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INTRODUCTION

I

The "association cortex" was described by Fleshsig (15) to indi-
cate a cortical area distinguished by certain morphological character=-
istics. Von Bonin and Bailey (50) refer to these cortical areas as
being homotypical with all six layers usually being easily recognized
with tﬁe possible exception of the fifth and sixth. Cell size varies
widely within each strata and there is usually a lack of éreponderance
of any one layer.

With the revolutionary techniques of electrophysiology an
alternative definition of the association cortex in terms of evoked
activity has been developed. Initially, cortex which was not primary
sensory or motor waé considered to be association, However, the dic-
covery of the secondary sensory ~veas and other specific areas by
oscilloscopic methods has narrowel the classical definition of the
association cortex. (51)

The term "association" appears to have been adopted from the
nineteenth century associonistic psychologists. William James (24),
in particular, fouﬁd it natural to assign the function of forming
associations to those cortical aroas between the primary sensory and
motor cortex. He identified sensation with sensory cortex and per-
ception with association cortex. A lesion separating these two areas
was interpreted as a loss of association between a sensation and what
it signified. ' |

Pavlov, elaborating upon a hypothesis presented by Sschenov in
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his monograph Reflexes of the Brain (1886) developed the model of tha
transeortical reflex. Pavlov, as reported by Diamond and Chow (11),
deseribed the associstion cortex =5 a switchboard with the incoming
sensory impulses to the sensory' cortex being tfansmitted via the asso=
eiationAcortex to the motor cérte}:. The process of conditioning was
seon as a shifting of synaptic cormections in the association centers
due to changes in synaptic resistence. If the pathways from the sen-
~ sory to the motor cortex were interrupted then it was speculated the
‘conditioned reflex would be lost.

‘ Several investigators have severed these pathways. (13, 26, u42)
Sperry (42) cross-hatched the sensori-motor am cortex and found no
jncoordination in arm and hand movements, reflex or voluntary. Nor
did brief testing indicate any deficiency in capacity for motor learn-
ing,. Lashiey (26) found that rats with a lesion separating the visual
area from the motor cortex were able to learn a complex visual condi-
tioning reaction. (Rats were taught to jump to a white triangle and
to lavoid a white cross when both {igures were presented on a black
background. If the background was striped the animals were taught to
avoid the white triangle and to select the white cross. No differences
were found betwsen the normal and operated group.)

~ Spentaneous electrical ﬂxyﬁhn‘s have been recorded from the associs-
tien areas for many years. ' However, inability to record evoked respone
" ses in these areas under barbiturztes resulted in these fields being
roforred to as the "silent areas® of the cortex. In recent years it
has beéome poissiblé to record evoked activity in these areas under

other conditions such as chloralose anesthetic (1, 2, 6, L6, 48),
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the "encephale isole® praparation (5), the unanesthetized cat irmo-
bilized with Flaxedil (7 ), and in the waking animal with chronic
implanted electrodes. (3 )

Amassian (U4 ) was the first to deseribe "association" evoked
“responses using chloralose anesthetic on the anterior lateral gyrus
of a cat. The evoked responses were seen to occur with auditory and
scmatic-sensory stimulation to any one of the four limbs, These
responses were differentliated from primary sensory evoked responses
utilizing oscllloscopic methods by their characteristics of longer
latency (15;30 msec, ), greater duration of both positive and negativa
components, smaller amplitude (usually less than 1 mv.), and by their
variabllity of occurrence. rfmassian believed evoked activity repre-
sented relay both directly and indirectly from the primary sensory
arsas. |

Albe-Fessard (1) found similar carticil eveled responses having
a latency of 60-100 msec. on the sﬁprasylvian gyrus, the anterior
lateral gyrus, and the pericruciate area of the cat upon stimulation
of the sciatic nerve.

Buser, Borenstein, and Brunne: (6 ) observed cortical evoked
responses in cats deeply anesthetized with chloralose to visual and
guditory stimulation on the suprasylvian #nd anterior 1aterallgyri
having longer latency, longer duration and greater lability than pri-
mary evoked potenti#ls.

Thompson and Sindberg (46) using click stimulation observed four
distinct areas bilaterally on the cat cortex which gave the character-

istic evoked responses as described above. These fields were seen or.
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the anterior lateral gyrus, pericruciate cortex, and two foci on the
middle suprasylvian gyrus, cine anterior and the other posterior.
Electricel stimulation of the vpical and basal turns of the ipsilat-
eral cochlear nerve produced identical cortical fields on the supra=-
sylviarn zyrus.

Taompson, Johnson, and Hoopes (48) in a later study recorded the
evoked activily of these four distinct fields described in the cat to
aucitory, tactile, and visual stimalstion. The evoked-response recorded
upon stimulation with any one of these modalitics was identical in |
organization and duration in 211 four zgsociation areas. Th: associae-
tion areas thus appeared to represent coanvergent areas for auditory,
tactile; and visual stimuli. |

Thompzon, Smith, ard Bliss (L47) performed a correlational analy-
sis between response amplitudes in the association fields and between
association and primary responses to peripheral stimilation, Correlae-
tions between responses of primary and association areas for any speci-
fic modality were approximately zero. Intercorrelations of responses
occurring in any two assoclation fields with any modality of stimula-
tion recorded simuliansously demonstrated a Pearson product-moment
varying from .89 to .97. The authors also cbserved interaction
effects between cortical association responses to stimuli of different
modalities, Interactions between any two senscr - stimuli separated
temporally produced decreasing amplitude of the second response as
the two stimuli approached each other suggesting usage of the same
neurophyéiological system by all impulses arriving at the association

areas, In contrast to interactions between two presentaticas of the
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same stimuli rscorded in the primary areas, the relative refractori-

ness begins at one second and does not become absolutely refractory

until approximately 0.2 seccnds.

e

Thompson st 21 (46), Buser, et zl, (7 ), and Albe-Fessard, et 21
(2 ), in separate investigations,_noted that association responses o
a specific stimulus persisted even with ablation of the respective
primafy sensory arsa. Tne implication was that impulses arriving at
the association areas were being trans@itted from subcortical structures.
Thompson (45), Prescott (37), Albe-Fessard et al (2 ), and Buser,

et 21 (6 ), have investigated subcortical areas in order ‘o demonstrate

i s

association-like responses.

Albe-Fessard (2 ) found responses similar to association evoked
responses in the centromsdian nuclevs using peripheral tactile stimu-
lation. Upon stimulation of the centrcmedian nucleus, "association
responses"” were observed on the cortex.

Buser, et 21. (6), recorded association-like responses to either
visual or auditory st: ulation in the lateral posterior nuclear group“
of the thalamus. Visusl evoked responses were obsérved in the nucleus
posterior ard the dowrsal part of the nucleus iataralis posterior.
Auditory evoked responses were observed in the inferior part of the
nucleus latersl posterior and the nucleus suprageniculatus{ Stimda-
tion of these areas was reporfed to eveoke suprasylvian evoked acti-
vity.

Prescott (37) recorded association-like responses to auditory,
tactile,.and visual stimuli in the central median nucleus, the supra-

geniculate nucleus, the veniral sniterior nmucleus, the rostral pole of



the reticular nucleus, and the certral gray area using peripheral
stimilation. The thalamie distribution of association responses was
identical for all three modalities. Extrathalamic areas which gave
similar responses included the mesencephalic reticular formation, ths
hypothalamus, the cerebral psdundie, the hippocampus, the dorsal
subthalamus and the anterior limb of the internal capsule. Diencepha-
lie "association” resp&nses were found to correlate with cortical
association responses in occurrence with Pearson product-moment coef-
ficients ranging above 0.80.

Thompson (45) has concluded “a periﬁheral stimulus of any modality
activates one and the same central associatioh system which projeéts
to the diffuse thalamic recraiting nuclel and thence to the four
association fields in an equivalert and undifferentiated fashion."

There is much indirect eviderce suggesting that the association
cortical foci are electrophysiologically related to the Diffuse Thala-
mic Projection System (43, L4) and to the Ascending Reticular Activat-
ing System (48). It is believed that the ARAS is responsible for both
initiating prolonged tonic activation of the cortex and maintaining a
long-lasiing, generalized state of arousal in the waking animal, A
lesion the mid-brain tegmentum will result in profound somnolence
(28), Stimulation of this area in the sleeping cat will result in
awakeness,.alertnesé, and arousal (35). The ARAS arises in the medulla,
extends through the central core of the brain stem, the pons, mid-
brain, hypothalamus and subthalamus. At the level of the subthalamus,
the ARAS divides into a thalamic and extrathalamic projectlon to the

cortex. The extrathalamic projection passes through the internal



capsule and impinges upon widesproad cortical areas. The thalamic
projection passes from the subthalamus to the non-specific nuclei of
the thalamus ( the Diffuse Thalamic Projection System) and continues
on to project predeminantly to tha assoclation cortical areas. w3,
i4) The activity of the DIPS appoars to be more variable and of
shorter duration. Iindsley (27) has spsculated that this latter sys-
tem may function as a specific alerting mechanism capable of mddify-
ing the focusiﬂg of attention.
B A

Most of the studies concerned with association evoked activity
have been conducted with cats undsr chloralose anesthetic. It is
ynown that chloralose exerts a dramatic, if somewhat unknown, effect
upon the guxlity of electroplysiological responses ovoked from neur:l
tissue. Ammassian (4 ) believes chloralose is the most productive due
to its effect upon cerebral excitition and enhancement of cortical
relays. DBuser and Imbert (8) describe the effect of deep chloralote
narcosis as producing an incrsase in the amplitude of association
responses and restricting their saperficial extent £o limited foei.
Meulders, et al (34), have demonstrated the ability of chloralose to
enhance the amplitude of evoked rasponses in the centromedian nucleus
with somatic sensory stimulation. They reported the maximuﬁ amplitude
in the centromedian to be 290 mv. in locally anesthetized cats. One
half hour after injection of chloralose (80 mg./kg.) the maximum amp-
1litude at the ssme locus was 550 mve

Bocause of the effect of chloralose upon neural tissue, it remains
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to be demonstrated that the cortical and central association systems

| operate in an identical and equivsient fashion in the unanesthetized

arimal, D. Albe-Fessard (3 ) in a brief communication stated she was

aﬁla %o obtain responses in the unanesthetized and unrestrained cat to

stimulation of the superficial radial nerve with chronic electrodes

from the suprasylvian and anterio:r marginal gyri. |
IIT

A number of studies have been concerned with attempts to corre-
1ate the electrical activity of various loeci in thé brain with behav-
joral states of "attention“.

Hernandez-Peon and-Scherrer {19) reported that when a new and
novel stimulus, such as two white rats in a jar, was presented to en
unanesihetized and unrestrained cat the evoked activity to an acous-
tie stimulus recorded from the cochlear nucleus appeared to be blocked.
A similar blocking effect was seen.when an olfactory stimulus (fish
odors) and a tactile stimulus (a nociceptive shock delivered to the
forepaw) were utilized as the attention acquiring stimulus in later
studies., (20)

Hernandez-Peon, et al (21), noted that when an animal's attention
is Cirected and attracted to a non-visual stimulus, photically evoked
rasponses in the visual cortex, lateral geniculate body, and the optic
tract were reduced in size. The author suggested that when an animal's
sttention is attracted to a novel stimalus the mesencephalic }eticular
formation is able to control the sensory input frem stimuli ﬁhich it
judges to be “insighificant“ in order to focus its attentlion on the new

stimilus.



Horn (22) took exaéftion to this thooretical explanation and
stated that reduction in amplitude of an evoked potential does not
necessarily signify that signals are being blocked. If the unlts ecm-
posing the rousponse wero disperse:. in time; the amplitude of the
eveked potenticl would appsar to be reduced but the total input need
not be diminished. So that when a cat observes a mouse, perhaps it
also listens.

In order to verify this hypothesis, Horn implanted monopolar
electrodeslen the lateral gyrus of six unanesthetized and unresirained
cats., The cvcked response to flash was rscorled when the cal was
rosting and when it was waltching a mouce. While observir; the mouse
the evoked rosponse decreascl. siguificantly in ampiitude. The cats
were then conditioned to raoceive a shock after a series of tones. It
was found that the evoked response to the flash was reduced only if
there was a visual searching coamponent te the cat's respense to the
zuditory stimadus. I there was no visual searching there was no
noticeablo change in the amplitude of the visualliy evcked response.

In one cat an slectrode was placed on the auditory corﬁexg Vhen =

' mouse was presented to cbtain the cat’s attention the auditory eveked
Tesponse was noﬁicabl& smelier in amplitude during the first few
trials, Later, even though the cat observed the mouse intently, the
amplitude of tho eveked response wos seen to increasé. It is posgible
to conceive in the earlier stage the cal was 1ist®ning as well es
looking, while in the later instance it was possible the cat was no
longer searching for auditory cues related to the mouse, Homm cone

cludes that depression of an evcked response occurs in the modality



actually being used for examining the sensory field.

Buser and Borenstein (7) have shown there is some variation of
the association evoked response with changes in the alertness of the
amimal. Using the “curare preparation” the authors observed changes
in the amplitude of the asscciation evoked responses which could be
correlated with changes in the E.E. G. pattern. Duriﬁg c;rtical

activation by electrical stimuiation of the reticular formation, the
responses were redﬁced in size. At a 1dwer degree of alertness,
responses with higher amplitudes were noted; but when the animal was
deeply asleep these responses seemed to disappear or to be greatly
reduced in size.

D. Albe-Fessard, et a1 (3), has stated that when chronic mono-
polar electrodes are implanted in the anterior marginal and supra-
sylvian assceiation areas; the amplitude of the evoked response to
stimulation of the superficial radial newve véries with the level of
"attention". The amplitude of responses ceccurring during "non-atten-
fion" was greater than those occurring during E.E.G, arousal.

Vhile attempts have been made to relate elecirical activity of
the brain to "attention®, the exact behafioral meaning of this term
has continued to be loosely defined. It now scems likely that the
genefalized E.E.G. arcusal rezction which has beén éonsidered to be
the cortical electrical equivalent to "attention" forms a part of what
Pavlov described as thé orlenting or investigatory reflex. Paviov,
as reported by Magoun (29), stated, “the appearance of any new stimulus
immediately evokes the investigatory reflex and the animal fixes all

its _ppropriate receptor organs upon the sourcs of disturbance, prick-
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ing up its ears, fastening its gaze upon the disturbing'agency and
sniffing the air." Thg orientaticn of head, eyes and body‘tcward a
noval stimulus appears to be a rezctive attempt to gain information
- avoutl the stimulus and has been described as pre-adaptive in nature.
The ordenting reflex is not spsciiic for any modality of stimulation
but seems rather to be predominantly related to the “novelty® of the
stimulus (40). Although the reflex habituates rapidly upon repsti-
tion of the stimulus, usunally after three op four trials, its wvalue
as an operational definition of the behaviobal state of attention
appears unigne.

It is known that the dounestic eat will exhibit simple and accur-
ate head orienting responses to a brief novel auditory stimulus.
Thempson and Welker (49) have developed a rating scale whereby they
attempted to measure the degrca of ordenting behavior. The orden
ing reflex tends to habituate rapidly upon stereotyped repetition of
the stimuluse The rapidity with ihich habituation occurs appears to
be a function of stimulus duratior, the time interval between sessions,

and the time interval between tri:ls in a given sessipn.

v
Habituation of behavioral recponses to a repetitively occurring
“ioh was originally arousing is one of the most uniformly
jcribed by psychologists. Numerous éttempts to
correlates of habituation in the central
en undertaken. Habituatory changes have been

setrophysiologically in both the sensory specific
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and non-specific sensory systems cf the central nervous system.

Artemiev, as reported by Herrandez-Peon (17), observed that zudi-
tory evoked potentials recorded from the auditory cortex of awake cats
disappeared rapidly if an unreinferced acoustic stimulus was continu-
ously presented.

Hernandez-Peon and Scherrsr (19) reported that repetition of
single clicks at intervals of no lass than two seconds resulted in the
action potential recorded from the cochlear nucleus to diminish or dis-
appear after a variable number of trials. Persistence of this blocking
efTect coﬁtinued on one occassion for as long as fifteen hours.

Galambos, Sheatz, and Voraier (16) recording from the cochlear
nucleus noted the evoked response to an auditory stimilus presented
every three seconds gradually diminished in size. They implied simi-
lar changes took place in the auditory cortex, hippoéampug, caudate
nucleus, septal area, and amygdala.

'Sharpless and Jasper (39) found that upon presentation of a train
of clicks, twelve/six seconds repeated at vaiying intervals, ths'
arousal reaction or activation pattern gradually disappeared. The
evoked potential recorded from the auditory cortex during this perioed
of time changed significantly. Bu:, rather than decreasing, it becane
greater in amplitude. The potentials increased‘from a mean size of
98 microvolts before habituation to 108 microvolts after habituation of
the activation pattern had taken place. Transitory periods when the
evoked auditory.potentials appeared to diminish were noted but these
were related to extreme activation of the animals.

Huttenlocher (23) studied click evoked responsés in the mesen-
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cephalic reticular f@ymation, the cochlear nucleus arnd the primary audi-
tory cortex during sleep and wakefulness in unanesthetized and unre-
strained cats. Habituation of the late sicw compenent of the evoked
response in the suditory cortex occurred scmetimes after soverzl huﬁd-
red successive clicks were presented. Occassionaiiy there was sponQ
taneous recovery of the late wvoked response during the sams series
of ¢licks. No evidence of hatdtuation of cochiear nucleus responsss
were obtained ..ter several hours or days of criitks, A transient
deersase in the zuplitude of the cochlesr nucleus response Was seen
with beody movement, voeali.ing and licking activii).

Marsh, McCarthy, Sheatz, and Galambos (31) presented a c¢lick stimu-
lus every ten seconds for five to seven days to urnunesthetized and
unrestrained cats. They cbserved a reductlion in the auditory evoked
responses in the cochdear nucleus. The éuperior olive znd the aﬁdi-
tory cortex showed at various times no change, an increaseg or a
decrease in amplitudeo The zsplitude of the responses in the inter-
mediary centers (inferiox colliculus, MG body)‘either revealed no
change or was' increased. |

Marsh, Worden, and Hicks {30) recorded suditory evoked responses
to both click and tone from the cochlear muclei of four cats. They
found that caanges in the position of the cat within the sound field
or even mininal movements of the cat’s head would résult in significant
changes in the amplitude of the evoked response. B@cfements up to
thirﬁyaseven'percent were seen in click evoksd responses.

Worden and Marsh (52). implanted bipolar electrodes bilater:lly in

the cochlear nuclei of six cats. Two of these cats were presented with
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2 click stimulus eve:y ten seconds for five days, the otlors were
given six hours of treluing. They concluded that while statistically
significant changes in amplitude cccurred, thece were in either direc-
tion. £Amplitude changes were inconsistent betwecn the rdight and left
cochlear nucleus as well as between two adjacent areas in the same CN.
They Qbsefved that alertness was associated with higher mesn amplitudes
than the slecp samples. They bolieved these latter differencés wére
probably secondary to positicn differences between the alerted and the
sleeping samples. There was noticeable waxing and waning during the
five dayss but,'at the end, the average amplitude equaled or was
greater than the initial »acording. )

If one accepts the apparsnt supericr methodological approach uti-
lized by'Hutt®nlocher (23}, Vorden, et 21 (52), Sharpless and Jasper
(39); and the remarksble effects of head pesition (30), bodily move-
ment and voealization (23) on the amplitude of evoked response, it
becomes evident that habitucstion ol evoked responses to click‘has
not been demonstrated satisfactordily in the speciiic auditory scnsory
pathways.‘ \ |

Habituation to viszual étimulation has been reported by Hernandez=-
- Peon (17, 21) in the optie tract, LG body, and the visuwal cortex to
repeated flashes of light every eight to ten gscends at irregular
’intervals and &lso by Johﬁ and Killam (25) using ten flicks per second
in tho reticular formation, superior c,lllculusa visual cortex, and
thalamie relay nucl ¥ie

Rocent evidence indicates habituation of visual evoked résponces

in the optic tract and lateral genlculate bedy is depundent upon pupil-
=) . .
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lary motility (I%). If the eys is atropinized and an artifieial pupil
used, habituaticn of evoked responses will not take pl&ée in these
areas to light .flash although some suggestion of habituation is observed
in the visual coriex.

Hernandez«Peon, Davidovich, and Mifanda (17} noted that pcten~
tials recorded from the face arsa of the primary sensory cortex and
the spinal fifth sensory nucleus wiich were evoked by weak electiical
stimilztion or puffs of sir to the face dimimished with regilar repe-
tition of the tactile stimulus at intervals of oné to three seconds,

Santibanez et 2l (38), failed to find habituation of evoked responses
in the VPL nucleus of the thalamus with somatic sensory stimulation.

In generszl, it appears that habituation‘of evoked activity in
variéus loci of the specific sensory pathways has'not been consistently
denmonstrated under the various conditions of repeéted stimilation.

Habituation of evoked activity has been stressed Ey nﬁmerous
investigators as a phenomencn which occurs readily not only in the
sensory specific pathways but aiso in the non—specific sensoxy pathways.
Several authors have indiecated that habltuation of evoked activiﬂy‘in

. the non—specific sensory areas occurs faster then in the primary speci-
fig areas.

Hernandez~Peon, Davidovich, and Miranda (17) reported that reticular
potentials evoked by tactilc stimulation disappear faster than those
from the spinal fifth senéory nucleus.

Huttenlocher (23), as previov ly mentioned, recorded click evoked
responses from the mesencsphalic reticular,formafion. The author noted

that the amplitude of evoked r sponses recorded during the quiet waking
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state persisted undiminished after more than éne thousand successive
clicks had been presented. However, durihg slow wave sleep‘the amp-
litude of the evoked response diminished to about 50 percent of the
original response size within five to ten clicks.

. Hernandez-Peon, et 21 (17), recorded audiﬁory evokea potentials
from the sensorimotor cortex. He stated, “very often after two or
three presentations of the stimulus the cortical evoked responses dis-
appear compleiély. This is one of the fastest examples of habituation.”
(17)

Palestini (36), John, and Killam (25) have also observed faster
rates of habituation in the non-specific sensory pathways than in the
specific sensory pathways. The latter authors in their study indicated
that rapidity of habituation to repeated presentations of a flash
stimulus occurred in the followingz order: rhinencephalon, reticular
formation, superior colliculi, visual cortex, and the thalamic relay
nuclei. However, the pupil was not controlled in these studies.

The present experiments were undertaken to obtain a clearer
understanding of evoked responses recorded from the posterior associa-
tion areas in the unanestheiizedvand unrestrained cat and their possible
relationship to behavioral variables.

The first phase will be concarned with attempts to record evoked
responses in these areas to peripheral auditory, somatic sensory, and
visual stimuli. Characteristics of these responses will be compa:ed
with those described using chloralose anesthetic.

The second phase will attemp:. to relate changes in the evoked

activity of the association cortex to changes in the "bghavioral state"
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of the unanesthetized and unrestrzined cat as modified by variable
situations of peripheral stimulation., Two different definitions of
“behavioral state™ were used: 1) bodily activity measured by a simple
nominal rating scale.(i.e., sitting, walking, etc.) and 2) presentation
of "novel" stimuli, the latter being defined simply as stimuli not
otherwise present in the experimental situation,.

The third phase consists of zn experiment attempting to relate
degrees of behavioral orientation to elick using the method of Thomp-
son and Welker (49) with amplitudes of the click evoked association
response., The behavioral orientation performance will be taken as a
simple operational definition of behaviorsl attention.

The final phase of the study w#ill investigate what changes, if
any, occur in the amplitude of evoted responses to click in the asso-
ciation areas if the stimulﬁs is continually presented at regular
intervals over an extended puiiod »f time (i.e., habituation),

A1) experiments in this study were based on a rather general and
inexact set of aypotheses. If it s assumed that cortical evoked
association responses represcnt focalized projections of the Aécending

ticular Activating System (ARAS) and the Diffuse Thalamic Projection
System (DIPS), a nuﬁber of predictions could be entertained. First,
evoked responses should be obtained to auditory, somatic sensory and
visual peripheral stimulation. Second, evoked assoclation response
amplitudes may be related to behavioral “attention®, If the further
assumption is made that this systen is "utilized®™ or desynchronized
when the andimal is active or attending, then during such behavioral

conditions evoked responses should bs less easily obtainable and of
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smaller amplitude. Thus, evoked association responses tclall modali-
ties of stimulation shou’d be reduced during heightened bodily activity.
Similarly, they should be reduced for all modalities when 2 fnovel®
stimulus of any modalily is presented. In the oziantat'on experiment,
there should be an inverse relationship between degree of orientation
and evoked association response amplitude, attention being defined by
degres of Qriéntaﬁion. Since behavioral orientation or attention
habituates rapidiy within a feuw trials,we would expect a conccﬁitan@
increase in the click evoked,associ&tion respense. In a habituatiog
experiment in which a discrete and brief audilory stimulus is continu-
'oﬁsly prosented in a mono:onoué fasaion within a nonwchanging environ-
nent we would expesct 1ittle activation of “attenﬁidn" mechanicss, con-
séquently, eveoked responses to an ﬁuditory ¢lick should not exhibit
' any consistent allerations over'trmeo Thﬁs, habituaticn per Se, of
the evoked response would not be expected to occur, althcugh waxing
and waning ﬁight 6ccur due to changes in bodily activity and changes
in the intrinsic élertness of the cat., ALl of these predictions were

verified.



LATERTALS AND LEBTHECDS

In an attempt to recoxd The clectricsl activity of the cortiecal

csscociation areas Lo peidphoral stismwl i in the untnesthetizec and

‘unrest*¢1ncl ety ch‘unic clecirodes were curglically placed using
aseptic tuochnicues,

Most recexding electredes were ccaxial bipoeliar in dosign.
Surface menopolar eloctredes were used in iniltisl pilot studies and
were found to be less satisfactory. The innor iead of thevbipolh?
electr.de was decigned to penmety @ tho cortex 1.8 mi. whils the
external eylindricel lead was to uoze in contact with the cortied
surface. The potential d_¢1u;cncb boorzen the ponetrating lead
(the indiffesont pols) and the surzcs Lsad (the 2¢iive pole) was
recordeds The imner lead consistud of type 516 staiiless steel
(0,010 inch) wire wileh had been insuleted with enamel. The cylin-
drical lead consisted of = one e longth of nincteen guag@ staine

less steel tubing. The stainless steel tubing was cornected to a

126-013 Amplanal plug with nine rins by soldering an insulated

stainless stocl vire frem the tubing. The innor lead was also
soldersd to the Amph ansl plaz. Consecuently, it was possible to

make four coaxial bipoler electrodes for each plug. Oncs the leads
had been established, a feundation for the fmphencl plug was created
out of Acralite to conform to the slull of :n average size cat.

This was pcswibl by trephicing a p“@Vluusly sacrificed cats skudl

over the desi nated asseciation cortizal area and expanding as 1ec-

A

s
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escary with rongeurse The cozxial lcads were made to econfors in an

orderly manner LUy pas&ing thea through Tefalon which had been placed

over the opening in the gkull, Thiz was fiwed to the skull by adhe-

give tape and thereafier layered with bene wax to preveat cementing
of the plug to the skull., The plug itsolf was designed to overlay
the midiine and thus pressure exerted upon the plug would be eXerted®
against intact bone. This arrangement was structursd by generous
anounts of Aecrzlite o fi# the appropriate design to the model skull.
The erection "en masse® was then lifted off the skull, ard the
Tefalon was lifted over the recerding leads. Once tiwe Teizlon had
been removed, the plug was then replaced upon the model siull, Eone
wax was then applied to the imner tible ¢of the siwll ard Acralite
was aar@fﬁliy applicd to confraa wo the wergins of the opening and
to be continuous with the inner suviace of thoe inner table of the
siull., When this was completed, the cylindrical leads would project
about G5 mu. to 1.0 ma. beyond ﬁh@'confinés of the Leralite and,

consequently, the inner toble of the chkull.

Opsretions

A totld of 42 cats was: strdicd. Satisfuctory evcked yesponses

wore recorded from 20 of these. The cats were furnishel by the Uni-

versity of Oregon Medicezl Scheol animal supply. The only regquircaents

for seleection were that the cats welghed &t least two kilograms and
appearec hsalthy.

A31 recording eloctrede systaus were impilarnted under aseptice

conditions. The cats were anesthotized with Heubutal (pentobarbital)

y

e
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L0 mgefkge adzinistered int enaritoncally. e ancothesia w
obtained, stropine 0.08 mz. was injected intramu ..ularly to reduce

o

tracheal seerctions duriog the proeciurce The anmimal was then placcd

in a head holdero

Under sterile conditions the emdmel w.s drapode Tho initial
incision extended frem the nasicn to about ono cr. boyond the cocipe

ital protuberancz. Thao skin was retracted and the ltezmporalls muscle

ol el
was freed frem its attackaents Lo the skudl. ° o {W:-icoteum was

sereped off nd the sl.a_u.l was enterud by mesns . & _apnine over

fa

the dzsignated asseciat:lon arsa. The opening was then expanded, as
indicated, with roageurs. The area cf bral. expssed was contingent

upon the design of the recoiding elicctrodc. Once the arez of axpo-

Lo iy ¥ 3

sure was conplete the dure meter was penetrat.d and an arcz eonsise
tont with the exposed arse was exeiseds, Saline was adainistercd
perisdically 1o provent c.:ffmf* of tho coriex.

£t this tine the surrounding intact skull was thorcug shly dried

7ith sponges and a stainless stoel corew was pl”ccd the fronyal
bone overiying the frontal sinmus. The rocexding electreds syscen

was then applied over the skull which had been layercd with wot Lorae-.
lite in the prospeciive arsss of contest. Tho coaxial elesctrodes
impinged upor the cortex and the inner surface of the .Jcraiite wes
contimuous with the inner table of the skull. The recording appara-
v*cus was further fixed ‘tro the skull with subseguent applications of
Acralite to the sur. sunding skull and over the exposed heads of the
joweler screws in the frontel cres.

When the feralite had sclidilied,; the temporalis muscle was

/
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appro:e:’l.ma"bed and sutured with 3-0 chromie., The sifin was closed with
single interruptcd subeutaneous suturcs when possible. The 'skin
arcund thc protrading plug was drawn np to its laterzl surfaces by a
purse stitche

Following elosum of the surgicsl wound, twoe ~ilver wire sutures

were taken one am. cport on tliz dorsslracpect of * .o lefl forepaw.

[ 25

This was done to provide a means of stimulisting the taetile receplors.

“

by 2 weak sloctriesl cuz;mnt during subscquent experiments.

A% e cloos of the above precedures, 300,000 units of Pericillin
G wes odministercd I.M. and the animsl was ellowed to recover during
a pericd varying from six to eightsen hours under an infra-rcd heat
lamp? e ot least four days of vecovery the animal was taken to
the 1lzb for the recording. of eveked activity under varyin: conditions

of stimdation. -

Upen recovery the eat was placed within & test box, measuring
22 4nches long, 16 inches wide, 18 inches desp, and enclosed on zﬂl
sides by wire mush, tfﬁic‘:h ves dos’lgnea specifically for resording
ffmn the mnanesthetized end wnrestrained cote The male eounterpart
of the Amphenol plug wes comnected to the indwelling female rlige
There was & longitudinal opening the length of the cage to alicw the
esblae froedem of moveument. ‘ The separete leads of the cable were coh—
nected to a switch bux where it was possible to mani@ula’ce the leads
ir order %o measurs the potential diiference between the surface lead

the active pole) and the penetrating lead (the indiffersnt pole) of

the four coexial electredes. I was pogsible to establish reccwding
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connections for eight biéolar eclectrecdes in the switch box. By
selecting the proper cable from the swiﬁeh box and cornzeting it to a
separate TekirorizType 122 Low Lovel Pre-fuplifier it was possibls

to choose from which point on the cortex we wanted to rocerd the
clectrical activity. The proamplifier in turn wis connected to a
Toltronix-Typs 502 Duel Eiam Oseilloscope. Two Tekironix-Type 162
Haveform Generators were useds UOne of these trigg@réd the oscilicscope
every two seecands, the other produced a 100 msue. sewtcoth correspond-
ing to sweep duration. Pulse cutput deley by the 161 was set for 10
msec., after the sweep began. The 502 was synchfsnized with 2 similar
dusal beanm oscilicscope for photographic purposcs. A Grass Model

ChG Kymograph Camera was connected through an external electronic

- shutter (built by the University of Oregon Medical School instrument’
shop) to the slave scepe. It was possible to set the camera in such a
way that it would expose only once per sweepy or, if desired, any
nuaber of tracings could be superimposed before the shutter wus closed
ard the film advanced.

Stimeli were produced by a Tektronix-Type 161 pulse generator,
powered by a Tekironiz=-Type 1¢U A Power Supply. For visual stimule-
tion the pulses from the 161 triggercd & Grass Instrumunt Co. Model
F3=2 Phoﬁo-Stimnlatar ard noic.less flash gun. For the production of
either auditory or tactils stimulation the 161 wes connected to a
Mocdel HF=20 Eico aﬁdic sapliiicr. The‘auéitcry cliclt was emitted
from an eighteclm spesker three feet frcm the side of the cage. The
tactilo stimalus wes delivered by the 161 and modified by the.Eico

amplifier. The shock terminals were applliced to the two silver wirer
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sutures on the dorsal aspect of the left forepaw and taped in rlace |
by masking tape.

A further elaboraﬁon of the apparatus was necessary in order to
carry out f.he experiment concerned with recording evoked potentials
during head orientation to a brief discrete auditory click. In this
instant a push button switch powered by a forty-five volt battery
was utilized to trigger the Tektronix-Type 162 waveform genaratof
which in turn triggered the oscilloscope and the 161. Two eight inch
speakers were placed symmetrically 18 inches from the lateral sides
of the test box. Sound stimuli ecould be produced in either cne or
the other spsakers by a doubls throw gwitch controlling the output of
the Eico amplifier. The front of the test box faced a one way view-

ing window in the sound shielded room.

Procedures

The spontaneous occurrence of irregular deflections in the brain
activity of unanesthetized and unresirained cats makes it difficult
to attempt to extrapolate meaning from a single oscilloscopic tracing
in response to a stimalus., Dawson (10) found that if he superimposed
fifty or more successive sweups of & cathode-ray §scilloscope and
‘photographed them on a single record it was possible to discriminate
the signal from the nolse. He was able to record the evoked rssponse
to stimulation of the ulnar nerve at the elbow fram the contralateral
sensory area in human subjects using silver cup electrodes fixed on

the scalp with ;:o]lodion. Exact synchrony of events was insured by

a trigger circuit locked to the sweep of the oscilloscope. In this
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wey 2 deflsction would consistently follow a timed impelse at regulaz

K]

intervals. The superimposition of twenty to fordy consecutive trace

[ER

A

ngs wers coumonly used in this experiment to differentiate the vari-
ably occurring associatlion .evd:{ecl responses from the spontanecusly
cccuring taves. Serics of incdividusl tsucings were also recordsd in
scme experﬁments and various statist’ .2l meacures cuzputed.

In zn atieupt to determuiro 1r essociatisn eveked responses could
be elicited in the unanesthellized and wnrestreinsd cats to auditory,
tactile, and visuzl stiul ation, the cat was placed in the test box
waich wac located within a shielded rocme A cable was attoched to
the indwelling fmphencl pluge. The animal was allowed sufficlent tine
to beccme adapled to his new envivonuent and o meke himsel{ comfor-
table. Auditory stimulation was praduced by n eight inch speaker
located approximately eighteen inches frez the side of the box.
Tactile stirmmulation was delivered by taping t.e shock terminals to
the two silver wire sutures located on the dorsal aspect of his left
forepawe Visual stirmulation was provided by a photo=stimulator with
a noiseless fiash gun diroct.d at ths 1@;‘;@&1 gide of the test box
frei about twelve inches sway. AL1 the surfeces of the test box were
covered with aluninua foil cxeept the side mceiv}ing the stimclus in
order to maximize reilection i the animal was not lockirg direetly at
the visual stimulus, ‘El.a prosentation of the stimulus was so arranged
that it would cccur ten msec. afier the onset of the cséillcsaopic
swoop. Totzl duraticn of the sweep was 100 msec. and the interstirdus
interval wes two secondse The cortieal evcked E‘GSpéﬁses were transe

a

ritted by a bipoler coaxial electrede; preaxplified and visuzlized on
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an oscilloscope. Twenty to forty traeings were superimposed on a
single record. The responses were permanently recorded by a camera
directed toward a "slave™ scope.

An attempt was made to qualitatively measure the behavioral stave
of the animal by using the following rating scales

A. The cat»was lying down, head resting on the floor of the box.

" Bs The cat was sitting on forélimbs, head erect.

Ce The cat was sitting, forelimbs extended.

D. The cat was washing himself,

E. The cat was pacing back and forth in the box.

F. The qat was scratching at the side of the cage.

This was done in order to relate the amplitude of the response with
different behavioral states.

To determine if a new and novsl stimulus might influence the
amplitude of the evoked response to elther a continucusly presented
auditory, tactile, or visual stimulus, tﬁo records of superimposed
tracings were followed with presentation of a novel stimulus for
twenty or more tfacings and then two or more racords were taken after
the removal of the stimulus. The novel stimuli on different occas-
sions consisted of a white rat housed in a glass jar, cat food placed
in a petri dish, the experimenter entering the sound shielded room,
tactile stimulation with an air hose and "barking® sounds emitted by
the experimenter.

Several control procedures were employed in this portion of the
study. Changes in head position within the sound field and in

response to novel stimuli were noted when this was thought to be of
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ignificance end no relationship was found between amplitude
of response znd change in head position. Ono cat was anesthetized

with chleraicse anesthetic end evoked responses ruccrded when the

o,
animal®s head was placed in seve diflerent positions in the scund
fieide A ninety degres difference in hecd poait*cn rilative to the

speaker failcd to show any 51gL1f1c nt difference in the ncan zmplie

tudes recorded under these conditiens. To exelude changes in the
intensity ol the avditory stimulus to the cat during head osriencation
as a pessible mechanism for responc. amplitude *eductloug 2 small
rnicerospeaker (& 9C receiver designed by the Baltimore Instrument Co.,
Inc.) which h.d been molded with a gsl-like substence to the externzl
auditory canal of a previocusly sacrl iccd eat was inserted and eveled
respenses rocorded before and durdng the presentztion of a novel
stimulus. = 4

The h abituation experiments were carriced out using the zbove
recording methods, The repetitive stirmulus was an suditery click whieh

o

was prosented every two seconds for sixty to seveniy-four hours. The
cat s placad'in the test box wit.in the soundproof roc:. Records of
the evoked response wore taken initially at the commencing of habituae-
tion and every twelve hours or less. Usually after »rscording evoked
cortical responses the exporimenter would enter the recording chiziber
to feed and weter the cai.

The procedure uséd in the crientingvr@sponSes exﬁerim@nt consisted
of giving four. test scesions, ten tricls per sessicn to the cats
implonted with chronde bipoler coaxdial elestrodes. The electrodes

were L plaanted along the left suprasylvian gyrus. The time intervil

[¥8
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seperating the succescive test sossions was a twenty-four Lour periocd.

h trizl an auditory click was prescated frem one .. the other

g
@
£3
Q

svesker in a rondem manner when the cab was facing at a2 right angle to
(=] [

line joining the twoe speekers. During a given sessicn, five of the

&

h

right spesker. The stimulus remaired the same throughout and consistie

(&

of a click. The intervsl vawied from ﬁhirty seconds to five minutes.
Tae presentations of éﬁimuli during sny c¢ae sesslon wer. zade constant
for each cat but varied between sessions. é rating scale Lo measure

the quality of the orienting response was adopted from Thompson and
Welker (49)., “Rapid, i .dir"e, and accurate orisntation in one move-
ment received a score of 4. Accurate he.d orlentation requiring several
head movements was scored 25 3. Iumediszte but ircemplete orientation

in the correct dirsciicn was scored as 2. Delayed and/or incemplete
head orientation in the correct diresction was scored as 1. No head
movement, or orientation in the incorrsct direction was scored as 0.7
Individual oscilloscops tracings of évoked click responses were recorded
“in this experiment.

Usually three to four weeks following surgery the electrical
resistance between the bipolar leads would gradually bégin to increase.
This, apparently, was due o the rapid growth and extension of the
Jdura mater over the exposed cortex. The eals were then sacrificed and
perfused with formaiin, the b?éin removed and placed in 2 Jar of forwae
lin. The points where the imner lead penetrated the cortex were

easily observed. Electicde locations were measursd in relatichshipvto

the fissures for sach brain using a pointer mounted on an electrede
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manipulator calibrated in millimeters., For composite mapping the right
angle bend of the middlevand posterior supfasylvian fissures and a
line extending up from the posterior suprasylﬁian fissure and the
Jjunction of the anterior lateral and ansate fissures were used as
reference points.

Various statistical metho&s were applied to the different cata-
gories of information derived from the experimental procedures. Me:n
amplitudes éﬁd differences between means of superimposed evoked responses
to a repetitive stimulus during states of bodily activity and before
and after presentation of novel stimuli were estimated using the

methods of Dixon and Massey (12). In these methods the estimated
arithmetic means and ranges are used for calcglating approximate dif- -
fefences and the probability of differences were obtained from a
respective table. Evoked association response amplitudes and behavioral
orientation were compared using chi-square., A chi-square analysis of
changes in head orientation over :11 days and over trials for day one
and all days was completed. An analysis‘of variance was ccmpleted oﬁ
the evoked association response deta in the orientation experiment
evaluating days, trials, subjects, and the interaction of trials and
days. Two separate anaiyses were calculated using raw and percentage
scores. for habitﬁation trials the 99 percent confidence'intérval
around ‘the initial-superimposed mean was estimated and used to com-

pare subsequent response amplitudes (12).
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RESULTS

Evoked Responses
Characteristics of the mean amplitude and latency of evoked

responses recorded from the posterior suprasylvian gyrus of the
unanesthetized and ﬁnrestrained cat wefe determined by measuring the
amplitudes of a hundred consecuti#e single tracings to auditory, tac-
tile, and visuai peripheral stimulation and the latencies of repre-
sentative responses. These are demonstrated in Figures 1 #nd 2,
Latency differences are observed for the three modalities of stimula-
tion., Evoked responses to click have the shortest latency, those to
visual stimuli have the longast, snd scmatiec sensory evoked responses
have a latency of inténmediate lergth. While the differences in
latency were noted consistently among the majority of tested cats,
there ﬁere exceptions where the lstency of evoked responses to tactile
stimulation appeared to be longer than the latency of the visual

' response. Although the differcnces in latency are similar to thoss
described using chloralose anesthetic (48), they appear to be more
variable in the waking state. Tactile and visual evoked response
amplitudes were remarkably similar in their amplitude frequency dis-
tributions, while auditory evoked responses had a somewhat less broad
frequency distribution. The mean amplitudes of evoked responses to
tactile and visﬁal stimuli were siﬁilar in magnitude while the mean
amplitude of the auditory evoked responses was lower relative to the
other two modalities. Uniformity of mean response aﬁplitudes to the

three modalities of stimulation wss relatively constant in the majority
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of tested cats.

Single and superimposed tracihgs of evoked responses to periph-
eral auditory, tactile, and visual stimuli recorded from the supra-
sylvian gyri of three cats in both the unanesthetized and anesthetizud
(chloralose 70 mg./kg.) state are seen in Figures 3,4,5, and 6. All
cortical leads were responsive to the three modalities of peripheral
stimulation. The assoclation response waveform characteristics are
essentially.identical from all recording sites regardless of the modal-
Vity of stimulation. The predominant wave pattern is one having an
onsét latency of 15«30 msec. with an initial positivity (deflection
in an upward direction) of 25-45 msec., followed by a variable nega-
tive component. .

Bvoked tracings to visual stimuli from cortical electrodes in
the unanesthetized cats displayed an additional waveform to the one
described above. This wave pattera is characterdized by a short
latency (less than 10 msec. ), initial positivity of marked amplitude
" and of brief duration. These visually evoked, early appearing
responses of brief duration probably reflect activity from the small
visual field located in the suprasylvian sulcﬁs (9, 32 ) with two
possible exceptions. The visual evoked response in lead one, Figure
L, appears té be activity from the secondary visual area on the pos-
terior lateral gyrus, and that of lead four, Figure 3, may be the
-anterior portion of fhe secondary visual area on the posterior supra.-
sylvian gyrus (32).

Short latency responses to click stimulation of very low ampli-

tude are seen at electrodes one and two, Figure 5. This is well
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demonstrated in the single tracings, and a suggestion of the response
is seen in the superimposed traciﬁgs. This may reflect activity from
adjacent auditory fields.
| A comparison of evoked responses to auditory, tactile, and visual
stimili under the two conditions cof chloralose anesthetic and the unan-
esthetized state for cat 64-13 is seen’in Figure 3, Similar waveforms
are observed under both conditions. There was less variability and
greater response amplitude using chloralose anesthetic. With few excep-
tions, the early visual evoked response was not seen with chloralose
anesthetic. Evoked responses to suditory and tactile stimulation
correlated well in all leads. The visual association responses wsre
best observed in leads one and twc and were barely perceptable in leads
three and four in the unanesthetized state, while association evoked
responses recorded using chloralose were represented maximally in leads
one, three, and four with only a slight reduction in lead two.

Comparison of evoked responses recorded under chloralose anesthe-
tic and in the unanesthetized state for cats 63-97 and 63-88 can be
seen by comparing Figure 4 with Figzure 6 and Figure 5 with Figure 6.

In both camparisons assoclation evoked responses in the waking state
are best seen in electrodes one, two, and three with a marked reduction
in the amplitude of the evoked response noted in the fourth electrode.
This suggests.that in both instancss the electrode was placed on the
margin of the association arsa postériorly. In both cats the visual
evoked responses under chloralose anesthetic are clearly evident in
lead four, but there is little or no suggestion of responses to the

other modalities of stimulation. The possibility exists that the viuual
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evoked responses in lead throe and four of cat 63-88 reflect activity
in the visual cortical areas because of their short latency. ‘While
association evoked responses are observed in all cortical leads in cats
63-97 and 63-88 in the unanesthetized state, the presence of evoked
responses recorded using chloraloses anesthetic appear to be more
restricted in their manifestations with the possible exception of the
late visual evoked response. With chloralose, the association evokeil
rasponses are best seen in catl 63-77 for electrodes two and three, and
in cat 63-88 for electrodes ons and two.

In summary, evoked responses have been recorded to auditory, tac-
tile, and visual peripheral stimuli in the unanesthetized and unre-
strained cat. These responses are similar in their latency of response
and waveform pattern to thoss previously described using chloralose
znesthetic (48), although of lower amplitude, and correlate well with -
evoked responses recorded from the same electrodes under chloralose.
With the possible exception of the visual evoked responses, the
responses appear to be more superficially restricted under chloralose
than in the waking state.

Evoked responses recorded fron the suprasylvian gyri of 14 addi-
tional unanesthetized animals verified the above described character-
isties of the association responses. In almost all cases when a well
defined evoked response occurred to one modality of stimulation,

" equivalent responses could be found to occur to the other two modali~
ties of stimulation. Cortical areis responsive to the three modali-

ties of stimulation appear evident and loecalized in the unanesthe-

tized cat.
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Bodily Activity

Table I illustrates the changes in the mean amplitude of evoked
responses measured in microvolts to auditory, tactile, and visual
stimulation for different levels of behavioral‘activity. Significance
levels wers determined using the method of Dixon and Massey (12).

A comparisén between amplituces of association evoked responses
recorded during two different behzvioral states (i.e.; moving and
sitting) to peripheral tactile stimulation is illustrated and the mean
amplitudes plotted on a graph in Figure 5. Figure 7 illustrates the
influence of behavioral state on ¢ssociation responses evoked by all
-modalities of stimulation. The di fference in these illustrations were
found to be statistically significant at the .05 level for all:electrodes
(Table I)e Using the rating scale depicted in Figure 7, evoked
responses to auditory, tactile, ard visual stimdi were recorded dur-
ing different behavioral states. The mean amplitudes of evoked
responses recorded for the different degrees of bodily activity were
found to be significantly differert at the .05 level., In sumary,
amplitude of evoked responses reccrded from the suprasylvian gyrus to
'the‘three modalities of stimulaticn is related to the level of bodily
activity. With heightened activity, there is a reduction in the ampe

litude of the response relative tc a lesser degree of activity.

Novel Stimuli
Tables II and IIT indicate the changes in the mean amplitude of

the evoked responses to auditory, tactile, and visual stimulation when

a novel stimulus of auditory, tactile, or visual medality is briefly
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presented. Significance levels were calculated using the methods of
Dixon and Massey (12).

The effects of novel stimuli upon association evoked responses
elicited by a repetitive stimulus (auditory, tactile, or visual) are
illustrated in Figures 8, 9, and 10, Three catagories of novel stim-
uli were employed to represent the three modalities of stimulation. A
jet stream of air was used for the tactile stimulus, a rat for the
visual stimulus, and barking sounds for the auditory novel‘stimulﬁs.
Figures 8, 9, and 10 indicate that presentation of any one of these
novel stimuli results in a reduction of the evoked responses to either
ropotitive click, tactile, or flach stimalation and that upon removal
of the novel stimulus, the amplitude of the evoked response approaches
its original magnitudes A comparison of the mean amplitude before and
during presentation of the novel stimulus is illusirated in takle II for
cats 64=17 and 64-18, Results obtained from a number of other cails are
given in Table III. Thé differences between mean amplitudes are statise
ticall& significant at the .05 level for novel stimulil presented to
cats 64=17 and 6418 when stimulated repetitively with auditory and
tactile stimulation. With repotitive visual stimulation, differences
between mean amplitudes were significant at the .05 level for cat 64-18
for all novel stimuli and for cat 64-17 for auditory and visual novel
stimuli, While there appears to ke a reduction of the amplitﬁde of the
visual evoked response upon presertation of the tactile novel stimuli
for cat 6417, this was not significant. Evidence from other cats
indicates this is an exception and that generally the»differenées are

of a‘magnitude sufficient to be statistically significant.
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In summary, mean amplitudes of evoked responses occurring to
either repetitive auditory, tactile, or visual peripheral stimulation
are reduced in magnitude when a novel stimulus which may be either
auditory, tactile, or visual in character is presented foi a brief
interval. Upon removal of the novel stimulus, the amplitude of the
evoked responses approaches its.original magnitude.

Rate of recovery of the mean amplitude of click evoked association
responses upon removal of a novel stimulus is demonstrated in Figure 11.
The mean amplitude of the evolked response usually returns to its
original value within a minute anc a half depending upon the quality
of the novel stimuius. When food was used as the novel stimulus, a
period of two minutes was necessary before the differences between mean
amplitudes before and after the ncvel stimulus were no longef statis-
tieally significant. |

Reduction of evoked responses will occur with novel stimuli when
the intensity of the repetitive click stimulus is held constant by the
placement of a microspeaker within the external auditory canal of cat
64-18 as seen in Figure 8. A4 statistically significant reduction in
the mean amplitude of the clicik evoked response upon presentation of
' the various novel stimuli is demorstrated in Table II.

Failure to elicit a significsnt difference in amplitude between
click evoked association responses with changes in head position up to
ninety degrees relati#e to the speaker in the chloralose anesthetizedl
cat is shown in Table IV. This weuld imply that changes in head posi=-
tion within the sound field could not account for the changes in the

amplitude of the click evoked respdnses which occurred with presenta:.ion
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of a novel stimulus or changes in behavioral state.

Orientation Experiment
This experiment consisted of placing a cat in a test box with a

spesker located an equal distance away on both sides. A single click
was presented randomly from either one or the other speaker for ten
trials each day for a period of four days. On any one day, five clicks
were emitted from the right speaker and five from the left. The

degree of head oriéntatioﬁ was graded using the method of Thompson

and Welker (49).

Tﬁe purpose of this study was to attempt to define the relation-
ship between the degree of head orientation and the amplitude of the‘
click evoked responses recorded from the suprasylvian gyrus. Five
cats were used.

The relationship between amplitude of e¢lick evoked assocliation
rosponses measured in percent and the degree of head orientation for
day one and for all days is illustrated in Figure 12, An inverse
r@létionship between head orientation and amplitude of evoked response
is suggested. Changes in the mean orientation score and mean amplitude
of evoked responses for all Mive subjects over trials for each day is
.Aseen in Figures 13 and 14, TYor each day, the mean orientation score
appears to decrease in magnitude over trials as the mean amplitude of
the evoked response appears to increase in magnitude. Changes in mean
association evoked responses measured in mierovolts and in percent cole
lapsed over dayg and o#er trials are illustrated on graphs in Figures
Ji5 and 16. When the mean orientation scores and mean evoked amplitudes

are collapsed ovér days the inverse relationship of these parameters
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becomes readily observable, Over trials the mean evoked amplitude
progressively increasgs in magnitude while the mean orientation score
decreases. When the mean orientation scores and the mean evoked amp-
1litudes are collapsed over trials and plotted over days a decrease in
the mean evoked response is suggested over the four day period. Mean
orientation score decreases more abruptly over the four d§y3 with the
greatest decrease being evident between the first and second day.

A summary of the analysis of vardiance of assoclation evoked
responses measured both in absolute smplitude and in percent is given
in Table V. Both subjects and trials were found to be significant at
the 001 13791 when responses were measured in absolute values, How-
ever, when responses were measured in percent of maximum responses for
each animal, between subjects was no longer significant, while betwesn
trials remained sigﬁificant at the ,01 1eve1.‘ Since subjects were sige
nificant with absolute vaiues but not with percentage values, the dife-
ferences between subjects were probably only in absolute level, not in
the wa} different subjects reacted to the other variables (i.0., trials
and days)e A statistically significant effect for trlals would be
expocted if the relationship between head orientation and amplitude of
evoked response is an inverse one. As habituation of the orienting
reflex takes place the amplitude of the evoked response would become
greater., In order to determine the degree of relationship between head
orientation and amplitude of click evoked responses a chi-square analy-
sis was completed. Evoked responses measured in percent were segre-
gated into four catagories, those less and those greater than 49.99
percent, and those associated with sIight (number one as determined by
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the Thompson and Welker rating seale) or no head orientation and
those with a rating of two, three, or four. The chi-square was slg-
nificant at the .05 levels The contingency coefficient was calculated
to be «30 using the method of McNemar (33). Distribution of observed
amplitudes for the different catagories are seen in Table VI. Further.
analyses were completed to evaluate changes in head orientation ratings
over all days, over trials for all days, and for day one. In the first
analysis, orientation ratings were segregated intobtwo catagories,
those occurrihg on either the first and second daysj those ocourring
on the third and fourth days. These ratings were in turn distributed
into two more catagories, thbse with a rating of zero or one, and those
with ratings of two, three, and four. The chi-square was found to be
significant at the .05 level. Orientation ratings over trials were
segregated into those with ratings of zero or 6ne, and those with rat-
ings of two, three, and four. These ratings were then disﬁributed into
three catagories, those occurring on trials one to three;, those on
trials four to six and those on trials seven to ten.v The chi-squares
for day one and for all days were found to be significant at the 001
leyel. Distribution of observed ratings for these analyses are given

in Table VII.

Habituation
The evoked electrical activity of the middle marginal and posterior

suprasylvian gyrl of cat 63-97 to repetitive pweéentation of a elick
stimulus every two seconds for 74 hours is illustrated in Figure 17.

Changes in the mean amplitudes of evoked responses measured in micro-
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volts from eight electrodes implauﬁed along the suprasylvian gyri of
this and two other cats are demonstrated in Figures 18 through 21. The
99 percent‘confidence interval for each electrode is 1llustrated with

a band of dots. The changes in the mean amplitude over the 74 hour
time interval for all four electrodes in cat 63-97 are seen in Figures -
18 and 19. The graphs fail to indicate any consistent reduction in the
amplitude of the evoked responses. For the first 23 hours there is a
gradual diminution of the amplituce of the responses. Beyond this
‘point there seems to be a gradual inerease in the mean amplitude of

the responses. The mean amplitude of evokea click responses recorded
in cat 64=17 over a 69 hour interval are plotted in Figures 20 and 21.
The graphs do not indicate any corsistent change in the amplitude of
the evoked responses in either direction during the time course. Simi-
larly evoked responses recorded from cat 63-109 and plotted along the

~ time course in Figure 21 fall to reveal ary consistent pattern of
change. A fourth cat (data not shown) did demonstrate progressive
diminution of elick evoked rsesponses over a 72 hourAinterval. However,
attempts to record evoked responses 24 and 72 hours after cessation of
continuous stimulation failed to show recovery. It seems likely that
the reduction of the mean amplitudss of evoked responses was the result
of irreversible changes at the cortical site of the electrodesvrather
than a manifestation of habituation; per se, of the evoked response.

In summary, habituatipn of evoked responses recorded from the
suprasylvian gyri of unanesthetized cats has not been demonstrated to
repetitive click stirulation every two seconds for varying intervals of
time. Waxing and waning of the response amplitudes over the time inter-

vals were observed.



FIGURE 1

Characteristic waveforms of evoked responses from the posterior
suprasylvian gyrus to'peripheial auditory, tactile, and visual stimu-
lation in the unanesthetized cat are demonstrated. Auditory evoked
responses have the shortest latency followed by tactlle and visual
responses,  Mean amplitudes of responses to tactile and visual stimulil -
are of similar magnitude, while auditory responses are slightly
smaller in mean amplitude. Mean values were derived from one hundre@
consecutive evoked responses to the three modalities of stimulation.
Mean 1atencj values were calculated on the findlings in ten of these
responses for each modality. |

In this, and all subsequent Figures, upward deflections indicate

positivity in the surface lead relative to the depth lead.
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FIGURE 2

The amplitudes of one hundred consecutive evoked responses to
peripheral auditory, tactile, and visual stimulation were meaéured
and histograms of frequency distributions for each modality were
constructed. ,

Tactile and visual evoked response smplitudes were similar
in their distributions while auditory evokéd responses had a some-

what less broad frequency distribution.
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FIGURE 3

Superimposed tracings of evoked fesponses to auditory, tactile,
and visual stimulation ieéorded under conditions of chloralose anes=
thetic and in the unanesthetized state are illustrated.

The predominant waveform is one having an onset latency of 15-30
msec., with an 1nit1;1 positivity (deflection in an upward direction)
of 25-45 msec. followed by a variably occurring negative component.

An earlier appearing visual evoked waveform preceding the association
response 1s seen in the waking state but is absent when recorded using
chloralose anesthetic. Evoked responses fecorded from the chloralose
preparation demonstrated greater smplitude and less variability of
wavefonm. Evoked responses under both conditions were similar in

their characteristics and occurrence to tactile and auditory stimuli.
The visual association responses were best observed in leads one anc

two and barely perceptable in leads three and four in the unanesthetized
state, while evoked responses recorded from the chloralose preparation
‘were represented maximally in leads one, three, and four with only &

slight reduction evident in lead two.
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FIGURE &

Single and superimposed tracings to auditory,vtactile, and
visual peripheral stimulation are demonstrated for the normal waking
state. The predominant waveform is one having an onset latency of
"~ 15-30 msec. followed by an initial positivity (deflection in an
upward direction) of 25.45 msec. The evoked responses are seen
best in electrodes one, two, and three. Thére is a marked reduction
of the mean evoked response amplitude in lead,four which might indi-
cate its position is on the posterior.margin of the active field.

An earlier evokéd waveform is seen preceding the late response to
visual stimuli in all electrodes. In lead one this probably reflects
activity in thé seconaary sensory visual area while the early wave-
form in leads two, three, and four may indicate activity in the

visual field located in the suprasylvian sulecus.
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" FIGURE 5

Single and superimposed tracings to auditory, tactile, and
visual peripheral stimulation are demonstrated for the normal waking
state. The predominant waveform is one haviﬁg an onset latency of
15=30 msece followﬁd by an initial pesitivity (deflection in an
upward direction) of 25-50 msec. The evoked résponses are demon=
strated maximally in leads one, two, and three. There 1s a signifi-
cant reduction in the size of the response in lead four which might
indicate its location on the posterior margin of the association
field. An earlier wavefomm is seen preceding the late response to
visual siimulation. This may represent activity from the small
visual field located in the suprasylvian suleus.

A graph demonstrating the mean amplitudes of tactile evoked
responses recorded during two different behavioral states (i.0., mov=
ing and sitting) is shown. The amplitude of the evoked responses is

greater in a state of lesser activity than in the more.active state

for all electrodes.
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FIGURE 6

Superimposed tracings to auditory, tactile, and visual stirmlatien
vare recorded using chlorélose anesthetic in cats 63+97 and 63-88.
Pictordal illustrations of the cortical locations of the electrodes
are seen in Figures 4 and 5 respectively. Association responses are
best seen in leads two and three to all modalities in ecat 63-97 and in
leads one and two in cat 63-88, The visual evoked responses are
present in all leads in both cats. The possibility exists that the
visual evoked responses in leads three and four of cat 63-88 reflect
activity in the secondary visual area on the posterior suprasylvian
gyrus or in the visual field located in the suprasylvian sulcus because

of their short latency of response.
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TABLE I

‘Association Evoked Response Changes With Bodily Activity

STIMULUS

Auditory
Auditory
Auditory
Auditory

Tactile
Tactile
Tactile
Taetile

Tactile
Tactile
Tactile
Tactile

Visual
Visual
Visual

CAT

63-97
63-97
63-97
63-97

63-97
63-97
63-97
63-97

63-88
63-88
63-88

63-88

6417
6417
6417

ELECTRODE N  MEAN AMPLITUDE~uy MEAN AMPLITUDE-uV

LEVEL ¥B" LEVEL “E"

1 Lo 67 ' 0%

2 40 é7 ‘ g*

3 140 46 0¥

i 40 25 L*
LEVEL "A" LEVEL "C"

1 10 25 g

2 140 17 2%

3 40 21 e

i 140 19 L
LEVEL "B" LEVEL "E"

1 140 al 21%

2 %0 67 g*

3 40 63 ‘ 8*

i 40 21 u*
LEVEL "B" LEVEL "E"

1 25 83 21 %

2 25 79 13*

3 25 42 o=

* Decrease significant at p. €< .05 level

As The
B. The
C. The

E. The

Rating Scale Of Behavioral State

cat was lying down, head on floor.

cat was sitting on forelimbs, head erect.
cat was sitting, forelimbs extended.

cat was washing himself.

cat was pacing back and forth.



FIGURE 7

Evoked association responses to auditory, tactile, and _vis,ual
stimulation were recorded. during different levels of bodily activity
as determined by the rating scale depicted.

It was found that with heightened activity there ié reduction
of the mean amplitude of the evoked responses relative to a lesser

degree of activity.
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TABLE II

L9

Association Evoked Response Changes With Novel Stimuli

STIMULUS

Auditory
Auditory
Auditory
Auditory
Auditory
Auditory

Tactile
Tactile
Tactile
Tactile
Tactile
Tactile

Visual
Visual
Visual
Visual
Visual
Visual

* Decrease significant at p. ¢ .05 level

CAT

6417

6l17
6l1?

6418

64-18
6418
6417
6417

6417
6418

64-18
6418

64-17
6l=17
64=17
6418
6u4-18
6418

N

20
20
20

25
25

25
25
25
20
20
20

25
25
25
25
25
25

AMPLITUDE
BYFORE
STIMULUS=pV

66
S
66
146
ol
146

50
Sk
33
96
60
63

NOVEL
STIMULUS

air (T)
barking (A)
rat %V)
air (T)
barking (A)
rat %V)

air (T)
barking (A)
rat %V)
air (T)
barking (A)
rat (V)

air (T)
barking (A)
rat %V)
air (T)
barking (A)
rat %V)

AMPLITUDE
DURING
STIMULUS~pV

L
0%
aL*
21*
o*
63*

0*
29%*
13"
259%
0%
0*

83
' 2.

s
UE*



TABLE III

Association Evoked Response Changes With Novel Stimuli

STIMULUS CAT N AMPLITUDE NOVEL AMPLITUDE
' BEFORE STIMULUS DURING
STIMULUS~uV STIMULUS=pv
Auditory  63-109 Lo 22 rat (V) 6*
Auditory 6lia2 20 79 exp. (V) 29%
Auditory 64-2 20 100 food (V) 17*
Auditory — 64=2 20 92 rat" (V) - 20%
Auditory 6lw2 20 125 exp. (v; 10%*
Auvditory 6?2 20 135 food (V 63*
Auditory B2 20 135 rat (V) Lox
Auditory — 643 30 54 exp. (V) o*
Auditory 64=3 30 ) food (V) 8*
Auditory 643 30 5l cat (V 0*
Auditory  6U4=13 25 54 air (T 25%
Auditory  64-13 25 42 rat (V) 20
Auditory — 64-13 25 38 barking (A) 8
Auditory — 64-13 25 54 rat (V) 13*
Auditory — 6413 25 33 air (T) 13*
Tactile 64-13 25 50 air (T) 33
Tactile 6l4=13 25 33 barking (A) 29
Tactile ~ 64=13 25 .50 rat (V) A7
Tactile 64-13 25 52 air (T) 0%
Tactile 64-13 25 31 barking (A) 5%
Tactile 64-13 25 52 rat %v) 5%
Visual 6lim2 20 33 oxp. (V) 39
Visual 6l=13 25 Ll air (T) 29%
Visual 64=13 25 38  barking (&) 33
Visual 64=13 25 u2 rat %v) 42
Visual 6l15 20 25 air (T) 8%
Visual 6l4=15 20 15 barking (A) g%
Visual 6l15 20 10 rat (V) 8
Visual 6417 25 75 barking (A) 38%
Visual 64=1? 25 79 rat (V) 25%

* Decrease significant at p. < .05 level



FIGURE 8

Reduction of the aﬁditory evoked resbonses upon presentation of
novel visual (rat), auditory (barking sounds), and tactile (air stream)
stimli are observed in cats 64=17 and 64-18 in the unanesthetized ‘
state. The evoked responses in czt 6&—18;occurred in response to
click stimulation from a microspesker which had been placed within
the axtefnal auditory eanal. Drawings of the approximate cortical
locations of the electrodes on the suprasylvian gyrus are seen for
cat 64«18 and may be seen for cat 64=17 in Figure 7.

A deflection of one em. is equivalent to 83.3 miorovelts at a gain
of 20 At a gain of 50, a deflection of one cm. is equivalent to 208.3

microvolts,.
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FIGURE 9

Reduction of the tactile evoked response upon presentation of
novel visual (rat), auditory (barking sounds), and tactile (air
stream) stimuli are observed in cats 64-17 and 64=18 in the unan-
esthetized stéte. Approximate location of cortical electrodes on the
supragylviéngyrus are demonstrated in Figures 7 and 8.»

A deflection of one ecm. is equivalent to 83.3 microvolts at a
gain of 20,
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FIGURE 10

Reduction of the visual evoked recponse upon presentation of
novel visval (rat), auditory (barking sounds), znd tactile (air
streem) stimuli are obssrved in cats 6h-17 and 64-18 in the unan-
| esthetized state. Drawings of the zpproximeie cort.cal locations
i the electrodes for cat €L~17 are seen ir Figure 7 and for cat
6L-18 in Figure 8.

A gdeflection of one cum. is eguivelent to 3.3 microvolis at a
gain of 20. At & gain of 50, a deflection of ore cm. is equivalent

to 208.3 microvelts.
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FIGURE 11

Reduction of click evoked responses upon presentation of
ﬁarious novel stimuli such as a rat, food (the cat was allowed contict
with the food), the experimenter walking iﬁto the soundproof chamber,
2 stream of air, and barking sounds emitted byv the experimenter and
the subsequent recovery rate of the amplitudes of the response are
observed. Recovery usually takes place within a minute and a half,
with the exception of food stimili where two minutes were required for
the amplitude to approach its orizinal magnitude.

A deflection of one cm. is equivalent to 83.3 mierovolts at s
gain of 20, At a gain of 50, ? doflection of one am, is equivalent

to 208.3 nmicrovolts.
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TABLE IV

Effect Of Head Position Upon Meoan Amplitudes Of Evoked Responses
In The Chloralose Preparation

MEAN AMPLITUDE ALTERATION IN MEAN AMPLITUDE

STIMULUS CAT N MICROVOLTS . POSITION MICROVOLTS LEADS
Auditory 64=13 20 563 Changes in head 500 2

Auditory 64-13 20 667 position 90 degrees 625 , i
: away from speaker



FIGURE 12

The relationship between amplitude of association responses
averaged over sﬁbjects measﬁred in percent.of‘maximum response for
each animal and the mean orientation scores for the subjects is
blotted for day one and all days. There is a suggestion of an

inverse relationship.
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FIGURE 13

Changes in the mean orientation score.and the mean amplitude of
click evoked responseé measured in absolute amplitude are plotted
over trials for days one and two. For both days the mean orien-
tation score appears to decrease in magnitude as the mean amplitude
of the evoked responses appears to increase in magnitude over trials,

thus implying an inverse relationship between!the two parameters.
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FIGURE 14

Changes in the mean orientation score and the mean amplitude
of click evoked responses measured in absolute amplitude are plotted
over trials for days three and four., For both days the mean orien-
tation score appears to decrease :in magnitude as the mean amplitude
of the evoked responses appears to increase in magnitude over trials,

thus implying an inverse relationship between the two parameters.
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FIGURE 15

Changes in the mean orientation score and the mean amplitude
of click evoked responses for all five subjects measured in micro-
~ volts are plotted against trials (summed over all days) and against
days (summed over all‘trials). When the mean orientation scores
~and mean evoked amplitudes are collapsed over days and plotted
against trials-the inverse relationship of these parameters Secomes
readily observed. When these values are summed over trials and
Aplotted over days.a decrease in the mean evoked response 1s suggested
over the four day period. The meun orientation score decreases more

abruptly over the four days with the greatest decrease being evident

between the first and second day.
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FIGURE 16

Changes in the mean orientation score and the mean amplitude of
click evoked responses for all five subjects measured in percent of
maximum respénse for each animal are plotted against trials (sumed
over all days) and against days (summed over all trials). When the
mean orientation scores and the mean evoked amplitudes are collapsed
over days‘and plotted against trials the inverseArelationship of these
parameters becomes readily observad. When these values are summed over
trials and plotted over days a decreasé in the mean evoked response is
sugéested over the four day periodl. The mean orientation score decreases

more abruptly over the four days with the greatest decrease being evi-

dent between the first and second day.
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TABLE V
Summary Of Analysis Of Variance

A

Association Evoked Responses-In Absolute Amplitude

SOURCE ar | Ss MsS F
Between Days 3 67.93 22,64  2.35
Between Subjects 4 291.11 72.77 V3 et
Between Trials o 9 1!-50.67 50. 07 50 19***
Trials X Days 27 89.09 3.29 34
Within (error) 156 1503.11 9.63
Total : 199

B

Association Evoked Responses-In Percent

SOURCE df 58 MS F
Between Days 3 517813 1726.,04 1.99
Between Subjects 4 2693.05 673.26 .78
Betwsen Trials 9 22916.64 2546,30 | 2,9Lpx
Trials X Days 27 17497.28 648,05 75
Within (error) 156 135004,12 865,41
Total 199

** Significant at FO1
*¥% Significant at FOO1
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TABLE VI

Distribution Of Association Response Amplitudes On The First Day
Orientation Ratings Amplitude in Percent
0-49,99% 50=100%
by 3y 2, 12 on

1, 0 6 21

X2=4,82
X2,05=3,84



TABLE VIT
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Distribution Of Orientation Ratings Over Days

Orientation Ratings Days
Days 1 and 2 Days 3 and &
by 3, 2, 30 14
o 70 86
X2=8,33
X2,0553.84

Distribution Of Orientation Ratings Over Trials For Day One

Orientation Ratings

1-3
by 3, 2, ' 13
1, 0 2

X2=17,70
X2,001=13.82

Trials
L6 7-10
7 3
8 17

Distribution~0f Orientation Ratings Over Trials For All Days

Orientation Ratings

1-3
L, 3, 2, 30

1, 0 30

X2=40,68
X2,001=13.82

Trials
L6 7-10
9 5
51 75



FIGURE 17

The electrical activity of the middle lateral and posterior

suprasylvian gyri of cat 63-97 recorded at varying intervals over
a time course of 74 hours to repe:itive elick stimulation every two
seconds is illustrated. No consistent change in the amplitude of the

evoked responses over this time course is noted.
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FIGURE 18

Graphic illustratiens of changes in the mean amplitude of click
evoked responses in cat 63-97 for electrodes one and two over the 74
hour time course are observed., For the first 23 hours there is a
progressive diminution of the mean amplitude of the evbked responses.
Beyond this point there seems to he a gradual increase in the amplitude

of the responses.

The 99 percent confidence interval is indicated by the band of

dots.
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FIGURE 19

Graphic illustrations of charges in the mean amplitude of click
evoked responses in cat 63-97 for electrodes three ana four over the
74 hour time course are observéd. For the first 23 hours there is a
decrease in the mean amplitude of the evoked responses. Beyond this
point there seems to be a progessive increase in the amplitude of the

responses.

The 99 percent confidence interval is indicated by the band of

dotse.



66

SINOH
¥L2. 69 8G 17874 A% €¢ Ol

P 300412313 _

¢ 300414903113

L6-%9

o

©

o O
C}J <
i

o
N

(007

$110N0121 )



FIGURE 20

Graphic 31lustrations of changes in the mean amplitude of the
click evoked responses in cat 6417 for electrodes one and two over
the 69 hour time course are observed. No consistent change in amplitude

was noted, although waxing and waning of the amplitude was observed.
The 99 percent confidence interval is indiecated by the band of

dots.
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FIGURE 21

Graphiec illustrations of chasges in the mean amplitudes of click
evoked responses in cats 64-17 and 63-109 for electrodes placed on the
posterior suprasylvian gyrus over their respective time courses are
demonstrated. No consistent chanzre in amplitude was observed, although
waxing and waning of the response amplitude was noted.

The 99 percent confidence interval is indicated by the band of

dots.
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DISCUSSION

The experimental evidence indicates that evoked responses to
either peripheral auditory, tactile, or visual stimuli SaaEE
recorded from thé suprasylvian gy~us of the unanesthetized and unre-
strained cat. These responses ars similar in their characteristiecs
and waveform to those previously deséribed in the chloralose prepar:-
tion. When unanesthetized cats with chronic electrodes were subse-
quently anesthetized with chloralose, evoked responses similar to
those seen in the waking state we:e noted, with the exception that
the amplitudes of the evoked responses were greater in magﬁitude and
exhibited less variability.

The latency differences desciibed for evoked responses to the
three modalities of stimulstion using chioralose maintain the same
order in ﬁhe waking animal, with aﬁditoryvhaving the shortest latency
of response, visual responses having the longest, and tactile responses
being intermediate in length. While most characteristies of the
responses were equivalent under both conditions it appears the evoked
responses recorded using chloralose were more limited in their super-
ficial extent along the gyrus. These findings would seem to confirm
Buser and Imbert (8 ) who suggested the effect of chloralose was to |
decrease the superficial extent of the association areas while enhanc-
ing the voltage of the evokcd response,

One of the problems encountered in this investigation was the
apparent extreme sensitivity of the association cortex. Implantation

of bipbler'electrodes in a number of instances appeared to damage the



cortex to 2 degree incompatible with the recording of meaningful
evoked responses. Usuclly when responses were obtainable from one
elscirods they .ould be ellcited firem mest leads along the gyrus,
similarly, whiil no responses were Cllcltwb ¢ from one electirode they
were usually gos.ne from the others as weil. Thus, azlmost identical
electrode positions along the suprasylvian gyrus in twe cats could.
restlt in one case,; in o zbsenc2 of evoked activity, while in the
other Lt might be possible t. record evoke: respensss to all thrse
modalities of stimulation. ilmost invardably when evoked responses

from one nodality were recorded, simiiar »esponses to the other two

“.l

modalities of stimulation could be elicite:
The effect of novel stimuli upon the amplitude of the evoked
respunses to repetitively occurring auditory, tactile, or visual
stimulation is consistent with a number of reports in the literature
describing evoked responses in the primary sensory path wayu. Since
the Pirst veport by Hemnardez-Peon snd Scherrer (19), evoked responses
in all primary sensory pathways have been wyeported to bs reduced with
the presentation of a novel stimilus (18).  Since “atiention® impiies
selective awareness, it was thought “focusing of attention® presup-
posed Sgppression of senscry ingut gther than that which was being
attended. Hernandez~Pson (;8) speculated that the reticular formation
is able to control the sensory inpul between the first and second
order neurons in a1l three principal sensory pathways by modulation of
a4 tonie descending inhibitory pathway. It was thought seleetive inhi-
bition vht operate simulteneously for verious sensory modalilies

leaving onse or more unaffected. Thus, when a cau pereesives a visual
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stimulus (a white rat enclosed in a bell jar) the auditory input is
suppressed to focus "attention" upon the rat. If orientation to a
novel stirmulus is preadaptive in the sense that it is an attempt to
define its qualities by the integration of sensory information it seems
unlikely that information obtainec from one sensory modality would be
totally excluded. Pavlov, as reported by Magoun (29), describes the
.ability of the novel stimulus to give rise to the "investigatory
reflex with pricking up of the ears, fastening of gaze, turning of the
head to stimulus and sniffing the air™, all of which seems designed o
maximize sensory input. |

Sokolov (40, 41) explains the induction of the orienting reflex
by novel stimuli by proposing a cortical cell assembly which preserves
information about the modality, intensity, duration, and order of pre=
sentation of earlier stimuli with which analogous aspects of the novel
stimulus may be compared. When the parameters of the novel stimulus
do not coincide with the neurcnal model, the oiienting reflex takes
place and when, upon repetition of the stimilus, accordance of the
stimulus and the model takes place, habituation of the orienting reflex
occurss, |

Horn (22) suggested that depression of an evoked response does
not mean the particular sensory pathway is being blocked, but.rather
it is possible for the activity to be manifested in a different way.
He concludes "depression of an evoied response occurs in the modality
actually being used for examining the sensory field. Thus when a cat
is called or receives some other non-visual stimulus, the visual

evoked responses are attenuated as a correlate of the search for visual
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information not becaﬁse the visual infommation is irrelevant.™ (22)
Thus, reduction of evoked responsos upon presentation of a novel
stimulus implies altered activity, not blocked activity.

If we can assume that the asséciation areas represent the corti-
cal terminus of the non-specific pathways (ARAS), it would not be sur-
prising that evoked activity in these areas is quite sensitive to
changes in the peripheral environment. Our experiments indicate th:t '
evoked responses in these areas to either repetitive auditdry, tactile,
or visual stimuli are reduced in cmplitude when a novel stimulus which
may be either auditory, tactilé, or visual in quality is preseﬁted.
These findings would seem to be consistent with the hypothesis suggested
by Horn (22). Reduction of auditory, tactile and visual evoked responses
recorded from the same cortical lccus upon presentation of the same
novel stimuli at different intervsls would be more eésily acceptable as
manifestations of aliered central activity rather than the blocking of-
input to the gensory pathways. This con only be determined by further

It is our suggestion that an evoked associationbresponse to any
discrete modality of stimulation ccecurs most synchronously when the
animal is in a state of "non-attentibn". Reduction of evoked response
amplitude with presentation of novel stimuli suggests that "attention
nechanisms® or the increased sensory input associated wiih novel
stimuli alters the activity of the association system in such a way
that the evoked responses to a reretitive stimulus are greatly reduced

or are absent., All of our results appear understandable in the light

of this hypothesis.



The orientation experiment is unique for several reasons:
First, there is no repetitive presentation of a discrete stimulus.
Second, the novel stimulus is a discrete stimulus which is capable of
eliciting an evoked resﬁonse from the association cortex. Last, atten-
tion directed toward the novel stimulus (the click) may be graded by
rating the degree of head orientation using the method of Thompson and
Welker (#9). Presentation of an auditory elick from either one or “he
other speskers to a naive cat resulted in head orientafion. The evi-
dence indicates that orientation to a novel click 1s associated with
roduced amplitudes and that as ths click is repeated and habituation of
the orienting reflex takes place there is a concomitant increase in the
amplitude of the evoked respenses. This suggests that "attention" as
defingd by head orientation interferes with the ability of the discrete
novel click to give rise to an evoked response. And it is only when the
level of attention is decreased, as determined by little or no head
orientation that the evoked responses become maximally manifested. In
a sense the reduced amplitude of the click evoked responses associated
with head orientation may be said to hab@tuate just as the orienting
reflex habituates. The possibility exists that the generalized EEG
arousal reaction as a component of the orientation reflex (L0, 41)
interferes with the evoked responses to a discrete stimulus by desyn=-
chronization of the "association system”, It may be that as the
arousal reaction habituates the evoked responses become greater in
amplitude (3, 7h ..

The changes in the amplitude of the evoked responses for each day

over trials shows a progressive increase through the ten trials. Tkis
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suggests that in futuré studies & greater number of trials should be
presented each day to determine when the amplitude of the click evoked
response begins to levei off.

Several control procedures were utilized to exclude head position
and head rotation as possible factors in the reduction of evoked
responses., The placement of a microspeaker within the external audi-
tory canal of a cat was associated with reduction of mean evoked
responses to c¢lick upon presentation of a novel stimulus. Mean evoked
responses recorded in the chloralosed preparatioﬁ in various positions
relative to a free field speaker failed to indicate any significant dif-
ference in amplitude. Observations by the experimenﬁer failed to impli-
cate the importance of head position or head rotation in determining the
amplitude 6f evoked responsss in the unanesthetized cat. A click stimu-
1us was introduced to the cat in the orientation experiment only when
his head was perpendicular to a line joining the two speakers.

The reduction of the mean amplitude of éhe evoked responses
occurring to either auditory, tactile, or visual repetitive stimuli with
heightened bodily activity relative to lesser degrees of activity was
consistent with our hypothesis. The increased "awareness" and sensory
input associated with inereased bodily activity may disrupt synchronie=
zation of the input to an extent incompatible with the elicitation of
wall defined évoked responsaes. |

The failure of habituation, per se, of the evoked responses to
click stimulation every two seconds over a variable time course (6L-74
hours) is consistent with our hypothesis. In a situation in which a

discrete auditory stimulus is continuously presented in a monotonous
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fashion within a non-changing environment, we would expect little
activation of "attention mochanisms®, Under these eonditions, the
discrete stimulus should be able to produce synchronized'evoked
responses in the association system over the designated time coursc.
Although habituation did not oecur, waxing and waning of the ampli-
tudé was evident. This may reflact changes in bodily actiiity or in
the intrinsic state of alertness.

While the general hypotheses have been confimed, further inves=-
tigétions seem to be warrented: |

1, Studies to determiie if habituation of the reduced amp-

litudes of evoked responses occurs upon continued presentation of the

novel stimulus,

2. Repetition of “he orientation experiment using a greater

number of trials per day.

3¢ Repetition of the orientation experiment using other

modalities of stimulation.
b, Analysis of possible central mechanisms responsible for

alterations in evoked association response amplitudes.
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SUlM MARY

Evoked responses recorded from the suprasylvian gyrus of the
unanesthetized and unrestrained cst to auditory, tactile, and visual
stimull were found to have a wavefomm and latency of response similar
to those recorded in the chloralose preparation. These responses
appeared more widespread in the weking state and were of smaller amp-
litude than those recorded under chlorslose.

It was found that the amplitude of association evoked responses
was quite variable in the waking snimal but related to behavioral
state (measured by a rating scale). With increased activity the mean
amplitude of the evoked responses was reduced. Evoked reéponses ocCur=
ring to either auditory, tactile, or visual stimulation were found tn
be reduced in amplitude when a novel auditory, tactilé or visual stimulus
Waé briefly presented. Upon removal of the novel stimulus, the response
amplitudes returned to their contrsl level within two minutes.

An experiment to determine the relationship of the amplitude of
click evoked association resvonses to the degree of head orientation
to the click stimulus indicated thz relationship was an inverse one.

As habituation of the orientation reflex occurred to the élick stimulus,
there was a concomitant incrﬂasé in the amplitude of the click evoked
response. It was suggested that habituation of head orientation was
"associated with habituation of the reduced amplitudes of the evoked

, responseas.

- Habituation to a c¢lick stimulus every fwo’seconds for time inter-

vals varying from 61 to 74 hours was tested with a total of eight
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electrode placements in three cats. Although no consistent changes in
amplitude were noted over the time intervals, waxing and waning of the
responses were seen in several leads.

A1l these findings are consistent with the behavioral hypothesis
that activation of "attention" or increases in sensory inﬁut alters
the activity of the association system. As a consequence, the evokéd
responses reéorded from the suprasylvian gyrus to a discfete auditory,

tactile, or visual stimulus are roduced in amplitude or are absent.
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