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Introduction

Amassian (1954) was the first to describe cortical association
evokea responses in the cat. Since that time, there has continued to be
considerable interest in the characteristics of the response itself, the
nature of the pathways contributing to activity in the association areas,
and the similarities and differences which these types of responses
exnibit in comparison with primary evoked activity. In general, sensory
evoked activity recorded at the level of the cerebral cortex can be
divided into two major types: primary and nonprimary. Primary responses
can be recorded from the primary sensory receiving areas for the three
major modalities (somatosensory, auditory, and visual) and are charact-
erized by an initial short-latency phase followed by a more variable
pattern of activity of longer duration.

Nonprimary responses (NPRs) in the cat have been subdivided into
three types by Buser and Bignall (1967). Type I NPRs bear a close
resemblance to primary responses, with only a slightly longer latency
than the primary responses. An example of the Type I NPR would be the
short latency response to photic stimulation in the lateral border of
the suprasylvian gyrus (Area Vss’ according to Thompson, Johnson, &
Hoopes, 1963). Similar to the primary responses, Type I NPRs in a given
area can only be elicited by a single modality. Thus, VSS is unrespon-
sive to peripheral auditory or somatic stimulation (Thompson, Johnson,
& Hoopes, 1963).

Type 1T NPRs, according to Buser and Bignall (1967), consist of a

monophasic positive wave, with a latency considerably longer than that of



the corresponding wave of the primary response. In contrast to the rel-
atively robust primary response and Type I NPR, the Type II NPR is
depressed by barbiturates and enhanced by chloralose. Type II NPRs have
been found in four major foci on the cerebral cortex (in cats): anterior
marginal gyrus (termed “ALA" by Thompson, Johnson, & Hoopes [1963] who
referred to the marginal gyrus as the lateral gyrus), anterior middle
suprasylvian (AMSA), and posterior middle suprasylvian (PMSA) gyri and
the pericruciate area (PCA). These areas are po]ysénsory in nature
with somatic, auditory, and visual Type II NPRs all recordable in a
given locus. This finding has been well documented by various workers
‘incTuding buser and Bignall (1967), Albe-Fessard and Besson (1973),
Thompson, Johnson, and Hoopes (1963), and Thompson, Smith, and Bliss
(1963). In the cat, these four cortical areas constitute what is
referred to as the association cortex. Unless otherwise indicated,
reference to "association" responses in this paper refer to Type II WNPRs.
The vast majority of the literature dealing with the association cortex
has used the cat as the experimental preparation.

Buser and Bignall (1967) defined the Type III NPR as a response of
variable amplitude and waveform and having very long latency. Type III
NPRs can be recorded over much of the cortex (in cats). Relatively
little is known about Type III NPRs.

Thompson, Johnson, and Hoopes (1963) have described further, using
the cat, the characteristics of cortical association evoked responses
to auditory, somatic, and visual stimulation. They reported that the

association response waveform was the same in all cortical association



areas to all modalities of stimulation. In addition, Thompson, Smith,
and Bliss (1963), also working with the cat, found that successive stim-
ulation py any two modalities resulted in periods of unresponsiveness
for the second of the two association responses, and this result was
identical to the pattern of interaction seen when stimulating twice,
using the same miodality. Further, they found almost perfect correlations
of response amplitude between any two association areas during repeated
stimulation using any modality. Based on these findings, Thompson,
Johnson, and Hoopes (19€3) proposed that stimulation of the auditory,
sonatic or visual pathways activated a common central association Sys-
tem which projected in an undifferentiated and equivalent manner to the
four cortical association areas.

Goldring, Sheptak, and Karahashi (1967) questioned whether the
association response in the cat observed under chloralose anesthesia was
locally generated in the cortex, or was the result of volume conduction
fron some more distant area. They studied the click-elicited, averaged
evoked response in ALA and PMSA in chronically prepared cats. They
found that click-elicited association responses, present when the animal
was under chloralose anesthesia, disappeared when the animal was awake
anu unrestrained.

Thompson et al. (1969) questioned Goldring et al.'s (1967) findings
on several grounds. First, it had been previously shown by Thompson and
Snaw (1965) that the amplitude of the association evoked response in the
awake cat was inversely proportional to the degree of behavioral arousal.

No mention was made in the Goldring et al. (1967) article of the behav-



ioral state of the animal when they failed to obtain click-elicited
association responses.

Thoiipson et al. (1969) compared averaged evoked and unit responses
Lo somatic, auditory, and visual stimuli in PMSA in the cat. They hypoth-
esized tnat a close correspondence between the temporal pattern of
evohed cellular discharge and the gross evoked response indicated local
generation (i.ef, within PMSA) of the gross evoked response. Fox and
U'Brien (1965) had previously demonstrated this correspondence in the
primary visual system. Comparing the averaged evoked potential and the
unit poststinulus nistogram, Thompson et al. (1969) found that the perioads
of maximum probability of unit discharge tended to occur at, or just
after, the peaks of the negative components of the evoked responses.
Thompson et al. (1969) interpreted these data as indicating local gen-
eration (i.e. within PMSA) of the gross evoked association response.

Bental and Bihari (1963) studied single unit activity in the middle
suprasylvian association area in response to auditory and visual stimuli
in the cat. They found a high degree of convergence on single cells of
input from auditory and visual stimuli. They found, in addition, that
altnough visual stimulation was more effective than auditory stimulation
in eliciting responses, when responses occurred to both types of stimuli
the temporal patterns were similar. The finding of greater effective-
ness on the part of visual stimuli tends to weaken the Thompson hypoth-
esis concerning undifferentiated projection to the association areas.
Uubner and Rutledge (1964) also studied single unit activity in AMSA

in the cat. They confirmed and extended the results of Bental and



bihari (1963) by finding a tendency for greater responsiveness to visual
input than to auditory or somatic stimulation.

Schneider and Uavis (1974) studied evoked potential responses in
the anterior and posterior suprasylvian association areas in the cat.

In particular, they examined interaction effects by presenting pairs of
stimuli at varying interstimulus intervals (ISIs) and measuring the amp-
litude of the response to the second stimulus. They found that single
modality stimulus pairs (e.g., visual-visual) yielded recovery curves
(plotted as a function of ISI). However, if two stimuli from different
modalities were presented (e.g., auditory-visual), then these recovery
cdrves were different from those generated using single modality pairs.
In general, Schneider and Davis (1974) found that mixed modality pairs
resulted in greater recovery in amplitude with a shorter ISI than single
modality pairing. These data conflicts directly with the interaction
data reported by Thompson, Smith, and Bliss (1963) who found similar
interaction effects for single modality and mixed modality pairs of
stimuli.

Robertson et al. (1975) studied single unit activity in PMSA in
response to auditory, visual, and somatic stimulation in the cat. This
study examined soiie variables not controlied for in experiments cited
previously. Specffica]ly, differences in the anesthetized versus the
awake but paralyzed animal were examined. In addition, the rate of pre-
sentation of stimuli was also found to be an important variable. Rob-
ertson et al. (1975) found that 82% of all neurons investigated respon-
ded to all three modalities of stimulation, but there were differences

in the neurons in terms of probability of response to different stim-



ulus modalities. They found that in the chloralose anesthetized animal
there was a greater tendency toward equipotency among the polysensory
neurons than in the unanesthetized preparation. This was attributed to
the lowered spontaneous discharge rate of single neurons observed in the
chloralose anesthetized animal.

Robertson et al. (1975) found that neurons which were classified as
unresponsive to a particular modality at a given stimulus presentation
rate (ISI of 2 sec) exhibited much greater responsiveness at a longer ISI
(4 sec). This finding is of particular importance in that previous
studies which found a tendency for differential modality specific res-
ponsivity in association neurons used ISIs of less than optimal values
(bubner & Rutledge, 1964 - ISI of 2 sec; Bental & Bihari, 1963 - ISI of
.2 sec).

Narikshvili, Timchenko, and Khadortseva (1967) examined the hypoth-
esis of the equivalence of association areas in the cat. They systema-
tically analyzed changes in gross evoked association responses following
manipulation of both the interstimulus interval and the stimulus inten-
sity. They found evidence supporting the hypothesis that the nonspecific
thalamic system is responsible for the relay of activity to association
cortex. However, in contrast to the findings of Thompson, Johnson, and
lioopes (1963) that there is stimulus equivalence in all association
areas, Narikshvili et al. (1967) found stimulus modality differences
aimong ALA, AMSA, and PMSA. Specifically, they found that for visual
stimuli, the most responsive association area was ALA, while for audi-

tory stimuli, the most responsive area was PMSA. For somatic stimuli,



both AMSA and PMSA were more responsive than ALA. This finding appar-
ently conflicts with the results of Bental and Bihari (1963) and Dub-
ner and Rutledge (1964), who found that AMSA was maximally responsive
to visual stimulation. However, since Narikshvili et al. (1967) made

their evaluation based on the most responsive cortical area and Dubner

and Hutledge (1964) and Bental and Bihari (1963) made their evaluation
based on the stimulus modality which resulted in the greatest activity
in one particular association area, a direct comparison of the results

1s not possible.

Thalamic Control of Association Areas

Tnere has been a great deal of interest in defining the subcortical
systems responsible for activity in the association cortex. Thompson,
Johnson, and Hoopes (1963) hypothesized that the nonspecific thalamic
nuclei were responsible for projection of activity to association areas.
bignall (]967b) examined the effect of ablation of the mesencephalic
reticular formation, nucleus centrum medianum, and midline nuclei on
the association responses in PCA, ALA, and PMSA in the cat. In general,
they found that, while immediately after bilateral ablation of these
areas the association responses were abolished, there was considerable
recovery of responses over time (1 to 5 hrs post-surgery). They felt
that these data indicated a modulatory role for these nuclei, rather
thah a role as relay centers for the association responses.

U'brien and Kosenblum (1975) studied the effect of localized cool-
ing of the centromeuian area of the thalamus on the shape of evoked

potentials and the pattern of single unit activity in PCA in the cat.



Looling of centromedian produced different changes in the shape of the
evoked potential waveform for somatic and visual stimuli. This indicated
a differential and not a nonspecific, projection system from the midline
thalamus to the association areas.

0'Brien ana Rosenblum (1974) also working with the cat, examined
the effect of cryogenic blockade of the centromedian area of the thalamus
on unit and evoked activity in PCA, in response to somatic and visual
stimulation. They fohnd that a cooling block of centromedian produced
decreases both in evoked potential activity and in excitatory and inhib-
itory components of single cell responses. For somatic stimuli, the
major effect of cooling was from 100 to 200 msec poststimulus, but the
cooling effect for visual stimulation was not restrictéd to a particular
poststimulus period.

Skinner and Lindsley (1971) studied the effect of a reversible cryo-
genic blockade of the inferior thalamic peduncle on visual and auditory
evoked potentials in primary auditory cortex, primary visual cortex, PCA,
and PMSA in the cat. They found that evoked potentials, in all cortical
areas recorded from, in response to stimulation of the optic radiations,
optic tracts, or cochlear nucleus, were enhanced in amplitude during
the cryogenic blockade. They felt that these data indicated that the
thalamocortical system mediated by the inferior thalamic peduncle main-
tains, in the normal state, tonic suppression of evoked potentials at the
cortical level.

Chalupa, Anchel, and Lindsley (1973) studied the effect of cryo-

genic blockade of the pulvinar upon visually evoked responses in visual



cortex and PMSA in the cat. They founa that cooling of the pulvinar
reauced the peak-to-peak amplitude of both the early and late components
of the visual evoked response in PMSA and only the late components in the
visual cortex. They then studied the effect of cooling the suprasylvian
gyrus on the evoked response in visual cortex. Using this procedure,
they found that during cooling there was a reduction in amplitude of the
late components of the evoked response (in general, "early" components
referred to peaks up to 50 msec poststimulus, while "late" components
referred to peaks 200 msec poststimulus and beyond). They interpreted
their findings as suggesting that there is visual input from the pulvi-
nar to PMSA. Further, input from PMSA to visual cortex appeared to
account for a substantial amount of the "late" activity in visual cortex.

Huang and Lindsley (1973) mapped evoked responses to auditory, vis-
ual, and somatic stimuli in the pulvinar 15 the cat. They suggested
that the pulvinar was a polysensory convergence area, similar to the
centromedian nucleus.

Thus far, evidence has been presented concerning the role of non-
specific thalamic nuclei (centromedian) and the pulvinar in the origin
of cortical association responses. The contribution of specific sen-
sory relay nuclei to cortical association responses has also been stud-
ied. Vasto]é (1961) presented evidence for a direct projection from the
lateral geniculate, contributing to the Type I visual PR recorded in
Area Vgs-

Bignall (1967a) studied photically evoked activity in areas AMSA,

ALA, and PCA in the cat. He found evidence suggesting that a major
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source of optic input to the association areas was a system of small
fibers which paralleled the system of primary visual afferents to the
lateral geniculate but projected separately from the lateral geniculate
to the association areas.

Poliakova (1971) studied the contribution of the nucleus ventralis
postero-lateralis (VPL), the primary somatosensory relay nucleus, to the
early components of tne association response in ALA and AMSA. Poliakova
found that topical application of KCL to the primary somatosensory area
(51), whicn Suppressed the primary response, did not affect the early
COiiponents of the association response. This would indicate that these
early components were not due to cortico-cortical connections. Local
application of KCL in ALA and AMSA resulted in the disappearance of the
early coiiponents of the association resporise while the primary response
was relatively unaffected. Poliakova took this as further evidence
that these early components were locally generated in the association
cortex.

Following electrolytic lesioning of VPL, Poliakova (1971) found
that both the early components of the response recorded in ALA and
AMSA, and the primary response, recorded in $1, were eliminated. Based
on these data, Poliakova proposed that activity in the association cor-
tex was due primarily to two types of input. Early components of the
association response were due to relay through the specific sensory
relay nuclei ana later components originated in the nonspecific thalamic

system,
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Lortico-Cortical Influences on Association Areas

Imbert, Bignall, and Suser (1966) studied the interconnections of
various cortical areas in the cat. In order to eliminate the possibility
of cortico-thalamo-cortical pathways confounding their analysis, they
first ablated the thalamus and certain other subcortical structures.
They then analyzed cortico-cortical interconnections by electrically
stimulating the cortex in one area and mapping the evoked responses in
selected areas across the rest of the cortex. Stimulation of the pri-
mary visual area produced responses throughout much of the cortex, with
stimulation of the primary auditory and somatic areas having somewhat
less of an effect.

In contrast, using Nauta silver degeneration techniques, Kawamura
(1973) denionstrated specific interconnections among ALA, PCA, AMSA, and
PMSA. Kawamura also found strong interconnections between primary vis-
ual cortex and association areas, as well as somewhat Jess strong con-
nections between S1 and association areas. Cortical interconnections
between the primary auditory area and the association areas were much
less prominent than the primary visual- or somatosensory-association
area interconnections.

gignall, Singer, and Herman (1967) studied the interaction of cor-
tical and peripheral inputs to association areas in PCA, ALA, and AMSA.
Using electrical stimulation of primary visual, auditory, or sométosen-
sory cortex, and peripheral light flash, paw shock, or click stimulation,
they found a complex pattern of interactions when cortical stimulation

was paired at varying intervals with a given peripheral stimulus. Thus,
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while other workers have shown that the presence of the primary sensory
areas is not necessary for the occurrence of association responses

(e.g.; Poliakova, 1971), the work of Bignall, Singer, and Herman (1967)
indicates that the primary areas might function as modulators of activity
in the association areas.

The data presented thus far indicate that the origin of the asso-
ciation response is not quite as simple as Thompson, Johnson, and Hoopes
(1963) originally suggested. While there is strong evidence that the
nonspecific thalamic nuclei contribute to certain components of the
association response, cortical input from primary sensory areas also
appears to affect the form of the association response. In addition,
there is some evidence that sensory relay nuclei might contribute to

early components of the association response (e.g., Poliakova, 1971).

Role of Vb Complex

Compared to studies investigating the role of the nonspecific tha-
lamic system, there has been, in general, less work dealing with the
contrioution of the primary sensory relay nuclei to the generation of
the association response. There has been a fair amount of work inves-
tigating the role of the lateral geniculate, but the role of the other
primary relay nuclei (medial geniculate and ventrobasal complex [Vb])
has not been as carefully examined. It is therefore of interest to
examine in more detail the anatomy and physiology of the ventrobasal
complex in order to understand the means by which the somatosensory
‘association response could be affected by activity in Vb, the primary

somatosensory relay nuclei.
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fccording to Crosby, numphrey, and Lauer (1962), the Vb complex
uccupies the cauual half of the diencephalon, lying ventral and ventro-
lateral to the dorsoiiedial nucleus and the internal rmedullary lamina,
ventral and ventromedial to the lateral nuclear group, dorsal to the
zona incerta and internal to the exterha] medul lary lamina and the retic-
ular nucleus. The Vb complex is commonly divided into a ventral postero-
lateral (VPL) portion and a ventral postero-medial (VPH) portion.

there is general agreement that the cells of the Vb complex respond
to stimulation of somatosensory receptors. HWelker (1973) has reviewed
studies whicin indicate that receptors innervating epidermis, dermis,
joint capsule, deep connective tissue of tendons and muscles, and intra-
oral mucosa are all Capabie of activating Vb neurons. Many of the major
ascending somatic spinal pathways terminate in the Vb complex. The
Tenniscal systew (in particular, the dorsal column system) and the
spino-cervical tract both have terminations in Vb via the medial lemnis-
cus (Crosby, Humphrey, & Lauer, 1962). At least part of the spinotha-
tamic tract also synapses in Vb (Crosby, Humphrey, & Lauer, 1962).

Conen (1955), working with cats, reported that early activity in the
Vb complex was apparently initiated by lemniscal input, containing both
crossed and uncrossed components.

Albe-Fessard and Fessard (1963), in reviewing a series of studies
conducted in their laboratory, concluded that input to the Vb complex
and the nonspecific thalamic nuclei were due to separate spinal column
patnways. bThus, they found that section of the dorsal éo]umns did

not iiodify the response of the centromedian-parafascicular complex,
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but did considerably reduce the response in Vb. They concluued that
nonépecific thalamic nuclei received somatic input prinarily from the
anterolateral pathways (spinothalamic). Thus, the nonspecific and pri-
mary sensory systems appear to be differentiated at the level of the
spinal cord.

The gracile component of the medial lemniscus terminates in the dor-
solateral portion of VPL, while the cuneate component synapses more ven-
tromedially (Crosby, Humphrey, & Lauer, 1962). Crosby, Humphrey, and
Lauer also reviewed studies which suggested that painful, thermal, and
tactile stimulation of facial areas projected contralaterally over the
ventral secondary ascending tract of the fifth cranial nerve to VPM,
wnile finer tactile and proprioceptive impulses from the face projected
bilateraliy via the dorsal secondary ascending tract of the fifth cranial
nerve. Input from taste receptors enter the CNS through the seventh,
ninth, and tenth cranial nerves and eventually ascend with the fibers of
the leuniscal system to terminate in the most medial portions of VPM

(Crosby, Humphrey, & Lauer, 1962).

somatotopic organization. In their review, Crosby, Humphrey, and

Lauer (1962) notea a pattern of projection to the Vb complex in which
afferent systems from the lTower (or hind) extremities terminated more
dorsolaterally, while those from the upper extremities synapsed in an
intermediate pbsition, and those from the face and mouth ended more
ventromedially within the Vb complex.

The Vb compiex is even more highly organized, in terms of thalamic

representation of body surface, than the preceding statement indicates.
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Mountcastie and Henneman (1949) systematically mapped the Vb complex of
the cat for evoked responses to peripheral light mechanical stimulation.
Tney founu that excitation of tactile receptors produced a localized
potential change in this region of the thalanus. They reported that tne
contralateral surface of the body was represented within the Vb complex
as a figure of the animal, with tail pointed anterolaterally, face and
mouth medially, the extremities inferiorly. In other words, this area

of the thalanus exhibited the principle of somatotopic organization, with
receptors in adjacent peripheral body regions projecting to adjacent
regions in the thalamus (Welker, 1973).

This finding has not, however, been universally accepted. Thus,
Cohen and Grundfest (1954) studied responses in the thalamus of the cat
evoked by electrical stimulation of afferent pathways and mechanical
stimwlation of various skin areas. They found relatively little evidence
for localization of responses within the Vb complex. They based this
conclusion on data which indicated that there were ipsilateral, as well
as contralateral, inputs to the Vb nucleus. In addition, they found
that at a given recording point within the thalamus, responses were
observed as a consequence of activation by several different afferent
nerves or tactile stimulation of different skin areas. They felt that
the reason for the difference in findings between their study and Mount-
castle and Henneman's (1949) was due to different criteria for the inter-
pretation of what constituted a thalamic response to peripheral excita-
tion.

Gage and Gordon (1954) studied single unit activity in the Vb area
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of both cats and monkeys. They confirmed, in general, the findings of
Mountcastie and Henneman (1949) conéerning the contralateral representa-
tion of tactile sense, but they also found that a substantial anatomical
overlap occurred at the thalamic level between regions for face, fore-
limb, anu hindlimb in both cat and monkey. Gage ana Gordon (1954) made
a detailed study of the hindlimb representation in the Vb complex of the
cat using stimulation of the saphenous nerve as well as cutaneous stim-
ulation. They found a substantial ipsilateral repreéentation of the
hindlimb in an area of the thalamus where there was also contralateral
hindlimb representation. Thus, they partially confirmed some of Cohen
and Grundfest's (1954) findings.

Harris (1970) studied responses to both natural and electrical
stimulation of peripheral cutaneous structures for a sample of forepaw
responsive neurons in the VPL of the cat. He found evidence indicating
that VPL was organized (in addition to the principle of somatotopy)
according to stimu]us sensitivity (e.g., hair vs touch cells) and recep-
tive field size. Thus, it would appear that the Vb complex is hignhly
organized in terms of representation of peripheral somatic input. Wel-
ker (1973), in hypothesizing about the possible functional significance
of this organization, suggested that somatotopy was the neural sub-
strate preserving information about the absolute and relative position of
peripheral somatic sensory stimuli. He suggested that this organization
played an important role in the development of discriminative processes.

Efferent projections. Known efferent projections from the Vb com-

plex terwinate primarily in cerebral cortical areas, although Vb does
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send projections to other areas as well, including the basal ganglia
(Crosby, Huwphrey, & Lauer, 1962). Projections to the cortex from Vb
are strictly ipsilateral, i.e., fibers leaving Vb on one side of the
brain enter tne cortex on the same side. The most extensively investi-
gateu terwinals for Vb projections are the primary somatosensory areas
S1 and S11. Both S1 and S11 receive input from Vi (Lelker, 1973).
There are tiree basic types of projections whicn an individual neuron
can exnibit. The neuron can project either to S1 or SII alone, or to
both these areas via collaterals (Welker, 1973).

Jones ahu Powell (19€9) conducted an extensive study of cortical
projections of the ventroposterior nucleus of the thalamus by examining
the extent of neocortical degeneration following lesions in specific
regions of the ventroposterior nucleus. Their ané]ysis agreed with the
statenents of Welker (1973) in that they found degereration in S1 and
ST1 folluwing lesioning of portions of the Vb complex (ventroposterior
nuc leus was defined as Vb complex + ventromedial nucléus). In addition,
Jones and Powell (19¢9) found that projections of the Vb complex to Sl
and 511 were topographically organized, in that a given portion of the
Vb complex projected only to those regions of S1 and S11 which were
related to the same part of the peripheral receptor system. Jones and
Powell (1969) also found no evidence of contralateral projections from
Vb to tne neocortex.

Corticothalamic projections. Frigyesi, Rinvik, and Yahr (1973)

discussed the pattern of projection from S1 and S11 to the thalamus. In

reviewing stuuies mainly employing the anterograde degeneration techni-
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que, they found clear evidence that both S1 and S11 send projections to
the Vb complex and that these projections are organized in a somatotopic
pattern. Welker (1973) reviewed studies which examined corticothalamic
projections to Vb from S1 and S11 and concluded that homotopical cortico-
thalamic connections had been found for foot, hand, and head projeétions.
Based on the likelihood that corticothalamic axons elicited both excita-
tory and inhibitory actions via connections with both thalamocortical
relay cells and interneurons, Welker (1973) postulated that this system
provided for selective, differential facilitation and inhibition of
transmission and coding of information through Vb.

Vb neuronal fine structure. Bava and associates have studied inter-

actions between the VPL nuclei of both sides of the brain. Bava, Fadiga,
and Manzoni (1968) examined excitatory reactions of single units in VPL
following ablation of S1 and S11 in cats. Under these conditions, VPL
neurons exhibited responses to stimulation of the contralateral VPL.
bava et al. (1968) speculated that the increased reactivity of the VPL
nucleus to stimulation of the contralateral VPL was due to a reduction in
inhibition of VPL. This reduction in inhibition could be produced by
either a reduction in lemniscal input, or by degeneration of thalamocor-
tical relay cells following ablation of S1 and S11. Bava et al. (1968)
postulated that the thalamocortical relay cells produced inhibition of
VPL via recurrent collaterals.

Bava, Fadiga, Manzoni, and Marricchiolo (1970) found that the VPL
nuclei could exhibit inhibitory effects on their homologues. Following

removal of S1 and S11 and sectioning of the corpus callosum, radiation
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potentiais were recorded from the cortical white matter (in the S1 loca-
tion from which overlying grey matter had been removed) in response to
activation of lemniscal input to the ipsilateral VPL nucleus. They

founu that when stinulation of the ipsilateral VPL was preceded by direct
stimulation of the contralateral VPL, a reduction in amplitude of the
raaiation potential was observed.

Scheibel and Scheibel (1966) conducted an extensive study of the
fine structure of the Vb complex in young rats, mice, and cats using the
Golgi staining technique to reveal detailed structural characteristics
of small numbers of neurons. They analyzed, in particular, the structu-
ral patterns of three types of neurons: (1) the neurons entering Vb from
the dorsal column nuclei (forming the medial lemniscal input to Vb);

(2) the thalamocortical relay cells; (3) the corticothalamic neurons.
Axons projecting to Vb from dorsal column nuclei spread out once they
penetratea into the Vb complex and were arranged in a series of arcs of
differing lengths. As particular synaptic regions were reached, each
fiber separated and formed into a cone-shaped arbor composed of increas-
ingly smaller branchlets of the parent axon. This pattern constituted
tne presynaptic field within which were located thalamocortical and
corticotnalamic neurons.

The thalamocortical relay cell was characterized by Scheibel and
Scheibel (1966) as being a medium-sized element composed of dendritic
stalks from which secondary dendrites branched out (giving the appear-
ance of short sheaths). Finally, the corticothalamic neurons were

found by these authors to be of two types. One type of fiber was arrang-
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ed in a series of disk-1ike fields oriented in the direction of the long
axis of the brain stem, while the other type spread out in a cone-like

pattern to encompass relatively large areas of the Vb complex.

Kim of This Study
The primary purpose of this thesis was to analyze the contribution
of VPL to gross evoked activity in the association cortex of the cat.
Using a cryoprobe system to produce a reversible blockade of synaptic
activity in VPL, the effect on short latency components, in particular,
of evoked activity recorded in primary (S1) vs association (PCA, ALA,
PMSA) areas was compared. In addition, the hypothesis of Thompson,
Johnson, and Hoopes (1963) concerning the equivalence of all association
areas and the undifferentiated nature of projection systems to these

areas was reexamined.
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Methods
Subjects
Twenty-five adult cats weighing between 1.9 and 4.0 kg were used as
subjects. Any cats which appeared to be Siamese or part-Siamese were
excluded from the study.

surgical Procedures

The subjects were initially anesthetized using ether. The epiglot-
tis and throat were topically anesthetized with Cetacaine spray to pre-
vent reflex gagging, and an endotracheal tube was inserted with the aid
of a laryngOSCOpe. Supplementary doses of ether were administered as
needed via a connection between the endotracheal tube and a small ether-
filled bottle.

The left'saphénous vein was cannulated. Still under anesthesia,
the subject was placed in a walk-in, sound-attenuated room (Industrial
Acoustics Company) and mounted in a Kopf model 1204 stereotaxic appara-
tus, using standard eye and ear bars. At this point, the subject was
taken off ether and switched to halothane anesthesia using an Ohio Med-
ical Products vaporizer set at 1-2% concentration with a flow rate of
approximately 700ml/min (oxygen). A Godart capnograph was used to mon-
itor the C0, level. The animal received ether for approximately 10 min
before being switched to halothane anesthesia.

Thé scalp was incised and the temporal muscles were retracted, expos-
ing the skull surface. A large bone flap, sufficient to expose the mar-
ginal and suprasylvian gyri from the pericruciate region to the posterior

suprasylvian sulcus, was removed from the right half of the skull. A
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small bone flap was removed from the left side of the skull according to
previously determined stereotaxic coordinates. Small openings in the

dura mater were made at the sites of the cryoprobe penetrations and at the
four points in the right hemisphere corresponding to the sites of the
recording electrode placements.

A Kopf semichronic headholder was then affixed to the skull with den-
tal cement. Care was taken to assure that the cat's head remained in the
proper stereotaxic orientation. The standard eye and ear bars were remoy-
ed, thus eliminating these pressure points. The wound margins and tem-
poral muscles were infused with lidocaine (Xylocaine hydrochloride,
20mg/ml, repeated every four hours). At this point, halothane admin-
istration was terminated and gallamine triethiodide (Flaxedil, 20mg/ml/hr)
was administered (IV) to provide a block of neuromuscular activity.

Thus , anima]s’typically received halothane for‘approximately 11/2 to
2 1/2 hr. At least 2 hr following termination of halothane administra-
tion was allowed before the actual collection of data was begun.

Artificial ventilation was maintained with a Harvard pump (model 606).
The frequency was set at 26 strokes per minute with the stroke v<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>