde Tho wide tip eeperetion undoubt.lly wss responsibls for the
spread of the stimlos to the lemmiscel aystem, This ¢ifficulty wss
not encountered with tip separations of 05 mn. or lees,

Spindling eobivity: Frelschemic apindling activity consisted
of trains of slow weves (3=10/see.), which reached s naximum gmplie

. tade of 500 misrovolts near the middle of sech burst, The epindles

sccured as frequently as obe svery 2 seoonds and as infrequantly ss
one avery S0 seconds, In gecerel, the individusl spindle wsves had
an initial positive deflection followed by s large negative deflection,

The Effects of Ischemia o Electrical Aetivity

roproductions of the aatidromic gyresidal response at verying intervals
during the perisds of ischesds recorded in two typlcsl experiments.
I3 vill be noted that in both of thess experiments the fourth component
in the most sensitive to lachemie, dissppoaring elght seecnds after the
anset of dschenta in the experiment deted Je2+56, snd 16 seconds sfter
onget of ischemia in the experiment deted 3=23«56. In the latter exe
perisent, component 1 is the most resistent ¢o ischemis being still pree
sont after 259 seconds of erterisl ocococlusion, The ischenis lssted for
330 meconds in this experimont, HNone of the reeponses resppesred fole
lowing deocclugions Marked corebral odeme eppesred during the secovery
periode On the other hand, S0 the experiment dated 3-2.56, campenent
1 and 3 pereist, though with decressed splitude throughout the entire
ischemic period of 370 ssoonds, The recovery of all the components is
oxglete 1542 seconds after the anset of ischemda,
Pigures 2, 3, b, end § grephicelly swmerize the effects of
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ischemia on the ovoled pesponse in the other 12 serles. It will e
observed that most of the series follow the patters 1llustreted by the
eperinent descrided gbove, However, in the graphs of axperiments
dated 2413+56 and Jw16=56, found in Plgares 3 and L, respectively,
the sensory respones camplicates the study of ommpanents 3 end Le It
is of interest thet the sensory response is more sensitive to ischemis
then componente 1 snd 3. This is fllustrated in the greph of cxpore
Lnent 3elimSGe !hmmdmuémum»
m'mum,msmmmm
for 240 seconds,

Another variation in the typlcsl response pettemn of the evoled
mmnm“m%maum
These experiments sre deploted grapbleslly in Figure 3. In series
1y 1% tekos 2 seconds for component b to dlsappear, There is no
change in component 1, and enly s oneethind decrease in the sspli-
tude of component J, during the period of ischemis, In series 2 an .
the same cat, component L disappeers after 12 seconds only to resppesr
in 2«3 minutes, end finelly to dissppesr in L5 minutes, Component
3 dissppears in 295 seconds end component 1 in 372 seccnds, The
Sachesis produced in thls simel was obvioasly insdequats. These
sories sre included to show the great varisbllity in the degrwe of
ischamie that can be obtaloed by combined besilar end cayotid artery
gution,

Spindling sctivity: If one refers %o Figures 2, 3, k, end 5, 1%
will ba noted that in most cases there is s ouplete cessation of M0
sctivity within 30 seconds after the onset of ischemia, During the



ischemic perind, thare is & progressive Zecrease in amplituie and free
quency of spindle bursts, In genemsl, the positive conponent seems to
hmmﬂﬁn%“hhnﬁpﬂum

Variations from the sbove puttemn were found ic the ezperiments
with inadecquate ischesia, dated P=23<56, They sre illustrated srephie
cally in Figere 3, In series 1, spindling activity is present throughe
oat the © minute perlod of ischemia, In series 2, the spindling sctie
vity dissppesrs after 32 seconds enly to vemppear sfter 2«3 minutes
for @ short interval,

Summery god Ststisticsl Analysis of Data

Suregry of datar The dissppearsnce times for epindling sctivity
end components 1, 3, end L of the pyremidelly evoked corticsl response
have been sumssrised in Table TII for each of the 1 ischeuis seriece
If one refers to this table it seems appevent that in eny single ex-
periment the spindling activity and eomponent L of the evoked response
disappesr at sbout the ssme time following the anset of lechemis. It
is also apparent that the other components disapposr much later than
the spindling setivitys Finally, it arpeere thst in essh experiment
component 1 i the most resistent to ischemic,

Statistical analysis of datar The sbove impression hes been
sabstantisted by several statisticel tests, [lor purposss of statise
tical trestment, dissppesrance time has been defined as thw period
roquired for a reduction of emplitads %o 5% or less of the control
value, The use of this definition has resulted in the sliminetion of
some of the data fyom the statistical snalysis (see Table I1Ll), The
"4® tast was used to determine whether the mesn dissppesrsnce times
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Series Mumber Upindling Sensvry Compe 1 Conpe 3

Compe It
B,
lu:;,:l 2 - 96 (fof)® 96 {201 22
ZeJel
Series 1 2 w— o2 192 a
Series 2 1) - BC (st B7 mec.)®™ 87 (788) 20
Pal a5
Beries 1 16 1k 200 {108) 158 (35) @
Series 1 ne - O {at 360 sec.) 360 (335) gy
22356  Umable %o Unable t5
Serties 2 deterwing e 3re 295 deterine
m 1 9 - 370 (208) o) 8
Serdes 1 20 - HC {at L78 mec.) 476 (LOE) 1
Jedimbl
= S
Series 1 1) - 208 20 0
Serdes 1 p 1 - 18 (652) 156 13
Liel2u56
Serles 1 15 - &0 (958) 60 (90K} W
— e — e —— i ]
82 She? - 8158 18h3 Lé
W 12 -— 6 8 8
b 4 17 38,7 21349 175
* 4 of respense vemaining
** %o change
#5% These figures not included in statisticsl anglysis becsuss of

|
|



of spindling and any of the individugl companents of the evoled ree
sponse wore stetistically different, vaamhtim coefliciente vere
detersined in order to revesl the degree of correlation between the
mmummmuwum%w
the evoked response.

The dissppesrence times of component i snd spindling setivity
in the ischemis sories done on 2«23«56 were not included in the sta-
tisticel anelysis, becsuse in thess experiment the inadequste ischemia
node the megsurement of the dissppearance times of doubdful signie
ficance,

4 susmmary of the "t* tests comparing the mesns of the dissppear
ange tives of the spindling sotivity end the components of the evoked
responge may be found In Teble IV, The means snd stendard deviations
uded in making these enalyses are sunmarized at the Lottom of the
sppevpriate colums in Teble ITI, It will be noted thet meens of the
disappesrance times of spindling sctivity snd component b can be cone
sidered statistically allke with oy a 5% ervor of chenoes The ree
sults of the other "t* tosts comparing the mean dissppearance times
of spindling setivily end components 1 end ) are significently differ-
ent.

A surmary of the correlation coefficlents comparing the dise
sppearance times of spindling snd components 1, 3, and § may Yo
found in Tebls Vo It is of interwst that o significent correlstion
with only a 5% error of chanco exists between the disappesrance times
of component & and spiadling, Sone of the ather cosparisons show &
signifisant correlstion, Scstter disgvams with Xy snd Yx regression
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Tamp: 1v

BUNMARY OF ®¢® TEST DATA

Comps X N Compe b
% S ﬁmhﬁ t”h@

Spindling M® 175 2640 17k 0.39° 170

Compe 3 L b 2,90 1,78 b -

? pignificant st 05 lewel

ARy ¢
SUMMARY OF CORRRLATIOS CORFFICIENT DATA

Yalue 95F Car s

Spindling we, Comp, i 0937 90,72 0 +1,0  1.0982 0,7993
Spindling vee Compe 1 0,292 wof 82 +,06 wPuliSly  «0,009
Spindling vee Comps 3 0.683 «0,02 %o *93  hobfl 0,204

Conpe 3 vee Comp, 1 0301 «yf62 80 +,05 0655 0,136

e T el

¥ significent at 05 level
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curves have been drawn for esoh of the comparisons made snd mey be
found in Figure 6.

In sussary then, 1t mey be seid with only a 52 error of chance,
that etatisticelly the meane of the dlssppesrance Sises of spindling
sctivity and coaponent L ave the same, and thst a corpeletion exists
betwesn the dissprearance times of these clements, It may also be
eaid thel the mean dlssppegrance timss of spindling and components 1
and 3 sre signifiecantly diffesvat, and that 9o correlatlon exists
botween the disa;pesrance times of the elements,
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Fesponge: The interpretetion of the results obtained in these axperie
mentes is dependent upon the validity of the explanations offered for
mmarmmnarmmmmmm
cortical response. Chang(5) hae suggested in hia studies on the
rabbit that ccmponent 1 fe due to electrical activity in the exon,
that component 2 1s due to electricsl activity in the coll body
ﬂwM“M,méMmi),ﬁnWrMm&—
fleckion, is dus to eloctrical sotivity in the spical dendrites, If
we use Chang's explenation for the origins of the conponents, it
would seen plausible that the iaterpretetion of tho ecomponents of the
antidromically evoked electrocortical complex in the cat could be
aade in the fellowing waye The initlsl positive deflection, conpoe
nent 1, may be dus 0o electrical activity in the axomy the second
and third positive deflections, components 2 end J, may be due %o
electrical sctivity in the cell body and bessl dendrite; end the
slow, hurqum deflection, component L, nay be due
to electrical sotivity in the apical dendrite., The lstencles, signe,
and time eourses of the components are compatible with tho above ine
terpretation. The satidromic volleys were initiated 1o the medullary
pyramddse Therefore, we would expect the spread of the eleotricsl
field to sequentislly pess over the mron, soms, basel dendrite, and
spical dendrite. It would seam %o follow that component ) with the
mhmmuwm»uﬁvumm;
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- Lo
and thet componente 2, 3, end b with ineressingly longer latescies
mmzmlwummrmsgmm.m
dendrite, end apicsl dendrite. According to the volume conductor
theory(57), electrical lspulsse at o distanco sad approschisg the ree
cording electrods are positive in sign, end impulses thet have arrived
&% the reconding electrode are negative in sign. Therefore, electrical
activity in the axon, soma, and basal dendrite recorded frum the core
tical eurface should be positive in sign, end sctivity recorded from
the sploal dendrites should be negetive in sign, The time courses of
coponents 1, 2, 3, end b ere in oomeord with previous studies oo
potentials attributed to the exon(55), same(66), besal dendrite(S5),
and apical dendrite(55). numm“nnﬁim\%Sm
complicated by electrical aotivity in small, slow conduoting pyrae

- nidal sxons, Towever, Gasser gt gl(67) have shown thet the potentials
generated by slw emducting fibers are very ssall snd probably ave
not recondable without euitable smplification,

The sensory response is easily differentisted fyrom the entidrosie
Fyrenidel response hy its long latency of 8«10 maes., positive direce
tion, end long tins course of 5e10 meec, Cheng(68) hes deseribed &
late nogstive wave which he belioves is dus to entidromie activation
of pyrenidel eollaterals in the rebdit, This response mey de differe
entiated from the entidromic response by 1%s long latenay of 10w15
nsec. and its lang timn courss of S noec,

fowevor, further work 1 necessary to definitely sscertein the ome
mmuwwammmwmm




L1
above explanation for the origlas of the components of the pyremidally
Mmmwm,maﬁhumwmmmm
sion that apical dendritic snd spindling setivities are equslly suscep-
tible %o iochemla, Thers are thiree possible yessons why dendritic and
epindling setivitics are equally susceptible to ilschemis, Firet, theme
oay be o direct cause and effoct relationship between the wo entitlesy
that 18, the dlssppearance of spindles mey be the result of failure of
the dendrites in the neurons cwprising the complex intermeuronal syoe
tem responsible for spindling sotivity. OSecond, thet the fsiluves of
Wuﬁﬁhﬂhﬂﬁv“ﬂmm“w“&
common {actors M.r. that this is & fortuitous relstionship,

The latter reason is statisticslly unlikely, The seoond reason is
m,msum”-——wmmmw. ¥e
are loft then, with the first resson as the most likely explenstion
of the relstionship between dendritie snd spindling failure; nmmely,
mmmwuormudmumzumso:mmm
in the ocumplex interneursonal system which is invalved in the process

Recent stadies by Pishop((P) on the cortical neuron, Drookhart end
Sleshly(70) an the Puriinje neuren, snd Eysaguirre and Kuffles(71)
mu—mrmatmmm“ﬂmmmw
Mh“hmﬁhmﬁmnmmmmm
neuron a® & unit, Eysaguirre snd uffler(7l) showed that the mesting
potential and exeitebility level of the cell some csn be set and gone



L2
trolled over s wide renge by locel events within the dendrite. Bishop(és)
suggested thet the apicel dendrites of corticel noupans have spocial
excitability and response chermcteristics. They se apperently capable
of ®more or less® eotivity which modulstes end sontrols the a1l op
nothing élscharge of the cell body. Brookhert snd Blackly(70) etudied
cersbellar unit responses to [C polarisation, They found thet dendrie
tie positivity sccentuates unid sotivity and dendritic negativity
mmm;utmm.mn—tmﬂmmw;
coptidility of the companents of the pyrestdel pearon and spindling
sotivity may alse be interprotad to indicete the importance of the
control that the dendrite exerts over the neuron a9 2 unit

Ischende feiluye of dendritic activity epparently resulte in the
fallure of trene=xigsion through the neurcns »f the complex iatere
nsuronsl eyetenm underlying spindling sctivity., Perhape then, the
so=called "mmaptic fadlure” given se the resson why multineuronsl
circults are seusitive to fsohomia may In reality be dus to fallure
of the dendrites in the elrcult to influence their csll bodies in
the usual fashion,

Lendrites mst sensitive pert of neurons: ur stidles substen
tiate Chang'e(S5) finding thet the dendrite iz the wost susceptible
portion of the pyrsmidal neuron. o isclends, Nost of the stadles
concerming the relative ischemic sueceptibility of the axon, soms,
and dendrite on ersnisl nerves(57) and the spinal cord(5%, 59) have
made no effort ¢5 separste the somsl and dendritic conponents. In
general, litdle information is aveilable ebout the relative sensitie
vity of the voms end dendrite to ischemias This 1» indeed s fertile



field for further investigstion.

In susmaxy, those considerstions lsad us 4o the bellsf that the
dendrite eserolises au fsportant control over the neuron ps & unid snd
that 1t ie the moot suseeptible gosponeat of the neuron %o ischawda,
From this, the conclusion sooms evident thet the esrly loss of conw
s¢lousnsss following the ocuset of lschemia is probably the result of
loss of dendritic function of the nsurons which make up the complie
eated intermouronal eireuits vhich ave necessery for the msintensnoe
of the conselous state.

Recovery period: The physiological mechanisms underlying the
recovery sf the gxon, soma, end dendrite following ischemla are at
present unimown. An understanding of the mechenisws underlying the
production of irreversibls funotional change Iollowing lschemis would
be extremoly valusble, Our experiments end othere(dy, 70, 71) have
ghown the ismportance of dendritic function in the meintensnce of the
funetional integrity of the ueuron as & whole, It is therefore cone
colvalls thet irveversible functionsl shanges in the neuron mey be
dependant on irreversible dendritic effects, Since dendrites are so
difficult ¥ study snstomically, it may be thet irreversible dendritic

changes ccour which have nst boen detected by himtoalogical study, Most

obsorvers in the past were of the opinion that irreversible funmctional
chpnges occured cnly after ther: wes irreversible dsmage to the cell
body. This, %00, may be trus. It is safe to sspume that the outrie
tive influence of the cell body is necessary for the dendritic ine

togrity as 4% is for axonal integrity. It mey bLe that irveversidle

changes do not ocour until the cell btady has been so seriously demaged
*hat 4t le ineapeble of re-sateblishing dendritic function. Available

L3



information is inedoquate to permit conclusions with regard to thess
protleng,



L5
BUMHARY

This resesrch was dons with the hope that 1% would contribute to
8 better understending of the physislogical changes that teke place
during corebral ischenia. Fost stadies ovalating the sffects of ige
ghesia a0 the cerebral corbex were based on postelschemie histologicel
and neurslogicsl changes. There way very littls informetion gvallable
al loss.

The ideal way to study thie neglected sres of cerebral ischemia
would be 1o exanine the objettive correlstes of the loss of consciouse
mmgmimmm; In gnirmel experiments; this iz ot
prusent lwpossible ¢o scoomplish Decmuise therve is no adequate definie
tion of eonsclovensss oo which to base the sbjective studies. Theyew
fore, an experiment wos devissd o study ¢ omplex central nervoas
syoten funoction similar to that whioh L& respomsible for the msintensnce
of the uonseious state. It was nececsary that this funotion be supe
coptible to analysis in order ¢ determine the mechanisms invelved in
the abolition ef the fumotisn by ischemia. Gpontanecus spindling was
found to fulfill all the nocessery requirements, It consisted of spone
taneous activity wideh was dependent upon complex intamsurmal exe
change, snd 1t izvolved corticospinal meurans which eould be studled
indepeadently sf the spindling.

The iechenis wee erested by combined besiler and carotid artery
seolusione Spantanecus spindles were produced by mesenoechalie lesions,
Antidromically condutted evoked potentiale were produced st the covtex
by stlmuletion of the medullary pyratids, The time of dissppearsnse »f



Lé
the spindles end the evohed response following the coset of shesda
wes obgsrved,

The results were based upon experiments on 51 cats. Of this total
number, the date from 10 were used in preparing the deseription, From
these 10 cats, 1 ischemis sories were sbtained, It was found that
mmumcﬂm-ﬁummm«
camponent b of the evoked respouse sad spindling activity. If come
poment L wes due o elsotrical sectivity in the spical dendrites as
suggested Ly Chang, the emnclusion thet spicel dendritic end spindling
activity were oqually susceptible to ischemis was insscapable, It
mmmm;"ﬂmmmmm
dendritic and epindling failures It wes suggested liet lscheiic
failure of dendritic sctivity sppareatly results in the fallure of
trensmigeion through the neurons of the cmplex internsuronal gystem
underlying epindling activity. The implications of these lindings
are discussed, |
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