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INTRODUCTION

 §

Paul Emil Flecheig, half a century sgo, distiaguished
"association™ areas of the cerebral cortex from the primery semsory
snd motor areas based on anatomic, physiologic and pathologic
evidence (16). 1In szo doing, be first verbalized a problem which
continues to preoccupy many neurcphysiologists and physiological
psychologiste,

Born im the late nineteenth century empiricist tradition,
the "association" areas were soon endowed with a speculative function.
They were thought to be those segments of cortex where sensory
information was “integrated.” The tramscortical reflex was proposed
a5 a possible input route (23, 37). Bemsory information was thought
to be conducted first from the periphery to the primary semsory areas
and then, through the cortical substance, to the "sssociation centers."
The transcortical reflex comstruct has permeated (and obscured)
thinking regarding theses matters until quite recently,

Vith the availability of more refined recording techniques,
came the more precise cerebral localization of peripheral sensory
representation. Utilising oscilloscopic metheds to record the eveked
potentisl to peripheral semsory :ttﬂhtiﬁu; certaia specific asreas
©f cortex were delimited for each of the stimulus modalities generating
activity in the auditory, visual, and somatic semsoxy systems,
Cortical electrical activity known as a "primery response” is a
short-latency {7-20 msec.), surface positive (2.5 wv.) potential
change, In the cat, 4f o click is utilized ag an suditory stimulus,



primary responses are found on the middle ectosylvian gyrus (51).
Similar electricul changes are seem on the posterior lateral gyrus
vhen the stimulus 4s light flash aud on the posterior sigmoid gyrus
when electrical shoek is applied to the ekin of a paw (54),

Dafinite evoked potentials were not, however, recorded
from the "associstion" cortices wntil 1953. It was koown at that
time that chloralose smesthetic agent enbanced cortieal relays (2).
Amaseian, using chloralese, first described definite evoked potentials
from the associatien aress of cortem to auditory and somatic semsory
stimulation (6). These responses were moted to be different from
primary responses in that, although surface positive, onset latemcies
are longer (15-30 msec,), amplitude iy less (usually leses than one
mv,), and the duration of positivity is longer,

Buser, Albe-Fessard, Thompson, and muaau-s have
Imntilntﬂ the cortical association system. In 1935 Albe-FPessard &)
found late respomses (60-100 msec.) in cat, to sciatic merve stimu-
lation, in suprasylvian, snterior lateral, and pericruciste sreas of
cortex. In a later study (5) she found swprasylvian essociation
responses still present following ablation of the primary sematic
sensory areas in cat,

Buser (8) studied the cortical association areas with respect
to auditory and visusl peripheral stimulation. He found two well
defined fields for each modality, located in the same suprasylvian
areas in vhich Albe-Fessard found somesthetic respomses. He also
¢orroborated Albe-Fessard's finding regsrding the contimuing presence
of these potentials following ablatfion of the corresponding primary
projection areas. Buser also extemnsively dostroyed the ﬁauuuphlie



reticular formstiom, finding corticai aggociation rvesponses s%:iil
jramta i

Thoupson and colleagues (30, 51) have gince mapped in detail
the areas of cortex in cat which respond in tl;a deseribed manmer,
Four axeas are znwlﬁd; buaur;nny. Thase fuu: are represanted
by a focus on the anterior lateral gyrus, amother on the certex
surrounding the cruciate sulcus, and two foci om the middlie SupTa~
sylvian gyrus, one located suteriorly, the other posteriorly. These
mm were further found by Thompson to respond im an equal and
undifferentiated way to suditory, visual, and amﬂ.é sensory
atimlution, Responses in these areas sre more variable than primary
respouses im rvegard to a eme to ome nhtinokip urith the uth.
but eccur cmt.arly and synchronously in all four "sssociation” fields,

The mallchs.ut:y of this information placed iaterested
persons in & pesition to test the ‘trmcoi:t'iui reflex postulate,
Thompson and smrj (51) demomstrated the umalteved activity of
the four essociatiom response areas aftex chrMe ablation of AI,
AIl, Bp, 811, and iesular-temporal aveas bilaterally, This informa-
tion implies that imput to the sssociaticm areas is not ahrﬁm_l from
other cortical ;niu. as the trauéartmx reflex theory hypothesizes,
but from different sources. |

Thompson, Bmith sad Blies (52) utilised a techmique
involving interaction between two afferent volleys to demonstrate
common usage of vhatever mechanisms are necessery to produce the
evoked respouse, Briefly, this iavolved, first, demonstrating that
two similar stimuli delivered aqu:;tially produced, in the appragruee



primery area, two similar primary responses, provided that the second
stimulus was presented at least 0,2 sec, after the first, As the
second stimulus was delivered in shorter temporal relationship with
the first, the emplitude of the second response progressively decreased
until undetectsble at sn interstimulus interval of approximately
25 msec. This phenomenon was shown to occur with tactile, suditory,
and visual stimulation, Applying this technique to the association
fields, Thompson et. gl. found the same result, v!.#h the enception that
the refractory perieds of the asseeiastion mechanisme are lomger
than those of the primary (0.2 sec., absolute refractoriness and 1,0 sec.
relative refractoriness). They also found that diffevence between
the two stimuli, using sny combination of the three modalities tested,
produced the same result, The authors interpreted this as implying
that the three modalities utilize a common mechanism, to peripheral
stimmlation, in the production of the evoked association respomse,
8ingle unit recording in the anterior sigmoid gyrus of cats
under chloralese was dome by Buser and Imbert (10), and in the supra-
sylvian gyrus in unanesthetized cats by Bental and Bilkari (7). Both
groups reported polyvelency of unit response to three modalities
(visual, auditory, tactile) in the first instance, and to two
nodalities (visual, suditory) in the second,

b4 4
The vostral portion of the brain stem ascending reticuler

activating system {» kmown as the wnspecific thalamocorticsl projection
system or the thalamic reticular tﬂtmv It hu‘bm knowm for some
time that these midlime ahMe structures (the intralaminar nuelei,
including centre median) have beem associated with the brain stem



reticular formation (39, 43, 47, 48, 53). Dempsey and Morison,
however, first described the anstomic and distinct physiologic
characteristics of these structures, in their classic studies of
1941~1942 (11, 12, 13, 14, 38). 3n cats under nembutal anesthesis,
they explored the thelamus with a ait-d-&iu.electrada while
recording from varfous cortical areas with the electrocorticograph.
They were able to distinguish, apart from the well-localized "primary”
reasponse; & second category of potential change. This was character-
ized by the necessity of stimulating at a eritical frequemey
(5-15 per sec.) to produce the response, surface negativity, lomg
latency (20-35 meec.), and a "recruiting” character, By “recruiting,”
they indicated the incresse in amplitude in progressive increments
until a maximunm level was attained, 2 to 5 respomses following
initial stimulus application. The cortieal distribution of the ,
vecruiting respomse was found to include all parts of exposable cortex,
but the greatest activity was found in the. gyrus proreus, the anterfor
sigmoid gyrus, and in the middle and posterior supraaylviam gyri (14).
Dempsey and Morisom conciuded "that there exist between the thalamus
and cortex at least two systems, with very different physiclogical
properties: a) the well-known specific projection system with a more
or less point to point arramgement; b) a secondary “mon-specific”
system with diffuse comnections” (38).

These authors, shortly after their faitial work on the
“recrulting” response, deseribed still another category of evoked
potential, They found that rvepetitive stimulation of sensory

elements “at any level in the medial lemmiscus-internal capsule relay



system” produced a response characterized by short latemey, initial
surface positivity followed by surface megativity, and localirzed
predominately iu the primary areas of cortex. These waves, like the
reeruiting vesponse, increase progressively in amplitude following
stimulation of a specific thlmictnucléun at a frequency of 6-12 per
sec. (11, 13). They were called “sugmenting responses™ by the
original authors end were distinguished from the recruiting responses
by the characteristics mentioned gbove.

Thoce erveas of thalawmus described as capable of producing
recrulting responses by Dempsey and Morison, are areas vhich underge
retrograde chenges of only minor character (40), They were comsidered
to repvesent sn intrathalamic “associstion" system, intercomnecting
the various specific relay centers, It wep propesed that the recruiting
response was trapemitted to the cortex via the specific or association
nucled, with syneptic delay (35, 49). HNandery and Jasper (22), however,
proved that this wes mot the caze by selective destruction of the
lateral and medial geniculate bodies, VPL, VL, MD, and LP, They weve
able to produce typical recruiting respomses in their lesion animals,

It should be pointed out that the extent of the thalamic
recruiting system encompasses more than just the intraleminar nueled,
as originally described, The areas involved include, posteriorly, the
supra geniculate area, the rostral pole of cemtre median, the midline
nuelel in the anterior medioventral thalamus, n. ventralis amterior,
and the rostral pole of n, relticularis. Both anstomic and physiologic
connections between this system and the specific thalamic muclei, the
hippocampus, the hypothalamss, aud the csudate have been demonstrated,



as well as coxrticopetal projections (21, 43, 46, 47, 48). SBtarsl

and Migoun (46), in 1951, found thut these elements formed a *fune~
tionally intercomnected unit, the excitetion of sny part of whieh
sete the vhole into activity.” Unomoto hee demonstrated bilateral
cortical responses from umilatersl ectivation of the diffuse theélamie
system {15). Starzl and Megoun also veported, contrary to Dempeey

end Morison's original views, thet “responsive cortical zones wers
found to be relatively opecific and delimited, and were distributed in
the fremtal, cingulate, orbital, parietal, and occipital sssocistional
ragions.”

Repetitive electrical stimulation of these arcas at the
frequencies mentioned {approximately 6-12 per sec,) produces cortical
recruiting waves at sbout the same frequency es the gponteneous cortical
rhythm, It has been shown thet, ot this frequency of stimulation, the
spontsneous rhythms become "in phase” with the reeruiting waves, If
the stimulus frequency is increaged by a factor of two, the spontanecous
rhythms disappesr, This has implied to some that the unspecific
thelamie eystem may represent a control mechenism in the regulaticn of
the alpha rhythms (24, 25)., Microelectrede studies by Li have
demonstyated thalemic modulation of cortical unitery respomses to
specific afferent fmpulses., He hae also found that rertein cortical
- cells moy be activated by the thalemic system, which in turn interact
with eells usually fired by specifie fibres (30, 31).

h4 % 1

Ninetean-forty-nine was a year in vhich many of the funda~

mental aspects of the diffuse thalamic system were described, Alse



in 1949, work by Moruesi and Magoum (39), Lindsley gt. gl. (32),

and French gf. al. (19) indicated that the brain stem reticular
formation, in the sbsence of central anesthesia, acted as an ascending
and descending neural sctivating system. UDescending influences

acted on spinal reflexes or cortically induced movement in either a
factilitatory or inhibitory msuner, depending wpoun srea of reticular
formation stimulated, Cephalic influences of brain stem and diffuse
thalamic stimulation were found to be primarily those of ERG
desynchronization and behavioral arousal (17, 19, 33). Mesencephalic
transection was found to abolish low voltage fast EEQ activity and
produce a behavioral coma-like state (17, 32),

Reticulocortical transmission patlweys were found by Starsl,
Taylor, and Magoun (47) to imvolve the subthalamus, hypothalamus,
ventromedial thalemus and internal capsule., 7This suggested a thalamic
path through ventral centre median, vemtremedial and ventrolateral
nuclei, the lateral wing of the intralaminar nuclei, and ventral
ventralis anterior; and an alterastive extrathalamic path through
the hypothalamus, subthalemus, amnd internal capsule, After selective
deatruction of either of these possible routes, lowar brain stem
stimulation still elicited desynchromization.

The same authors studied input into the reticular substance,
and found a large supply of afferemt collsterals from the primary
suditory and somatic sensory pathways to the midbrain tegmentum, sub
and hypothalamus, snd ventromedial thalamus (48). |

Cephalically, the reticular formstion has known connsctioms
with the mid-line and intralaminsr thalamic nuclei through the lateral



reticulothalnic, tegmental, and tectethalamic tracts (18, $3).
Connections are also kuown te exist between the diffuse thalamic
system and the subthalamus (20, 21)., Reticulopetal (44) and thala-
mopetal {45) Input from the cerebral cortex has aleo been demonstrated,
v

Buser, Albe-Veesard, Thompson, and colleagues have
investigated some aspects of certain sud cortical areas demonstrating
the "association” respense, Albe-Fessard found that responses similar
to the late cortical potentials were present in centre median (OM),
end that electrical stimulation of €M produced cortical responses
eimilar to those evoked by sciatic stimulation but with shorter
latencies (3). DBuser's exploration of the thalamus with a recording
electrede led him to conclude that the thalamo-cortical pathways
mediating vieusl and sudivery associstion rems are supplied by
collateral clements from the primeary thalemic nuclei to the thalamic
associstion (not used in the evoked potential sense) muclei, He
further found bimodel {auditory, visusl) association-like respomses
in the lateral posterier thalamic nuclear group; visusl responses in
the nucleus posterior and dnrni nucleus lateralis posterior; and
auditory responses in the inferior nucleus lateralis posterior and the
nucleus suprageniculatis, ﬁluulat:iuu of these areas were veported
to thu suprasylvian respomses (9).

Contradictory to Buser's conclusions, Thompson and Sindberg
(51) found novmally responsive association cortex in cats with
cuaylata retrograde degemeration of the primary suditory thalamic
relay nuclei, following total bilateral ablation of the primary
suditory cortical fields,
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The present study is an attempt to elucidate some aspects
of the organization of diencephalie association respomse fields and
possible corticopetal transmission mechenisme of the evoked poteatiale
which appear on the "association" cortex folleowing peripheral semsory

stimulation, -
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In ﬂw mt nudr. an at:u-t was m&a w nlutrtmny |

map the &utﬁhﬂn o! ﬂu umutim" responss to p-rlphul
méitory. mwul‘ -.nl umtiw sensory “huhxh- in the thalamus af
cat,

Mt pmttm were acute, A t:ml of 45 cats were ,
uum, al!. l-mhhi by the University of Inm Hedical School
ul.ui supply, '!h uly ﬂqulr-atp for selection were ma. the
zam: be mﬂm, in apparent good hu!.xh. and weigh at least 2.0 k:‘

Cats to be ﬁtﬂﬁl& wers muhttmd with iutrmr&tml
chloralose (70 -cik; Mtkny and -inuuau doses as mneeded),

One to three hours post injection was required for complete sunecsthesia,

A emw was then performed end i tracheal camnula
tied {nto pla@. | |

The mmcm fﬁr exposure comnsisted of removal a!:‘ both
m;mmammrmsopﬁﬂwhnmimmmmx.
This was accomplished by extending a uﬁm incision (from nasion
to oceiput) laterally in m& dtncthu under both ears wmtil
reconnection wn:h the mzm eccurred posteriorly. ‘These -u. |
flaps were then smmmd from the animal and the external auditory
meatus severed ‘hihﬁtﬂly, close to the head. All Wclﬁ wvas removed
from the right si@h of the dorsolateral skull surface, | The shkull
wis entered by mesns of & trephine. The beus of the right side of
the shull was thes removed with rongeurs, The area of brain thus
expesed was frem the dovrsal surface of the frontal lobe utumﬂy
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to the posterior section of the supraeylvian gyrus,. The lateral
boundary was the superior section of the ectosylvian gyrus and the
medial boundary was the midline, After hemostasis was accomplished
vith bone wax and Gel Foam, the dura was incised and reflected over
this entire area, Care was taken to minimize cortical manipulation,
The exposed area was then covered with a saline-sosked gauze "tent,"

te prevent drying of the cortex. The left upper eyelid and nietitating
membrane were then surgically removed, and a drop of atropine

sulfate (0.4 mg/ce,) was placed in the conjunctival sac in order to
dilate that pupil,

Thus prepared, the cat was placed in a Baltimnre stereotixic
headhéldcr fitted with a hollow esr-bar on the left, Headholder and
cat were then placed in the stereotaxic instrument, whieh had previously
been calibrated to determine geroe-points, A thermostatically contrelled
heating pad was placed under the cat, in order to meintain normal body
temperature. The cat was then curarized, with either detubocurarine
or decamethonium bromide, and artificially respirated,

Etimulating electrodes were placed in the central and
hypothenar ipsilateral snterior psw pads for somatie sensory stimula-
tion, Auditory stimulus was produced by a click from a small gpeaker
placed in a sound proof container, transmitted to the hollow ear-bar
by a small piece of ﬁlaatic tubing., Visuval stimulation was provided
by a photo-stimulator with a noiseless flash-gun directed at the
prepared eye, The application of the stimulus was so arranged that
it occurred 10 msec. after the oscilloscope sweep began., Total

duration of sweep was 100 msec., and interstimulus interval was 2.0 sec.
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Responses were detected by a combination menopolar-bipolar
electrode, pre-amplified, aud visuslized on a dual besm oscilloscope,
‘the upper beam registering the momopolar response and the lower bdeam
registering the bipolar response, Responses were recorded by &
camora dirvected at another dual beam oscilloscope srramged as &
Yslave" fastrument, < - >3 3 i 14

The electrode was fivet placed on the areas of "association”
cortex to ensure functiomality of the system. The thalemus wes then
aystematically mepped stereotaxically, using Jasper and Ajmone-Marsan's
atlas (26) and known respousive sreas (geniculate bodies, optic tract,
ete.) as guides, \

Buriug the exploratory phasas of the study, a cortical
monitering electrode was placed on the pericruciate sssocistien
cortex while the thalamus was imvestigated with a depth electrode,
This procedure sllowed the emperimeater to correlste amplitude and
lstency of the subcortical vs. the cortical response, to emsure that
they were, indeed, similar. The oscilloscopic traces were photographed
at 1 mm, dorsoventral and mediolateral intervals in responsive areas,
Hand-drawn maps were also made of respemsive regions, Irom deposits
wvere made in areas of hesviest vesponse by the appiication of a
current to the elesctrode tip.

Upon completion of the mappiang procedure, the enimal was
perfused with a solution mede up of 3.0 ga, potassium ferrocyanide
and 2.7 gm sodium chlorfde dissolved in 300 ce. of formslin, The .
parfusion procedure was as followss 1) The thorsx was opened,

2) The descending thoracic sorta was clemped., 3) The pericardial sec
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was ineised and retwacted, 4). The right suricular appendsge was
iacised, 3) The left ventricular wall wae perforasted. : €) Approxi-
mately 300 ce, of the perfusion selution was admintstered wader
gravitstional pressure threugh the ventricular perforetion,  7) Hand
pressure was useé to comtract the ventricle when necessary. ' The cat
was then vreplaced in the Baltimore instyument, and a section of braim
containing the sred mapped was removed, ' This section was prepsred,
cut, sod tissue slides were made, The sectioms weve staiued with -
creésyl violet, which revesled the site of the ferrecysaide-developed '
ivon deposgit. This information was used to verify the smatomic site
of the response avéa. Photographs of the thelamdc sections and
corresponding oscilloscopic Sraces will be found fin the date sectionm.

5

fpparstus :

The preparatory opevatiom for m was accomplished
utilizing standard surgical instruments @nd & Burdick Surgieal Unit
model SU-4 for dissection and cosgulation, ’ “

The ‘”MG apparatus used throughout this project was
& standard Model U Universal Stereotaxic m&gu manufactured by
Baltimore Instrument Co, with a est Whr. The only medifica~
tion of this equipment was replacement of the solid ear<bar on the
left with a hollow bar, but similar in all at&e& mo}oetm #umms.c
sero-pofats were determined by placing the depth-slectrode tip at the
junction ef the two car-bars in the mid-lime, This point in space
reprasents the sero sagittal and coromal planes as they intersect
with the horizontal inter-sural plame. The inter-sursl plame is
arbitearily designated as 1 o, below ﬂ»v zern :tozuétule horisontal



plane, This ecordinste system is consistent with the one used by
dasper and Ajmome-Marsan in prepavation of their A Stereotexic Atlsp
of the Piencephalon of Cat (26), usod as & guide in the present study,

Btimuli were produced by Tektronix Type 161 pulse gemerators,
powered by & Tektronix Type 160 A Power Supply, The pulses from the
161's wers transmitted to & switching device built by the Research
Instrument Shop of the University of Oregon Medical Scheel, This
device ensbled the emperimenter to operate the somatic sensory,
auditory, or visual stimuletors at will, The switch-box was comnected
with a Grass Instrument Co, Model PS-2 Photo-Stimulator and mnoiseless
flash-gun for presentstion of the visual stimulus, The pulse was
emplified by a tramsistorized amplifier in the switch-box {n order to
produce a click from s suall spesker located in a hesvy braes sound-
proof container, The click was transmitted to the hollow ear-bar by
a short piece of polyethyleme tubing for presentetion of the awditory
stimulus, BSomatic semsory stimulation was » shock spplied to the
ipsilateral forepaw, Shock was delivered through an isolation
transformer, driven via the switching mechanism by the 161, The shoek
electrode was pluced in the pads of the {psilateral forepaw; ome pole
in the central pad, the other in the hypotenar pad,

Body temperature of the snimal was maintained by a heating
pad commected to & thermistor unit and rectal probe built by
Yellowsprings Instrument Co,

The recording electrode was comcentric, It conpisted of
0.13 s, Wichrome wire insulated to the tip and surrounded by a
section of 0.43 mm, stainless steel tubing, also insulsted, except
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. 8t both tips. The immer {wire) pole was comnected with two shielded
Microdot cables, Bach of thase csbles was fittad into & threa-pole.
plug.  Pitted into each of these plugs wan an indifferent electrode -
consisting of a second section of Microdot shielded cable., For
monopolar recording, one indifforent was fastemed to the skia of the
animal, The indifferent used for bipslar recerding was fastenad to
the external, wminsulated, tip of the outer clectrode, The cable
shielding was grounded to the third pole of each plug. The plugs
wera comnected to separate Tektronix Type 122 Low-Level Pre-Amplifiers
(powered by a Tektroniz Type FM-125 Power Supply). The pre-ampliffers,
in turm, were commected with s Tektrouix Type 302 Dual Beam Dscilloseope,
each beam recording from a different pre-amplifier. Two Tektvonix
Type 162 Waveform Cemerators were used, One of thees triggeved the
oscilioscope every two sec., the other produced a 100 msee, sawtooth
‘corvesponding to sweep duration. Pulse output delay by the 161 was set
for 10 msec, after the sweep began. The 502 was synchronised with &
similar dual beam oscilloscope for photographic purposes. A Crass
Model CAC Rymograph Camera was conmnected through sn extermal electroanie
shutter (built by the University of Oregon Medical School lustrument
Shop) to the "glave" scope, The camera was powered by another
Tektronix Type 160A Power Bupply and operated with a foot or hand
switch by the experimenter. The cenera was synchromized with the
oscilloscope in such a way that it would expose only once per sweep.
Electrode positions were marked in the thalamus by the
electrolytic deposit of iron from electrode tip by conmecting the
positive pole of & battery to the electrode tip snd the negative pole
to the indifferent eclectrode,
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A miatm of 95% oxygen and 3% 00, was administered through
8 positive~pressure respivator commected to the trecheal cannula of
the curarized animel,
" A1l vecording wes dome {a a shielded cage.

lesions
Tvo types of lesion animals were used in this study, Tha

first type consisted of otherwise normel cats in which the swsociation
cortex had been totally ablsted bilsterally., These safmals (three

were fuvestigested) had beem previously used in a conditioning atudy (28).
The ablations had been carried out uadex W&ﬁ cond{tions and were

of a chronic nature, Anatomically, the lesions included:

1) The entire middle suprasylvian gyrus

2) The anterior ome fourth of the latersl gyrus

3) The posterior third of the saterior suprasigmoid and the

anterior third of the pesterior suprasigmoid, the medial

Wu!mmm-.ﬂthmﬂcmu

of the cingulate gyrue.
Electrical verification at the time of the emperiment, and post-mortem
exsmination indicste that the lesions were indeed complete, Studies
in these animals were carried out in precisely the same manner as
were studies in -n-.t sats,

The second type of lesion animel studied was one in which
the mesencephalic reticular substance had been destroyed electro-
lytically. In this case, the lesion was made in an scuts preparatioa
by coagulation with electrodes powered by the Burdick surgical umitg,
placed stercotsmically 2 mm, anterior te the fater-sural froantal plane,



The extent of the lesion was determined by post-morxtem examination

of the brain stem,

i8
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RESULTS

1 ttd X

ﬁuqmﬁném between responscs obf#imd in "Ep" and “associa-
tion" thalemus and cortex are preseated in rigure 1. The “Ep“
tortex, located on the posterior ectosylvian gyrus, {e am area
responsive to auditory, but not visusl or tactile, peripheral
etiﬁlntim. The evoked potentials ave of relatively long iacaﬁéy»
{15-25 meec, ), surface positive and resemble, gemerally, the associa-
tion response. The magnecelliular region of the medial geniculate
hdyﬁwna found to be a subcortical center exhibiting the “Ep"
renpuuc..l Columm A of Pigure 1 compares the cortical and thalamic
association respeuse, ‘ The uwpper trace is edrtic&l; the lower
thainim Note that response variability is same for both arcas inm
each case, WVhen a th#i-l.c uoﬁmc is pmnézt, a cortiecal response
is also present., Note algo that the amplitudes vary tagethér.
Column B compares annutiﬁn cortex (upper tt;eé) with “"Ep" thalamus
(magnacellular body), Here there is mo correlation bétweeu amplitude
or wariaﬁi.uty. In Column C, “Ep" cortex (upper trace) varies in
amplitude of mm with "Ep" thalamus (lower trace), |

hplitmu of evoked cortical and subcortical (retieular)
mmctati.w mmau ware measured and a l’earcm ptoduntnmnnt
correlation coefficient value of @, 94 caleulated from 50 consecutive

simultaneous recordings from a single subcortical pesition,

lpersonsl commmication, R, ¥. Thompson, 1962,
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Photographic maps of the monopolar and bipolar eleetrical
responses to peripheral somatic sensory, auditeory and visusl stimula-
tion found in five thalemic frontal planes are presented in Figures
2, 4, 6, 8, and 10, Each chart presents dats from a single animal ,
for 2 total of five cats, !homgraphic points are, in all cases, in
one millimeter steps, as measured by the stereotaxic instrument. The
horizental dispersion represents distance from the midline, located
always toward the left; the vertical dispersion represents points
superior and inferior to the arbitrary stéraomic gero-plane,
Figures 3, 5, 7, 9, and 11 are photogrephs of coronal sections of
the thalamus of the animals mapped, corresponding to the planes of
the response charts. The sectione demonstrate the deposits and elec~
trode tracks used for anatomic verification of electrical data.?

During the course of this study, chavacteristic associatien
responses have been seen in seversl extrathalamic regions of the
brain. Widespread aress of the hypothalamus were responsive, as was
the dorsal subthalamus, to all three modalities. Trimodal potentials
in the hippocampus were often seen when that structure was encountered,
In one snimel, the amygdaloid complex was encountered, Much of this
region responds to auditory and visusl, but mot to somatic sensory
peripheral stimulatiom,

Figure 2 corresponds to the thalamic fromtal plane 2 wm.
anterior to the arbitrary inter-aural zero-plane of Jasper and
Ajmone-Marsan (26). The upper trace represents the monopolar respense;
lower trace the bipolar, The respondent ragion covers an ares from

2Margins of responsive areas had been previously determined by

approaching them from different areas in order to rule out artifact
due to tissue damage from the electrode,
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approximately 1 sm.above to about 9 mm, below stereotamic zero,
extending from the midline lsteraily about 5 mm. Thus, the responsive
area encoupssses the bulk of the mesencephalic reticular substance,
| ventral gray, hypothalemus, and the cerebral peduncle. These structures
react to ipsilateral forepaw shock, click, and light flash in an
undifferentisted manner, The evoked potentials sre the intermediate
latency, positive deflections characteristic of the “associstion"
response, Mote that momopolar traces tend to flatten at a level
6-7 mm, below the stereotaxic szevo-point, and then recur further below.
At the same position the mlat regponses begin to flatten, the
bipolar respomses ave inverted, but again become positive at a lower
depth, The zone of diminished activity most probably represents the
junction of the reticular mesencephalon with the cerebral peduncle,
The flattening and reversal £s not as obvious in the suditory map
as in visual and tactile, but the auditory potentials throughout ave
not a8 great as corresponding visual and tactile recpomses. The
hippocampus in this snimel is not resctive., Anntomie wverification
for the sight of recorfdig is the tissue section depicted in Fipure 3,
Figure & represents vesponses found at approximately the
level of Jasper and AjwomeMarsan's fromtal plame 4, Short latemey
primary potentiale ave lecated & and 5 mm. above the zero-point at 6
sud 7 mw. lateral to the midiine on the visual wemp, This reglen
corresponds with the anatomic lecatiom of the lateral geniculate body.
Avditory primary respounses are noted 6 and 7 mm lateral to the midline
from 1 mm.above to 1 mm.below stereotaxic zero im the anatomic region

of the medial geniculate body. Secasory association responses are
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found in the widline, and extending 2 wm latersl therefrom. Dorso-
ventrally, this field extends frem 1 mm above to 2 mm below the
zero-point, The coxvesponding anatomic field is the central gray .
area. Another vesponsive regios extends from ML (mediolateral)
plane & to plane 7, the bulk of which is located 3 to & mm ventral
te stereotaxic pere, but with an upward eumtension along ML & and 3,
The ventral block of activity represents the cerebral peduacle,
Extending above the peduncle, along planes ML 4 and 5, is evoked
activity in the reticular formation and, 2 and 3 mm above the midline,
the suprageniculate area, PFigure 5 again demonstrates the stained
section corresponding to the plane represented by ths response map.
Figure 6, a map of frontal plane 7, is arranged somewhat
ﬁxffamﬁy than the other maps, This particular experiment was
done prior to comstruction of the combinstien electrode., Therefore,
slternating columes of bipolar and monepolar respenses are depicted.
Reactive areas here include zero to minue 4 mm. dorgoventrally im the
midline (ecentral gray and hypothalamus), and an avea extending from
ML 1 to ML 4, 2 mm above and balow the zero-point, The anatomic
structure corvesponding to this site is the aucleus centre median,
A small arca on ML plane 5 extending from the zero-line 3 sm, dorsally
probably represents the suprageniculate ares, The cerebral peduncles
were silent in this animal, Primery suditory responses indicate the
position of the medial peniculate on ML plane 8. Once again, the
amplitudes of the auditory potentials are not as great as those of
tactile and visual, Figure 6 includes a drewing from the stained
section (Figure 7), cutliming the velationships of the prominent nuclei
{eee legend for definition of abbreviations).
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The map of fromtal plane 8 (FPigures 8§ and 9) exhibits two
responsive areas, one above and one below the dovsoventral zervo~plane,
The dorsal field extends from ML plame 1 to ML 4, 1 and 2 wm, above
BV (dorsoventrsl) plane O, The ventral ares involves the vegion 1 and |
2 wm, below DV plane O, from ML plane 1 to ML &. Rear the midlime,
the two areas converge., The dorsal arvea {s representative of the
anterior pole of centre medien, vhile the ventral field correapounds
with the dovsal subthalamus., The isolated response at ML 5, DV minus 3,
common to all wodalities, probably represents the superfor tip of the
cerebrel peduncle, The reticular nucleus was found not to be respon-
sive at this lewel,

The visusl wmap of fromtal plame 12 {Figure 10) demonstrates
the multiple epiked optic tract response 3 to 5 sm below DV zero on ML
planes & throtigh 6. An association vespomse field iz located em ML
planes & and 5, extending dorsally from the zero-line aspproximately
3 mu, This area is the anstomic site of ventralis anterior, The
rostral reticuler nucleus surrounds VA at this level, but it is
impossible to distinguish separate fields for the twe by this data,
Although the rostral pole of the reticular nucleus anterior to this
plane has been explorved and found to be vesponsive, it was not
systematically mapped in this study. A move ventral association
field found 6 and 7 mm, laterzl to the midline corresponds to an area
of the internal capsule., The widline was completely exploved, but
5o vespouses could be detected in the area of the nucleus reuniens.

In summary, the following areas of the cat thalamus were

found to exhibit su “assoclation” vesponse to peripheral somatic



sensory, auditory, and visual peripheral stimulstion which corrvelated
closely with the cortical asssociation response:

‘1) the suprageniculate nucleus

2). the centre medism nucleus

3} the ventral anterier nucleus

4) the rostral pole of the reticular nucleus

5) the ceatral gray svea
In addition, the following extrvathalamic regions ware found to be.
similarly responsive:

1) the mesencephalie reticular formatiom

2) the hypothalamus

3) the cerebral pedumele

4) the hippocampus

-5} the dorsal subthalamue

6) aenterior limb of the intermal capsule

The photegraphiz maps demonstrate that these aress respond
in 8 discrete fashion, with the charscteristic wave-iike, long-
latency “assoctlation” zesponse, The visual potentisls, cortical and
subcortical, always exhibit 2 lonper omset lateacy than do euditory
and tactile, Thalamic assoclation responses are similar to those seen
on the cortex and are readily distinguished from surrounding areas.
It will be noted that the bipolar respouse is, in geueral, more
specific than ic the wonopolar response, beginning later and ending
eariter. This is probably due to the momopelar electrode's prepensity
for vecording potemtial change through volume conduction,

Subcortical intermodality intersctions were studied in the

mammer described in the introductory section of this paper, Both
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reticular and thalamic (centre medisn) recovery cycles for associa~
tion responsee to the same stimulus repeated twice and for all
pairings of the three stimulus wmodalities were indistinguishable,

Lesion Studies
Turee cats with total bilateral chromic ablations of the
aseociation cortex, and ome cat with tmul}} electrolytic destruction
6f the mesencephalic reticular substance at the level of fromtal plane
2 ware studied, Thoe lesion animals were done as preliminaries for a

more complete later investigation,

ted

Although the deseribed reticulax and thalamic fields were
found to be vesponsive in the cats with bilateral association cortex
ablations, less of their area scemed to be involved. Response fields
of 1 to 2 mm size were found scattered through the reticular formetionm,
centre medisc, end ventralis anterior, The rospense to auditory
stimulation wvae found, at very lov amplitude and in the reticular
formation solely, in only oune of the three cats, Visual responses
were found in both thaolamus and reticular formstion, but, again, at
low amplitudes., The tactile response, except for the lesser area of

distribution, appeared as in the intact animel,

t 2 i
Electrolytic destruction of the mesencephalic reticular
subatanca at the level of frontal plane 2 effectively abolished
pericruciate cortical and thalsmic (centre median and ventralis

anterior) association responsas to ipsilateral forepaw shock and
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elick. Visual responses of much deereased amplitude could be elicited
in the thalamus. The cortical visual response wee still present, but
at a moderately diminished amplituda,



FIGURE 1

Demonstration of thalamocortical response correlation
technique used for identification of thalamic "association"
responses,

Column A is a series of simultaneous responses in
association cortex (upper trace) and "association” thalamus
(lower trace). Note correlation of response amplitude,

Column B is a similar series, but comparing association
cortex (upper trace) with "Ep" thalamus (magnacellular bedy).
In this instance, a lack of amplitude correlation is noted,

Column C compares Ep cortex {(posterior ectosylvian)
with "Ep" thalamus. Thalemic response amplitude varies with
cortical amplitude,
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FIGURE 2

Tactile, suditory, and visual response map of thalamic
frontal plane 2, Upper trace is momopolar, lower trace is
bipolar response. Horizomtal and vertical separation of
traces is in one millimeter steps. Horizental zero (0)
represents the thalemic midline, Verticsl zero is stereo-~
taxic dorsoventral zero plane, located 10 mm, above the
horizontal inter~aural plane.

Note that an ares responsive to all three modalities
extends from the midline laterally 4-5 mm., and ventrally
from the dorsoventral zero plane 8-9 mm, This area includes
the mesencephalic reticular formation, central gray, hypo-
thaleamus, and cerebral peduncles (see Figure 3, anatomic
section).
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VICURE 3

Avatomic tissue section, dewonstrating olectrode tracks,
corresponds to plane wappod in Pigure 2. Section is taken at
the level of thalamic fromtal planme 2.

Hote central gray, superior colliculus, cersbral pedumcle,
geniculate bodies an landmarks,
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FIGURE &

Map of responsive areas of fromtal plane &,

Note shert latemcy visusl primacy vesponses in lateral
geniculate body & and 5 sm. sbove the sero planme at 6 and 7 m,
latersl to the midlioe on the visusl wap, Auditory primeries
in the medial geniculate body sve found, on the auditory mep,
5 and 7 mm. latersl to the midiine from 1 mm, ebove and 1 mm,
below stersotaxic zevo.

Sensory associstion responses are seen in the aidiine,
extending 2 wm, lsterally snd from 1 mm, above to 2 mm, below the
gevo-plane. This area corresponds with the central gray aces,

4 move lateral srea is loceted from ML & to ML 7, 3 te & mm,
below gera. This e the avea of the cerebral peduncle, An
wpward extension of activity along MiA and ML 5 represeats
respousivencss in the reticular formstion and suprageniculste
area,
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FIGURE 5

Thalamic tissue sectiom corvesponding to mep in Figure 4.
The section is at fronmtal plane 4. The medial and lateral
geniculate bodies, optic tract, and cerebral peduncles serve
as landmerks, ‘
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FIGURE 6

Response map of frontal plame 7. B and M refer to
alternating rows of bipoler and momopolar recording. Other-
wise, the maps are read the same as those preceding.

The respongive areas include zero to minus 4 dorso-
ventrally in the midiine (central gray and hypothalamus),
and an gres extending from ML 1 to ML &4, 2 om. above and
below the gerc point. The corvesponding anatomic structure
is centre median,

This figure includes a drawing of the tissue section
seen in FPigure 7. Hbl = lateral habenular nucleus;
MD = medial dorsal nucleus; CM « centre median; LP = lateral
posterior nuclear area; BG = suprageniculate ares; = medial
geaiculate; NR = red nucleus; THP = habenulopedunmcular tract;
x = deposit site.
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FIGURE 7

Thalamic tissue section corvesponding to response map in
Figure 6, Section ie taeken st the lewel of froatal plame 7,
The habenular nuelei, wedial and lateral geniculate bodies, cerve~
bral peduncle sad habenulopeduscular tract serve as landmarke,
Wote deposit site ia centve medisn,
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FICURE ©

Map of sssocistion response {ields located on frental plane
&.

Two responsive sress are aoted, one above and one below
stereotaxic sero. The dorssl field extends from ML 1 ¢o M &,
snd 2 wm, sbove dorsoventral sero. The ventral area extends from
ML 1 toML 4, and 2 s, below DV zere,

The dorsel field is the rostral pole of centre median, the
ventral area ie the dovsal subthalamus,

An isolated respomse, common to all modalitics, at ML 5,
minus 3, probably represents the superior tip of the cerebral
peduncle,
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FICURE 9

Thalemic tissue section corresponding to respomse map in
Figure 8, B8ection is at the level of frontal plame 8, Habenu~
lar nuclei, lateral gemniculate body, optic tract, subthslamus,
sand centre median serve sy landmarks.
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FIGURE 10

Thalamic sssociation response map of frontal plane 12,

Optic tract respomges sre noted, on the visual map, 3 to 5 mm,
below DV zero on ML 4 through 6., An association respomse field
1s found on ML 4 and 5, extending dorsally from the zero plane
approximately 3 sm. This is the snatomic location of ventralis
anterior. A wore veantral sssociation field found 6 and 7 mm.
lateral to the midline corresponds to an area of the internal
capsule,
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FIGURE 11
Thalamic tissuve section corresponding to response map in
Figure 10, BSection is at the level of frontal plane 12,

The cellular mass of ventralis snterior, with an electrode
penetration track through it, is visible,
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DISCUSSION

This lavestigation has been primarily an attempt to localize
aveas of the cai: thelamus in vhichv r\eaponmés ahilar to cortieal
“assoclation” responses ere found, '!Im thalamus was aystu-t!.écny
explored imtil responsive fields were located, ‘ihésn areas were then
mapped in detatl, A n@a# of problems were emcoumtered in the course
of these experimente, The pavemount difficulty revolved about the
extreme Iahility‘af reapmﬁwms: in the sssoclation system, Many
cats were explored im vhich only ome or two of the three modalities
vere resctive, Response to suditory stimulation was most often |
absent, even thou;h a primavy suditory response could be detected
both on the ectosylvian gyrus and in the medial geniculate, Visuel
regponses woere next most likely not to be present, and evoked potmtiain
to somatic sensory stimulation were present in most cases. Abrahsms,
Hilton, andv Malcolm, in their study of respenses in the hypothalamus,
similarly report auditory potemtials in only eight of twemty cats (1).
It is also interesting that, as a trimodally respondent cat begine to
die, the auditory response is usually the first to disappear, visual
next, and tactile last,

Certain sspects of the chloralose amesthetic mechanisa
have recently been studied by ueulden.’gg. al, (36). They report
saximal amplitudes of somesthetic responses, with their electrode,
in centre medisn to be 290 microvolts (8D=83 microvelts) in the locally
anesthetized, cortically intact cat., Ome half hour post imjection
i of chloralose (80 mg/kg.), the maximal response at the same tacérétng

point was 550 microvolts (an augmentation of 80-100%)., In waking
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cats with wide telencephalic ablations, they found maxzimal responses
of 550 microvolts (8D=82.5), which were not augmented by chloralose
administration, Meulders, gf. al. concluded that chloralose "removes
a controiling mechanism of telencephalic origin which is normally
responsible for the small amplitudes of evoked potentials in centre
median seen in the aweke animal.™

It has been noted in the course of this study that
administration of s sustaining dose of chloralose to a "light"
animal has enhanced the evoked thalamic potential on several occasioms,
It should be pointed out, however, that initial overdosage with
chloralose is often associsted with a poorly responding animal,

Concurrent with the present investigation, pertinent
research by others has corroborated certain of the findings presented
here, Albe-Fessard, Bowsher, and Mallart (3) have also found
rvesponses to diverse somatic stimulation fa the reticular formation,
They have electrieally stimulated in the reticular formation (the
giganto-cellular nucleus of Olsewski), and recorded short latemey
respenses in centre madisn, Loesl cooling of the reticular formation
was found to selectively bloek CM responses to pexipheral stimulatioen.
They concluded that somatic sensory imput to the reticular formation
is relayed anteriorly to centre medisn, Auditory and visual '
modalities, however, were not imvestigated st that time, regarding
reticular isput or cephalic transmission. Also, centre median is the
gole thalamie structure related, by this group, to the subcortical

association system (3, 5, 29, 36).



An excellent study imvestigsting hypothalomic vesponses to
peripheral cutsnesus, suditory, and visual otimulf in the chloralose-
asuesthetized cat was recently deme by Abrahams, Hiltom, and Msleolm (1).
These suthors found electzopositive potentials of relatively leng
latency in widespread arcss of the hypothslemus, central gray, and
uidbrain tegsentus, The responses they deseribe arve eimilar in
appearance, latency, end locatien elicited to responses found in the
prepent investigstion, They deseribed both intrasensory and inter-
senpory convergence upon these structures. Illmminstion of smsll,
widely sepavated sress of the retine evokad potentisls, st s single
recording site, similar to those produced by widely separated cutoncous
stimslation. Interaction studies, similer to the technigues desecribed
in the first section of this paper, again indicated intersemsory
convexgence.,

Abrshams, gk, gl., found survival of the deseribed mid-brain
regpoase to somesthatic stimulation, follewing hipgh decevebration, io
all four cats nmﬂn«i.s Aoditory responses were present in omly one
of the four animele, and visuel responses were found in vone of them,
In another series of five acute cats (under chloralese), evoked
potentiale te cutancous stimulistion remeined following pericruciste
and antevior erbitofrontal cortical ablation by suction, Alse, visual
responses were still present following vemoval of all occipital end
striate eortew, |

The three cortical lesions studied in the present investige-
tion differed from these ia the above experiments in that sll areas
af trizmadal association cortex, but egly sesocistion cortex, was

3 n, .. decerebration was performed at a high level with the
inteation of rnw.l.ug most of the brain lying dorsal and anterior
to the hypothalamus,
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removed, Another most impertant difference fs that Abrshams, et.al.
studied only acute animals, whereas the present cats all had chremic
lesions of at least two monthe duration, Unfertunately, Abish-t,
Hilton and Malcolm did not specifically mention the presence or
absence of auditory potentials in their decorticste cate, Thie is
important because in the chtoni‘c cate studied here, tactile and
visual responpes were seen inm the reticulothslamic system, but auditory
potentials were found in only ome cat. These were confined to a small
area of the reticular formation and were of much diminisﬁaé amplitude,
Visusl vesponses in these cats, although presemt, were also somewhat
diminished in amplitude. Although this is not mentioned in their
text, Abrahams, gt. al, indicate the same phenunén in their
illustration of a response at a single recording sité., before and
after decortication (Figure 8 in reference 1).

Buser, Borenstein, and Brumer (9), in their 1959 study,
concluded that the cortical sssociation arees responding to visusl
and auditory stimulation are distinct from each other. They found
two reactive suprasylvian avess, esch composed of an auditory field
and a visual field. This proposal has been comtradicted by more recent
work demonstrating the equivalent responsiveness of these areas to
three modslities (7, 50). Buser himself has since found polyvalent
pingle units in the pericruciste avea (10). Buser, et. al. also
concluded that separate areas of the lateral posterior thalamic
nuclear group were respomsive to auditory and visual stimulation, |
but that other responsive thalamic aveas ave modality-specific. He

eoncluded that the visual thalamic essocistion avea occupied the
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posterior nucleus and the dorsal part of the laterxal posterior nucleus,
The corzesponding suditory areas were claimed to be located in the
inferior part of the iateul posterior and the suprageniculate nuclei.
Evidence presented in this paper is comtradictory to the

sbove findings. It was found, inv these n:puri-nngs. that regions of
the thalsmus exhibiting the association response are trimodal and
equivalent for auditory, vieual, and émtic sensory stimulatiom, In
addi.tiqn. the wate:tor and lateral posterier nuelei were fmmd to
be unrespensive. The suprageniculate nuclml was reactive, but te
all three modalities utilized. | | |

| Buser, st. sl., in the study cited above, also found that
mesencephalic reticular destruction did not asbolish cortical
associstion responses, They did not report changes _m thalamiec
responsivences following reticular destmetian{ It wvas found, in the
single veticular laa#m investigated here, that t,luwa and cortical
responses to auditory and tactile, but not visual, stimulation were
abolished, The continuing presence of the visual response is
probably explained by the fact that the lesion was made at fromtal
plane 2, which left iatact areaavof reticulax foriution anterior to
this level. Tactile and auditory central imput occur pesterior to
this plane, while visual fnput is from arcas anterior to plane 2.
Albe~Fessard, Bowsher, and &lhtt {(3), howevexr, report abolition of
somesthetic responses in centre median when certain areas of the
reticular formation sre ecompromised. Buser (9) points out that,
foliowing reticular coagulation, a transient arceponsive period

follows. Although a twe hour time lapse following coagulation was
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permitied, the cat studied heve could still possibly have been in a
refractory stage. Further study of retieular lesion animals is
planned,

The velationship of the thalamic system deseribed inm this
paper to the cortical association system has been pointed out,
Correlation and interaction data imply that the two comprise a single
functional unit. |

The thalamic structures which form this unit ere also
structures iovolved in the “"recrulting" system (11, 14, 38). Starsl
and Magoun in 1951 (46) pointed out not only that the recruiting nuclei
act as & wnit, but that the cortical projections of these structures
is relatively specific for the fromtal, cingulete, orbital, parietal,
and cceipital association vegions, Theve exists a similarity between
the sreas of recruiting cortex described by Starsl and Megoun and the
trimodal sssociation areas mapped by Thompson, g, al. (50, 51). The
parallel drawn between these two systems is not meant to imply a
functional relationship between the recruiting and sesociation vespomses,
but to fndicate only the snatomic similarity of the two thalamocortical
systems, The chavacteristice of the recruiting response diffex‘
completely from those of the association response, Further, vecruiting
is cnly secen when the thalamus ia sxtificislly stimulated at a eritical
frequency range.

DPata has been presemted here and elsewhere (3) which fwpli-
cates the reticular formation with the association system, Btarsl,
Taylor, and Magoun (47) have suggested both sn intrathalamic and
extrathalamic reticulocortical route for EEG desynchrounisation. The



suggested intrathalamic path invelved cemtre median, the veantromedial
and ventrolatersl nueclei, the latesal wing of the intralaminar nuclei,
and veatralis anterior. Again, many of these styuctures correspond
to elements of the association system,

The extrathalamic route suggested by Btarsl eg, al. was from
reticulay formation, through hypothalamus, subthelasus, and internal
capsule to cortex, Evideace s presented here, and by Abrshams gf. al.
{1) indicating that these veglons are ralated to the association
system, RN 8 ,

Until quite recantly, sach of these areas has represented -
# separate fisld of research, It now appears that the cortical and
thalamic sssoclation areas are intimately invelved with the recruiting
aveas, the reticular formation, and both the intrathalamic and
extrathalamic EBG desynchronisation pathways. The associstion
activity found in the cerebral peduncles probably represents the
corticofugal discharges Firvst described by Adrisn snd Morussi (2).
This may imply & close xelationship between cortiecal associdtion
responses and the “pyramidal” activity reperted by these latter
autbors,

The eignificance of the reactivity found in the hippecampus
and amygdala is, as yet, unclear.

Diminished subcortical activity following ablation of the
cortical association fields may indicate a functionsl retrograde
degencration, Anstomic degenevative changes of a minor nature have
been documented (40), but the bulk of the structure may remain intact

by virtue of sustafning fibres from other areas.
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The evidence obtained from the vetiecular lesion asnimal
is, as yet, ioconclusive and warrants no speculation,

Suggestions for further research should include:

1) A complete study of cortical snd reticular lesion animals

2) A study of the effect of thalsmic association area
lesions

3) Hippocampal and amygdaloid mapping

4) A complete study of subcortical stimulation and
recording in the inveolved areas.,

3) 4 study of the relationships between the relayed pyramidal

response and the association response,
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SUMMARY AND COWCLUSIONS

Oa the cat mrubipi corten; four b;htarn’t "association”
fields have laem devf‘incdk elentmmhlosiﬁuy. The putentzaz
evoked in tllne areas by ;soripbanl mtn umery, aud:ltary, md
visual uti-uhtm are nhr-ctex*ist:tc and s.d-uﬁfubie as a group,
but mdhunsulahnbu from each othexr, It has been suggested that
the aorticnpuul trnnl“:lm ﬁf these pctenthls invelves certsin
arvas of thn thnl—-. The present amiy u an attempt to identify
and map soms oi tha duucephuc auoeution retme fieléa.

Elsetrapmtolog,&cnl nplorstm of the dimaphian
with rvespect to ’otentiala evohd by ”r:lphrul somatic seasory,
auditory, and visual stimulation was done in forty-five cats,

Piencephalic association responses were found to correlate
with cortical sssociation responses with a Pearson product-moment
coefficient of 0,94,

The imtrathalamic respomnee flelds include the suprageniculate
nucleus, the centre medisn nucleus, the vemtral amterior nucleus,
the rostral pole of the reticular anucleus, and the central gray area.

RBesponsive extrathalamic regions include the mesencephalic
reticular formation, the hypothalamus, the ceredral pedumcle, the
hippocampus, the dorsal subthalamus, and the anterior limb of
the internal capsule,

A preliminary investigstion into the effects of cortical
and reticular iesions on the responsiveness of these areas indicates
that both have an ishibitory effect.
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There is an snstomic similarity between the subcortical
sosociation structures, the elements composing the “recruiting”
system, and the vegloms involved in reticulocortical transmission of
EEG desynchronization,

' The principle conclusion {s that these responsive sub-
cortical regions comstitute a functionsl unit and that & peripheral
stimvlus of any modsiity sctivates this central association system in
an undifferentiasted mamner, This system projects in an equivalent

faghion to the same four cortical f£ields.
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