TRANSMISSION CHARACTERISTICS OF THE

SURFACE-POSITIVE BURST RESPONSE

A Thesis Presented to

The University of Manitoba

In Partial Fulfillment of
the Requirements for the Degree of

Doctor of Philosophy

by

John Davidson Brown

Department of Pharmacology and Therapeutics

Faculty of Medicine

August, 1968

¢ John Davidson Brown 1968




TO
UNNUR ANNA,

MY WIFE




ii

TRANSMISSION CHARACTERISTICS OF THE
SURFACE-POSITIVE BURST RESPONSE
by

John Davidson Brown
ABSTRACT

Transmission characteristics of the surface-positive burst
response were studied in isolated slabs of cat cerebral cortex as a
means of inquiry into the functional organizatiqn of the cerebral
cortex.

The principal data collected were measurements of transmission
delays of the responsé at several recording electrodes arranged in a
linear array down the length of the slab of cortex. -Stimulation was
carried out at either end of the slab., Delays in both direction were
compared between the several recording points and oyer the whole length
of the slab.

It was found that there is a preferential airection of trans-
mission for the response in any given slab and that the velocity from
point to point along the length of a slab is not uniform. Responses
recorded serially at a point distant from the stimulating electrode
were siﬁilar to each other in shépe, amplitude énd duration., Transverse
cuts into the slab ohly»temporarily abolished transmission of the res-
ponse provided that the underlying white matter, or a small part of the
superficial layers of the cortex, remained intact. From this and other
data it has been concluded that the surface-positive burst response
spreads as a wave of excitation through a highly o?ganized network of
functional groups of>neurones,‘but that alternate pathways for spread
become availaﬁle when the iocal network i§ interrqpted. The significance

of such a network is discﬁssed.




RESUME
/ /- ’ .
Cette etude a porte sur les caracteristiques de la transmis-
. /7 7/ / N
sion corticale cerebrale qui sont engendrées a la surface durant la
phase positive (surface-positive burst response) suivant une stimula-
/ . 7 . 4 / e " 1
tion electrique. Les expériences ont ete realisées "in situ" ches des
> , -
chats, sur une portion de cerveau rectangulairement decoupee. Ces
7
experiences ont eu pour but d'investiguer 1'organisation fonction-
s 7/
nelle du cortex cerebral.
s/ A Y
Les resultat recueillis consisterent principalement dans
Ve ’ Vé
1'évaluation des delais de transmission qui furent enregistres par
7/ ’
plusieurs electrodes disposees le long de cette portion du cortex. Les
. / Vi ’
stimulations furent appliquees successivement aux deux extremites de
cette portion.
’ s
Les delais enregistres dans une direction et dans 1'autre
/
entre les differentes electrodes ainsi que sur toute la longueur de
/
cette portion isolee furent comparees entre eux.
s / / . /
Les experiences ont demontre que la transmission de la re-
; . /7 / /
ponse jouissait d'une direction preferentielle et que la velocite d'un
\ Vs / s
point a un autre n'etait pas uniforme. Les series de reponses obtenues
~ A s/ / ~
a2 la meme distance de l'electrode stimulatrice demontrerent une simili-
/ ~ / .
tude marquee quant a la forme, 1'amplitude et la duree. Une section
transverse exééuté dans le ﬁgme tissue abolirent temporairement la
4 N
transmission des reponses a la condition que la matiére blanche sous-
Jacente ou qu'une petite partie des couches superficielles demeurent
intacts,

' ) V2 N
Ces resultats et d'autres faits experimentaux portent a
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/ /
travers un reseau de groupes fonctionnels de neurones hautement organises;

. / . .
mais lorsque ce reseau local est interrompu une solution de rechange
s'offre, permettant la transmission de l'excitation. Une discussion com-—

R X 4
mente la signification d'un tel reseau.
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INTRODUCTION

This thesis presents some of the transmission characteristic;
of a unique response to direct electrical stimulation in isolated slabs
of cats' cerebral cortex. This response was first described in the in-
tact anaesthetizeé cortex of the rabbit and cat by Adrian in 1936 which
he called the "deep" or "surface-positive" response. The same or a
similar response was described in the isolated cerebral cortex of the
unanaesthetized cat by Burns in 1951 which he called the "burst res-
ponse to direct cortical stimulation” or the "surface-positive burst
response'", -

This project was originally undertaken to study the relation-
shipAbetween the passage of the positive wave at the4surface of the
cerebral cortex and the unit activity displayed by neurones deep within
the cortex. These neurones were believed to be mediators of the response
in question (Adrian, 1936; Burns, 1949, 1950,‘1951, 1958; Burns, Graf-
stein and Olszewski, 1957), Initially, experiments were conducted to
determine the threshold parameters of stimulation for the response in
preparations used in this laboratory. Unexpectedly first consideration
of the results of these early experiments suggested two important find-
ings not in agreement with the observations of previous investigators,
Firstly, it became apparent that there was a preferred direction of
transmission of the response in the slab of cerebral cortex, and
secondly, the transmission velocity of the response down the length of
the slab in either directioﬁ was not constant from point to point.
Further experiments were done to determine transmission pathways and
again the results were in conflict with currently-held views, The

results -also suggested that the transmission of the surface-positive
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burst response might normally best be served by a horizontally layered
organization of neuronal elements, but is not necessarily dependent
upon such an organization in all situations. Moreover, the results
suggested that the passage of the response was not by means of random
interaction bétween the constituent neurones. Rather it resulted

from interactions within an ordered system of neurones and consequently
gave rise to the consistent pattern of transmission observed. Finally,
experiments were conducted to study the original question of the rela-
tionship between unit activity and the passage of the surface-positive
wave.

.In this thesis will be presented the methods used to obtain
and analyze the experimental results which led to the above conclusions.
A system of interacting neurones possibly mediating transmission of the
surface-positive burst response under the conditions imposed by the
experimental design will be outlined. This system will be discussed
with reference to the findings presented in this thesis and to the work
of previous investigators. From the results of the experimental work
and from discussion of the model suggested in this thesis, certain in-
ferences will be made concerning the functional organization of thé cere-

bral cortex. These are presented in the final section of this thesis.
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HISTORICAL REVIEW

The main purpose of this review is to bring together the per-—
tinent work describing those experimental observations which have
defined the surface-positive burst response to direct cortical stimu-
lation as a distinct entity. The interpretation and significance of
previous observations will be considered, for the most part, in relation
to the discussion of findings presented in the RESULTS section of
this thesis. Some early studies will be presented briefly to underliné
their historical value and to give at least.some smallArecognition to
the ingenuity, experimental foresight and intuitive capabilities of
the early workers whose contributions have laid the foundation of
modern experimental neurophysiology.. It is probably Jjust as true in
Science, as in Politics that, '"those who cannot remeﬁber the past are
condemned to repeat it" (Santayana) and for this reason careful con-
sideration of previous work is a productive and useful labour on the
part of any investigator.

The nervous system is probably the most complex and yet least
understood physiological organization known, Much progress has been
" made in the elaboration of the mysteries of its peripheral divisions
but it has resistéd, on the whole man's inquiries into its central
domains, The most accessible and most studied central area, besides
the spinal cord, has been the cerebral cortex.

Among the Ancient Gfeeks,.Herophilos and Erasistratos (Brazier,
1959; Head, 1963) suspected the central function of the brain in the
nervous system and the role of nerves in sensation and move@ent. Never-

theless, these notions were lost among the anatomical and functional




doctrines of Aristotle and Galen that held scientific sway for so

many centuries (Brazier, 1959), By the 18th century, many of these
latter beliefs were being critically examined. In 1760, Haller con-
cluded from the results of mechanical and chemical irritation of the
brain that the cortex was insensitive to stimulation, movement and
sensation being focused in the white matter (Brazier, 1959). Convul-
sive movements in frogs after brain stimulation was reported by Fontana
in 1757 and by Caldani in 1784 (Brazier, 1959). By 1890 Rolando had
recorded similar results in piés, goats, sheeb, dogs and birds..
Flourens (1824) and Magendie (1825) supported Haller's views on the
inexcitability of the cerebral cortex, after having~failed in .their
attempts‘to reproduce Rolando's results (Brazier, 1959). Cabanis (1830)
provided positive evidence for the ekcitability of the cerebral cortex
when he provoked convulsive movements in muscle groups the location of
which depended on the cortical region irritated (Brazier, 1959).
Decisive proof of cortical excitability was derived from the work of
Fritsch and Hitzig (1870) who were able to map out the motor cortex of
the dog and monkey by electrical excitation (Adrian, 1939; Brazier,
1959; Pinsky, 1961). This evidence, along with Hﬁghlings Jackson's

and Broca's correlétions between clinical and pathological findings

in epilepsy and aphasia (Jackson, 1958; Head, 1963) greatly helped to
dispel the older ideas that the cerebral cortex waé inexcitable and

too highly organized to admit regional differences (Adrian, 1939).
Jackson's work led Ferrier (1873) to develop more'fuily the concept of
cortical excitability (Adrian, 1939; Brazier, 1959; Head, 1963)° Much
credit must go to Catoﬁ who in 1875, using Thompson's reflecting galvano-

meter was the first to record slow potential fluctuations from the exposed




cortex of the rabbit (Caton, 1875; Adrian, 1939; Brazier, 1959). Caton
also demonstrated that potential swings related to senscry stimulation
could be superimposed on the slow potential fluctuations of the cortex
and realized the significance of this for cerebral localization studies.
Unfortunately, both Jackson's and Caton's work received little attention
at the time despite their demonstration and discussion in front of prom-
inent audiences (Brazier, 1959). Jackson was accustomed to say, "It
generally takes é truth 25 years to become known in medicine" (Head,
1963) and it was probably no more true than in this instance. .Pranicz—
Neminski in 1925 (Adrian, 1939; Brazier, 1959) used a string galvano-
metef to record cﬁrregt changes from the exposea cortex in dogs and
found arregular fluctuation which persisted in the absence of movement
or sensory stimulation., He was able.to recognize two wave patterns
similar to those described later by Berger in man. He concluded from
his observations of spontaneous activity and response to stimuli that
cortical neurones have a ''special tendency towards periodic activity."
Later, Berger in 1929 was able to demonstrate this same tendency through
the unopened human skull (Adrian and Matthews, 1934; Brazier, 1959).
Berger established that the electrical.activity ariginated from neuronal
fissue and that it changed with a2ge, sensory stimulus and physicochemi-
cal alterations of the body. He was the first to-record from the exposed
human cortex and the first to record during a major epiléptic seizure
in man. The period which began with Berger's work was especially im-
portant to the deveiopment of neurophysiology as a discipline, Con-
cepts had changed_radic;lly — the idea of the inexcitability of the brain
had given way té recognition of its excitability by a variety of means;

electrical activity was now regarded as arising-in the cortex and not
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in the white mafter; supposedly simple wave forms recorded from.the
cortical surface were now realized to be highly complex; the effects of
a variety of pharmacological agents were recognized to have a modifying
influence on cortical activity.

New develépments in equipment at that time, such as the cat-
hode-ray tube and increaéingly sophisticated electronic amplifiers,
greatly aided development in this field. The contributions of many
workers put forth during that period were to define the direction of
research in this discipline for many years to comé. Among those who
deserve special mention for their greative and thqrough scilentific
endeavours and for the relevance of their work to the investigations
hresented in this thesis, are Bartley, (Bartley and Bishop, 1933a,
1933b) Bishop (Bartley and Bishop, loc.cit.; Bishop and O'Leary, 1936)
and Adrian (Adrian and Matthews, 1934; Adrian, 1936, 1939). It was
they who earnestly attacked the challenging quéstions'which had arisen
about cerebral cortical function, Typical of these questions were:

(1) what kind of activity is characterized by the wave-forms recorded
during spontaneous activity and those recorded after sénsory and
direct stimulation?; (2) where does this activity originaté, and what
function does the cortical cytoarchitecture play in the characteristics
obserwved?; and (3) how do action potentials of individual neurones
contribﬁte to the form of a particular respohse?

Bartley and Bishop (1933a, 1933b) recorded a specific series
of electrical waves from the optic cortex of lightly anaesthetized
rabbits after stimulation of the contralateral optic nerve. They
reasoned that the series of waves following a singlé stimulus reflec-

ted the activity of successive neurones along the visual pathway, perhaps
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even of successive layers of cortical cells, Later Bishop and O'Leary,
(1936)elaborated on the significance of the finél, lohg—lasting wave
recorded as positive at the cortical surface, This wave often had
superimposed upon it a series of monophasic or diphasic spikes, They
suggested that this main surface-positive wave resulted from the dis-
charge of both superficial and deep pyramidal cells. The work of
Bartley and Bishop (19335, 1933b) is notable in several respects: first,
this positive-going-wave, evoked sensorily has been considered by Burns
(Burns, 1951) as being similar to the positive résponse to direct éor-

| fical stimulation seen by both Adrian (Adrian, 1936) and by himself
(Burns, 1949, 1950); secondly, they infroduced a-va?iety of techniques,

-ﬁany of wﬁich were somewhat unsuccessful in their own. experiments, but
which have been used with modificatioﬁs subsequently by many investi-
gators (Rosenblueth and Cannoﬁ, 1942; Burns, 1950, 1951; Burns and
Grafstein, 1952; Grafstein and Sastry, 1957) in studying electrical
phencomena in the cerebral cortex, Bartley énd-Bishop.attempted for
examplé; fo record the surface response after direct cortical electri-~
cal stimulation but were generally unsuccessful in demonstrating any
specific activity. They were probablyrthe first fo attempt to isolate,
béth partiaily and whbliy, ﬁottiqns of_theléerebral corteg in an ef-
fort to 1ocalize'fﬁé oxigiq'sfvépdhtanequs cortical activity. They
introduced»thevtechﬁiQue of éﬁperfiéial transverse cortical cuts and,
in doing sd,_shéwed that théASpfead or qqhdu;tion of an 9voked.response
across the cut rggiqugould’be ébolished. Thése two workers recog;
nizédlseve?al’expéfimenfaljp?obléﬁsAwhiéhvwere £§ plégue investigators
forerafSQ(uThéy:ﬁééiiééd_#ﬂe}p?§5iéé bf ipﬁerpgefiﬁg’évoked responses.

superinposed on spontaneous activity, noting‘thaf_if the responses were . .
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small, they might be lost in the background activity. The variable ef-

fect of anaesthesia on portions of the evoked response was also men-
tioned by them as a complicating factor in analysis of results,

Probably the most definitive work on the response of the
cerebral cortex to direct stimulation was that of Adrian in 1936, Ear-
lier, Adrian and Matthews (1934) had studied the stimulating effect of
local injury to the rabbit and cat cerebral cortex. The characteristic
sequence of potential waves seen enabled ﬁhem to infer that there were
certain time relationships in neuronal activity, but this was at the
expense of using a rather drastic form of stimulation., The results
of Adrian's experiments.with direct electrical stimu}étion of the
rabbit, cat and monkey cerebral cortex were published in 1936 and
defined several speéific responses to thch all subsequent authors
refer. Until that time, most information concerning the reaction of
the cerebral cortex had come from observations on the-peripheral ef-
fects of motor area stimulation., ©Notable exceptions ﬁo this general-
ity were the experiments by Dusser de Barenne in 1936, (Adrian, 1939;
Burns, 1958) on the effects of thermocoagulation of different layers
of the cortex and the previously described work by;Bartley, Bishop and
O'Leary. The effects of sensory stimulation and cohvulsanf drugs on
the cortical potentials had also been investigated in a variety of ways
(Adrian, 1936).

Working ffom the premise that electrical changes in the cere-
bral cortex provide the most airect index of its activities, Adrian
(1936) stimulated the rabbit brain electrically ;nd récorded the

resulting responses at the cortical surface. He found that there were
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characteristically two types of response namely superficial and deep
depending on‘stimulus strength., The strength of a single shock re-
quired for thé development of the deep response (positive-going with
respect to the surface) was usually two to three times the threshold
strength for the sﬁperficial (or negative-going) response. The deep
response was resistant to the repeated stimulation or superficial
thermccoagulation that abolished the superficial response. From the
results obtained he concluded that the deep or surface-positi?e re-~
_ sponse was due to the formation of dipoles orienfated perpendicularly
to the cortical surface with their positive ends more superficially sit-
uated. He assuﬁed that on stimulation the bodies of the deeper pyra-
‘midal cells were activated directly while the slender apical part of the
cells remained inacfive or positive to the active or negative basal
portion, thus forming a relativel& positive region on the cortical sur-
face,

By using several recording electrodes, Adrian was able to show
that with each stimulus a wave of potential change spread out from the
stimulated point. The wave spread as a widening circle, and was approxi-
_mgtely uniform except in regions of local injury ér where ﬁhere had been
prolonged stimulation. This observation was the first indication that
local injury or fatigue may alter transmission of a propagated response,
Later, he stated that the wave front was séldom a perfect circle, and
in doing so, gave the first hint that the Velocity'of transmission of
such a propagated response was not constant from point to point., The
conduction velocity of this response over a 5 cm portion of cortex was
found to be around 25 cm/sec with a range of 5 to 66 cm/sec, Adrian

suggested aiso-that the velocity of the response may initially have
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been faster as it spread out from the stimulated point; that is, it
travelled over the cortex with a nonuniform velocity. Another pertin-
ent observation by Adrian which was to be verified in subsequent in-
vestigations was that a short pause in stimulation produced an immedi-
ate rise in velocity, and a failure of stimulus gllowed the next>wave
to travel much faster, In the same context, the velocity of transmission
declined with higher stimulus frequencies. He éxplained these observa-
tions by saying that because the wavesAtravelled slowly, the pathway
did not have sufficient time to recover, and that the rate of recovery
was diminished as stimulation continued. Rosenblueth and Cannon (1942)
also found that the spread of the deep response slowed with repetitive‘
stimulation, |

Anaesthetized animals were favoured initially beéause of the
reduction by the anaesthetic of background activity however, it was
fouﬁd that many responses were adversely affected by the presence of
a depressant agent. Anaesthetic-free p?eparations more closely
approached the physiological state, but spontaneous activity with its

attendant problems in interpretation also increased. In 1935, Bremer

_devised his now fgmous cerveauAisoléé preparation in cats, Traﬁsection
of'the brainstem at the midcollicular level served two purposes: firstly,
it eliminated a large amount of sensory input as a source of pofential
variations in cortical structures, and secondly, with the cutting of

the second afferent neuwrone fibres mediating the reception and appreci-
ation of somesthetic sensation, the animal could be used ethically
without continuing anaesthesia. After completion of this procedure the
only interpretive complicafions were those arising from the visual'and

olfactory activity and the widespread cortical, subcortical and thalamic




- 11 -~

interactions. This problem was solved to a large extent when Burns
(1949) and Kristiansen and Courtois (1949) working independently devel-
oped a technique for isolating a slab of cerebral cortex from all neur-
onal connections while leaving the blood supply intact through the pial
vessels. Thé complete neuronal isolation of a small portion—of cere-—
bral cortex was the logical outcome of numerous experiments to deter-
mine the contribution of wvarious brain structurés to surface cortical
activity.

There was considerable controversy over the question whether
thelspontaneous rhythmic activity of the cerebral cortex was an inher-
eﬁt propérty of that tissue or whether it depended upon the interac-
tion of the cortex and subcortical structures. Bremer (1949) favoured
the idea that the cortex had an inherént rhythmiec activity, and the
results gained by Kristiansen and Courtois (1949) in isolated cortical
slabs in lightly anaesihetized cats supported this view., The later
results of Ingvar (1955a) in isolated cortical slabs of unanaesthetized
curarized animals also supported Bremer's hypothesis. Henry and Sco-
ville (1952) and Echlin, Arnett and Zoll (1952) recorded burst activity,
or "paroxysmal high-voltage" discharges, from partially and completely
isolated portions of cerebral cortex in man, Bﬁrns found that isola-
tion of a section of cortex in chloralose-anaesthetized cats produced
an essentially "silent' slab (Buras, 1949, 1950, 1951). In some in=-
stances however, transient spontaneous activity did occur, and this,
he suggested, was due tb injury foci within the slab or else, was thé
result of the initial eleétrical stimulation, The spontaneous activity
in these cases disappeared-wifh time or could be abolished by thermo-~

coagulation or the application of procaine to the offending area if it
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could be found with exploring electrodes. Burns suggested that the
electrical silence was a reflection of the completeness of isolation
(Burns, 1950, 1951) whereas Kristiansen and Courtois (1949) proposed
that it was the result of adverse conditions arising during surgery.
Further comment on this aspect of cortical excitability will be found
in the RESULTS section.

Burns, in the years between 1949 and 1958 (Burns, 1949, 1950,
1951; Burns and Grafstein, 1952; Burns, Grafstein and Olszewski, 1957;
Burns, 1958) exploited the usefulness of the isolated cortical slab
preparation in characterizing several responses to direct cortical
stimulation. In his earliest studies using chloralose—anaesthetized
cats, Burns observed that when single stimuli of gradually increasing
strength reached a level greater than 60 to 70% of that required to
elicit the maximal surface~negative response, a second response ap-
peared. During this response, the surface area involved became posi-
tive with respect to the surrounding tissue (Burns, 1949, 1950). He

termed this event the surface-positive respohse and felt that it was

comparable to the deep response of Adrian (1936). The response was

characterized as a single wave of short duration, spreading from the
stimulated point, to involve the whole isolated area., This wave
spread in all directions without decrement and with a velocity of
about 15 cm/sec. At low frequencles of stimulation, the response
seemed independent of frequency and showed neither fatigue nor facili-
tation. The response appeared to be all-or-none in character, and
could be initiated by the summation of two subthreshold stimuli.
Recognizing the role that anaesthesia played in modifying cortical re-

sponses, Burns extended his earlier observations on the surface-
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positive response in chloralose-anaesthetized cats to unanaesthetized
cats whose brainstems had been transected (Burns, 1951) . Burns also
found that these unanaesthetized preparatibns were eleétrically in;
active without direct stimulation, and that the stimulué strength re-
quired to elicit the surface-positive response was only 30 to'35%
greater than that required for the maximal surfgce—negative response,
Many parameters were similar to those of the chloraloge-anaesthetized
slabs; for instance, the response was all-or-none and had a conduction
velocity of 10 to 20 cm/seg. One important difference, however, was
thaf in the anaesthetized preparation the surface-positive response
was a siﬁgle spreading wave of shkort duration while in the unanaesthe-
tized preparation the positive wave lasted for 0.5 to 5.0 sec and was
invariably accompanied by a complex discharge which ended with the end
of the positive wave, The form of this discharge suggested that it
was due to the repetitive, and alsc at times, synchronous discharge of
many cells, This synchronization wasvpresumed to have produced the
short periods cf almost sinusoidal potentials sometimes observed,
Burns termed the composite response, consisting of this oscillatory

phenomenon superimposed upon the general positivity, the surface-

positive burst respcnse, He observed that, with increasing levels of
anaesthesia the stimulus threshold required to elicit the surface-
positive burst response was raised and the duration and amplitude cof
the response reduced, but the velocity of spread was unchanged, Simi-
larly, with increasing anaesthesia the amplitude and magnitude of the
asynchronous discharge was.reduced but the frequency of thé repetitive
discharge was not affected, Full surgical anaesthesia abclished re-

sponse completely, The results relating to the use of anaesthetics
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were mimicked by reducing the oxygen supply to the. brain.,

Burns concluded from his results that the surf;ce—positive
burst response was transmitted in a single, deep lying, interconnected
layer of cells, Burns held that excitation of this layer resulted in
a prolonged,'asynchronous discharge of the constituent cells at a fre-
guency of 60 to 75/sec, This discharge, he postulated, was maintained
by self re-excitation of these cells within a’ciosed chain,

In 1952 Burns and Grafstein suggested that the surf;ce—nega—
tive response seemed to be very artificial and difficult to interpret;
however, they considered tﬁe surface-positive burst response to be a
cémponenﬁ of normal physiological activity, since its magnitude and
duration were more dependent upon local cortical conditions than upon
the nature cf the evoking stimulus, That a positive wave originating
deep in the cortex might be a more physiological reéponse had been
alluded to by other authors (Bartley and Bishop, 1933b; Adrian, 1936),
Spontaneous activity similar>to the burst response has been recordedA
from isolated cortex in cat, monkey, dog and man (Burns, 1951; Echlin,;
Arnett and Zoll, 1952; Henry and Scoville, 1952).‘ The investigations
-of Burns and Grafstein were designed to provide-more information about
the location and shape of neurones giving the two responses. They
divided the surface-positive burst response into a ''steady" component
and an‘oscillatory potential which have been described aboﬁe. Using
an electrode to probe beneath the surface of the cortex and a reference
electrode at an indifferent point, they measured the change in pcten-
tial with depth, and concluded that the active region producing the
steady component of the sufface—positive‘response was between 0.8

and 1.3 mm beneath the surface, They felt that these results tended
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to confirm Adrian's dipole hypothesis (Adrian, 1936),., By plotting the

mean peak—td—peak values of the oscillétory potentiéls bver a fixed
arbitrary time during the response, they found two maxima, one at or
very near the surface and one at a depth of 1,1 mm., At an intermediate
depth where the magnitude of the oscillatory potential was minimum,
Burns and Grafstein found that the steady potential changed polarity,
When the response was recorded with the reference electrode
on the brain's surface directly above the probing electrode,‘the
potential distributions of the two components were the same, They
reasoned from these observations that both components of the surface-

positive burst response were due to activity in the same population of

" neurones,

In other experiments, in which they made cuts of varying
depth into the cortex of the slab Burns and Grafstein found that the
surface-positive burst response passed all cuts made to a depth of
1.0 mm but would not pass a final cut‘of 1,25 mm, Very superficial
cuts decreased the transmission velocity of the surface-positive burst
response and cuts exceeding 0.5 mm often prevented spread of the re-
sponse for a minute or two., Cuts made from the uﬁderside'of the slab,
and which left a small portion of superficial cortex intaét, abolished
transmission of the response into the region beyond the cut, These
observations led them to conclude that the'superficial axonal connec-
tions of the deep cells which they believed to be carrying the re-
sponse were not sufficient to mediate transcortical spread,

The superficial application of procaine did not alter the
transmission of the response to remote areas of the slab, but at the

point of application both the surface-negative response and surface-




- 16 -
positive burst response decayed somewhat. The oscillatory portion of
the surface-positive burst response was more affected bylthe applica-
tion of the local anaesthetic. |

All this evidence enabled them to develop anridea of the mor-
phology of the neurones giving the surface—positive burst response,
They were conceived as having deep-lying cell bodies with dentritic
trees making synaptic connections laterally with similar cells, Burns
and Grafstein supposed them to have in addition radially running pro-
cesses almost reaching the cortical surface, This morphological pic-
ture was supported by observations of unit activity, By stimulating
at different depths the region with the lowest threshold to stimulation
was found to be slightiy below that where the peak in the potential
distribution of the steady component of the response was féund, or
about 1,7 mm beneath the surface. The cells so identified in these
expériments were named "type—B” neurones (Burns and Grafstein, 1952).
Burns (1951) had earlief assuméd that the surface-positive burst réi
sponsevoccurred only when superficial cells, believed to mediate the
surface-negative response, transmitted excitatory impulses to the type-
3 neurones Jjust described. Burns and Grafstein ruled out the necessity
of fhis intermediate step and postulated, that instead, the radially
orientated processes of type-B neurones could be excited directly by
surface stimulation.

Burns, Grafstein and Olszewski (1957) attempted to identify
histologically the so—called type—B neurones which had been prqposed:
as mediators of the surface-positive burst responsé, They were unsuc-
cessful in tﬁis endeavour bﬁt concluded, from the results of unit
activity; that the previously proposed picture of type-B reurones was

too simple. Their results suggested to them that the surface-positive
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burst response excited the largest neurones whose-cell bodies lay in
all cortical layers except layer 1 and the lower part of layer 6,
They classified the neurones identified into two functional groups:
(1) "primary" type-B neurones mediating the tangential spread of the
surface—posiéive burst response; and (2) "secondary' type-B ﬂeurones
which discharged during the burst resﬁonsé, but_did.not contribute to
the spread of activity., The evidence for primary type-B neurones had
been previously presented by Burns and Grafstein (1952). Evidence
gained from chronic isolation experiments (Burns,vGrafétein and
Olszewski, 1957; Grafstein and Sastry, 195%) indicated that the lar-
gést pyrémidal cells of layer 5 are not parf of the primary type-B
neurone population., The surface-positive burst response could, how-
ever, still be elicited from the chronic preparations. Burns et al
(1957) believed that the local surface-positive burst phenomenon seen
in chronic preparations was mediated by secondary type-B neurones
which were normally excited by the primary type-B neurones, They con-
cluded that there was a net of primary type-B neurone§ essential for
tangential transmission of excitation and that the primary neurones
could activate secondary type-B neurones the number of which depended
on the state of excitability of the latter,

In view of the important physiological mechanisms suggested
by Burns and his colleagues, it is surprising that most subsequent
studies involving the surface-positive burst response have tended to
use this response as an indication of cortical viability and have not
considered it for its own pgrticular physiological significance
(Frank and Sanders,'l963; Pinsky and Gabél, 1954; Sanders and Pinsky,

1964, 1967; Frank and Pinsky, 1966).
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At various times in history, certain areas of study have
been emphasiied at the expense of what are probably equally deserving
fields of endeavour, The study of the individual responses to corti-
cal stimulatipn have not received their share of investigation. Examin-
ation of such responses was almost technically impossible priér to 1930.
During the 1930's they received intense consideration from a select
group of investigators only to be put aside for a period while more
general fields such as behavioural psychology received greater atten-
tion, At this same time, neurohistology and peripheral nerve physiology
were providing food for the investigative appetites of talented workers.
Recognitién in the 1950's of the significance of these comparatively
simple responses as a basis of the more complex brain functions led
to the present day situation where there now exists a better balance
between fields of interest,

In conclusion, an attempt has been made to present chrono-
logically investigations leading to the development of several concepts,
the consideration of which initiated this study., Common to these in-~
vestigations are the recognition and characterization of a specific,
directly evoked response from the cerebral cortex, namely the surface-
positive burst response. Some hypotheses regarding their possible
functional significance have been briefly included, Interpretation of
these investigations in greater detail has been left more appropriately
to the DISCUSSION section of this thesis. The development of various

experimental techniques has also been presented,




EXPERIMENTAL METHODS
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EXPERIMENTAL METHODS
(1) PREPARATION OF NEURONALLY ISOLATED SLABS
OF CEREBRAL CORTEX

a.,) ACUTE PREPARATIONS

Anaesthesia:

Cats of either sex, weighing between 1,5 and 4.5 kg were used,
The animal was placed in a closed wooden box which had a glass observa-
- tion door. Anaesthesia was induced by placing a cotton wool pad-soaked
with ether (diethylether, Squibb) on a wire screen which connected a
separate upper compartment to the rest of the boﬁ. ‘Surgical anaesthesia
was evidenced in the animal by unconsciousness, moderate skeletal
muscle relaxation, and sluggishness or absence of the corneal reflex.
The anaesthetized cat was transferred to the operating table and
secured on its back. A cone—shéped mask, covéred with linen and con-
taining an ether-soaked pad, was held over the cat's nose and mouth
to maintain anaesthesia.

Tracheostomy and Venous Cannulation:

The trachea was exposed by a vertical midline incision and
then cannulated via an oblique anterior slit through the second tracheal
ring. The brass cannula was secured by tying a piece of heavy string
around this portion of the trachea and then was connected by a ten-inch
length of rubber tube to a variable bypass ether bottle. An air intake
was provided at the cannula in addition to that at the ether bottle to
reduce the dead space contributed by the tube. The level of énaesthesia

could be maintained by adjustment of the ether bottle bypass valve,
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The right or left femoral vein was cannulated to provide a
route fof fluid and drug administration as required.. In some early
experiments, a femoral arterial cannula was also inserted to monitor
blood pressure during the course of the preparation and the experiment.
This procedure was discontinued in later experiments because of circula-
tory complications arising from the use of the anticoagulant. After
these initial procedures, the cat was turned over and its head clamped
in a Czermak holder (Palmer); the holder being adjusted to maintain the
vertex of the skull about 20 cm above the surface of the table.

Superficial Skull Exposure:

A long midline scalp incision was made'and'the scalp freed
from the temporalis, lévator auris longis, and intérmedius scutulorum
muscles on both sides by blunt dissection of the interposing fascia.
The levator auris longis, the intermedius scutulorum and the scalp and
ear blood vessels contained in their bundle Were then clamped, cut and
ligated, freeing the scalp completely from the lateral aspects of the
temporalis muscle down to the level of the medial asgect of the exter-
nal auditory canal., A raspatory was then used to scrape the temporalis
muscles from their origins to the point where the? pass between the
zygomatic arch and the temporal bone. The branches of the external caro~
tid arteries supplying these muscles were found, clamped, cut and ligated,
The temporalis muscles were then clamped and cut at the superior border
of the zygomatic arch. Care in tying major arteries early in the pre-
paration congiderably reduced the incidence of bleeding once the animal
had been moved‘to the recording table. One piece of temporalis muscle
was séved and kept moist with physiological saline between several layers

of gauze for future hemostatic use during the experiment.
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Decerebration:

A #8 dental burr was used to make a rectangular hole, 12 mm
by 4 mm‘in the left lateral wall of the cerebellar fossa., Its posterior
margin was 3 mm anterior to the lambdoid ridge, its anterior margin was
immediately posterior to the junction of the bony tentorium cerebelli
and its superior margin 10 mm inferior to the midline prominence formed
by the sagittal crest (Figure 1). Bleeding from the bone at this
point and during the major craniectomies which followed was- controlled
by pressing bone wax (beeswax with 1% phenol) into the bony Vasculér
sinuses. A slit was made into the dura overlying the left cerebellar
hemisphere down the long axis of the cerebellar fossa craniectomy, allow-
ing a qﬁantity of cerébrospinal fluid to escépe. A wire-loop electro-
cautery knife (Figure 2) was then péssed into the space between the
dura and cerebellum, and while being pressed tightly against the bony
tentorium cerebelli, was pushed through the_superior portion of the
brainstem as it traverses the tentorial opening. The knife was then
pressed inferiorly and withdrawn, care being taken not to drag the
knife forcibly across the base of the skuli and so not to compromise
the basilar artery. Subsequent autopsies of caté whose brainstems had
‘been transected in this manner showed the cut to be pointed somewhat
obliquely through the midbrain at the level of the superior ccllicﬁli
and to be essentially complete.‘ On occasion, the tip of the knife
passed iﬁto the medial substance éf the contralateral cerebral hemis-
phere. It was found that this method gave as complete transection of
the brainstem as other methods previously emplbyed and did not comprom-
ise the blood supply at the base of the brain. Most importantly, this

method allowed anaesthesia to be discontinueéd at an early stage of pre-
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paration, Another desirable outcomé‘of this procedure was that the
animal usually stopped respiring at this point, vThis provided an
opportunity to control its respiration rate and volume by means of a
Palmer respiration pump attached to the tracheal cannula by a short
length of rubber tubing. |

Craniectomies:

A piece of temporoparietal bone, one cm square, was remcved
Just anterior to its junction with the interparietal bone by means of a
dental burr, The area was continually irrigated with warmed physio;
’ logical saline to prevent air from entering the vascular sinuses before
they could be packed with bone wax and to clear the operative area of
“bone chips. | | |

Most of the parietal bone err both hemispheres was removed
with bone rongeurs, as fap posterior as the tentorium cerebelli, Large
sections of the frontal bones were removed as far forward as the frontal
sinuses; the superior portions of the temporal bones were taken away
almost to the level of the temporal zygomatic processes, The parietal
bones were usually removed across the midline, Any bleeding from the
sagittal sinus due to injury or severance of commuﬁicating,veins was con-
trolled by direct ligature, by oversewing of a piece of muscle after
durectomy, or by electrocautery. The dura was removed extensively with
scissors after a small slit had been opened in it over the postero-
inferior portion of the lateral surface of the cerebral hemisphere. Any
vascular attachments, particularly those along the sulcus forming the
inferior border of the suprasylvian gyrus, were électrocauterized. The
exposed pia was kept moist by continuous irrigation. with warmed physio-

logical saline. The wide exposure of the cerebral hemispheres served
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two useful purposes. It allowed mofe manoeuvrability to cut larger and
longer slabs in the suprasylvian gyrus and reduced the problem of cere-
bral swelling sometimes encountered during the experiments. In this way
there were no bony edges, most importantly along the superior margins,

to compromise the pial vasculature if the brain did swell.

Neuronal Isolation:

A sléb of cerebral cortex was isolated in both suprasylvian
gyri by a slight modification of Burns' method (Burns, 1951). A blood-
less area of the pial surface, approximately 5 mm square, was made b§
-electrocauterization of the posterior end, or sometimes both the anter-
ior and posterior ends, of both suprasylvian gyril Care was taken to
.ensure that the electrocautery did not infringe on £h§ central straight
part of the gyrus. The brain substanée under the cauterized areas was
then removed by suction through a tapered glass tube until a connection
with the lateral ventricle was effected. The connections to the ventri-
cles allowed cerebrospinal fluid and blood accumulated after the decere;
bration to drain out and further reduce the possibility of brain swell-
ing.

A composite knife (Figure 3) was then infroduced into the pos-
térior sink hole and gently pressed anteriorly, the prong being kept just
visible beneath the pial surface, and the flat blade kept as parallel as
possible to the pial surface. When the anterior ventricular opening had
been reached, or when sufficient distance had been traversed down the
length of the slabp the knifeiwas removed aiong its origingl path and
~another knife (Figure 4) was passed along the reﬁaining uncut margin in
the long axis. In thosé cases where‘no anterior sink hble was made the

anterior end of the slab was completed by the passage.of the knife down
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the original medial cut, then by the movement of the prong across the
uncut end portion and finally by the withdrawl of the knife along the
original lateral track. This procedure left the slab essentially neur-
onally isolated while leaving its blood supply, derived wholly from the
descending pial vessels, intact. The amount of viable tissue gained in
this manner was never less than 20 mm in length and 4 mm in width and
depth. Histological preparations of slaks showed the isolation to be
essentially complete in most slabs cut, with a cortex: slab deépth ratio
of seldom less than 1:2. Following isolation of slabs in both hemi—'
>spheres the exposed cortex was temporarily covered with saline-soaked
cotton wool and the animal transferred to the recérdihg table.

Over the period in which results were colleqted for this
thesis, about 25% of the cats for use in acute experiments died, either
on the operating table or before supplying useful records. Brock (1967)
suggested that the chances of survival were much increased if the totall
time of anaesthesia was reduced and it was felt that an early decere-
bration minimized this time in our experiments. A total time of approxi-
mately fifteen minutes elapsed from induction of anaesthesia to trans-
ection of the brainstem and hence termination of aﬁaesthesia. Almost
ail those animals which survived the procedures prior to eiectrical re-

cording remained viable preparations for up to 24 hours,

b.) CHRONIC PREPARATIONS
Cats of either sex weighing between 2 and 5.5 kg were used.
Anaesthesia was induced by the injection of pentobarbitone sodium
(British Drug House) 35 mg/Kg intraperitoneally. The cat's head was
loosely held in a Czermak holder to avoid compromising the respiratory

tract and to prevent injury to the head. The hair over the scalp was’

-
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closely clipped and a moderately long midline incision made. The left
lateral temporalis muscle was reflected laterally with a raspatory but
not dissected from the scalp. An area of parietal bone over and around )
the supras&lvian gyrus was removed with a dental burr and bone rongeurs.
The dura was refleqted from above downwards; its blood supply, via the
middle meningeal artery, was left essentially intact. A posterior
drain hole was made and the slab was then cut in a manner similar to
that described in the acute preparation. The dura was closed with a
single continuous 6-0 polyester fibre suture (Mergiline, Ethicon).

‘'The temporalis muscle was returned to its original position and its
superior fascia sutured across the midline to the fasecia of the right
temporalis muscle, Neoéporin(R) (Burroughs—Wellcomej was sprayed into
the open wound at this time. The skin edges were appréximated and the
incision closed with several Michel wound clips,

These chronic isolation procedures were done with clean but
not sterile technique. The animals were kept in separate cages on the
laboratory floor until well recovered, usually a perioa of 3-4 days.

If it was felt necessary, that is, if there were signs of infection,
tetracycline HCl1 (Tetrex, Bristol) 250 mg intramuschlarly,vor penicil-
lih G (Duracillin, Lilly), 400,000 units intramuscularly, was adminis—
tered daily for 3-5 days. Upon returning to the preoperative level of
activity, the cats were admitted to a separate chronic colony in the
main animal house. One week after operation, the Michel wéund clips
were removed and the animal given feline distemper vaccine (Allotab,
Haver-lLockhart) . These animals were keptvfor a period of 3-18 months
before use. Generally their weights increased by lQ—ZO%Adﬁring that

time.




- 96 -

Reexposure 2£ Chronically Isolated Slabs for Experiments:

Reexposure of the chronically isolated slabs were initiated
in a manner similar to that described for acute exﬁeriments. Ether was
used as an anaesthetic, tracheostomy was performed, and decerebration
accomplished before the major craniectomies, The intact side was first
stripped of its temporalis muscle and a wide craniectomy performed 6n
that side, The temporalis muscle over the chronic slab was then dis-
sected from the bone and dura with which it had formed adhesions. A
postero-inferior triangle of bone was removed from the parietal area on
the chronic side and a wide craniectomy performed with rongeurs to en-
circle the area of the slab. The dura was removed first from the
chronic sidé and then ffom the opposite hemisphere. The adhesions
whiéh had formed between pia and dura along the suture line on the
chronic side demanded slow and careful dissection around the area. An
acute slab was then cut in the suprasylvian gyrus of the intact side.
The drain hole of the chronic slab was not reopened nor was the slab
recut.

The dimensions of the chronically isolated slabs were gener-
-ally somewhat smaller than the acutely isolated slabs due initially to
less manoeuvrability during cutting and eventually, to éhrinkage as-
sociated with gliosis (Weisman, Gorchynski and Pinsky, 1967)., The over-

all survival rate of chronic animals was about 60%.

(2) PREPAgATION_FOR RECORDING
After the cat was transferred to the recording table, the
edges of the scalp incision were tied to a steel rod bent in a circle
of 12 cm diameter, supported in the longitudinal plane by the same

stand as that supporting the Czermak holder clamped to the cat's head.
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This formed a well over the exposed cortical substance and skull into
which was placed warmed mineral oil. The mineral oil pool was kept at
35°%c by means of a resistance wire coil connected to a 12-volt DC source,
or by directing a heating lamp towards the oil surface and switching it
on intermittently as necessary. In some experiments, the oil tempera—
ture was varied from 31OC to 37°C; this variation did not seem to affect
the parameters of the response being measured,

The cat lay on a perforated metal box into which warmed air
was blown through a duct from a heater located outside the recording
cage which surrpunded the recording table. The heater operation was
regulated by body temperature variations detected by a thermistor probe
inserted in the cat's rectum. Rectal temperature was maintained at

36.5°C throughout the experiment,

(3) STIMULATION AND RECORDING
a.) STIMULATION
In all experiments the stimulation necessary to elicit a sur-
face-positive burst response was obtained from Tektronixz 160-geries
”pulse and waveform generators. A 1:1 transformer (Hammond 835) was used
to isolate stimulus current from ground, The stimﬁlus was appiied to
the cortex through bipolar platinum-10% iridium electrodes placed at one
or both ends of the slab., These electrodes and the recording electrodes
were connected to a switching panel so that a partipular directional
array could be selected (Figure 5). The measured responses were pro-
duced'with stimulus duration and amplitude get at 2 to 5X threshold for
the response as determined initially in the experiment. The interstimu-

lus interval was kept so that there was little or no tendency to in-
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crease any spontaneous activity that might have been present; this was
usually 10 to 15 seconds. (For further comments on stimulus parameters,
éee RESULTS). Stimulation of the isolated cortex was performed first
from one end of the slab and then from the other in groups of 20-100

repetitions, ’

b.) RECORDING ELECTRODES

Surface Electrodes:

Electrodes used to record surface potential changes were
either of the following types: (1) Monopolar nonpolarizable silk wicks,
embedded in 1% agar gel in 0.9%'saline, contained within but projecting
from the £ip of distally bent tapered glass tubes., Chlorided silver
wire leads were thrust into the saline-agar gel at the wide end of the
glass tube to make electrical commnection between these electrodes and
the ‘recording apparatus; or (2) Chlorided silver wire electrodesg, 0.4
mm diameter, mounted in a glass shaft and beaded at the end which rested
on the cortical surface, Each electrodé had a‘fine Wire lead connecting
it to the recording apparatus.

Deep Recording Electrodes and Electrodes for Recording Unit Activity:

Glass micropipettes of 50y barrel diameter, 1y to By tip
diameter, and 150-900 kilohm tip resistance, were used to record extra-
cellular potentials from single cells and from the mass activity of many
neurones, These electrodes were filled with 9/10—saturated sodium chlo-
ride. A chlorided silver wire lead was inserted in the end which was
sealed with bone wax to prevent evaporation and salt crystallization,

- Contact with the recording apparatus was made via a lead from the éhlor-

ided silver wire.
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c.) TYPES OF RECORDING

Surface Potentials EE Acute Experiments:

To minimize slight movements of the brain due to respiration,
an unilateral or bilateral pneumothorax was produced by an incision
through the 4th, 5th, or 6th intercostal space, the ribs being spread
by means of a self-retaining rib retractor. To minimize decerebrate
spasms, and since respiration was always maintained artifically once
decerebration had been completed, gallamine triethiodide (Flaxedil,
Poulenc) 2 to 5 mg/kg intravenously was routinely administered every
1 to 13 hours.

Surface potentials were recorded using either of the two
types of electrodes previously described. In the early experiments
only two recording electrodes were used. One was leff between the
poles of the stimulating electrode and the second was moved to differ-—
ent distances from the stimulating electrode. The stimulating electrode
was moved to either end of the slab so that recordings in both directions
at the different distances could be taken. In all later experiments four

-recording electrodes were used, arranged in a regularly spaced linear
array down the length of the slab, with a pair of stimulating electrodes
at each end of the slab. There was a recording electrodg placed between
the poles of each stimulating electrode with the remaining two recording
electrodes spaced equally down the length of the slab. This placement
of electrodes effectively divided the slab into thfeé interelectrode
zones (Figure 5). Fine positioning was achieved by mounting the record-
ing electrodes in a flexible arm attached to a Prior manipulgtor° A
silk wick electrode similar to that described for recording surface

potentials was placed on a piece of periosteum~free bone and served as
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the indifferent or reference electrode for the recording system,

The cat, the electrodes and the amplifier probes were sup-
ported in a shielded enclosure cn a grounded recording table. The cat
was grounded by way of a saline-soaked cotton pledget inserted between
its tongue and the tooth bar of the Czermak head holder. All experi-
ments were performed in a specially corstructed shielded room to mini-~
mize electrical interference from the 60-cycle power line and other
stray electromagnetic fields.

Signals from all surface recording electrodes were led into
- a switching panel and from there into the differential cathode follower
inputs of direct-courled preamplifiers (Grass P6). Each preamplifier
~output was direct—coupléd to an operatioral amplifiér (Philbrick P35AU
or P65AU), This permitted the amplified signal level fo be adjusted
for proper operation of a 4-channel frequency-modulated magnetic tape
recorder. The cuput of each channel of the tgpe recorder was monitored
during the experiment on a 4-beam oscilloscope system (Tektronix Type
CA dual~trace units connected to a Tektronix 502A osciiloscépe).

A 4-channel inkwriting polygraph (Grass 5B) was direct-
coupled in parellel with the inputs of the fape recorder, The pen-
writer record served as a means to evaluate rapidly trends in the re-
sponse parameters being examined during the experiment and to monitor
some aspects of the physiological state of the cortical tissue., The
game record also served as a convenient experimental log (Figure é).

Surface Potentials in Chronic Experiments:

The rlacement of recording and stimulafing electrodes was
essentially the same as in the acute experiments except that the re-

cording electrodes often were placed closer together and moved down the
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length of the slabk almcst as a unit. The recording system was identical
with that used in the acute studies.

Unit Activity in Acute Experiments:

Glass micropipettes were mounted in a specially constructed
variable hydraulic bipiston micromanipulator (Burns, 1961) attached to
a Prior manipulator, Gross pogitioning of the micropipette, including
the approach of the tip to the pial surface of the glab was achieved
with the Prior manipulator. The glass micropipette was driven perpen-
dicularly through the pia by the hydraulic micromanipulator. The point
at which the tip of the glass micropipette was seen just to touch the
p%al surface on entry was taken as one zero point and compared with the
point at which electrical ccntact was broken between electrode and
brain on withdrawal. These two points were found to differ on occasion
because the micropipette had pushed the pia somewhat downward during
penetration and because at times there were some small fluctuations in
brain volume, It was decided to accept the withdrawal figure as the
most accurate in cases showing large differences., Occasionally a small
.amount of subpial bleeding acccmpanied the penetration of the glass
micropipette but it was not a complicating factor. The’micropipette was
moved up and down in the cortex by means of the hydréulic micromanipula-
tor, and recordings of unit and mass activity taken at a variety of
depths, A silk wick or chlorided silver wire electrode was placed on
the pia just to one side of the point of penetration of the glass
micropipette to record surface potential changes over the deep area
being investigated. A silk wick electrode place& on a piece of pério—
steum-free bone served as an indifferent electrode. Signals from the

surface electrode were handled in the manner previously described for




- 32 -
surface recording, Signals from the micropipettes were led into the
differential cathode follower input of a direct coupled preamplifier,
Parallel outputs from the operational amplifier were connected to the
second input of the frequency-mcdulated tape recorder and to a channel
of the inkwriting polygraph, The operational amplifier output was
gbupled also through a variable time constant (0.5-2.0 msec) to a second
operational amplifier, The output of the secoﬁd operational amplifier
was connected to the input of a gated loudspeaker for auditory moni-
toring and to the input of one fecording channel on the tape recorder.
This tape channel recorded the firing of cortical cells. Amplified -
signals from the sﬁrface electrode were stored on another channel of
the tape recorder and on the second channel of the inkwriting polygraph.
Unit activity on the output of the fifst channel of the tape recorder
was monitored on the upper beam of an oscilloscope (Tektronix 502),

The output of the second and third tape channels Wefe monitored oﬁ the
lower beam of the same oscilloscope after being passed through a dual

trace preamplifier (Tektronix Type CA) (Figure 7).

(4) TRANSVERSE CUTS
Transverse cuts Were made to variable depths of cortical tis-
sue and white matter in several slabs to determine the effect,'if any,
on the transmission characteristics of the surface-positive burst re-
sponse., These cuts were made through superficial or deep approaches.

Deep Approach:

A specially-constructed knife similar to that shown in Figure
4 but with shorter prongs of variable length was inserted through‘the

posterior sink hole and advanced'along one of the isolation cuts in the
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long axis to the point where the transverse cut was to be made. The
instrument was then drawn transversely across the under surface of the
slab until its prong reached the opposite longitudinal cut; it was
then withdrawn along that cut., Cuts through the white matter and
through variable depths of cortical substance were later confirmed
histologically.

Superficial Approach:

Cuts were made directly into the cortical substance by either
one of two procedures., In the first of these, a specially sharpened
#11 scalpel blade with a defth gauge attached was dragged transversely
acfoss the surface of the slab., This procedure produced considerable
piai bleeding at times but in most instances the bleeding stopped soon
after cutting, With the alternative fechnique, a small sink hole or
stab wound was made outside the slab area but in the same gyrus at the
point where the transverse cut was to be made, A flattened piece of
stainless steel wire of an appropriate depth was then slid through
the stab wound, beneath the pial surface of the slab but in contact
with it, and advanced across the slab and into the intact tissue on the
opposite side of the gyrus. The knife was then withdrawn. The second
method considerably reduced the incidence of bleeding and left the
pial surface intact, Depth and extent of the cuts were verified his-
tologically in most instances. Responses were recorded before and at

various times after the transverse cuts were made,

(5) APPLICATION OF TETRODOTOXIN
Saline-soaked filter paper strips, 1 mm by 5 mm, were placed
gently at right angles to the long axis of the slab between the middle

two recording electrodes of a four-electrode array. Responses were
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recorded before and after this procedure to test for any effect., The
saline-soaked filter paper strip was then removed and replaced with a
similar filter paper strip soaked in a solution of tetrodotoxin 5pg/ml
(Sankyo, Tokyo). Responses to stimulation were then recorded at various
intervals to'determine the effect of the drug upon the transmission
characteristics of the surface-positive burst response, After a vari-
able interval the tetrodotoxin-soaked filter paber strip was removed

and more responses recorded to determine the post-drug effect,

(6) TERMINATION OF THE EXPERIMENT
At the end of the experiment, the cats were killed by dis-
connecting them from the respiration pump and injecting intravenously

a large dose of sodium pentobarbitone,

(7) HISTOLOGICAL STUDIES
As soon as the cats were dead, large blocks of brain tissue
wholly encompassing the slabs previously cut were removed and immedi-
ately placed in Osmic acid-Potagsium permanganate fixative prior to
being stained by a modified Golgi method (Weisman, Gorchynski, and
Pinsky,1967). The bldcks were later sectioned, mounted, and studied
to determine the thoroughness of isolation and the extent of the trans-

verse cuts.
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Freure 2
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FIGURE 3

SLAB UNDERCUTTING KNIFE

HANDLE : 74’ BRASS TURE

BLADE :SHAPED RAZOR BLADE

t
SIDE DEPTH GRUGE : V32" STAINLESS
,‘__><)¢_x' STEEL WIRE , LEADING EDGE CONTOURED




- 38 -

END CUTTING KNIFE

LEADING EDGE

v ——\>AQ<—-—-V !

v—7Q&—v'

MAJOR DIMENSIONS
SAME FOR BOTH KNIVES

Ficure Y
35 MM
K -
I
Ty ’]‘ % __%}:;g_ ) 'iemm
20MM X - mmm—os -

LEADING EDGE

SIDE CUTTING KNIFE

HANDLE : ¥/ ACRYLIC ROD
BLADES: /32" STAINLESS
STEEL WIRE, LEADING
EDGES CONTOURED




PULSE
GENERATOR

I
1
|
[
!
i
1
1
l
I .
FROM :
I
!
|
!
I
|
l
l

~
|
|
|
l
|

ISOLATED SLAB

|
{ i
{
{
{

Fieure S

ELECTRODE SWITCHING DETAIL

CATHODE FOLLOWERS

g

&x{:‘
Q }
7
[ e e e e e e e ————
Og—

—— g — — . o

—— i ——— p— —— — a——

e e e e
ul
7T\
Ny

—O
—0

——> DCA

—0
—0

—b DCA

DCA = DIRECT-COUPLED ARMPLIFIER

o%\o ' 2 ll’
4 |
ZONE | ; I
|
|
2 I
T
2 | ln
ZONE 2 ! I
[
l

—0
—O

o——> DA

S

—0
—0

o-——>DCHAH

~

I= INDIFFERENT ELECTRODE



I—-MRNUF!L TRIGGER

" | Fioure 6

WAVE—~ |
cESE | |powe
“aton © guppw PREPULSE LN SURFACE RECORDING
TO MIXER ‘2’ N STIMULATING AND
7./\_.' O R PREPULSE CIRCUITRY
DIRECT- OPERATIONAL 32 T
LSE © OpULSE O E
?;Léur-:nz—- eemsn— COUPLED AMPLLIFIERS L R
CATOR o {1 o-RTOR PREAMPLI FIERS °
l\ﬂ\ m\ 5
o) ! ) L]
| 01 o9 |9 opdia-
DS \)T B
e
. FOR |} Ir ,E A CRO
| swiTeH O =
l 2‘ o m ) \ Q 5 1
O AND o og © S 8] ol y £ P OchanI N
' D ] 0 O o IKe; O
s [ 3 R :
- % é uanz
: U E o O o O 09 O—> 1.0 (o, o O —©
|f=|c, R Ov—ll 1o =7 3,
! _
| R )
l. RS o, O
Y-
b - © o o o o o ﬁ%
.o
T = INDIFFERENT [1
ELECTROOE DIRECT-COUPLED PREAMPLIFIERS
M= MIXER CIRCUIT & o) ALL WITH CATHODE FOLLOWER
INPUT POWER POWE R I NPOT

SUPPLY SuerLy




FIGURE 7

UNIT ACTIVITY RECORDING CltRCUITRY

GATED LOUDSPEAKER

B mldede °

| 1, TO MIXER k

: | r © o o

| FOR |' ) cnR 0 on

:SWMULUSI———~ 0-5-20 , CBO

|PRE PULSE; DIRECT- COUPLED M SEC N .

| aND | 58 PREAMPLIFIER ©

Isuwntening

peTAIL | [ ICRO" o Tape

! ! lewecTrod oa ot 12 5

! | — °- on © ¢ o o N
IFIGURES, | S a
| SANDG | C\ 8 '
| | O g ©

} | o6 O 0= O 23

: | ISOLATED O—4 onR

| SLAD \

! | D/ / © o

| .

| Lo bz &4

! - T 1 Cf ) 2

! |

! I . é e} BEAM

I ' POWIER POWE R , '

|  E— o SPLITTER

| | S0PPLY SUPPLY ,
L] PEN T= INDIFFERENT ELECTRODE

WRITER! OA=OPERATIONAL AMDLIEIER
DCPRE(—\MPLQFIERS{ ALL wiTH 2,
CATHODE FOLLOWER, INPUTS




RESULTS




- 42 -

RESULTS
(1) ANALYSIS OF STORED INFORMATION
The data that were collected and stored on magnetic tape

during the experiments were analyzed in the following ways:

a.) MEASUREMENT OF SURFACE ACTIVITY

Photographic Method:

In the earliest experiments, two recording electrodes were
used. The two channels of stored information were displayed continu-
ously on a Tektronix 502A ogcilloscope whose time base was kept station-
arf. Ar 6scillographic'camera (Shackman, AC/25) was loaded with blue-
sensitive high-contrast film (1inograph Ortho, Gray base, quak) and
placed with its shutter open in front éf the oscilloscope face. The
film in the camera was moved at an appropriate speed past the horizon-
tally stationary spot.

The photographic record displayed both the stimulus artifact
and the entire surface-positive burst response.

The stimulus artifact was used as the point of zero time in
measuring the transmission delay of the response (Figure 8a). The onset
of the surface-positive burst response was taken és the end of the trans-
mission delay. This onset was usually abrupt enough that there was no
difficulty in determining the end of the delay period. 1In those in-
stances where the onset was more gradual, an objective sét of criteria
was established to deterﬁine an end point value. These criteria,
visually.represented in Figure 8b, were applied in the following way:

An angle was formed by Fhe iﬁtersection of a line projected along the

horizontal axis of the trace and a line projected along the segment of




- 43 -
steepest slope of the earliest part of the responée. This angle was
bisected and the onset of the response was taken as that point where
the projection of the bisector crossed the axis of the trace.

Storage Oscilloscope Method:

in latér experiments, a much simpler, more convenient method
of displaying the responses for analysis was employed. In these experi-
ments, four recording electrodes were used. Responses at all four re-
cording electrodes were displayed simultaneously on a four-trace stor-
age oscilloscope, (Tektronix Type RM 564) and measurements of trans-
mission delays were made directly from the face of the oscilloscope
with an -accuracy of + 10 msec,

As shown inAFigure 6, the waveform generator drove two pulse
generators, one providing the stimulus and the second delivering a pre-~
pulse to the input of a mixer in the operational amplifier circuit,

By manual triggering of the waveform generator, a sawtooth waveform

of 100 msec duration was_delivered to poth pulse generators. The second
prepulse generator gave a prepulse of 5 msec duration, 5 msec after the
onset of the sawtooth waveform, The first pulse generator delivered
.the.stimulus pu1§e to the experimental preparation 60 msec after the
onéet of the sawtooth waveform. The prepulse served to trigger the
storage oscilloscope when the responses stored on the magnetic tape

were later reproduced for study. The interval between the prepulse

and the stimulus pulse allowed for easy and unmistakable recognition

of the stimulus artifact,

This storage oscilloscope method resulted in a display of
the responses similar to that achieved with the photographic hethod.

Measurements of transmission delays were made easily from this dis-
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play using the criteria described above.
The measurements qf the transmission delays and the distances
traversed by the responses constituted the majority of the raw data

studied.

b.) MEASUREMENT OF DEEP ACTIVITY

The deep activity was recorded with a microelectrode. The
signal from the microelectrode was recorded through a CR network of
variable time constant to give unit spike activity and simuitaneously
direct-coupled to give deep mass activity. The unit spike activity was
interpreted as a brief potential change representing the action poten-
tial of excitable cells. Deep mass activity waé qdﬁsidered to be the
‘potentiél changes in the field surrounding a group of excitable cells,
and resulting from the sum of their éctivity.

The information contained on the magnetic tapes was displayed
on a Tektronix 502A oscilloscope in a manner similar to that used for
monitoring the tape recorder output (see METHODS and Figure 7). The
rapidly rising phase of each spike was intensified on the oscilloscope
screen by means of a differentiating network connected between the ver-
tical deflection amplifier and the intensity gria of the cathode=-ray
.tube. The prepulse triggered a single sweep of the osciiloscope whose
trace was recorded on a siqgle frame of film exposed to the oscillo-
scope facé, Unit spike activity and deep mass activity were compared
with the surface-positive burst response on the photographic records.

Information of a similar nature but with much less resolution for spikes

was also gained by displaying the responses on a storage oscilloscope.
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(2) STATISTICAL ANALYSIS

The slab was divided arbitrarily into three interelectrode
zones by the placement of the recording electrodes (Figure 5)., The
transmission delays of a series of responses, after stimulation from
either end bf the slab, were measured and their means and standard errors
calculated. As well, the transmission delay across each interelectrode
zone, in either direction, was obtained by suBtractionu For example,
when stimulation originated at the anterior end of the slab, the value
for transmission delay between electrode 2 and electrode 3 was deter-
mined by subtracting the &alue obtained at electrode 2 from that at
electrode 3. This difference in transmission time shall be referred to
"as the interzonal delay. The means and standard errors of these inter-
zonal delays were also calculated. .Interelectrode distances were mea-
sgred directly during the experiment with the micrometer eyepiece
attéchment of a Zeiss dissecting microscope. The velocity of the re-
sponse across an interelectrode zone could be calculated easily from
the measured values for delay and distance.

The transmission velocity of the surface-positive burst re-
sponse across the whole slab was calculated using the distance from the
s£imu1ating electrode to the most distant recording electrode and the
transmission delays measured at the particular recording eleétrode.

This velocity was termed the overall velocity across the slab. A com-
.parison was made between velocity in the anterior-té—posterior direc-
. tion and the velocity in the posterior-to-anterior direction.

In most instances, all the data referred to were suﬁjected to .

a factorial analysis to détermine their statistical significance (Steel

and Torrie, 1960).
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The means and standard errors for transmission delays and inter-
electrode zone velocities were calculated for experiments in which thres-
hold parameters were determined. Similar calculations were made for the
observations from chronic slabs and from slabs where transverse cuts were
made or tetrodotoxin was applied,
Comparison of this material was made using the Student t test

for unpaired data (Dixon and Massey, 1957).

(3) STIMULUS THRESHOLD PARAMETERS

Variations in stimulus parameters were tested to see what_effect
they might havé on transmission delay of the surface-positive burst re-
spOnse.

Stimulus parameters were tested in all experiments to deter-
mine a stimulus amﬁlitude, duration and interstimulus interval adequate
for consistent production of surface-positive burst responses. With two
of the stimulus parameters held constant the third was varied and its
effect determined on the éransmission delay of the response, The value
of the parameter to be tested was altered and measurements of transmis-'
sion delay taken for comparison, As threshold was approached, not all

stimuli initiated a response and finally if the value of the stimulus
parameter being tested was lowered sufficiently, no responses were
elicited, If the magnitude of one of the stimulus parameters was then
raised, responses often returned. On occasion, whgn the stimulus
strength parameters approached threshold, a local nonpropagated surface-
posifive‘response of short duration and low amplitude was recorded from
the region lying betweén the poles of the stimulating electrode.” No

- "bursting activity'" (Burns, 1951) was seen with these nonpropagated re-—

sponses. Responses were abolished when the stimulus amplitude was raised
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to about 4 to 5X its threshold value and when the stimulus duration was
raised to 10 to 15X its threshold value.

The following elaborates the results of the above procedures,

a.) INTERSTIMULUS INTERVAL

The transmission delay was prolonged when the interstimulus
interval was shortened. This . is shown in Figure 9 which represents a
typical experiment. At the shortest interstimulus interval tested, that
is at 1 sec, only every other stimulus evoked'a response. It was found
that an interstimulus interval below 3 sec altered the transmission )
delay of the response. The measurements taken at 3 sec and 5 sec were
nof'significantly different from each other, but were highly signifi-
canfly different (P;E.OOI) between 2 and 3 sec. Similar results were
recorded from other experiments.

An afterdischarge ("afterbursts’; Burns, 1954) of surface-
positive burst activity sometimes occurred when very short interstimulus
intervals were used. Stimﬁlation was stopped when the afterdischarge
appeared. This activity disappeared if the slab was allowed to rest for
‘a few minutes,

The transmission delay was prolonged or no response was seen
if the stimulus followed too closely on "spontaneous” surface-positive
burst activity. In most cases, the critical intervai between the spon-

taneous response and the subsequent stimulus was 3 seconds or less,

b.) STiMULUS DURATION
The transmission delay was prolonged when the stimulus dura-
tion was shortenedf As the threshoid value for stimulus duration was
approached, not all stimuli initiated a response. In the example pre-

sented in Figure 10 a stimulus duration of 0.1 msec'did,not elicit a
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response, It was found that a stimulus duration below 0,5 msec altered
the transmission delay of the response, Measurements taken at 1.0 and
0.5 msec duration were not significantly different from each other, but
measurements at 0.5 and 0.3 msec were highly significantly different

(r< .o1).

¢.) STIMULUS AMPLITUDE

The transmission delay was prolonged when the stimulus ampli-
tude as read from the pulse generator voltage control was reduced (Figure
11). As the threshold value for stimulus amplitude was approached, not
all stimuli initiated a response. ‘Responses elicited at 10 volts were
inadvertently not recorded on magnetic tape in the experiment illus-
trated in Figure 11. HoweVer, examination of the polygraph record
showed that the trénsmission delays at 10 volts were similar to those
at 7.5 volts. If this observation is included the value of the point
at which stimulus amplitude alters transmission delay of the respouse
is between 5 and 7.5 volgs. Measurements of transmission delay taken
at these two values were shown to be significantly different (P< .025).

At 3 volts or less, no responses were elicited.

d.) GENERAL REMARKS
The threshold value for stimulus parameters required to elicit
a surface-positive burst response varied from experiment to experiment
and within an experiment. The variation within an experiment occurred
generzlly over a considerable'time, that is, the effect was gfadual and
not abrupt, however, these variations were small and contributed little
to the transmission delays seen during an experiment, \

In some experiments, higher than usual stimulus strength was
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required to produce a propagated response in one direction than in the
other. This was not a property of all slabs tested but, when present,
was directly related to the preferred direction of transmission. By
employing a fixed stimulus strength 2 to 5X greater thgn threshold in
these cases the directional preferences in transmission delays inreither
direction could not be attributed to the directional differences in
threshold. The threshold values for stimulus in slabs of opposite hemi-
spheres of the same cat were usually similar.

If an animal was dying or if the slab became relatively avas-
cular, the thresholds of the stimilus parameters required to elicit even
a local response were increased. The slab then became refractory to
stimulation, evidences of "spreading cortical depression’ (Leao, 1944;
Grafstein, 1954, 1956) soon followed in most instances, and the experi-

ment was terminated,

e.) SUMMARY

In summary it can be said that the transmission delay of a
surface-positive burst response is dependent within a critical range
around threshold on the amplitude and duration of the stimulus and on
the interval between stimuli.. The threshold for stimuiation was some-
what variable with time and direction of stimulation within any one
slab, It was occasionally variable between slabs of different cats
and.in slabs cut in opposite hemispheres of the same cat. However,
with the relatively high stimulus parameters selected in the experi-
menté, the threshold for stimulation.cannot be considered a.significant

factor in transmission delay.
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(4) NONUNIFORM TRANSMISSION OF THE SURFACE-POSITIVE BURST
RESPONSE IN ACUTELY ISOLATED SLABS OF CEREBRAL CORTEX

Measurement of surface-positive burst response transmission de-
lays at several points along the length of the slab was initially effec~
ted by the placement of one of the two recording electrodes progfessively
farther from the stimulating electrode, Measureﬁents were made for stim-
uli originating at either end of the slab (Expt013). Two interesting
properties became apparent when delays measured in opposite directions
were compared., Firstly, it seemeé as if the response was being trans-
mitted over the length of the slab faster in one direction than in the
.other; that is, the transmission delay in the posterior-to-anterior
direction was shorter than the delay in the opposite direction. Secondly,
it was found that the velocity of the response across an igterelectrode
zone was not constant from zone to zone along the slab. Tﬁese observa-
tioﬁs were immediately questioned because of the time taken between
measurements at the variogs points, it was considered that these obser-
vations might in fact be no more than vériation in the physiological
state of the slab,

.To rule out this possibility, recording electrodes were placed
at éach end of thé slab and a stimulating electrode placed midway be-
tween them, With this arrangement, transmission delays of a response
originating at a common point but travelling in opposite directions were
compared. Again the response travelled faster in the posterior-to-anter-
ior direction than in the anterior-to-posterior directiop. The inter-
pfetation of these results were debatable because the responses were
not travelling over the same portion of the slab,.

In the next experiment (Expt. 14) the original recording ar-
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rangement was used but the time between measurements was reduced. Again
the same two properties appeared with, in this instance, directional
preference for anterior—to;posterior transmission rather than for poster-
ior-to-anterior. The nonuniform character of the responsé velocity was
observed but éid not vary from zone to zone in the same way aé in the
first experiment.

The problem of interpretation was fihally solved by the simul-
taneous recording at several points along the length of the slab. In
the remaining experiments four surface electrodes were used, arrangéd
in a linear array as seen in Figure 5 and described in the METHODS,

a,) PREFERRED DIRECTION OF TRANSMISSION OF
THE SURFACE-POSITIVE BURST RESPONSE

The results of fhe expefihenté to‘test whether directional
preference for transmission of the surface-positive burst response is
an inherent property of the slab are summarized in Table 1. In Column 1
the numbers identify the experiment from. which the fesults were obtained,
the letters R and I, refer to the hemisphere, right or left, in which the
slabs were cut. Column 2 shows the distance in mm from the stimulating
electrode to the recording electrode farthest along the slab. Columns
3 and 5 give the mean of surface-positive burst response transmission
delays in msec with their standard errors across the slab in the anter-
ior-to-posterior direction (A—DP) and the posterior-to-anterior direc-
tion (P—PA) respectively. Coluﬁﬁs 4 and 6 contain the overall velocity
of thé response across the slab in the anterior-to-posterior direction
and the posterior-to-anterior direction, respectively. Column 7 shows
the preferred direction of transmission and the statistical significance

of the difference in transmission delay between the two directions. It
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can be seen from this table that 9 slabs showed an anterior—to—posteriof
directional preference while 6 slabs showed a directional preference,
posterior—to—anterio?. In one slab (Expt, 19) there was not a signifi-
cant difference at the accepted P< .01 or PZ ,05 value. A Chi-square
test done to determine if statistically there was any favoured prefer-
ential direction showed that there was not; that is, an infinite popu-
lation of cats might be expected to yield equalvnumbers of slabs with
anterior-to-posterior and posterior-to-anterior directional preferences,

Where slabs had been prepared in both hemispheres in a cat,
the same directional prefefence (Expts. 18, 20, 27 and 28) was exhibited
in both slabs.

Two possible objections to the above interpretation became
evident during the project, Firstly,'the majority of the elabs showing
an anterior-to-posterior directional preference had received their first
series of stimuli from the anterior end. It was suggested thaf these
slabs might have been induced into a preferred direction of transmis-
sion by the first few stimuli. Secondly, all the slabs had been pre-
pared through posterior sink holes, It was suggested that the trauma
to fhe nearby cor?ical substance may have adversely affected the trans-
miesion characteristics of the neural networks in the posterior area
and thus biased the directional preference of the slabs.

To answer the first objection stimulation was initiated in
four slabs from the posterior end. The distribution of directional
preference was roughly in the same proportion as when stimulation had
been initiated from the anterior end. In two slabs, single stimuli
were delivered alternately'from one end and then the other. The tréns—

mission delays-were‘compared for several of these alternating stimuli
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and the preferred direction of transmission determined. An attempt was
then made to see if the supposed preferred direction of transmission
could be overcome with a lérge number of stimuli originating from the
opposite end of the slab, Fifty stimuli were delivered in the direction
opposing the p;eferred direction of transmission and were thentfollowed
by 12 stimuli in the preferred direction. For comparison, 5 repetitions
of this basic pattern were delivered to the slab. Fifty stimuli in the
preferred direction of transmission were then delivered to the slab,
followed by 12 stimuli in the opposing direction for comparison. Five
;epetitions of this pattern Qere also carried out. Comparisons of the
trﬁnsmissibn delays measured showed that the preferred direction of trans-
mission was not changed by these procedures. The two slabs‘had originally
showed a highly significant posterior—fo;anterior directional preference
and it was maintained throughout the experiment.

To answer the second objection, two slabs were prebared with
both anterior and posterior sink holes. Anterior-to-posterior preference
was shown in the first slab in which an anterior sink hole was made (Expt.
25). rIt should be noted that in the one experiment where an anterior and
posterior sink hole was made on one side (Expt. 27-L) and a posterior sink
~hole only on the other side (Expt. 27-R), both slabs showed posterior pre-
ference. These fesults taken with the former observation that Slabs in
both cerebral hemispheres have the same directional preference led to the
conclusion that the presence of a sink hole at a particular end was not

instrumental in establishing directional preference.
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b.) NONUNIFORM TRANSMISSION VELOCITY
BETWEEN INTERELECTRODE ZONES

The use of four recording electrodes arbitrarily divided the
slabs into 3 interelectrode zones, each zone having a particular number
(Figure 5). The zone number remained the same regardless of the direction
from which the stimulus had originated; that is, zone 1 was always the
zone at the anterior end of the slab. The results of experiments in which
the interelectrode zone transmission velocities were calsulated are shown
in Table 2., In Column 1; the numbef identifies the experiment f?om which
" the results were taken, the letter refers to the hemisphere in which the
slab was cut., Column 2 indicates the distance in’ mm -across zones 1, 2
_and 3, respectively. dolumns 3, 4 and 5 show the msans of the interelec-

trode zone velocities for each zone in the anterior—ts—posterior direc-
tion, and Columns 6, 7 and 8 show the same information in the posterior-
to-anterior direction.

The results in Table 2 were studied to see if a definite distri-
butional pattern could be established for velocity acfoss the slab in
either direction, It often appeared that the response travelled exceed-
ingly fast across a zone in.one direction as compafed with_the other di—
rection; while in adjacent zones the velocities in either direction were
similar. The zoﬁe with the fast transmission in one direction comprised
most of the difference for the overall velocity observed when the two
directions were compared, Thére was no definite correspondence between
zones in one slab and the other of the same cat,

Statistical analysis (Student t for unpaired data) showed that
in the A———pP direction there was a significant differencs (p< .05) be-

tween the velocities of zone 2 and 3, but no significant difference
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between velocities of zones 1 and 2 or between zones 1 and 3. In the
P A direction, there was a significant difference between zones i and
3 (P < .05) but no significant difference between zones 1 and 2 or between
2 and 3. These particular results indicated that zone 3 tended to have
the slowest velocity. The question arose whether this slowness ih velo-
city in zone 3 was due to its close proximity to the posterior sink hole.
Several facts do not bear out this interpretation. Firstly, there is
considerable trauma to surrounding cortical tissue by the moveﬁent of
the blunt edge of the slab-cutting knife through the cortex. This trauma
at the anterior end is at least as great as that caused at theAposterior
end by the sharp point of the tapered glass tube used-as a suction tip
in forming the sink hole. Secondly, the slabs were cut of sufficient
length to ensure at least a 3 mm spacing at each end between the stim-
ulating electrodes and the end of the slab. Histological sections of
the slabs showed no remarkable changes in the'cytoarchitecture beneath
the anterior and poéterior stimulated pqints. Thirdly, it can be seen
from Table 2 that on two occasions the zone with the highest velocity
was zone 3., PFourthly, two slabs were prepared which had both anterior
and posterior sink holes. If the presence of a siﬁk hole was instru-
mental in slowing the velocity of the response in an adjacént zone, it
would be expected that zoneé 1 and 3 would both be slow while zone 2
would have the highestbvelocity in these éaées.' In one slab; zZone 1
had the highest velocity (P E .05) while in the ofher slab zone 3 had
the highest velocity (P 2-.05). Finally, of four slabs tested which
showed posterior~t6—ahterior preféreptial transmission, on anterior
stimulation zone 1 had the highest velocity in two slabs while zone 3

had the highest velocity in the other two. On stimulation from the
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posterior direction zone 2 had the féstest velocity in 3 slabs while .the
fastest velocity occurred once in zone 3., From the data Jjust presented,
it is difficult to determine whether there is a definite pattern of zone -
velocity distribution. No rigid statement can be made about the influ-
ence that external factors such as sink hole plaéement, stimulus mode or
inherent factors, such as preferred direction of transmission, would
have on any such distribution, It should be noted, however, that 7 of
the 8 slabs in Table 2 showed anterior-to-posterior preferential trans-

- mission, and so from the data it might be said that slabs which show
én anterior-to-posterior preference for transmission, exhibit a tendency
to have the zone 1 or 2 as the fastest conducting érgés.
(5) DETERMINATION OF NEURONAL PATHWAYS INVOLVED IN THE

TRANSMISSION OF THE SURFACE-POSITIVE BURST RESPONSE

Any hypothesis concerning the transmission of the surface-
positive burst response must take into account the organization of neur-
onal elements in both the grey and white matter. Inte?ruption of the
supposed pathways responsible for transmission of the response should
give useful information about this organization. Three methods were
employed to this end., Firstly, transverse éuts wefé made into the slabs
bofh from above and below as described in the METHODS. The.effect of
these cuts on the transmission of the response was then studied. This
approach to the problem has been used by Burns and Grafstein (1952) ,
Secondly, tetrodotoxin, a specific inhibitor of membrane sodium conduc-
tance (Frank and Pinsky, 1966; Kao, 1966; Ochs and Clark, 1968) was
apblied topically to study its effects on transmiésion of the response.
Its activity may be considered as a form of phafmacological interruption

of the transmitting pathways., Thirdly, the effect of .long-term neuronal
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isolation upon the transmission of the response was examined in light

of the concomitant changes (Weisman, Gorchynski and Pinsky, 1967).

a.,) EFFECTS OF TRANSVERSE CUTS
The effects of cuts from the top or underside of the slab on

the transmission o? the surface-positive burst response was somewhat vari-
able from experiment to experiment. These effects, however, followed a
general pattern, The immediate effect seen after completion of the cut
was a wave of spreading cortical depression which slowly traversed the
slab, involving all areas. During this spreading depression phése the
slab was refractory to stimulation. The duration of_the spreading de-
pression varied. This was followed by a phase of general electrical
silence during which the slab was still refractory to'stimulation. Re-
covery of electrical activity was heralded in one of two ways; either
spontaneous surface-positive burst activity appeared in part or in all
of the slab, or, stimulation elicited a local'non—propagated response,
Eventually, stimulation resulted in a response propagéted at least up to
the cut region but the transmission delay to that point was considerably
prolonged. Finally, in most instances, transmission of the response
occurred across the cut region with considerable delay. Often with time
the transmission delays at all points approached the values seen prior
to cutting. Recovery was usually good at points that were not too close
to the cut region both proximally and distally. 1In other words, intef—
electrode zonal velocities for zones not involved in the cut returned
to their precut values.

| The most severely affected area seemed to be that surrounding

the cut region and it usually showed the least recovery with time,
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The initial responses seen during recovery were of short dura-
tion with relatively low amplitude, and often without noticeable bursting
activity., With time, all the response parameters usually returned to~'
wards precut levels, that is, the amplitude and duration increased and
burst activity became evident, At times this temporal improvement in
response characteristics was not seen beyond the cut region even though
a response was transmitted up to that area.

Another early effect seen with cuts was that the s£imu1us‘am—
plitude and duration required to elicit a respoﬂse was increased and the
interstimulus interval prolonged, As the transm}ssion delay approached
precut levels, so did the stimulus amplitude, duration and interstimu-
lus interval.

The recovery of transmission of the surface-positive burst re-
sponse often occurred first in one direction before the other, in terms
of both time and threshold. This directional prefefence was not always
related to the directional preference seen before the slab was cut,

In most instances, histological verification of the complete~
ness and extent of the cuts was available and will be discussed in rela-

tion to later examples,

Effects gi Undercutssy,

Figure 12 shows the results of one of the experiments for
which there is histological verification éf the cut. The cut was made °
approximately 14 mm away from the stimulated region, The precut trans-
mission delays are éhown in the lower part of the graph., Immediate
changes with the cut have been described.  Five minutes after’the cut,
recovery had occurred at the electrode 5 mm away ffom the stimulated

site but with an increased transmission delay. By 12 minutes, trans-
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mission occurred to an electrode 11 mm away from the site of stimulation
but no responses crossed the cut region; the transmission delay at the
electrode 5 mm from the stimulator was further reduced. Twenty-four
minutes after the cut, responses were being transmitted across the cut
region but with considerable delay. Further recovery in the form of re-
duced transmission delays and lowered stimulus thresholds were seen later.

Stimulation from the end nearest the cut produced only a lpcal
response initially within 10 to 12 minutes after the cut. Responses
were transmitted across the cut region from this -end 30 minutes,afte¥
the cut was made but with considerable delay in transmission. Recovery,
evidenced by reduced tyansmission delays and loweQeq-stimulus threshold
- and interétimulus intervals necessary to elicit a response, was seen in
this direction also,

Longitudinal sections of the slab examined histologically
(Figure 13) show the undercut to extend through the subcortical white
matter and into the cortex to within 0.44 mm of the p;al surfacé. Sev-
eral of these sections revealed the cut to be essentially complete from
side to side and relatively uniform in depth.

Other experiments in which undercuts wefé employed showed
similar results for transmission delay and recovery with fime.

In some experiments, és many as three undercuts were made and
responses studied. The recovery pattern in these preparations was simi-
lar to that just described. Positive histological verification was
made in most instances,

Effects gf Surface Cutse

The two methods of cutting into the cortex from the surface

have been described in the METHODS section. It was thought thai the
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approach directly through the pia might be adversely affecting the vas-
culature of the slab so a second method through a side approach was de-
veloped.  No differences in recovery or effect on transmission of the
response after cutting were seen when the results following the two
methods were compared, The second method is less likely to produce un-
controllable haemorrhage and the extent of the cut could be seen more
easily because blood clots did not form on the pial surface.

Figure 14 shows the effect of a surface cut made by the direct
approach 15 mm from the stimulator. The precut transmission delays.are
shown in the lower portion of the graph. They were measured 10 minutes
before the cut was made. The immediate effects foyléwing the cut have
- been deséribed. Within 5 minutes after making the cut, responses were
being transmitted up to the cut regioﬁ (not shown) and by 10 minutes,
responses were passing the cut region., The transmission most affected
was thét involved in the area proximal to the cut. By 30 minutes after
making the cut, recovery of transmission was still progressing and by
60 minutes, transmission had returned to the former levels for delay,
stimulus threshold and interstimulus interval. Stimulation in the op-
posite direction initially resulted in a local reéponse only, but by 15
ﬁinutes, occasional responses with long delays were propaéated across
the cut region. Recovery in this direction was not as complete as in
the first direction discussed.

Histological examination of the slab made in this experiment
(Figure 13) showed the cut to extend almoét'completely through the
cortical substance down to the underlying whitevmatter. Serial sections -
revealed the cut to be essentially complete from side to side and rela-

tively uniform in depth. However, at some points, particuiarly at the
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edges of the slab some small amounts of layer 6 of the cortex remained
intact. Figure 13 shows the cut extending into layer 6 of the cortex.

Other experiments in which surface cuts were made by either
method showed similar results for delay of transmission and recovery
with time, Histoiogical studies of these slabs showed the cuts to be of
the same depth as the one Jjust described.

In most experiments, two additional cuts across the slab at
the midpoint of the other interelectrode zones were made and.their ef-
fect studied. The recovery pattern was similar ‘to that described above.
Positive histological verification was available in most instances.

In one experiment, the three surface cﬁtg-were made and time
allowed for recovery; then an undercut was placed midway between two
of the surface cuts. In this instanée, recovery occurred across all
cut regions including the undercut. |

On one occasion, a cut from the surface irreversibly abol-
ished transmission of the response across the cut region. Responses
were propagated to the cut from both directions but no responses crossed

the cut. Histological sections of this slab showed the cut to extend

entirely through the cortex and well into the white matter below.

*

b.) THE EFFECTS OF TETRODOTOXIN
The effects on the transmission of the surface-positive burst
response in isolated cortical slabs after topical application of tetro-
dotoxin was extremely vafiable° There are many possible reasons for
‘this variability but probably the two most important are a reduction in
potency with storage of the stock solution and irregularities in diffu-

sion of the drug through the pia and cortical substance.
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Saline controls were done in éll experiments and no changes
in the transmission characteristics of the surface-positive burst re-
sponse were seen during or after the application and removal of the con--
trol saline-soaked filter paper strip.

The effects on the transmission characteristics of the sur—.
face-positive burst response by the topical application of tetrodotoxin
were somewhat similar to those seen after transverse cuts had been made
in the slabs. In one experiment, no effect was seen even with rela-
tively high concentrations of the drug. In this instance, failure of
‘activity was attributed to deterioration 6f the drug during storage.
However, no potency tests were carried out on this solution before use.

>In one experiment (Figure 15), exposure of-the slab to tetro-
dotoxin resulted in abolitioﬁ'of the tfansmission of the surface-positive
burst response over a large area of the slab, but at either end, local
responses could be elicited. With time, transmission.occurred up to but
not across the affected area. The use of higher stimulus amplitudes
and durations and longer intersfimulus intervals elicited transmission
of responses across the affected region within several minutes of re-
moval of the drug-~soaked filter paper strip. The tfansmission delays of
thése responses were prolonged.

With time, recovery was evidenced by the reduction in the am-
plitude and duration of the stimulus and interstimulus interval re-
quired to elicit a transmitted response. At the same time, there was
a decrease in transmission delay seen at all electrodes (Figure 15)
although not necessarily to pretreatment levels. .Recovefy occurred

earlier and to a greater degree with anterior than with posterior stim-
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ulation in this experiment. This directional difference in recovery could
easily ha&e been due to irregular diffusion and remqval of the drug. Re-
sponses.with the saline control strip on the slab were recorded between
5 and 10 minutes before application of the drug-soaked filter paper strip,
The latter was left on the slab in zone 2 for 10 to 12 minutes, The time.
annotations in Figure 15 are calculated from the moment the tetrodotoxin-
soaked filter paper strip was applied. Attempts to record responses from
the cortex were made on several occasions after application of the drug.
Within 10 minutes, the slab became unresponsive except in the region of
the stimulating electrodes. At 26 minutes, recovery was observed with
the transmissionAof a response to the electrode just proximal to the drug-
treated region but not across it., Further recovery was evidenced by a
reduction in transmission time at 36 minutes. At this time, an occasional
response crossed the treated area but with a much prolonged delay. By 92
minutes, responses were crossing the affected area but with considerable
transmission delay, particularly in the immediate region of drug applica-
tion. Further recovery was seen at 171 minutes and was reflected in re-

duced transmission delays at all points.

c.) EFFECTS OF CHRONIC ISOLATION
The effects of chronic neuronal isolation on the transmission
characteristics of the surface—positive_bgrst.;ggponse were studied in
four cats. The responses to stimulation in cﬁronically.isolated slabs‘§f
Eerebral cortex have been described (Grafstein and Sgstr&, 1957; Sharp-.
less and Halpern, 1962; Reiffenstein, 1964; and Brock, 1967) and are
accompanied by, but not necessarily correlated with, known‘hisiologiéal

changes (Reiffenstein, 1964; Weisman et-.al., 1967),
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In the firét two slabs, only limited transmission of the sur-
face-positive burst response (up to 5 mm) was recorded with anterior
stimulation, Stimulation was performed at zonal 5oundaries along the
lengtﬁ of slab but only local responses were elicited and no response
propagated in either direction. Delays in transmission were 165 t 6 msec
for 5.0 mm in the first slab (velocity 3.03 * 0.27 ecm/sec) and 420 * 17
msec for 4.5 mm in the second slab (velocity 1.07 * 0.10 cm/sec) . High
stimulus strength and long interstimulus intervals were required to
elicit responses that were propagated for even a short distance in
chronic slabs. The stimulus parameters used in chronic slabs were of
the order of 2X those used routinely in acute slabs, The amplitude and
dﬁration of the responées seen in chronic slabs were considerably less
thén those in acutely isolated slabs. There was only occasionally the
burst activity characteristic of responses seen in acute slabs.

In the other two chronic slabs, only local responses were
elicited with anterior or posterior stimulation. One of these animals
succumbed shortly after recording began and, therefore, it was diffi-
cult to explain its lack of responsiveness to stimulation in terms of
inherent cortical properties,

d.) RELATIONSHIP OF THE SURFACE-POSITIVE BURST RESPONSE
TO DEEP MASS ACTIVITY AND UNIT SPIKE ACTIVITY

Further experimental information concerning the transmission
of the surface-positive burst response was obtained by studyirg the
action potential discharge activity of single cortical neurones (unit
spike activity). To do this, the temporal relationship between the
. onset of the surface—positive‘bufst respoﬁse, the onset of the deep

mass activity and the start of a train of spikes of unit activity was
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studied. Unit activity was examined in 38 cells from 4 slabs for this
work. In two slabs, spike trains were recorded both before and after
transverse cuts were made in the slab and the results from one of these
preparations was examined in detail. It may be stated that thé results
following were representative of the general relationships observed in
all the experiments,

The surface and deep responses had much similarity in form
but were not necessarily identical and were of opposite poiarity. The
onset and termination of the surféce~positive'burst response and deep
mass activity were generally coincident (Figure 16). Rapid, low ampli-
tuge fluctuations of potential in the deép mass acéivity were not always
reflected at the surface. 1In most instances, a train of spikes accom-
panied the deep mass activify and the éurface—positive‘burst response.
The start of this train was at or near the end of the steepiy sloped
initial phase of the deep mass activity response (Figure 16). The delay
between the onset of deep mass activity and the stért of a épiké train
depended, then, on the slope of that line; when the slope was gradual,
~the delay was longer. The train of spikes did not always last for the
duration of the deep mass activity response, However, if there were
large potential fluctuations in the trough of fhe response, they were
usually accompanied at the time of negative shift by a train of spikes.

"Spontaneous" surface-positive burst activity and its con-
comitant déep mass activity were always accompanied by a train of spikes
whose onset had the same relatiénship in time to the deep mass activify
as did the spike trains that followed stimulation,

Spike height varied somewhat during a given responsebsuggest—

ing that the unit activity of several populations of cells was being




- 66 -
recorded simultaneously. In one experiment, groups of cells with record-
able unit spike activity were found to be between 0.72 and 1,26 mm from
the sub-pial surface of the cortex. 1In this preparation, the cortex was
1.48 mm thick at that point; histological examination showed the cell
population studied to be in layers 3, 4 and 5,

In the same experiment, a transverse cut extending through all
layers of the cortex was made between the recording electrodes and stimu-
lating electrode after unit activity had been recorded in the intact slab
for some 1 to 2 hours., Effects of this cut on the onset of the surface~
positive burst response, deep mass éctivity and the start of the unit
spike activity were studied beginning 10 minutes after the cut had been
made, Cells at depths of 0,69 mm to Q.86 mm were studied,

The cut initially resulted in electrical silénce and the ab-
sence of response to stimulation in both surface and deep recording
electrodes. The first response to stimulation seen during the course of
recovery was a train of spikes with widely-spaced intervals. This occur-
red before return of the surface-positive response or deep mass activity.
Stimulation finally resulted in a surface-positive burst response being
transmitted across the cut region though with consideraple delay (Figure
17). The onset of the deep mass activity response occurred much earlier
than the response at the surface but the slope of the early part of the
deep mass activity response was more gradual than before the cut had
been made. When this part of the response reached its most negative
value the train of spikes occurred. As recovery proceeded, the delay
in transmission of the surface-positive burst response shortened until
it becaﬁe similar to that of the deep mass activify (Figure-18f; the

slope of the initial phase of the deep mass activity became steeper at
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this time. The train of unit spikes occurred at the most negative part

of this initial phase.

(6) ""SPONTANEOUS" SURFACE-POSITIVE BURST ACTIVITY

Spontanéous surface—pésitive burst activity was seen at the
beginning and often during the course of the experiments. This activity
was "spontaneous” in that it was not related to any external source of
stimulation. As has been noted by Burns (1950), the spontaneous activity
seemed often to arise from some "irritative foéusf in the slab. 1In the
-experiments described here, it wés possible to loéate the region from
which the surface-positive burst activity originated by comparing the
transmission delays at fhe four recording electrodes; Since the velo-
Acity of the response is nonuniform in the slab, it was>impossible to
localize more precisely the focus of origin. However, at times, no
focus of origin for the "spontaneous" surface-positive burst activity
coﬁld be found. During fhe course of some expériments, the apparent
focus for spontaneous activity shifted from location té location.

The spontaneous activity was usually most frequent at the
beginning of the experiment, often so much so that means had to be
taken to reduce it before responses to direct cortical stimulation could
be studied. This reduction in activity was accomblished by recutting
the slab.

Recovery of excitability of the slabs to direct electrical
stimulation after transverse cuts had been made or tetrodotoxin applied
was often preceded by spontaneous surface-positive burst activity. This
spontaneous activity was often transmitted along the.whole length of the

slab. .
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If a stimuius followed too closely after spontaneous activity,
the transmission delay of the evoked response Was‘considerably increased,
The critical interval in these cases was similar to that described in an
earlier part of the RESULTS for directly evoked responses.

If the stimulus frequency was kept at a constant interval
rather than varied, then the sﬁontaneous surface-positive burst activity
would tend to occur just before, or at the time of stimulation. This
phenomenon was most easily seen when the spontaneous activity originated

at or near the end opposite to that being stimulated.

D INCIDE;NTAL OBSFRVATIONS
The following observations have been noted during the course
of-experimentation and analysis., They are not directly applicable to
the development of the modél and hypothesis, Nevertheless, it is possible
that they may be of use to those working with a similar preparation. Con-
éideration of these observations may suggest future work.

Observations on Changes in ""Brain Temperature'':

The animal's body temperature was maintained by the method
previously described. "Brain temperature" was the term used to refer to
the temperature recorded by a thermistor probe in the p§ol of mineral
0il lying over the cortex. This pool of o0il was subject to fluctuations
in temperature. It is questionable whether this "brain temperature"
truly reflects the overall temperature of such a vascular organ as the
brain, particularly in its deeper reaches. Nevertheleés, this measure-
ment is probably closely related to the pial temperature and that of
‘the superficial cortical.layersv No appreciable change in transmission
delay nor in stimulus threshold parameters for the surface-positive

burst response was seen when the temperature of the oil pool varied
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between 310C and 37OC. From this, it may be concluded that none of the
data was measurably affected by variations in temperature of the oil bath,

On one occasion, when the temperature of the oil pool was al-
lowed to reach and remain at 40°C for 10 minutes, the slab showed "spread-
ing cortical.depression" and became uanresponsive, The pool was rapidly
cooled to 3600 but recovery dié not occur even though the slab and blood
vessels supplying it appeared healthy,

The Effect of Different Decerebration Techniques:

Decerebration was usually accomplished through a burr hole in
the posterior fossa. This.approach caused an initial profound drop in
biood'préssure if care was not taken to angle the decerebration knife
blade well forward and keep it tightly against the bony tentorium cere-
belli. Generally, there was adequate-recovery of blood pressure so that
the preparation procedure could continue. Decerebration anterior to
the tentorium cerebelli as described by Pinsky (1961) was less likely
to cause such a profound drop in blood pressure,

At times brain manipulations, such as cutting the slab or
opening the dura, caused a drop in blood pressure. This drop was usu-
-ally preceded or accompanied by swelling of the brain.

The Effect of Stimulating from Outside the Slab:

Electrical stimuli originating outside the slab but within the
same gyrus failed to elicit any surface-positive burst responses within
the isolated area. No responses occurred even with high stimulus strengths.

The Amplitude and Duration of the Surface-Positive Burst Response:

Some mention has already been made of the amplitude and dura-
tion of the surface-positive burst responses recorded during the experi-

ments, The parameters were usually comparable to those reported by
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Burns (1951), the amplitude range being 0.2 to 1.5 mv and the duration
range being 0.5 to 5.0 sec. At any particular recording site the pat-
tern, amplitude, and duration of surface-positive burst responses were
.very similar over long periods of time. Moreover, with the stimulus
delivered periodically to the same point on the surface of the cortex
for periods of up to 10 minutes the responses recorded at points distant
had very siﬁilar dimensions of amplitude and duration as well as obvious
similarity in form. This was most clearly seen when serial responses
recorded at the same point were superimposed on the screen of the stor-
age oscilloscope. The change in ampiitude and duration of the response
aﬁter.transverse cuts and application of tetrodotoxin have already been
described,

The Effects of Gallamine on the Transmission Characterlstlcs of the
Surface-Positive Burst Response

In the experiments described here gallamine triethiodide, 2 to
5 mg/kg, was administered routinely as a muscle reiaxant. Much larger
doses, 10 to 20 mg/kg were administered on several occasions to see
whether there was any demosstrable effect on the transmission character-
-istics of the surface-positive burst response. No discernible change
in transmission characteristics, form, amplitude or duration resulted

from the administration of the blocking agent.
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EXPT. |DIST-|A—>P TRANSMISSION A—>P OVERALL P—A TRANSMISSION | P—R OVERALL  [DIRECTIONAL|SIGNIF-

FANCE|DELAY IN MSEC  |VELOCITY (N CM/SEC DELAY IN MSEC [VELOCITY IN CM/5EC | PREFERENCE HCANCE
153-L [I00MM] 124.0 ¥ 6.0 8.07 * 0-59 78-0 t 4.0 12.-82 % 0-99 P—adA—P PZ.01
I4-R [B.OMM| 155.0 ¥ 8.0 8-39 t 0-60 282:0 * 200 4.70 * 0-36 | A— P> P—>a |PT. 01
Jo-R [leSMM| 322.0 % |1.0 5.12 ¥ 0-26 409-0 ¥ 140 4.03 %= 0-{% A—>P)P—>0 P70l
1I9-L |leOMM] 271-0 T 4.0 5.90 * 0 19 427.0* 3.0 3.75 * 0.-03 A-SP>»P—>A |PZ. 0t
18-R {1q0MM| 3650 ¥ 3.0 521 ol 573.0 * 4.0 3.32 £ 0-06 A—>P>P=>A |PZ.0|
19-R 205MHM| 331.0 ¥ 8.0 6-19 * 0.273 347.0 £ 9.0 5.91 * 0-23% NSD
20-R |2.OMM| 369.0 X |7.0 5-69 ¥ 0-33 NM2.0f 170 2:95 * o. 1 a—> PYP—->A |PZ. O]
20-L laoMH| 739.0 t 18-0 2.-44 * 0.09 1079-0 % 26-0 167 * 0.06 | A=>P>P—>A |PZ.0!
Z1-R |l gOoMHM} 4“42B:0 :t. 50 4.21 £ 0-10 542.0 * 8.0 3.32 t 0.08 A-> P»P—A |PT-0]
22-R {[TOMM| 356.0 ¥ 8.0 .78 ¥ o-18 562:0 % (2.0 3.08 * 011 A->»P>P—A [PZ: Ol
24-R |150mM] 3000 £ 7.0 500 *0-20 | 1472.0 * 5.0 | 10.56 ¥ 0.55 | P~A>a—P |PZ.0]
2,"5—R wEMM| 181-0% 5.0 967 o0 42 2690 £ 10.0 6£-53 + 035 | R—=2P>P—>A|PZ.0]
27-L |IbSMM| 232-0* 7.0 711 % 033 1580 % 9.0 104y * 0.4 P—A>A-2P |PZT.0]
27-R llo5MM 1900t 5-0 8.8 ¥ 0.36 1510 * 4.0 |2.60 £ 0.57 P=A>A->P (PT: 0Ol
28-L|75MM 165-0% 10-0 | 1061 * 0-80 9.0 * 8.0 18.23 t |.77 P>R>A~>P |PT.0O1
28-RIBOMM 185.0 ¥ |5-0 9.73 £ 0-92 o0 7.0 1§52 * [.16 | P~=A>A—P |PZ. Ol

—88—



THBLE 2

TRANSMISSION VELOCITY OF THE SURFACE-POSITIVE
BURST RESPONSE ACROSS INTERELECTRODE ZONES

INTER]

ELECTR(;E A— P ZONAL VELOCITIES IN CM/SEC P—>A ZONAL VELOCITIES \N CM/SEC
EXPT:

C .

D:ST&NME ZONE | Z ONE 2 ZONE 3 ZONE | ZONE 2 ZONE 3
("R 00,55,50| 995 % Loy | Y448 2021 354 X013 | 984 * 03| 466 10.23 217 Xo.os
18-L 50,60,50 684 021 | 932 £0u0| 374 T0.0b | W34 *0.08| 2:5920.08 | 627 to8
IB-R ©070,60| 7'36 2023 | 5:90 X015 | 3.65 Zo.0L 613 o6 2-45 *0.0% 3:-16 X005

)
20-R7070,70| 4.27 £0O-24 | 1040 X137 | 4.0 T0.22 | 2.99 ¥0.12 | 3.80%0.19 | 2-35 *0.07
) .
20-L[e060,6:0| 5.52 £0.72 | 2:42%0.13 | 169 *0.07 | 2.66+0.16 | 1.24%20.05| 1.6l *O0b
21-R060,6:0 .04 X045 | 419 %015 | WUl 206 | 3.39 o4 | 3.82 *0I2 | 2-86t0.07
22-R[0060,50, %-78 024 | 7.01 2051 | 3.48t043 | 5.54 *O32 | 3.22 Yol | (.94 to.o4

- €8 -




DISCUSSION




- 84 -

DISCUSSION

Many authors have made the comment that electrical stimulation
of the éerebral cortex must unquestionably excite the simultaneous firing
of many neuronal elements which otherwise would never fire together
(Adrian, 1936; Sholl, 1956; Burns, 1958), This ﬁnphysiological excita~-
tion and its following response are difficult to relate functionally to
the seemingly irregular melange of heterogeneoﬁs neurones and their
processes Seen on histological examination of the cerebral corfex.
There is a multitude of hypotheses concerning various aspects of the role
and éignificance of the many artificially produced responses that have
been recorded from the more accessible regions of the central nervous
system. Their very number brings to mind the adage that the number of
treatments in vogue for a disease is inversely proportional to the
knowledge which man has of the disease. The neurophysiologist must,
nevertheless, continue to probe the mystefies of the brain and specu-
late on the functional significance of his findings. These hypotheses
and speculations are important atvleast in that they stimulate others
to appralse them critically. Hopefully from their criticism new con-
éepts will be engendered to help form a sounder basis to the knowledge
of this most complex of all systems.,

The observations presented in the RESULTS section of this
thesis will now be discussed in the light of previous findings and for

their own merit.

1) DISCUSSION OF PREVIOUS WORK
Further considération.of the hypétheses énd observationé of

Burns and his associates would be appropriate and useful. An outline
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of the basic experimental data which led to the characterizatign of the
surface-positive burst response has already been presented in the
HISTORICAL REVIEW, A summary of currently accepted interpretations of
this work will serve at this point to introduce the discussion of the
experimental Qesults reported in this thegis, The basic intefpretations
as suggested by Burns, follow.

Burns regarded the surface-positive burst response as a com-
ponent of normal physiological activity, and the neurones and their inter-
connecting processes mediating the response as a functional unit (Burns,
1951, 1954, 1955, 1958; Burés and Grafstein, 1952)., The charactefistics
of-the reéponse depend ;ess on the nature of the éxcifing stimulus than
on local cortical conditions; that is to say, once excitation occurs and
has passed from cell to cell, the characteristics of the response as
recorded at any particulér moment are determined only by the cells
beneath the recording point.

Synapses are undoubtedly involved in transmission of the re-
sponse; this followed from its all-or-none character, its spread with-
out attentuation and its sensitivity to general anaesthetics.

It has been suggested that there are two types of neurones
mediating the surface-positive burst response; these were named prim-
ary and secondar& type-B neurones by Burns, Grafstein and Olszewski
(1957), The primary type-B neurones are presumed to be concerned with
the tangential propagation of the response while the secondary type-B
neurones are responsible for the oscillatory phenomenon superimposed
on the mean positivity of the response. This oscillatory phenomenon is
believed to be maintained by a process of self-reexcitation through

synaptic interconnections of the second group of neurones concerned.
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The excitation of this second group is brought about through connections
with the group of primary type-B neurones. Neither of these cell groups
have been identified other than by their functional properties in iso-
lated slabs of cerebral cortex. They have not been identified at all,
in intact co?tex, nor histologically in isolated‘cortex.

It was assumed that cells which lay deep in the cortex and
gave unit potentials that could be recorded oniy during the passage of
a surface-positive burst response were part of the type-B population.
Such cells were found generally between 0.2 and 1.3 mm déep in the cor-
tex but especially between 0.9 and 1,2 mm; that is to say, at the same
dépth as that found for the deep, negative potential peak of the "burst
response' (Burns and Grafstein, 1952).

It was also found that undercuts made to within 0.6 mm of
the cortical surface abolished transmission of the response, as did a
cut from the surface 1.25 mm deep. From this and other data it was
concluded that the tangential spread of .the response depended on the
integrity of a network of neurones laminally organized and contained
within layers 3, 4 and 5 of the cerebral cortex. Burns suggested that
the‘excitatory pathway within a network must be rahdomly connected since
responses initlated by the same stimulus at the same point never had the
same pattern of potential change twice recorded at a distant point.

There are points both of agreement and disagreement between

the results of Burns and the results presented in this thesis.

2) DISCUSSION OF PRESENT RESULTS
a.) GENERAL STATEMENT
The results of the work reported in this thesis suggest that

there are neurones, interconnected in functional groups which mediate




- 87 -
the transmission and determine the characteristics of the surface-positive
burst response. These groups seemed to lie mainly in layers 3, 4 and 5
of the cerebral cortex, Whether or not there are two populations of
neuronés, one responsible for propagation of the response and one for
oscillations superimposed on the mean positivity is difficult to say from
the results obtained. It would appear that the propagation of the re-
Sponse may normally be served by a layered organization of these groups
of neurones, but that alternate pathways for transmission, held in func-
tional abeyance by the normal organization of the system, may become
available to carry the response whenever the usual network of neurones
is interrupted in any way. The data from the experiments on velocity of
tfansmission all strongly suggest that the organization of the neurones
is such that the response may be transmitted preferentially in one
direction through any group. From this it may be argued that the pre-
ferred direction of transmission changes from group to group so that
the velocity of the response changes from point to point.

This property of preferential transmission, and the observa-
tion in this work that serial responses recorded at a point distant
from the stimulated point are similar in shape, duration and amplitude,
suggests that the network of neurones responsible for tﬁese character-
istics is highly organized as a functional_unit; that is, the response
is not transmitted by randomly interacting neurones within the cortex.

Certain evidence suggests that a minimum number of newr ones;
that is, a "critical mass" of néurones, must be excited before the re-
sponse can be propagated.- A precise determination of this minimum
number would be difficult. However, the evidence from thé éxﬁeriments

using cuts and tetrodotoxin suggest that this is so. After a cut had
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been made or the drug applied there was a period of time before trans—
mission would occur. Presumably during this time there were not suf-
ficient excitable neurones within the stimulated area to prdpagate the
response, the number excitable being less than the critical number.

Some evidence supports the postulate that transmission of the
surface-~positive burst response is synaptically mediated. This evi-
dence includes the fact that the response travels very much more slowly
than would be expected for the transmission of action potentials in
unmyelinated fibres of the size predominantly observed iﬁ the cortex;
that the response spreads frpm a siﬁgle stimulated point without atfen—
uation to all points on the slab; and that it is sensitive to general
anaesthetics but relatively insensitive to small decreases in tempera-
ture,

It would be useful at this point to consider, if only quali-
tatively, some possible characteristics of the neuronal networks which
seem to transmit the surface-positive burst response. The exciting
stimulus may cause excitation to spread synaptically thfough a limited
-portion of the network, without bringing into repetitive activity groups
of neurones through which it passes, and without propagation of the re-
sponse., However, 1f a certain number of neurones are excited more or
less simultaneously, and then, through a process of self-reexcitation,
continue to bombard through their synaptic connections the receptive
poles of neurones at the edge qf the field of excitétion, then the re-
sponse 1is propagated. Depending on the neuronal elements of the unex-
cited cells with which synapse occurs, several more or less simultan-
eous trans-synaptic events would have to sum terxcite those peripheral

cells and thus include them in the excited mass. Transmission of the
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wave of excitation could then occur by the continuing inclusion of more
and more cells into the excited state. The rate at which the wave of
excitation spreads would, therefore, be dependent upon the ease with
which neurones on the periphery of the excited group are brought into the
excited stafe. If these peripheral neurones are included only slowly
then transmission of the response will be slow., However, if there is a
high degree of synaptic interconnections between cells in the "critical
mass' and cells at the periphery of this mass then there will be a
greater likelihood of peripheral cells being included in this excited
field of neurones much faster than when orientation and interconnection
o{ the neurones are not as favourable,

The electrical activity in a self-reexciting chain of neurones
could serve two purposes. A negative potential field, albeit small,
surrounds this repetitively firing mass, and this could serve to make
cells at the periphery of the field, but not included in the active
mass, more excitable by partially depolarizing them. Secondly, with
several cells in an area firing more or less repetitively, the chances
pf several impulses crossing the synaptic connections more or less
simultaneously with many other cells, and including them-within the
excitable mass, are higher than if these cells fire orce and are sub-
sequently silent. Furthermore, if insufficient pumbers of cells are
excited initially, the process of self-reexcitation in an interconnec-
ted mass of neurones is less likely to occur and excitation is less
likely to be transmitted. Theré could be, then, a situation in which
enough neurones are excited to produce a brief period of self-reexcita-
tidn, but where there are not enough synapﬁic events ocCurring within

a critical period of time to include sufficient peripheral neurones in
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the excited spheré to propagate the response, In this case a local
non-propagated response occurs in the stimulated region. As was pre-
sented in the RESULTS section such local responses were indeed often re-
corded. Examination of Figures 10 and 11 show that there was a critical
point for both stimulus duration and amplitude below which no responses
whatsoever occurred. Also, as threshold values were approached not all
stimuli initiated a response, or on occasion a local non-propagated
surface-positive burst response was seen. Moreover, such restricted re-
sponses were most characteristic of the chronically isoléted preparation,
These observations maybe explained 5y the supposition that the excitétion
of a critical number of neurones is required before a response can be
initiated and propagated,

Within limits, if a greater number of neurones is initially
excited it is likely that they in turn will excite a greater number of
neurones at their periphery and there will be a shorter time elapsed
for these peripheral neurones to be included in the excited mass. Thus
if a suprathreshold stimulus current is gradually decreased it would

-be expected that the transmission delay would increase as less neurones
are being initially excited., If less neurones are sending excitatory
impulses to the peripheral neufongs there is less chance of the peri-
pheral neurones being excited. These predictions are well supported by
the data illustrated in Figures 10 and il.

As the interstimulus interval was shortenéd, the transmission
delay became prolonged and eventually at a relatively high stimulus
frequency (1/sec) only every second stimulus elicited a response. If
the time required for complete recovery of the network of cells firing

were .longer than the interstimulus interval, then not all cells that
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are normally included in a response would be excited with each stimulus
and the transmission delay would be prolonged. At a certain stimulus
interval a sufficient number of neurones in the network would be re-
fractory to stimulation so that the next stimulus would not excite the
critical mass and ﬁo response would occur., This is illustrated in
Figure 9. Also, increase in delay and missed responses were almost in-
variably seen when a stimulus followed too closely after a spontaneous
surface-positive burst,

At the other end of the scale if too la%ge a stimulus étrength
were used then the area would be swamped with stimulu; current and many
of the cells which normally are excited serially would be simultaneously
‘depolarized and no self-reexcitation would occur. In this instance, no
response would be propagated. This phenomenon was éeen when the values
for stimulus amplitude and duration were raised to high levels,

The studies done here on transmissidp velocity have led to
the postulate that the directional preference of transmission is explic~
able in terms of the organization of the neurones transmitting the re-~
sponse. The bulk of evidence supporting this has been summarized in
the data presented in Table 1. The direction showing the faster trans-
mission has the shorter delays and thus the faster overall Velocity.

One possible explanation of these data is that the difference
in rate of spread related to direction may‘be due to a differential rich-
ness of synaptic connections from cell to cell in a particular direction,
This would permit a faster rate of excitation in the preferred direction
at any given time; that is, there may be a greater number of synapses
through which excitation can be passed in one direcfion over the other.

Similarly, the more repetitively active is a group of cells the greater
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will be the likelihood that transmission will occur to surrounding neur-
ones since more excitatory imbulses per unit time will be passing to the
synaptic connections with other cells.

Table 2 shows clearly that the velocity of the response across
the slab may change from point to point. From these data it may be in-
ferred that there are functional groups of cells in the cortex, that be-
have as individual units. Different groups might pass excitation along
the slab at different rates. The overall delay is the sum of the individ-
ual delays across the interelectrode zones. It follows that the~intér—
-electrode delays represent the sum of the individual group delays within
that zone, )

It was observed in this study that when differences in thres-
hold to stimulation between the anteriér and posterior ends of the slab
occurred, they were well correlated with the preferred direction of
transmission. The lower threshold was always at the end from which the
response spread fastest. This further supporté the mechanism just pro-
posed to explain the preferential direction of transmission. The region
where synaptic conmnections are richest might reasonably be expécted to
coincide with that region where the smallest stimuius current density
will excite the critical mass of neurones,

From the data preéented it appears that the consistent pre-
ferential direction of transmission in any slab is an inherent property
of that slab; this preference has been shown not to be related to the
experimental conditions, Furthermore, this property entails a high
degree of organization within the network transmitting the response.
and argues against the concept that the response is transmitted by the

random interaction of neurones. The fact that the velocity changes
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from point to point along the length of the slab but remains relatively
constant with time even over many hours, at any one point, argues again
in favour of a high degree of organization of the transmitting network.
The data also suggests that within the network there is a further degree
of directional organization within groups of cells. The observation that
serial responses initiated by equal stimuli at the same point and recorded
at a point distant from the origin of the stimulus are similar in shape,
duration and amplitude provides furthef support for the concept of a
highly-organized neuronal network in the cortéx. In the.light of all
this evidence it is highly unlikely‘that transmission of the responsé is
due to the random interaction of the neurones. The progression of the
wave of excitation must depend, then, on the organization in the group
of neurones through which it passes.,

Burns, Grafstein and Olszewski (1957) have postulated that
there may be two types of neurones subser&ing éeneration and transmission
of the response, however, this postulate is not necessary to explain the
results presented here,

The next question to consider is to what degree does the spread
of the response depend upon the layered organiéation of the neurones,.

b,) DISCUSSION OF THE INVESTIGATIONS RELATED
TO NEURONAL ORGANIZATION

Burns' results on cuts made into the cortex from above and below
suggest that the response is carried by a group of éeils located in layers
3, 4 and 5 of the cortex, When he cut through these layers, the trans-
mission of the response wés‘abblished permanently, 1In experiments done
here, transmission of the response wés abolished perﬁanently past a cut

region only when the cut passed through the full thickness of the cortex
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and well into the subcortical white matter. The responses were abolished
only temporarily after undercuts to within 0.45 mm .of the surface of the
cortex .(Figure 13a and Figure 12) and when cuts were made through the
entire thickness of the cortex from above (Figure 13b and Figure 14),
bqt not into the white matter below. Aftef a recovery period, responses’
could be propagated past the cut region,

Alternate pathways for transmission, held in functional abey-
ance by the normal organization of the system, may become available to
carry the response past the cut region whenevér the usuai network of
neurones is interrupted., There is sufficient anatomical evidence td
suppose that alternate connections could be made through the neuronél
interrelations seen in the superficial_layers of the cortex (for example,
dendritic arborizations), and made through the connections of neurones
in different parts of the cortex via the remaining subcortical fibres
(Sholl, 1956; Collonier, 1967),

It is likely that the act of cutting the slab has an initial
adverse effect on neurones well beyond the immediate area of the cut.
-This is evidenced by the sequence of spreading cortical depression and
the relatively electrically silent period with refractoriness to stimu-
lation which follows the completion of a transverse cut, This is remin—
iscent of the well-known phenomenon of spinal shock and may very well
be a corticgl analog of that condition. Apparently, cortical neurones
recover from this condition within 10-30 min and caﬁ then be excited
through the alterﬁate cortical connections. How long it takes for this
recovery to occur, and how plentiful arevthe alternate connecﬁions are
factors which seem to determine the changés in transmission delay near

and across the cut region., It is reasonable to expect that if the cells
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recover well and if there 1s a large number of alternate interconnections,
then the transmission delay should recover to, or nearly to, its former
value. 'However, if there continues to be some of the formerly excitable
cells that do not recover and remain refractory to stimulation, or if
the alternate pathways are not plentiful enough, then the timé for re-
covery will be prolonged. Increase in stimulus threshold during this
recovery period could be dué to fewer neuronesAbeing available for exci-
tation in a given area. As recovery occurs, more neurones become avail-
able and the threshold decreases. Usually the best recovery was seen
at pbints furthest away from the cut region. This progression in re-
covery caﬁ well be seen in Figure 12. Recovery was in evidence first
as a local non-propagated résponse. As illustrated in Figure 12 further
recovery was accompanied by propagation of the response'first to one
electrode and then to the electrode just proximal to the cut. Finally,
transmission occurred across the cut region. As more and more cells
recover and become available for excitation the transmission delay
should decrease, This is illustrated in Figure 14 where the response
recovers to its precut delay values after 60 minutes. Also, the re-
sults of the application of tetrodotoxin (Figure 15) support the view
that the number pf functioning cells is iﬁportant fér the propagation
of the response and is a determinant of transmission delay. It is
postulated that, as the tetrodotoxin is removed from the area; more
and more cells become capable of being excited and of transmitting
excitation. In the drug experiments, local non-propagated responses
at the stimulating electrode were observed even at the peak of drug .
action suggesting that effect of the drug did not reach the cells in’

that region. As the drug effect wore off, transmission recovered up to
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the region where the drug had been applied and finally crossed it.
Further recovery was evidenced by a decrease in transmission delay. It
can be .seen from Figure 15 that the most severely affected area, where
the drug was in the highest concentration, showed the longest-lasting
prolongation of delay, Recovery was also evidenced by a reduced stimu-
lus threshold.

Histological studies of chronically isolated slabs show an
irregular degeneration of neurones throughout the slab (Weisman et

al, 1967), The observations in chronic slabs from the ﬁfesent experi-
ments suggest a disruption of the péthways involved in the generatidh
and propagation of the respohse. Transmission is limited (5 mm) and
thresholds are raised. The responses are of low amplitude; short dura-
tion, all suggesting a decrease in the number of potentially active
neurones responding to stimulation,

The passage of a surface-positive burst response was accom-
panied by trains of spikes from cells in the cortical layers which have
been suggested as those most likely to contain the neurones carrying
-.the response. Studies of deep mass activity show that the onset of the
surface-positive burst response and of the deep mass activity response
were coincident or nearly so, The spike activity almost invariably be-
gan after the onset of the deep mass activity, as described in the
RESULTS section of this thesis, It may be that the shape of the initial
rising phase of the deep mass activity is a reflection of the field
surrounding the advancing group of excited neurones.‘ Thus this field
would be invading the region in tﬁe vicinity of the microeleqtrode tip
before the advancing front of firing neurones, The advancing field of

negativity, through partial depolarization of cells not yet included in
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the response, might be a critical precondition to firing in cells par-
ticipating in the surface-positive response, a point already considered.

-Trains of spikes are seen when actual invasion of a given cor;
tical region by excitatory impulses occurs. Shifts toward negativity
greater than the plateau of the deep mass response are usually accom-
panied by further trains of spikes, suggeéting that further excitation
is invading the region or that the self-reexcitation cycle has suddenly
involved a large number of neurones in the area more or less éimultan—
eously.

After a transverse cut was made, the slppe of the initial
rising phase of the deep mass activity became quite.gradual as compared
"with that of the pre¥cut response (seg Figures 16 and-17)., As repre-—
sented in Figure 19, and s;ggestedkpreviously there is likely a zone of
cells adjacent to the cut that remains refractory to stimulation for a
period of time, longer than those cells more distant from the cut, The
surface and deep electrodes due to their different location will be
receptive to different cortical areas. The surface electrode is most
receptive to changes in potential directly beneath_it whereas the deep
electrode is receptive to changes in potential surfounding it. These
areas are qualitatively delineated in Figure 19,

It has been postulated that for transmission to occur past
such a cut as that represented in Figure 19, excitation must be trans-
mitted through the deepest layer of the cortex or the subcortical white
matter.

As the wave front of the negative potential field surrounding

thebexcited mass of cells advances it will be sensed first by the deep

electrode. As the wave of excitation passes the cut région, it will
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initially excite relatively few cells on the opposite side of the cut
region. This is due to the post-cut refractory state of many of the
cells inythis region., Because relatively few cells are excited the
negative poteqtiél field will be small and the wave of excitation will
be travelling slowly. As the response advances into a region of more
excitable cells, more and more cells are included in the response. The
potential field will become larger and the wavé of excitation will
travel faster., This transition from a small, slow moving potential
field to a large, fast moving field in one response is seen by the
degp’electrode but for the most part is still too far away to be regis-
tered by ;he surface recording electrode. This transition from a small,
slowly moving field to a larger, faster moving field is seen as a gradu-
al potential change at the deep electrode (Figure 17), As the poten~
tial change seen at the deep electrode appfoaches ité maximum, trains
of spikes are seen and suggest that the wave of excitation has invaded
the region around the deep microelectrode tip. As well, once the wave
of excitation has invaded the receptive field of the surface electrode
it will be in a region of healthy neurones and will exhibit the charac-
feristics,of a normal surface response,

With further recovery of the transmitting pathway and of the
neurones surrounding the cut region, more and more cells will be in-
cluded at a faster rate into the response and the slope of the initial
phase of the deep mass activity will beccme stéeper and resemble the
precut responses in Figure 16, Also, the delay in transmission will be
reduced.

Figure 18 shows the relationship of the onset of the deep

mass activity response, the surface-positive burst response and the
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first train of spikes before, and at two intervals after the transverse
cut was made from the surface of the cortex. From this figure it can
be seen that the precut values for onset of the surface response and
deep response are almost coincident while the first train of spikes
lags somewhat but is not very different. In the representation of de-
lays 10 minutes after the cut, it can be seen that the onset of the
surface response and start of the first train of spikes are still very
similar while the onset of the deep mass activity is significéntly
earlier (PE .05). The later onset of the surface response and train of
spikes réflects the slowness with which the advancing wave front of ex-
citation approaches the area beneath the surface reqo;ding electrode,
‘At 25 minutes after the cut it can be seen that all values have re-
covered to the precut levels.

In almost all single unit experiments, the onset of both the
surface-positive burst response and of the deep mass activity occurred
before the onset of the train of spikes.

Ail the above observations support the suggestion that an
electrical field spreads into the receptive regions of the recording
electrodes before the repetitive firing of neuroneé in that region

begins.
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FUNCTIONAL SIGNIFICANCE OF THE OBSERVATIONS PRESENTED

Although nothing directly resemblihg the surface-positive
burst response of isolated cortex is seen in intact cortex, Burns (1951,
1958) has presented evidence that the response, or at least the network
carrying the response is probably a component of normal physiological
activity. Burns feels that the surface-positive burst response is im-
portant because it is a mechanism by which excitation could be spread
from cortical region to cortical region., Moreover, it has been shown
that ongoing electrical activity of the intact cortex may be correlated
with thé firing of single cortical neurones in temporal epochs (Burns
and Smith, 1962; Smith and Smith, 1964; Smith, 1965; Robertson,v1965).
This phenomenon has also been shown to exist with the surface-positive
burst responses of neuronally isolated cortex.

Brazler (1964) has categorized the features of a "stimulus”
which could be recognized by the nervous system. Each of the parameters
she listed may function as a trigger for signal recognition. These are
intensity, duration, frequency, locus and form of the "stimulus". The
author of the present thesis would like to suggest that the rate and
facility with thch a wave of excitation is transmitted to various
regions of the nervous system should be regarded as another parameter by
which information could be recégnized by the brain. The data presented
showing the preferred direction of transmission and the nonuniform .
velocity of transmission of the surface-positive burst response supports
this view.

Because of the anatomic complexities of the central nervous

system, particularly the myriad of interconnections between neurones in
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the cerebral cortex, it has been suggested (Sholl, 1556; Burns, 1958)
that the surface-positive burst response is transmitted by a random
interaction of neurones. However, the results of this thesis showing
the preferred direction of transmission, the nonuniform velocity of
transmission of the surface-positive burst response, the consistent
similarity in serial responses recorded at the same point, and the
results seen in chronic experiments do not support this view, Rather
this evidence suggests that neurones in the cerebral cortex are highly
organized into functional groups, and the interaction of these groups
determines the mode of excitation as it spreads in any direction, This
functional organizatioh may depend on the density of packing of the
neurones in a particular area, or the arrangement of their axonal and
dendritic processes. From this it would appear that a detailed study
of.the histology of the cortex coupled with a knowledge of the electrical
function in the same region should reveal a clear correlation between
structure and functions in the brain. ﬁoreover, such important cerebral
functions as memory, learning, and pattern recognition might all be
detérminéd by a structured organization of neuronal networks.

. Burns (i952, 1957, 1958) has suggested that the transmission
of the surface-positive burst response deﬁends on a layered organization
of neurones and bases this suggestion partly on the observations that in
his experiments, cuts té a certain depth of the cortex abolished trans-—
mission of the response permanently. The results of the experiments
ﬁresented in this thesis;suggest rather, that alternate pathways of -
transmission are available if there is local disruption of the norﬁal
network. These findings and this interpretation suggest that the cerebral

cortex has a wide margin of safety built into its transmission systems.
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CONCLUSIONS

1. Isolated slabs of caf cerebral corfex exhibit a
direcfional preference in the transmission of the surface-positive
burst response.

2, The velocity of transmission of the surface-positive
burst response is not uniform from point to point in any direction
along the length of the slab.

3. Serial responses recorded at a point distant from
the stimulated site show similarity in form, duration and amplitude.

4. Transmission of the surface-positive burst response
is possible past cuts ﬁade into the cortex provided that an alternate
pafhway is available; that is, cuts may be made through the full
thickness of the cortex and transmission will occur provided the sub-
cortical white matter remains essentially intact, or cuts may be
made through the subcortical white matter and into the cortex and
transmission will occur provided there are some superficial cortical
connections remaining. Thus, there are alternate pathways through
“which excitation may spread if the local pathways are interrupted.

5. Transmission of the surface-positive burst response
in chronically isolated slabs of cerebral cortex is of 1imifed extent
probably due to disruption of regular pathways.

It is inferred from all these results that there is a high
degree of organization of neurones into functional groups in the
normai cerebral cortex and that these groups subserve the transmission
of the surface~positive burst response. This organization appears to
be an inherent pfoperty of the cortéx. If is ﬁossible that it serves

to identify signals arriving from several different directions in
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the brain. Alternatively, it may function to direct the flow of several
different signals to appropriate target regions in the brain, by sel-

ective alterations in their velocity.
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RECOMMENDATIONS FOR FUTURE WORK

Several interesting possibilities for future work arose
during the course of the experiments. Their study would have con-
stituted a separate project inlthemselves and they have not been fur-
ther pursued. It.is necessary that they be recorded, however, if they
are not to become lost in the inevitable shuffle that occurs after
completion of a major project. These possibilities include the following:

(1) Much useful information about the interaction of neurones
subserving the transmission of the surface-pogitive burst respoﬁse;and,
as a logical extension, the functional organization of the cerebral
cortex could be gained by careful study of other parameters of this
response, such as amplitude and duration.

- (2) Because it is highly probable that the surface~-positive
burst response has some physiological function, it would serve as an
excellent tool with which to study the effecfs of drugs on the nervous
system.

(3) Several observations on the so-called "spontaneous
surface-positive burst activity were presented in-this thesis and.it
is suggested that the results of a more careful study of this phencmenon
in the brain may be usefully compared with other spontaneously active
tissue such as the heart and gut.

(4) A careful histological study, correlating a more detailed
study on the velocity of traﬁsmission of the response from point to point
with the underlying cytoarchitecture, wculd aid-in relating neurone

structure to its function,
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