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CHAPIER I

INTRODUCTION

Although the disease of epilepay is probably as old as civilization,
and indeed we find reference to it as early as 2000 B.C. in the Code of Ham-
murabl, the trestment of this disorder has been largely unsuccessful until
the last 50 years and perhsps completely unsuceessful before Semusl ¥Wilks
imtroduced the use of bromide of potassium in 1859(39). Still, epilepsy is
far from uncommon, although the public has not been made aware of it as it
hag of polio, tuberculosis; cancer, or heart disease. Aboub one in every
200 people; or a total of approximately one million people in the United
States, are afflicted with epilepsy(hﬁ « As many people suffer from this
disease as from diabetes or active tuberculosis, and the incidence of gpie
lepsy is many times that of polio.

The socio~economic importence of epilepsy is great not only because
this disease incapacitates the sufferer during the ictal or convulsive phase,
but he ie also dimctly handicapped in that he does not know when he will
bave a seisure. This fact physically restricts him from many activities in
which he would be predisposed to injury if a seizure were to take places Popre
haps more than any other disease this is a socially disabling disease of major
proportions. Although we have come a long way since the day when epilepties
were thought to be possessed by the devil and cast out or destroyed, the epi-
leptic is still ostracized from soeiety to a degree. Although personality

disorders are seen as a common occurrence in eplleptics, the cases which have



an organic basis for the personslity diserder represent probably only a very
small percentage. The majority of perconslity disorders are probably sec—
ondary to the distortion of the enviromment produced by sociszl ostracism,
constant fear of having an atteck, etc. It ig then readily apparent what
great sccio-economie value the conbtrol of this condition is, not only in ene
abling epileptics to obdain gainful employment, bmi alse to allow them teo
develop psychologically to practice good menmbel health, perticularly when (as
in 75% of the cases) it is a child who is involved. It has been estimated
that the cost to the natlion, not counting lost manpower, amounts to at least
$60,000,000 a ymr(h?) « The umonetary cost is of little importance compared
to the personsl and social bereavement suffered by those afflicted and their
families. The encouraging point is that, given adeguate medieal care, 80%
of these people can live relatively normal productive lives.

Although some hereditary influences have been noted in specific types
of epilepsy (i.e., pyknolepsy), a much greater proportion (95%) of these have
now been ghown to be caused by a specific imsult to the brain, the more
proninent of these causes being trsuma to the hesd, vascular insulte, neo-
plastic growths, and infectious processes{13), Merritt and Putnam led the
way in the treatment of these disorders with the development of the first
truly specific anticonvulsant drug, ﬁi;DMnylmﬁantoin(BB ) « These spscilic
anticonvulsant drugs not only may alleviste or decrease the frequericy of oc-
currence of the seizures, but in some cases offer complete control. Although
cousiderable e:xcellent research has been done in the last twenty years to
discern the mechanism of action of these drugs and the patholopical sltera-

tions of the nervous system which are associated with the dissase s wuich re~



mains to be resolved. Of particular importance is a more complete under-
standing of the manner in which behaviour in neuronsl sggregates like the

cerebral cortex is different from that characterizing the normel.
ELECTROCCRTICAL CHARACTERISTICS

The Spike

The seizure state has long been known to be assoclated with a specific
type of electrocortical activity which is characterized by a potential wave
pattern of high voltage and relatively short duration called the "spike®
(18, 22). Thase spikes may occur singly, in paroxysual bursts sometimes
ealled polyspike esctivity, or in contimuous runs of activity of varying fre-
quencies. The generation of these sbnormally high potential waves is
thought t¢ be due to hypersynchronous firing of the neuronsl units of the
eplileptogenic focus{w). The rhythmicity with which these high voltage po-
tentials recur during a seizure may then be attributed to an oscillation in

and out of a state of hypersynchrony.

Rhythaicity

The mechanisn underlying the ability of the cenbral nervous systeu to
generate oscillatory electrocortical activicy lies either intrinsic in the
nsrve cells themselves (€) or is g function of the manner in which they ave
iataraemwcmd{m}. Rhythoic gctivity is not a phenomenon restricted tw the
mamnalisn cerebral cortex but has been observed in many much less well dif-
ferentiated nervous systen compomnta(l’ 11) end muscular elemn'bs{“*&’ 38),
Lorente de fﬁéml) and Leimannian have shown that a spontaneous, rhythmic

succession of compound spikes may be set up in a vertebrate nerve trunk
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following a single brief, adequate stimmlus. Brink, Bronk, and }I,arr&haaw)
moted that depolarizstion, whether produced electrically or by drugs, may
itself emhance spontanecus activity. Since 1938, when Lorente de H§ dow
veloped the concept of reverberating circuits from his study of the activity
of the chainsg of intermuncial neurons in the spinal ceniwm, this hypothesis
has been used as an explanation for thwe uechanism of different types of

spontaneous rhythmic cortical aativity such as spindling and the alpha rhythm.

Rhythnic Activity in the Thalamo~cortical System

There has been much evidence that the alpha rhybhm and spindling are
produced in the cerebral cortex by activity in the mideline and intralaminar
or non-specific projecting mucled of the thalamus. Bursts of potential
waves having the alpha frequency and modulation characteristics can be ree=
corded from these nuclel in man and in the cat( 21) even after complete de-
cortication, tlms obviating the possibility of setivity in thalamo-cortical
reverberating circulis. That this alpha activity is modified by the cortex
has, howewer, alsc been damonﬂtratedué" 3l‘).. Stimlation of the non-speciiie
projecting mwclei by single shocks results in the appearance of bursts of
alpha frequency activity in all neo-cortical aress and in the striatum come-
plex (the so-called tripped spindles) (3k, 23, 35 ).. When the diffuse project-
ing nuclei are stimulsted by repetitive shocks at the frequency of alpha
activity, elsctrocortical waves of gradually increasing amplitude are
&volmd(gs > 23 3""’). The frequency of the alpha activity in the cat is not
modified by fluctustion of the temperature of the cortex alome but is ine-
fluenced by fluetuations in the general body temperatures which affect the
temperature of the subcortical structures as well as that of the cortax(7).
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Ralgton and ﬁjmnmawﬂarﬁan(ha) have shown that certain drugs which affect the
frequency of rhyilmic cortical activity when applied to the diffuse projecte
ing muclel of the thelawus do not produce an effect when applied to the core
tex directly. And finally, the undercutting of a cortical ares resulis inm a
diminution of the potential of the rhythmie cortical activity and an increase
in the spacing between spindle burste{26s kh),

Spontaneous alphs waves in continuous sequences or in evoled bursts and
the waves of spontanecus gpindles all show similar time course and the same
predominant surface megativity. Li, Cullen, and Jaaper(gg) noted that when
these waves were recorded from the depths of the cortex using microelec-
trodes they exhibited similar potential distribution within the cortex.
Spena&r(h3), in studying electrocorticel augmenting, recruiting, and gpindie
waves recorded at different depths in ths sensori-uwotor cortex of cats, was
able te differentiate two basic depth-time-potential patterns. The first
patiern was noted predominantly in augmenting responses, while the second
pettern predominates in the recruiting response. In spindle waves & mixture
of the two patterns was noted with neither pattern predominant in a majority
ef the spindle waves. It has also been noted that slight hypoxia or anes-—
thesla readily suppresses the discharge of cortical cells, recorded as
unitary spikes, without affecting the rhythmic slow waves. From this sige
nificant finding and confirming, with the microelectrode technigue, Adrian
and Moruszi's aarly‘sbservationa(g), 1i, Mclennan, and Jasper(zg) concluded
that there is no support for the supposition that the slow waves result

from envelopes of spike discharge.



Cyelic Exeitability of the Cortex

4 mode of production of rhytheic electrocortical sctivity may be in the
cyelic excitability of the nerve cells. This was slluded to by the cbserva-
tions of Bishop in 193‘3()") and of Clsre and Bishop in 1952(13) of a phase of
cortical depression following the responses to stimlation of speeific sen-
sory afferents in the cat and in the rebbit. This depression was then fol-
lowed by a return to at least normal excitebility after an inmterval close to
the interval between alphs waves. Clare and ﬁishop(m) in a later study of
potential wave mechanisms in the cet cortex were able to show that both
thalaric muclear stimulation and stimulation of the thalemic yadistion fiw
bers were ecapable of indueing rhythmie excitabllity changes in the cells of
the cortex. This cycle of exeitability consisted of s phase of depression
following the first recruiting wave or spontaneous spindle wave, which lasted
for one-tenth to one~sixth of a second, and then passed over into a phase of
supernormal excitability. This phase of cortical depression is noted %o be
temporslly similar %o the interlude betwsern waven of naburally coowrlng
alpha actiwity, spontaneous spindles, and also the waves of the recruiting
and augmenting responses. It was noted by Clare and Bishop in this latter
study that elther spontansously occurring 10/second spindles or evoked re-
erulting waves occlude other spontansous activity and also tend to occlude
each other. This tendency of these patterns to occclude sach other would sug~
gest that they all may occupy the same structures.

It has thus been desonstrated that z high voltage low frequency type of
elsctrocortical activity may occur spontansously over the cortex and may
also be either "{ripped® or produced artifieially by diencephalic elsctrical

stimulation. An increase in cortical sxcitability which occurs in a eyclie



fashion has been noted to occur with, amd to be in clese temporal relation-
ship to, seversl varieties of this high voltage low frequency type of elec~

trocortical activity.
ACTIVATING PROCEDURES

In the EEG laboratory, procedures which bring out intrinsically ebnore
mal elsetrocorticsl activity have been found o be of great value to the
elinieal neurologist studying epilepey and to the meurophysiclogist studying
the mechanisms underlying the dlsssse of epilespsy. By activation of an
eplleptogenic focus is meant a procedure by which the enviromment of the
group of abnormal neurons which make up the focus mey be changed in such a
Way a& to cause or allow them to produce the electrocortical activity (i.e.,
spikes) characteristic of abnormal funetion. These activation procadures,
which (as ip the case of many other disgnostic tools) are aceepted on an
empirical basis, appear to be of greater value in certain gpecific types of
epilepsy. The most commonly used activation procedures in elinical EEG
studies are those of h;rpemgztilation, photic stimulation, sleep activation,
and metrazol ac*himtien{ k2) « DBesides visual activation, other types of
sensory stimulation such as acoustic, olfactory, and tactile stimulation

have also been found to be of value in selected eases(zz).

Hyperventilation

The most common method of activation used is that of hyperventilation,
which is almost a routine part of the diagnostic elsctroencephalographic
procedure on any patient suspected of having a convulsive digorder(u}. It
would appear that hypocarbia with resultant moderate alkslosis and electro~
lyte shifts predispose the nerve cells to epileptic activity either by



direct effect on the nerve cells themselves or perhape by vasoconstriction

of the cerebral capillaries, with a resultant slight drop in the oxygen sup-
plied to the cells(l2), The electrocorticsl response which is noted in man
(other than spike activity) is that of moderately high veltege {approximately
100 mv. or aveve) and moderately low frequency (in the alpha fregquency band).
In the normel patient this high voltage low activity usually is replaced oy
normal activity within ten to twenty seconds, but in the epileptic patient

it may persist.

Photic Stimulation

The second most commonly used method of activation used in the clinical
slectroencephalogrephy laboratory is that of photic aeﬁi‘mtian(&g’ 3‘8). In
thie procedure a fairly bright light is flashed in the patient's eyes, which
may be either opened or closed. The photic stimulus may be presented either
slngly or in trains or repetitive bursts. 4 frequency of 8.5 to 24 cps., has
been found to be most effective in BEG activation(?5), Although s speeific
response to photic stimulation is noted over the occipital mmx{ g;},,)’ thera
is no direct evidence available at this time supporting s diffuse cortical
influence by involvement of the nmon-gpecific thalamocortical system, Wall,
Remord, and Dobson(45), nowever, have deuonstrated an inereass in &he height,
of all comporents of a pyramidal volley evoked by cortical stimulation when
preceded by a light flash. These suthors also found that a similar effect
could be produeed Ly other types of sensory stimulation and that stimlation
of the femoral cutaneous nerve appsered to have grester effect on the Pyram-
midal volley than did the visual stimulation. In ablefion experiments it

Wes also found that the occipital cortex snd the superior colliculus were not



necesgary for the facilitation of the pyranidsl response by photic stimula-
tion. Thus, & generalized diffuse excitatory influence may be exerted on
the cerebrel cortex over an undetermined pathway following sensory stimula~

tion.

Sleep
It is common c¢linical knowledge that many epileptic patients have their

seizures only during sleep. It is, therefore, natural to expect that some
of these individuals would present specific electrocortical abnormalities
only during this functional state. This has been found to be the case in a
great number of epileptic patients, particulerly those with psychomotor epi~
lepsy. Gibbs ei 5}_.(17) found in a study of 300 cases diagnosed as psycho-
motor epilepsy that only 30% of this group showed seisure discharges during
sleeping EEGs. Nerlis et ;a}»a(”’z} in 210 ecases of various manifestations of
epilepey found an increase from 378 to 47% in sleeping EEGs over waking.
They also found in 102 normal or borderline patisnte that 1L.7% demonstrated
selzure discharge during sleep. These slesp recordings were found %0 con-
trivute most in thet group of pstients with psychomotor selzares, and Werlis
fournd sleep studies of especial value in demenstrating anterior temporal
splke foci in these petients.

Glaser and Golub(2®), however, found in 110 children (of ages one ard
ene~half to sixtesn yeurs) with psychomotor seizures that BEG recordings
during sleep contributed 1ittle wore in the way of sbnormal EEG activity.
This would seem to indicate that the activating faetor present in the adult
is lacking at least to some degree in the adolescent. While pany diffepw

euces in the infunt and sdolescent as conmbrasted to the adult EEG ave laown,
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aone heve Leen shown te produce an effect which might explain this phenviu-
—
As to the level of sleep which scems 1o produce the best degree of ac-
tivation of the EEG, Gibba (17) found seizure astivity to be maximal during
light eleep. This level of light sleep and drowsiness is seen % correspond
with an EEG waveloru of low frequency and high p@teﬁ‘&i&l known as spindliling.
Natural sleep and sleep induced by drugs were found o be similarly effec=
tive; however, it is preferable to obbtain nabtural sleep whenever possible,
as sedative agents modify the sleep pattern and may limit the true evalus-
tion of the slesp record in some eplileptic patients.

I% should be noted at this point thet hyperventilation and light sleep
are assoclated with the production of a gensralised type of high voltage
low frequency activity. A similer typs of high voltage aetivity localized
W the oceipitel cortex mey be produced by photic stimulation of & frequency

in the alpha range or elightly sbove.

before turning to the comsideration of the mechanisms whershy these
activation procedures precipitate abmormal focal discharge, it seenSperti-
nent to call attention to the fact that high voltage low frequency sctivity
can alse be induced in the electrocortisogrems of experimental animals by
seversl techniques. In many respects the experimentally induced waves re-
semble those produced by actlvation procedures in man. Spindle bursts,
eomparable to those seen in light sleep, may be induced by large mesen-
cephalic lesions which render the animal comatose(5), Direct electrical
stimuletion of vhalsmic relay nuclei et low frequencles induces augmenting

waves which may be comparable 4o the oecipital waves induced by photie
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sbimmlaticn. Blectrical stimulation of the widline thalamic nuclsl al low
frequencies induces a corticel electrical phenomenon callsd recruitment,
which in many respecte resemblss bursts of sleep spindles. Although, in
erins of Lime course and dirsction of surfsce potential change, all of Lhese
experimentelly induced phenomens have certaln charecteristics in comuon wlth
each other and with the results of activation procedures, it is impossible
ab this time to be certain that identicel underlying mechanisua are respon-
sible. AL least two major patterns of intracorticsl electrical changes have
been defined, one pattern predominent in the augmenting response, the other

predominant in recruliment, and a mixbture of these patierns with neither

predominant in experimentally induced apimilasu’&}v

ORIGIN OF ACHORMAL FOCAL ELBCTRICAL ACTIVITY

Since the time of Hughlings Jackson, it has beon assumed that the
funstional pathological site responsible for the disease of epilepsy lies
in sbuorumal nsuronal hyperactivity. There hes been little actual evidence
of this unbtil the past several years, when misroelectrode techniques have
made the recording of ualtery electrical sctivity feasible. One of ths first
studies of unitary activity im sn epileptic focus was that of Schaids,
Thomas, amd “ﬁm(m), in which chronic cortical spileptogenic foci were pro=
duced by the injection of alumina cream inte the cerebral cortex of monkeys.
They were able to record frequsncies of cellular discharge in neurons in
these Joei that were considerably sbove those seen in normal coritical neurons.
The cells which produced this awbonowous high frequency burst activity ap-

pear %o be of swall or intermediste size. Spike activibty was not correlated
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with any specific event at the eellular level, and i1t was propossd that the
characteristic BEG of focal epileptic discharge was due o a summation of
massive dendritic potentisls which nay ocour synchronously. The subhors
concluded that the fundamental property of the eplleptie neuron is the

capacity for sustained autonomous discharge.

Thalamocortical Influences on Corticsl Excitability

Brookhart and Zanchetti in 1955(9) were able to demonsirate increase
in the responsivensss of the cortico-spinal system during evoked augmenting
woves and spontaneous spindle waves. A similar alteration in responsiveness
of the efierent neuron system was not, however, noted during recruitment.
Wall, Remond, and Bobmn(lﬁ) s a8 previocusly noted, found an inecrease in cor-
tical exeitability of the sensorimotor cortex as measured by an increase in
ell components of an evoked pyramidal response, during optic s‘bimllé%ion, and
also during periphersl sensory stimulation. The findings of Clare and
Bi&hep‘lm of & phase of hyperexcltability following waves of recruitment
and spindle activity, when considered with these other experimental cbservae
tions, indicate that the thalamocoriical circult masy at times heve an ex~
citatory effect on the cortex which wight affect the susceptibility of the
cortex to elther the initiation or the spread of sbnormal electrical setivity.

Andy, Chinn, Allen, and Sha’wver{s ), investigating any influence that
mesengephelic and diencephslic stimulation night have on limbie system seiz-
ures, noted no specilic changes in the after-discharge charscteristics pro-
duced after preactivation stimlation of the diencephalon et poinbs which
produced recruiting responses, or after stimulation of the brain stem. The

effect of the preactivating procedures on the susceptibility of the regions
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of the limbic systen tested to respond to ths electrical stimilation by
aftor discharge, however, was not noted.

I% is roadily apparent that there are many difficulties in the evaluge
tien of the susceptibility of any neuronal ageregate o the davelopment of
abnormal electrical activity, the first of which is a eriterion measuring
susceptibility capsble of guantitetive analysis. As different regions of
the cortex are known %o have different suseep%ibilimas(lé) to the asount of
current necessary to produce abnormal eleetrical activity, this factor must
be taken into account in any attempt to measurs changes in cortical seizure
threshold. As in the case of most biologieal systens, there will be many
variables which camnot all be eliminated but whose effect may best be mini-
mized by the use of paired cbeervations of the control and conditioned thresh-

old,
STATEMERT OF PROBIEY

The following series of experiments represent an attempt to ascertain
eny effect on the excitability or susceptibility of the sensorimotor cortex
which has been preconditioned by the induction of high voltage low frequency
waves resembling those which are produced by many of the activation proced-
ures.

In the conduet of these experiments it was necessary to develop a
method for testing the excitability of the cortex in a guantitative fashion.
Given an adequate test and eriterion, any changes occurring in excitability
of the cortex during perieds of high voltage low frequency electrocortical

activity should be discernible in the form of an alteration in the measure
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of excitebility. Thes threshcld for the producilon of after-discherpe by
electrical exeitation of the cortex has been compared to the threshold for
the production of after-discharge in the seme fashion duving avgmenting ac-

tivity, recruiting sctivity, and spontaneous spindling.
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CHAPTER II
YETHOD

The surgical prepavstion of the animals was carried out under ether
anesthesia, The trachea was routinely canmilated and a polyethylens catheter
was inserted in the right saphenous vein for intravenous administrution of
fluids throughout the surgicel and experimental periods. The animal's head
was then secured in a steriotaxic instrument. The cranial vault was ex-
posed by means of a cruclate incision in the scalp and retraction of the
scalp and muscular layers. A trephine hole was made through the frontal
simus on the left side in order to expose the left sensory-motor ceortex for
corticel stimulation. A similsr trephine hole was then made in the parietal
region for insertion of the thalamic electrodes. Suall burr holes were made
in the frontal, temporal, and oceipital regions bilaterally with a dental
burr to provide a seat for the surface recording electrodes. Two gimilar,
but larger, burr holes were made over the cerebellun to admit the trigeminal
coagulation electrodes, which entered the skull at a 30° angle in order to
bypass the large venous chammels in this region. In the experiments in
which spindling was investigated, similasr burr holes were placed for the
mesencephalic tegmental coagulation.

In order to produce local anesthesia over the scalp, a method of pro-
caine inflltration of the edges of the scalp was first attempted. Because
of & rather large increase in threshold following the injection of procaine,
this method was discarded in favor of D¢ coagulation of the brigeminal mue

(10)

elei » The latter method had mo apparent effect on the threshold, and
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the snesthesia was permanent. As the method of procaine infiltration of the
scalp is comnmonly used in elecirophysiclogical studies of the cortex, this
Finding, if velid, would be of considersible importance. Coagulastion of the
megenecephalic tegmentum in the spindling cete wasg accouplished by means of an
electrosurgical unit. The electrodes used for coagulation of the trigeminal
muclei of the mesencephalic tegmentum were stainless steel rods which were
insulated except for the distal L mm. The cats used in the study of the ef-
fects of augnentation and recruiltment were then placed on artificial respira-
tion after the adminigtretion of 2 mg. of decamethonium bromide snd were
maintained immobile by 1 mg. dosages of this drug every L5 to 60 mimutes af-
ter ether anesthesia to the termination of the experiment.

Thalamie and hypothalamic stimulating electrodes were bipolar concentric
electrodes with a tip separation of approximately 0.5 mm. and were placed
sterotaxically. The surface recording electrodes were 3/8% x 2% brass wood
screws which were seated in the burr holes over the frontal, temporal, and
occipitel regions. A spring-mounted, ball-tipped, silver wire bipoler slec-
trode with a tip separation of approximately 6 mu. was used for cortical
sthoulation and was pluced visually on the left enterior sigmoid gyrus
through the trephined hole in this region.

All stimuli used in this group of experiments were rectangular pulses
which were slightly distorted by isolation transformers. In the stimulation
of the cortex, & ten second train of impulses with a pulse width of one r sec.
and frequency of 100/sec. was used. This stimulus was delivered through a
calibration circuit by means of which the current delivered to the cortex
was monitored oscillographically, The cortical impedence was also measured

during the period of stimulation by a bridge circuit. The stimulus electrode
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was then adjusted o the r@gi@ﬁ of the anterior sigmeid gyrvs which appar-
ently had the lowest threshold to electrical stimuleticn., This electrode
was not moved agein until the termination of the expesriment in most cases.

Conditioning of the cortex was accomplished by stimulation of the left
ventrolateral mcleus of the thalawus in the case of the augmenting responss,
and by stimulation of the centramedian mucieus and Hucleus Heuniens in the
case of the recruiting response. Before the experiment the optimum position
Por thalamic stimmlation was determined by monitoring the responses on the
EEG, and bthe electrodes were then not moved until the terunination ol the ex-
periment. The thalamic gbimuli consisted of a 3.2 second train of one m sec.
wide rectangular pulses delivered at frequencies frow sboub § to 12 per
second. The intensity of the stimuli *%‘am usuaily in the range ol one tw
five volbs. In order to precondition the cortex, the train of thelamic
stimuli was initlated spproximately one~haif second before the onset of the
corticel stimulation (Figure 1D, page 18). 1In the case of the spindling ani-
mal with the mesencephallc lesions, arousal was produced by hypothalsmic
stimudation epproximately ten seconds before cortical stimulation. The stime
ulus delivered tw the hypothalawus was a one second train of one n sec. wide
rectangular waves ab a repetition rate of 100 per sscond. Voltages of one
to four were usually of sufficient intensity to produce a satisfactory state
of ELG arcusal (Figure 10, page 18).

Corticel recordings were achieved by mesns of a Grass Model 111 elece
troencephalographes A étand&rd method of recording was used throughout all
of the experiments. This consisted of unipolar leads from the frontal,

temporal, and oceipital regions on both sides and a bipolar fronbal-oceipital
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lead from both hemispheres. On the unipclar recordings a phonogreph needle
was inserted in the region of the left mastold for use as a reference lead.

The times recorded in the dats are from & zero time at the completion

£ the surgical procedure., This gsere btiue, therefore, also eoincides with
the time the animal began to come out of ether anesthesia.

Coordinates used for stereotaxic placement of the thelamie and hypo-
thalawmie bipolar concentric elecirodes were derived irom the atlas of Ajuone-
Marsan and Jaspw(%} . Upon termination of the experiment, the left carotid
was isolated and injected with approximstely LO cc. of 10% formalin solution.
The brain was then resoved and deposited in 10f fermalin. After an interval
of at least three days, blocks of nervous tissus containing the electrode

acks and the trigeminal and mesencephalic lesions were frozen, secticned,
and photographically printed without steining, as described by Guzman, Al-
caraz, and Fernendez(m) for histological follow-up, The criterion for
threshold stimulue intensity was the presence of a typlcal changs in the
electroencephalographic pattern called an aflter-discharge. In order io
qualify as an after-discharge, e potential of greater than 0.1 uv, occurring
within ten seconds following the cortical stimulus and clearly distinguish-
eble from the activity in the prestimulus record was deemed necessary.

In order t ascertain the thresiwld current a method of "tromboning®
was used, in which the interval betwesn a subthreshold and a threshold value
was gradually decreased until an interval of avout 0.03 ma. between the
threshold and a subthreshold stimulus was achieved. The stimuli were pre-
sented at intervals not less than five minmutes apart in erder te¢ minimize any
effects of the preceding stimulation. When the afterdischarge became gener-

alized or prolonged over more than 20 seconds, an additional period of re-
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covery was allowed, depending upon thes severity of the response,

In the experimental procedure control tlweshold valuss wers obtained
internitbantly awong the conditionsd threshold values in &ll of the expari-
ments. DBecause of the variability of the contrel threshold during a single
experiment, eontrol values were taken elther alternstely or in a ratic of
one to every two conditioned threshold values. In order to minimize the
eifects ol other vardables which may act on the after-discharge threshold
and which cannot be brought under rigid control, a method of stabtistical
analysis using palred observations was selected. To obtain paired control
and conditioned threshold values it was necessary to derive mathematically
a control threshold value by interpolstion from the control threshold values
obtained before and aiter the condltioned threshold on the basis of time,
assusing the variation in control threshold to be limear. The hypothesis
that there iz no signilicant differsuce bebtween the mesns of the two popula-
tions was then tested sbatistically by the use of Student's & test ai the
(k)

5% and 1% levels of significance The probability of the acceptance of

& false hypothesis was also mathenatically eveluated for these sample sgizes.



CHAPTER IXX

RESULTS

After-Discharge Potterns
The criterion used for after-discharge wus the appearance of one or

mors EECG spikes of a potential greater than 0.1 nv. cceurring within ten
seconds following the test stimulation and clearly distinguiahable from the
normel pre-stimulus activity (Figure 2, page 22). During the experiment the
after-discharge patterns noted were many and diverse., The most commonly
seen pattern (Figure 2B, page 22) was that of & rhythmie, moderately high
voltage type of poly-spike activity which occurred in freguencies of from 12
%o L8 per second. The duration of this setivity was seen to range from one
mimite %0 only a fraction of & second (being confined to one or two spikes).
The after-discharge terminated by elther becoming lower in frecuency or de-
creased in auplitude, or both. A period of latency up to nine secornds from
the termination of the testing stimlus until onset of the after-discherge
Was occasionally noticed (Figure 2¢, page 22), although the afmrmdiéchaz’gﬁ
uenally followed the testing stimmlus by less than one second. A third type
of after-discharge pattern wes one which Was characterized by the lack of
rhythmicity, consisting of completely irregular poly-spike activity (Figure
2Dy page 22). This pattern frequently terminated in a spike and dome com-
plex reminiscent of that associsted with petit mal epilepsy.

These varieties of after-discharge were not constant from trial to trial
in the same animal. The pattern of after-discharge in a single animsl was

unpredictable and not relsted to the duration of the experiment. On the few
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occasions when supra-threshold stimuli gave rise to a generalized, self-
sustuined electrocortical seiszure, the initisl phases of the after-discharge
were not unifernly of ome pattern. The three conditioning procedures util-
ized to alter cortical activity had no discernible affect on the pattern of
threshold after-discharge.

The distribution of after-discharge was constant, both from trial to
triel in a single snimal, and between different animels, for threshold
stimlation. The after-discharge was most prominent in the stimilated left
frontal region with minimel spread, in approximetely 75% of the cases, to
the right frontel regioms. After-discharge activity was not noted in the
other monopolar leads until stimuli approximstely twice threshold were ap-
plied. If the after-discharge became generalized, the voltage of the e¢lecw
trocortical activity was higher over the frontal and occipital regions. The
distribution of the after-discharge was not influenced by ths three condi-

tloning procedures.

Yariations in Control Threshold

The contrel thresheld drifted in several of the experiments. lo rela-
tionsiip Letueen rectal temperatures and the threshold variations could be
found. In several experiments the threshold was seen to drop during the
first 60 mimutes following the cessation of ether arpsthesia, but this was
not consistent. The most important factor in stabilization of the control
'{;hreshom was the prevention of any disturbance of the prepsration or of the
electrode placements. In the experiments involving conditioning by augment
ation and recruitment, severzl animals showed a tendency to develop electro-

corticographic activity suggestive of light sleep. In order to prevent an
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interaction between drowsiness and evoked sctivity, the animsl wae kept in a
state of arousel by auditory stimmwli (clapping, whistling, etc.). Even in
those animals 'ﬁhﬂﬁé thresholds resained stable throwghout the experimental
period, differencesz in threshold were noted between animsls. This may parti-
elly refleet veriation in the site of stimulation on the snbterior sigmoid
gyrug, variations of threshold within cats, and physiclogical responses o
the surgery and experimentsl procedure.

The varistions in the control and conditiored threshold values are
evidant on inspection of Figures III (page 25), IV (pege 26), and V (page
27}« It may be readily noted that the spread of control thresholds wes
greatest in the experiments concerned with the effect of recrultment, al-
though the lowest threshold velues were found in the spimdiing experiments.
These varlations in contrel threshold, of course, have no relstion te the
type of conditioning under test.

The progressive changes in contrel threshold introduced s complieation
in the analysis of the results. Since it was obviously impossible %o measure
both control and conditioned thresholds at the same tine, it was necessary
to estimate the degree of change of control threshold which eould be pres~
sumed to have occurred between two measurements. In order to obbtain the
paired values required for the analysis, it was assumed that the change in
control threshold oceurred in a linesr fashion between two messursments. The
estimated control value to be paired with an experimental value was obtained
by simple interpolation to the time of measurement of the conditioned thresh-
old,



FIGURE 3

The points plotted represent paired threshold
values. The solid line represents the hypothetical
mean, testing the assumption that conditioning the
cortex with the augmenting response produces no gle
terztion in the after~discharge threshold, The dotted
lines indicate 2.58 standard deviations on either side

of this mean.
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FIGURE b

The points plotted represent paired threshold
values. The solid line represents the hypothetical
mean, testing the assumption that conditioning the
cortex with the recruiting response produces no al-
terations in the after-discherge threshold. The dotted
lines indicate 2,58 standard deviations on either side

of this mean.
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FIGURE 5

The points plotted represent paired threshold
values. The solid line indicates the hypothetical
mean, testing the assumption that eonditioning the
cortex with spindling produces ne alteration in the
after-discharge threshold.

The dotted lines indicate 2.58 standard devie=

tions on either side of this mean.
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After-Discherge Threshold during Conditioning

To determine if conditioning the cortex had an effect on the afierwdis-
charge threshold, a means of comparison of the palred threshold values was
needed. In order to depict clearly the relationship between the gontrol and
conditioned thresholds, the paired valuss have been plotted on separate
graphs for each of the types of conditioning (Figure 3, page 25; Figure k4,
page 26; Figure 5, page 27). The combrol threshold values heve been plotted
on the ordinate and the conditionsd threshold values on the abscissa. A
heavy black line is drawn to represent the locus of points designating con~
trol and conditioned thresholds of equal value. If the hypothesis is acw
cepted that there is no significant difference between the mean of the cone
trol threshold and the mean of the conditicned threshold, then the paired
observations would be expected to fall in a normel distribution sbout this
line. The dotted limes in these illustrations represent the boundaries of
2458 standard deviations of the differences on either side of the hypothetice
al mean. The area between the dotted lines would include 99% of the observa-

tions if these observations follew 2 normal distribution.

After~Discharge Threshold during Augmenting hesponses

The influence of augmenting waves on uiter-discharge threshold wae
determined by fourteen observations in elght animals. Auguenting waves were
produced by stimulation of the left mucleus ventralis lateralis at the fre-
quency of 8 to 12 per second, using a train duration ef 3e2 seconds.
Approximately one-half second after the onset of thelamic stimmlus, the test-

ing stimulus was delivered to the sensori-motor cortex.



In order to demonstrate the veriations on threshold obtained, the
paired observations were plotied grephically (Figure 3, page 25). It is
evident upon inspection of the graph that the variation smong the condi-
tioned threshold values is approximately the same as that among control val-
ues. The plotted valuss are distributed fairly syumetrically sbout the
heavy black hypothetical mean line. The difference between the palred ob-
servations, as judged by the displacement of the piotted point frow the mean
line, varies considersbly., Ninety-nine percent of the paired observations
ney be expected to fall in the region betweon (.23 wv. on either side of the
hypotheticel mean line, assuilng normsl distribution. In Table I (page 30)
it may be sesn bthat the differences in the paired observations were positive
in eight of the fourteen cbservations snd that large positive and negative
differences both cecurred. The mean of all differences was found o be plus
0.0 me., sigrnifying that the control threshold values were slightly higher,
on an average, than conditioned thresholds. The standard deviation of the
differences wes calculated to be 0.09. With 13 degrees of i‘reedom}ani a 5%
significance level, the hypothesis thet there is no significant change in
threshold upon preactivating the cortex with the recruiting response would
be acceptable with a t greater than mimus 2.16 or less than plus 2.16. As
the t value obtained was O.Ll, it may be concluded that evoked augmenting
Viaves have no effect on after-discharge threshold under the stated criteria.
The probability of accepting a false hypothesis was then statistically tested

and it was found that this probability was less than 5% at this sample size.

After-Discharge Threshold during Hecruiting Responses

In svalustion of the effect of the recruiting response on seizure



TABIE 1

AUG/ENTING RESPONGE

Experiment Control Conditioned
Number Threshold (ma.) Threshold (ma.) Difference
30 3.25 3.15 .10
31 2'22 3 008 ' -y 8‘6
32 1 035 1*85 -.50
33 3.35 1.9k $1l.h1
34 2.17 2.18 =01
35 2.08 1.96 4012
38 3.39 3.96 “s59
2.60 2,50 +.10
39 2.61 2,15 .16
2.37 2.35 $.02
2.27 2.0l #.23
2.17 1.82 .35
2 - 21# 2 -1}5 sy 21
2025 203& “ags

Hean of the differences = $0.041

Standard deviation of
the differences (s) = ©.09

t = 001}1&

The difference is significant if ¢ is less than 2,16 or
greater than 42.16 (5% level). HNo significant difference is found
in the threshold current necessary te produce an after-discharge
when the cortex is preconditioned with an sugmenting response at
the 5% level of significance.

If we asesume a significant difference in the threshold to be
0.10 ma., then it may be seen statistically that there is a greater
than 95% probability that a false hypothesie has not been accepted.
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threshold, 22 observations were made in 10 cats. The recruliing response
was elicited by repetitive stimulation of the centre median rnucleus and NHu-
eleus Reuniens of the thelamus. This conditioning stimulus was, asg in the
case of augmenting responses, inltisted 0.5 second preceding, and persisted

‘or 2.7 seconds after, the application of the coriicsl stimmlus to the an-

Iy

terior sigmoid gyrus.

Upon inspection of the plotted relationships of the paired vbservations
(Figure L, page 26), it may be seen that the variation in diiferences among
paired cobservations is less than that in the preceding group of experiments.
4 Y"best Lit" straight line of these points would appear o lie slightly above
the middle range of the plotied line and to have & litile less siope. It is,
however, very close to the plotted mean line and certainly visually compatible
with acceptance of the hypothesis that eveked recruitment produces no effect
on ecortical seiszure threshold. The smallness of the variations was particu~
larly evident in Experiment L2 (Appendix I, page 52), wherein the threshold
values for both conitrol and conditioned responses varied only 0.52 ma. over
a period of five hours (300 minutes). The ares containing 99% of the ob~
servations in this study was confined to 0.16 ma. on either side of the hypo-
thetical mean line (the area represented by dotted lines on the graph).

In Table 1I {page 32) it is noted that the differences rsnge from mims
0,81 to plus 0,72 with positive values occurring in 16 of the 22 trials.

The mean of the differences is found to be 0.12 ms. with 2 standard devia-
tion of 0,06, With 21 degrees of fresdom and & significance level of 5%,
the © value obtained nust be less than plus 2.08 and greater than mims 2.08
to permlt acceptance of the hypothesis that the mean of control threshold is
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TABLE II
HECRUITING RESPUNSE

Experiment Controld Conditioned
Number _ Threshold (ma.) Threshold (ma.) Difference
29 1.60 1.64 w0l
30 2,07 2.0 $.03
32 1.16 1.1k $.02
33 2,58 2.15 $.043
3L 2.92 2.20 +.72
35 1098 2005 "00?
33 ) ltﬁl laﬂl "QOB
1.50 1.50 00
Lo L.33 b.28 $.08
3‘?14‘ l&oss "".981
3.41 3.26 +.15
3.35 3.28 $.07
3.18 2.86 431
1.084 1.7h $+.10
2008 1-80 “"&28
1.92 1.78 +.1h
L2 2.39 2.12 $:27
2.49 2.48 $.01
2’55’ 2:58 *.‘03
i 2.40 424
2;6&. 2.53 +*12
Nean of the differences = 40.12 s = 0.063 ta 191

The difference is significant if t is less than =2.08 or greater
then $2,08. No significant difference is found in the threshold
current necessary to produce an after-discharge when the cortex is
preconditioned with a recruiting response at the 5% level of sig-
nificance.

If we assume & significant differsnce in the threshold current
to be 0.10 ma., then it may be seen statistically that there is a
greater than 95% probability that a false hypothesis has not been
accepted.
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equal to the mean of the conditioned thresholds. Since & + valne of plus
1.91 was obtained, the hypothesis that preconditioning the cortex with the
recruiting waves produces no significant change in the threshold to slecw
trical stimulation of the anterior sigmeoid gyrus is acceptable. The
mathematical probability of acceptance of a false hypothesis at this sample
gize iz found to be less than 5%. |

After-Discharge Threshold during Spontaneous Spindling

In the enalysis of the role of spindling as a factor affecting the ex-
citability of the sensorimotor cortex to electrical stimulation, 2l paired
observations were made on four animals which were subjected to electrolytic
destruction of the mesencephalic reticular formation. This induced a state
of coma which was characterized electroencephalographically by the freguent
appearance of spontaneous spindle bursts in frequencies of 8 to 12 cycles per
gecond and up o 0.5-0.6 uv. in intensity. In order to obtaein a state of
EEG arousal for determination of the control threshold, a one second train
of stimuli was delivered to the hypothalamus (Figure 10, page 18). This re-
sulted in & disappearance of the spontaneous spindle activity and its re-
placement by the faster low voltage activity characteristic of the walcing
electroencephalograms of cats, Although it is stated that the animal is
electroencephalographically aroused, it must be enphasized that this animal
was not behaviorally aroussd, as no motor responses were noted either dur-
ing the perlods of stimulation or between these periods. When a painful
stinulus was applied to an extremity of the cat, it was noted to respond by
weak withdrawal. In recording the conditioned thresholds an intervael bew

tween the onset of the spindle burst and the cortical stimulus was manuelly
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provided. The spontaneous spindle activity was seldom interrupled for any
length of time by the corbtical stimulus itself. The duration of electro-
encephalographic arousal after hypothalamic stimuletion was ususlly greater
than L5 seconds, The cortical test stimulution did not appreciably prolong
the period of electrocortical arcusal.

The paired values for control and conditionsd thresholds varied less
from the hypothetical mean in the spindling experiments than in the other
two groups of experiments. In this series the meximum deviation was 0.57
ma. and the mean deviation was only 0.05 ma. (Figure 5, page 27). From
vigual examination of the plotted values, the closeness of fit of the paired
threshold to the hypothetical mean line ig readily sppavent and indicative
of the lack of effect éi" spontaneous spindles on corticel excitability as
measured by alfter-discharge threshold. Three points which vary considerably
from the mean line are found to lde in the direction that would indicate
lowering of the threshold following the spindle burst. On further analysis
of the data, however, factors which would enable dilfferentiation of these
palred observations from the others were not found, and it must be concluded
without further evidence that these merely represent random variations from
the mean.

Tha sres in which 99% of the paired observations fall is within 0.10 ma.
on either side of the hypothetical mean 1line. The fact that the numbers of
positive and negative signs are almost equel in Table III (page 35) is evi-
dence of the symmetry with which the observations fell sbout the hypothetical
mean line in Figure 5 (page 27). This symmetry is also evidenced by the

small mean of the differences value of 0.04 ma. The standard deviation of
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TABLE IIX
SPINDLIKG
Experiment Control Conditioned
Numbay Threshold (ma.) Threshold (ma.) Diffeyence

L3 2.79 2.22 .57
1.95 1.9k +.01
Li 1.03 1.02 $.01
11015 . 10(}6 *q@g
laﬂh 1«08 *t%
1.00 1.02 =02
ﬁ97 1010 ”ul&
«79 1,04 ~e25
+70 68 #.02
a66 - ?5 ‘"’09
.68 .68 +00
L6 2.07 2410 =03
2.08 1.98 +.10
2 ‘15 2'}1& ‘*v 0}.
2,87 2.42 $.45
2.83 2,38 #.145
b7 3.17 2.98 $419
2.98 2.90 .08
2 .8& 2‘83 "*GQB
2; 78 2 089 "002
277 2.76 +.01
2,77 2470 +.07
21\73- 20?6 c—.ﬁg
2.63 2.72 vy OO

Mean of the diffevences = 40.048 | 8 = 0,039 t = 1.28

The difference is significant if ¢t is less than =2.07 or grester
than $2,07. Wo significant difference is found in the threshold
current necessary to produce an after-~discharge between the spind-
ling and the arvused cat, at the 5% level of significance.

If we azsume a significent difference in the threshold current
to be 0,10 ma., then it may be seen statistically that there is s
greater than 99% probsbility that a false hypothesis has not been
accepted.
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the differsnces is found to be 0.039. With 23 degrees of freedom and at the
5% level of significancs, the hypothesis that there is no significant dif-
ference between the control and conditioned thrssholds must be rejected if
the ¢t value is less than minus 2.07 or greater than plus 2.07., Since 2 ¢
value of plus 1 was obtained, the hypothesis that spontansous spindle ac-
tivity produces no significant change in the after-discharge threshold is
acceptable. The probabllity of the scceptance of a false hypothesis was
found to be less than 5% at this sample size.
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CHAPTER IV
DISCUSSION

The ezzpaiimants reported here have been concerned with an attempt to
determine if high voltags, alpha frequency electrocortical activity as seen
in certain elecﬁzroezlcephaicgr@ hie activation procedures produces any ef-
fect on after-discharge threshold. In unanesthetized animals, precondition-
ing the cortex by the augmenting end recruiting responses was found to have
no effect on the after-discharge threshold. &pindlc activity, when present-
ed during the test period, was similarly ineffective with respect to after-
discharge threshold. Different patisrns of af'ter-discharge were noted from
time to time in the same animal. The different types of after-discharge
were not correlated with either the presence or the absence of conditioning
or with the type of conditioning used. Upon threshold stimulation of the
cortex, the after-discharge in the lefi frontal cortex was asccompanied by a
minimal after-discharge in the right fromtal cortex in about 75% of the
casesd, This degree of spread was not altered by conditioning.

In focal epilepsy the region of the cortex containing the epileptogenic
focus has been shown to be hyperexcitable to elsctric stimuld in that excita-
tion of these specific regions, with stimuli which are ineffective when ap-
plied to normal cortex, may produce a seizure similar to those that the
epileptic has under normal canditicnsw?). The neurons in experimentally
produced epileptogenic lesions have been shown to have the properties of in-
creased rate of discharge and susceptibility to hypersynchronous discharge

during the interictal period as compared with similar neurons in normal
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cart»ax(hl). It has been suggested that these properties of the epilepto-

genic focus may be brought sbout by seversl different mechanisms. BRelative
anoxia hes been proposed as an inelting factor(B 9) « This may be brought
sbout by vascular anomalies, scar tissue formation (gliosis) following a
traunatic imsult, infiltration of neoplastic cells, infection with réactim
changes, or by a vascular insult. Penfield and Jasper have indeed concluded
that, ®"the various types of lesions, expanding or atrophic, . . . . produce
continning or recurring ganglionic ischemias®™ and "propose the hypothesis that
this mild or recurrent chronic ischemis is irritating to nerve cells and that
it is the cause of epileptic dischax*g;a"wm.

In the Iuman efflicted with & focal type of epilepsy, or in tﬁe cat in
which an epileptogenic lesion has been created, we may imagine that the nore
mal cortex has uniform excitability over all its parts, and that a state of
hyperexcitability exists only in the epileptogenic focus. In the analysis
of factors thought to affect the production of abnormal electrocortical
activity over the region of the cortex conbtaining the focus, two mechanimms
of action may be considered. The efifect of the high voltage, alpha fre-
Qquency ac'@ivi*by may act on the entire cortex to produce a generalized ine
¢rease in exeitability. The hyperactivity of the epileptogenic cortex in
this case would be preportionally increased. The epileptogenic focus would
fire befors pormal areas of cortex because of the summation of its own state
of hyperexcitebility with the additional excitatory influence exerted upon
it by the activating procedure, Another means by which activation may take
place is through a specific effect on the sbnermal aggregate of neurons With-

in the focus, These neurons, with their propensity to increased rate of
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discharge and increased susceptlbiliiy to hypersynchronous digcharge, may
well be much more suseceptible to the activating influences of high voltage,
alphe freguency electreocortical activity than is the normal cortex. Al
though there is little evidence available that evoked cortical slow wave
activity may produce a specific effect on sbnormal epileptogenic neurons,
tiere is definite evidence that many of the neuronal dowpomemzs of the cor-
tex are excited during this type of activity. Broockhart and Zammtti(9>
have demounstrated an augmentation of responsiveness in the cortico-spinel
systen during the high voltage, alpha frequency electrocorticsl sctivity of
the aumantiﬁg response and of sponbanecus spindling.

Starting from the point of view vhat high voltage, slpha frequency ac—
tivity has an excitetory influence on some corticel cells, we have proposed
that this effect is accompanied by a decreased threshold of normal cortex
to the productien of epileptiform activity. We have tested the hypothesis
stated sbove that the effect of activation procedures is generslized over all
regions of normal cortex. Since the emphasis has been on the behavior of
normal cortex, there has been no need to use epileptic amimsls in this series
of experiments. Because augmentation, recruitment, and spontaneous spindling
have been found rot o alfect the after-discharge threshold in this study,
we may then tentatively accept by exclusion the counter-hypothesis that the
activating influence of high voltage, alpha ivequency slectrocortical activ-
ity is exerted primarily on the sbnormal epileptogenic neurons. This is
congistent with the observation that these activating procedures, as used
clinically, are not capable of producing an abnormel electrocortical dis-

charge in the normal cortex. The lack of evidence of a generalized effect
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on the cortex from initiation of a high amplitude electrocortical activity
is consistent with the clinical observation that the sbnormal electrical
agctivity which is elicited by these activating procedures is usnally limited
to the region of the focus.

Li, Melennan, and Jaspercza}, using micreoelectrode recording technicues,
have shown brief spikes representing asction potentials resulting from the
discharge of cortical cells. These spikes were shown t0 be related to the
ovoked slow waves of approximately 10 m see. duration and the spontansous
brain waves of the cortex., Li, Cullen, and Jasper‘ag)s studying cortiesl
potentials evoked by repetition of stimmlation of the ventral posterior
micleus of the thalamus and of a peripheral afferent nerve, demonstrated that
the surface-negative phase of the evoked potential complex decreases in am-
plitude until the micreelectrode reaches layers IV and V of the cortex, At
this point the electrical activity became reversed in sign. This evoked
potential complex 1s proposed as a wave of electrotonic depolarization propa-~
geted over ascending apical dendrites following transynsptic activation of
large nerve cells in the depths of the cortex. It was also noted in this
latter work that intracellular spikes may not be preceded by any detecteble
prepotential or “generator potential®.
spenceerB), studying depth records of the electrical activity in the
cerebral cortex assgocisted with spontaneous and evoked rhythmie waves, nobted
& similar reversal of the cortical potential evoked by stimtlation of the
posterior lateral mcleus of the thalamus. It was concluded in this study
that the reversal in the third and fourth layers which develops in augmenting

and spindle waves represents ths synaptic activation of the neurons in these
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layers at the level of thelr basal dendrites and cell bedies. In recording
unitary activity associabed with recrulting and Type II gpindles, Spencer
found that the waveforus involved a less powerful, less synchronized, and
therefore presumably more indirect setivation of the neurcns whose cell
bodies lie within the third, fourth, and fifth layers of the cortex,

The thalemocoritical projection pathways may be differentisted into two
major claasm(s 1) « Fibers from the specifiec projecting thalemie nuclei have
~ been shown to have the greatest number of synapses with cells in the fourth
layer of the coriex and to a lesser extent with cells in the third layer.
These afierent fibers branch widely in these layers, forming e dense den~
dritic plexus and have ﬁ;ympsés with cells such as the long pyramids, the
long spindles in their shafts, the medium pyramids, and the mediws spindles.
This anatomical kmowledge lends credibility to the observation that perie-
corpusculayr connections appear to be designed for the relisble transfer of
sensory information. Li, Cullen, and Jaa}:er( 29) concluded that the primary
response appeared to involve the specific ecorticsl afferente which presu-
ably activate Golgi type II cells. These celis in turn probably exert their
effects through their pericorpuscular synapses with the pyramidal calla( 33’),

While the non-specifiec projection fibers from the midline muclei of the
thalamus give collaterals ending chiefly in layer IV, many of these fibers
extend as far as layer I. It has been suggested (k3) that these neurons
fagilitate or inhibit transmission over pericorpuscular synapses. This sug-
gestion is consistent with the idea that the fibers terminate in paraden-
dritic endings, which seem more appropriate for modulation of the excitabile

ity of the cell bod.;f(&s ). The response to repetitive stimilation of the
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non-specific projecting muclei {recruiting response) and some sponbansous
gpindle waves =zeen to be medisted by unspecific cortical afferents which
terzinate in synapses on the aplieal dendrit@&{h‘?' }g Evidence that synapbic
genuections on the aplcal dendrites produce a modulatory sffect on the ex-
citability of the nerve cell is found in Hhe work of Bishop and Elm{m) "
In an attempt to analyze the unitary activiiy essociated with 8 to 12 second
electrocortical asctivity, similerities between augmentation, recyruitument,

and spindling were illusirated. These authors imply that these similar types
of slow corticel waves are essentially dendritic potentials. The basic fre-
quency of this activity is explained on the basis of a recovery cycle of
certain synaptic regions on the apical dendrites of cortical pyremidal cells.

The finding of e minimal spreed to the contralatersl cortex in 7% of
the threshold records is indicative of asctivation of callosal fibers. These
{fibers have been shown to arise mainly in the fiith and sixih layers of the
cortex and to terminate in layers I to IV, but mostly in layers II and IIX,
As the spread of after-diecharge was not affected by the presence of differ-
ent types of slow wave activity, it msy be concluded that the excitability
of the cells of origin of callosal fibers was not altered. Furthermors, the
unifornity of the spread may also be taken as evidence that the cortiecal ele~
ments in the contralsateral areas in which callosal fibers terminate were not
altered by the conditioning procedures.

The modulation effects of the non-spee¢ific cortical afferents, the ex
cltatory effects of the specifically projecting cortical afferents, and the
electrotonic involvement of the aplecal dendrites assoclated with sponbanecus
gpindles certainly involve a diffuse influence on sll layera of the cortex.
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Consequently, this influence would also be exerted upon the neurons which
are responsible for the after-discharge. The lack of any effect on the afl-
tor~discharge noted in this study would indicate the sbsence of a factor,
present in the eplleptogenic fosus, which predisposes to a speeific reduc-~
tion in the threshold for this region of the cortex during high voltage,
glpha frequency conditioning.

In the chronie animal with an epileptopgenic lesion we would be sble to
test directly the hypothesis that the activation procedurss in question pro~
duce their effect on an abnormal aggregate of neurons contained in the focus
rather then to accept this by exclusion. This could be tested both by
measuring the effect of conditioning the cortex with high voltage, alpha fre-
quency activity upon the after~discharge threshold and by use of unitary re-
cording techniques to measure the effects of this activity on the already

hyperactive, hypersynchronous sbnormel focal neurons.
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CHAPTER V
SMEARY

In this study the effect of induced and spontansous high volbage,
alpha frequency coriical activity wes determined by measuring the sus-
eceptibility of the sensory wotor cortex of the cat to the production
of an after-discharge by electrical stimulation. This study represents
an attenpt to deteramine whether clinlesl electroencephalographic activa~
tion procedures which produce a similar electrocortical activity act by
excitation of all of the cortical neurons,; norwzal and sbpnormal, or
whether the excitation affects only the sbnormal constituents of the
epileptogenic focus, |

Pifferent patterns of after-discharge were observed. No apparént
relationship between the control and the conditiomed threshold after-
discharge patterns were noted, nor were differences noted between dif-
ferent types of conditioning.

The appearance of an after-discharge in the left frontal region as-
sociated with e threshold stimulation was usually accompanied by mini-
mal after-discharge in the contralateral frontal cortex without spread
to other regions of the cortex. This spread was not affected by condi-
tioning the cortex with augmentation, recruitment, or spindling.

The duration of the after-discharge and the latency period before
development of the after-discharge were not affected by conditioning
the cortex.
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Conditioning of the cortex with augmentation, reecruitment, or
spindling produced ne significant difference in the threshold for Pro-
duction of sbrormal electrocoritical activity by electrical stimwlation
of the anterior sigmoid gyrus in the cat.

Implications of the results of this study to a mechsnism responsible
for the production of abnormal electrocortical setivity associated with

epilepsy are discussed.
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Experimant
No.

28

29

30

k) §

32

Time

40

100
10

230

285

230

188
250
270
295
300

APPENDIX X

Control

5.8
3.88

2450
1.64

1.50

2.62
2.36
1.9h
1.60
1.60
16
he72
5.80
3.21

3.35
2,07

2.06

1.h40
2.20

2.2

1.66
1.95

1.16
1.6

Threshold (ms.)

50

Paired Control Conditionads
3.39 3.98 (a)
2.60 2.50 (4)
1.61 1.64 (R)
1.50 1.50 (R)
1.60 1.8 (B)
3.25 3.15 (4)
24,07 2.0 (R)
2.22 3,08 (&)
1.35 1.85 (&)
1.16 1.1 (R)



APPENDIX I (contimmed) 51

Experiment Threshold (ma.)
. Time Control Paired Control Conditionads
33 s h.35
}éB 3.67 :
(] 3.3 1.94 (-l)
i #oo 2.58 2.15 ()
380 3.08 ; -
3 55 2620
135 2.16
178 2.17 2.18 (&)
200 218
230 2.92 2.20 (R)
250 3.h2
340 3.5
35 75 2,10
%lzg 2.1k
2.08 10 é A
135 2400 il
igg 1.8 "
1.9 2o
200 1.98 i
230 1.70
270 1.76
39 95 3418
125 2.61 2,15 (4)
%2355 2.h2 o
, 2.3 2.35 (4
%gg st 5 (4)
: 2.2 2.0k (4
zgg i08 7 b (4)
2 2.17 1.82 (a
27 2.2l 2.
%;‘2 23E e ks (33
325 2,28 . agt- 1)
ko %25 li.88
5 h.33 L.28 (R)
208 v I
ggg aok 3.7k 11.55 {R)
- 3.43 3.26 (ﬁ}
ggg - 3.38 3.28 (R)
35 i
35 2.98 2:38 2.86 (R)
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Experiment Threshold (wa.)
. No. Time Gontrol Paired Control Conditionads

W1 130 2.96
155 2.38 1.76 (R)
180 1.00
185 1.64 1.7 (R)
215 2.08 1.80 (R)
260 1.92 1.78 (R)
288 1.48

h2 85 2.2
:LBQ -1’8
215 a;bik
250 ) 2.39 2,12 (1)
205 2.32
§g§ 2. ig 28 (R)
355 2, !
320 2,64 oly 2,52 (R)
g‘gg 1,94 2.79 2,22 (8)
F l‘ ‘ J
2k0 1,96 % 1.9k (8)

hs %gg 1.02

1.0 1.02 ¢
120 W0k 3 1.02 (8)
Ve 1.0k 1.06 (5)
: 1.
150 1.0k » b
i‘% ‘354»00 1.02 (8)
o 090 2 1.10 (s)
s 0.79 1.0k (8)

s 0.
2 G-g 0,:% s 3

366 0.68



APPENDIX I {continued) 53

Experiment Threshold {ma.)

RG@ Time Gontrol Paired Control Conditiopeds

46 270 2.06
295 2.07 2.10 (8)
305 2,08 1.98 (8)
33 2,08
325 2.15 2.1 (8)
Lo 2.92
éh;g 2.87 2.2 (8)
i 2«83 2& 8
500 2.78 L

L7 150 3.36 ‘
175 3.17 2.98 (8)
200 2.98 2.90 (8)
220 2.8l
22151.;5 2.50 2.88 (8)
2 20?8 " ‘
270 2.76 L
;gg g-?? 2676 (8)

Q? e

35 2478 f ik
330 2,70 2.76 (8)
33 2.63 2.72 (8)
360 256

* Signifies preconditioned with:
gﬁ.; Augmentation
E) Recruitment

(8) Spindling
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APPENDIX IX

The following graphs indicate the chanyes in
both econtrel and conditioned thresholds over a period
of time in 16 experiments, The solid dots denote
control threshold values, and the x's, conditioned
thresholds. The control threshold values are connect~
ed by a solid line. The conditioned threshold values
are connected by dotted lines, except where different

types of conditioning are used.



Experiments 28, 29, and 30

In experiment 28 the first twoe conditioned threshold values
are for augmentation and the latter two for recruitment.

In experiment 29 only recruituent preconditioning was
bested.

In experiment 30 the first conditiomed value is an augmenta~
tion conditioned threshold, while the second is & recruitment COT-

ditioned threshold,
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E:ﬁperim@ﬁts 315) 32’ and 33

Experiment 31 deals only with conditioning by augmenta-
tion and experiment 32 only with conditioning by reeruitment.
In experiment 33, the first conditioned threshold value

is for augmentation, the second for recruitment.
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Experiments 3L, 35, and 39

In experiments 34 and 35, the first corditioned threshold
is for sugmentation, while the second is for recruitment.
Only augmentution was used for conditioning in experiment

39.
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Experiments 4O, Ul, and 42

In experiment L0, only augmentation was used to condition
the cortex.

In experinents 1 and L2, only recruitment was used.
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Experiments 43, L5, U6, and L7

In experiments 43, 45, 46, and L7, spindling was the only
conditioning zcblivity used.
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