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SEVEN FIGURES

Kliver and Buey (Kliver and Buey, 737, 38, 739, Kliiver,
313, confirming and extending the earlicr observations of
Brown and Schiifer (1888), noted striking changes in behavior
tollnwing hilateval rescction of the primate temporal lobes.
Thise changes can be described as follows:

I Distirhance of visnal processes manifested by altered
veactivity to visnally presented objects such as food, nails,
and snakes; referved to by Klitver and Buey as fyisual ag-
nosia.

2. Changes in dietavy habits, as manifested by meat eating.

2. Increased tendency to examine objects visnally, tactu-
attv. amd orally; referred to by Kliiver and Buey as ‘‘hyper-
metimnrphosis.””  Classified separately hy them, the oral
component was fermed as ‘‘oral tendency.”’

4. Changes in hehavior toward ofher organisms. Thesc
were deseriber as “increased tameness,” loss of “‘fear,”” and
“livpersexuality.”’

Kiiiver and Buey (739) atiempted to fractiouate this syn-
drome by making subtotal removals of temporal cortex.
Becanse it 1s difficalt to reach the medial portions of the lobes
without damage to lateral struetures, they restricted these

CRopperted in part byoa grant From Conteaet Ve 23370 of the Veterans?
Solministration,

“The nutlmrs ave indebted to De, John Fultom For waking this studs rossible

amd For i dnterest and eneourngement throughont ita prosecution.

e

DT f i F b ke




A RKALL M. DPRIBBAM AND MURIFNL BAGSIIAW

sabtota] ablattons to the lateral tvmporal cortex. These
operittious failed fo alter gencral behinvior. More recently,
i both cornivores and primates, Bavd and Mounteastle (748},
and Thom=on and Walker ('30) have abserved some of the
characteviatic effeets of temporal lobeetomy on general be-
hovior when the lesions were restricted fo the polar and medial
portions of the temporal lobes, direeting attention to the
region of the amygdaloid complex as a possible cervebral focus
for =uch funetions, However, it s not clear fron: these studies
just which busie funetions have been disturbed by the various
fesiots il i not apparent, for exmmple, when an animal in-
dizseriminutely puts meat, snakes, or bolfs inte its mouth fol-
lowirg bitemiporal leston, whether this is due to interference
with taste, olfactory, visual and/or tnctual processes; whethey
tne animal s generally detertorvated or “stupid’’; or, whether
theve has vesulted o cliange in appetitive mechanisms related
1o ntetaholisne Inthe present shady, in addition to systematie
observadions of general behavior teward inanimate aud ani-
mate objeets, visual funetions, faste preference, ability to
sulve complex problens, as well as soute of the tactors related
to energy halunce {food intake, level of general aetiviiy, and
basal hoady temuperature) were tested quantitatively. (Quanti-
tative olfactory tests were attempiod but failed to provide
relinhle information.} T'he pattern of postoperative pertorm-
auce on this eonstellation of observations and fests provided
some data relevant to the problem of fractionating the tem-
poral lobe syndrome,

{onconittantly, a more preeise definition of the anatomical
<tihstrare implicated in this heliavior svndrome was attempted.
The faihure of previous selective ablntion sindies to fraction-
ate the temporal lobe syndrome led to a seareh for a more
satisfactory hasis for making ablations. In primates, the
division of the cerebral hemispberes nto lobes on a gross
amittondeal basis is emphasized by eranial and cevebral con-
figuration. Offen investigations have been too much under
the mfluence of such gross distinetions in spite of the fact
that other methods (e, microanatomiceal, eleetrophysiologi-
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cal) suggest subdivisions which cut across these gross ana-
tomical boundaries. In the present experiments, data obtained
by the method of strychnine neurcnography were chosen as
a basis for making ablations. In this way, the relevance of
these data to behavioral problems is tested. Wil this method
of cortical parcellation lead te the fractionation of the be-
havioral syndrome?

Neuronographic studies (Bailey, von Bonin, Garel and
McCulloch, 43; AMc¢Culloch, '#4; Petr, Holden and Jirout,
49 Pribram, Lennox and Dunsmore, ’50; Pribram and
MacLeau, ’53; Sugar, French and Chusid, '48) had sug-
zested that portions of the temporal cortex are funetionally
related to areas outside the eonfines of the gross anatomical
subdivision called femporal lebe. XNeurcnographically de-
fined cortical subdivisions ‘‘frontotemporal,’’ ‘‘medinl oc-
cipitotemporal,”” and “‘lateral temporal’ are discerned. The
“frontotemporal” region ineludes the posterier orbital, an-
terior sulur, temporul polar and perinnygdaloid (pyriform)
cortex. The ““medial occipitotemporal’ region inciudes tlie
cortex of the hippueampal and fusiform gyri. The *“laternl
temporal”’ subdivision includes the cortex of the supratem-
poral plane and superior temporal gyrus. In addition, on the
basis of neuronographic data the frontetemporal recion ‘is
closely related to the amygdaloid eomplex; both the fronto-
temporal and medial oecipitotemporal vegions are related to
the hippocampus.?

Studies implicating the integrity of the medial oeccipito-
temporal region in visual discrimination behavior have been
reported elsewhere (Adces and Raab, ’49; Blum, Chow and
Pribram, '50; Chow, '31; Mishkin, in press; Mishkin and Pri-
bram, in press; Riopelle, Harlow, Settlage and Ades, ’51).
These studies support the suggestion of Kliiver and Buer

! Neuronographie dnta supgest that three parts of Ammon's formation are affer-
ently connected with three cortical regions: the frontotemporal, medial aecipito-
tempornl, and medial paricto-oceipital. No efferent intracortieal pathwuys lLave
begp established, however. Thus, the existence of the hippoc2mpus 13 a separate

“frerion’’ is ot prosent underermined {Pribram, Lennox and Dunsmare, ’50;
DPribram and Maelean, '33),
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SN that the tvisuad amnost” observed o their animals
vodne e opart at least to invoelvemeut ol eortex referred to in
st oax cvisaal association”” cortex. They also emphasize
dhevi thrs vissne extends forther forward into the inferior part
o1 the temporid Tobe than had been previously thought.

Mueh jess 1= known of the nther aspeets ot the temporal syn-
trome and then relation to the other nearonographiealty de-
terimmed emtieal subdivisions. Ax already stated, some of the
wrosser clianges in general behavior have followed lesions re-
<tricted 1o the polar and medial portions of the temporal lobe.
~Ninee these alterafions resemble some of those attributed to
lextons of the frontal and cinrulate areas, viz., “‘loss of fear,”’
atered soelal awareness” {Bianchi, 22; Glees, Cale, Whittv
amd Cadrns, 505 Smith, 45 Ward, 48), it seemed reasonable
that anterference with the frontotemporal region as deter-
mined nenronographieally might clarify aspeets of the tem-
poral lube svndirome not relnted to vision. Speafically, it was
postuladed that Frontotenmporal resections weould drastically
interfere with sone but not all aspeets of behavier examined
v the observations and tests utilized Prowm sueh seleetive
interference it conld then be inlerred that the frentotemporal
cortex 1= mplicated in a group of funetions which could be
elearly (ifferentiated from the rest of the temporal lobe syn-
drome,

MATERIALS METIODS AND PROCEDURES

Nubjrets. Ten subjeets, one adult male Chaema baboon, one
adult Female Guinea baboon, and 8 immature rhesus macaques
were used. The adult male baboon and 5 immatnre macaques
received lesions invading the whole extent of the frontotem-
poral region. Two additional immature macaques and the
matire female baboon had ablatiens restricted fo either the
nrbital, Insular, or temporal aveas, The other maeaque, used
ax o control, was subjeeted to surgery of the anterior cingulate
gyrus. The baboon and 4 of the macaques receiving the more
extensive lesion were fested both pre- and postoperatively on
the complete hattery of hehavioval tests deseribed below, They
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were also systematically observed for gross changes in be-
havior, especially with regard to reaotions to noxious and
social stimuli, The other maeaque with the extensive lesion
and his control, the animal with the anterior cingulate ab-
lation, were investigated for quantitative estimation of factors
related to energy lbomeostasis. The animals with the more
resiricted ablations were tesfed only with respect to those
hehavioral aspects which, on an @ priori basis, were thought

most likely to be associated with the particular cevebral area
investigated.
: T'ests

A, Visual processes

1. Visnal fields. The extent of the visual fields is tested by two
methods. An objeet ix brought into the subjeet’s visual field from the
periphery, and the point at whieh the animal begins to follow the
vhjeet is neted. The seeond iwnethod consisted of a simultancous
presentation to the animal of a limear areamgenmtent of peanurs. A
recerd s kept of the order in which the animal chooses the prannts,
Deficits in the visual field become apparent when the animal con-
sistently ignores the peanuts in a certain portion of the field, or when
this portion is consistently ignered until the animal shifts position
alter having removed all the other peanuts presented.

2. Visual pursuit. A piece of food is presented to the aunhnal at
the end of a stiek while another picce of food is held just beyond
reach near the center of the aninal’s visual field, The stick is sys-
fematically moved in spaee and the znimal’s cye, lead, body, and
hand movements are observed,

3. Visual acuity. A peanur is attached to the end of a black thread
placed on a black background. The peanut is placed heyond the
animal’s reach; the thread within its reaeh. Various diameters of
thread are used, to a minhnum diameter of 4-0 UUSP surgieal thread.
The thread of the smallest diameter which the animal manipulates
in order te obtain the pennut is reeorded. _

4. Visunal-pattern diserimination. I*atterns are painted in black
against a yellow baclground. A plus {4 and a squarc of approxi-
mately equal area are simultaneously presented to the animal as
eovers of food wells. Correct choice is rewarded when the animal un-
covers the food well and receives a peanut, The aniwnals are trained
until performance level passes an arbitrary eriterton of 907 vcovreet
orr 100 eonseeutive trials. -
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5 Observations of visnal behaviar. The antmals are gbserved with
pespect 10 attentiveness to larre and smail objects; to moving aund
wntionary ohjeets: o objeers broucht into the ficll of vision while they
are e velv atendine 1ooother objeets, Presentations are maide s0 as
croebiein visnal e teetile Tesponse, -

G Diserbmmation of fond from nonloed objects. A board with 20
Cinjerts, each approximarely the size of a peanat, is presented to the
aninl. OF tluese objects three are familioe fond worsels  {baranz,
cenekor, peomit, orange, ete ) The others range in eolor, Lrizhiness,
denn wmd textire from wood and eork to sieel nuts and bLoles, The
o of chotee of objeets was reearded, (Tlos ¢ not strietly a visuel
st Munipularion way help in the identifvine proeess. )

0. Taste

Pieers of browd and petato are sonked 1 coneentrated guinine
wdution and acesptinee ar vejeetion reeonded. Determinations are
wade ol secopranes thresholds for guinine solution by the quantita-
dvr taste preferenee methad {devised by Patton and Ruch, '44).
Aveentanee of food other than veoetable was examined in several
rslnakees, =

. Approgeh and groidunce

1. To inanimate objects. This hehavior is tested as part of the
vty deseribed ** foold-nonfomd diserimination test, and also
v pepertediy presenting to the animal 0 variery of non-edible and
nraen noxiots objrers: sharp pleces of meral, Jirhted matehes, and
bornine piper. A sthaalus objeet iy considered noxipus il it visibly
ed Uhe animad s integument by cutting or bnrning. The number of
Vs 10 a0 sesainn that an animal wonld approach, accept, and exawmine
sued an ohjeet is roeovded.

5 Te other oreanisms, A reeord i made of the approach and
avoilinee 1o other operated and normal animals of the same size
Al speiies, Alse, the animal’s reactions toa “friendly” and &
Chestile’ observer are veeorded.

D. Delayed respunse

A peanut s plieed e of two apparently identically cavered
fond wells in o1l view of the animal. An opagiie sereen is then lowered
hetween animal and Fomd enps for as Jongz s 13 seeonds. The sereen 1%
viieedl and the animal allowed tn choose hetween food wells. Correct
chmiere onty iy rewarded with a peanut found in “eorrect’’ cup. The
anhmal i trained tooa preoperative eriterion: 854 eorrecr on 100
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consccutive trials. Postoperatively, the animal's ability te reach
same fevel of performance is tested.*

E. Factors related o energy metabolisn

The animals are kept in an uir conditioned (80°T.) soumdproeled
environment throurhout the experiment. The daily intake of an
ad libitwm amaunnt of prepared iabh ehow is recorded. General aetivity
is measured in an activity eage® Dadly reetal temperature records
are kept, Sleep-activity eydles are observed.®

Surgical procedures. All operations were performed 1 two
stages one to two weeks apart, each stage, being hmited. to
one liemisphere. Under intraperitoneal sodinm amytal anes.
thesia (approx. .G em® per kilogram of 0.1% soln.), a linear
ineision was made in the temporal region. Temporal musele
was splif, the zygoma reseeted for its full length, and a burr
hole made in the temporal bone. This burr hole was cularged
hy rongeur to expose the entire temporal polar arca, and
extended upward and forward to expose the inferior frontal
arca. The dura was opened in a crueiate fashion. The head
of the animal was then placed in such a position that by gentle
vetraction the orbital gyrt of the frental lobe and the pure-
amygdaloid and uncal arcas of the temporal lobe were visnal-
ized. The posterior orbifal gyrus, the temporal polar awdl
periamygdaloid cortex were then subplally resceled. The pos-

!'The nuthors wisly to thark Dr, Jeseph Epstein and Mr. Milton Brightmaes for
theie hetp in testing sl obuserving animals in this part of the cxperiment.

“The nuthors wish to thauk Dr. George D, Davia far the use of this apimrntuos,
A detailed deseription of whieh i3 to be found in Duavis {'51), and Ar. Nobert
Zepmt and Mr. Al Cuppola for their lielp in earrving out the other metabolic sests.
Thanks are also due Dr. John Brobeek and Dr, Jumes A, F, Stevenson for their
advice and supervision of this port of the experiment,

*The technigues, although quantitatively recorded, do not entirely overcome
diffienlties encountered in dovising fonlproef tests, Food spillage is o oense in puint.
Although we believe that all spilled food was recovercd und weighed we cinnot be
certain of this. In the same manner, althougl every vreeaution was taken to
aceusiom the nnimals to the rectal tewmpernture-taking pracedore, it eanunt be saild
with eertninty that the relaxation of the animal was the same pre- and post-
operatively. The use of a control animal countered these difficulties in part. The

datn ave, thercfore, presented with the hope that they will induce athers to purave
thig difficult but nmportant phase of the investigation,
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corior and superior Hmits of the temporal resection were
petrked by the temporal horu of the ventricle, aud by visualiza-
ton ol the optie radintions. Medinlly, the limits of the vesee-
o were more diffiendt to defermine, and were established
andy By jndement hased on experience. In all instanees the
veseelion of the antertor portion of the eortex of the Istand
of Beil was ettt do the emd. This cortex was approached
drodigh the Sylvian fissure which was opened by gentle re-
reacrion with two hradn spatulae. Only oceastonally was there
advertent dimage to the froutal operenlum or supratem-
voral plane Tollowing this procedure. The tnsular cortex was
suinpialby resceted In sueh a manuer that the margins of the
Seaion extended to those of the posterior orbital and temporal
rexections. PPosteriovly an attermpt was made to extend the
feston to o inaginary line conneeting the base of the central
Sasure with the vein of Labhé, Often an anastomotie hranch
of the vein marked this line. T'wo difliculties had to be over-
come with respeet to the ablations of auterior insular cortex.
Uidess srent eare was taken to handle the middle cerebral
artery gently, and tor only short pertods, the-artery would
senirract aud ocensionally thrombose. Beeause of the presence
ol the elonstram it was often difficult to determine whether
the extrene ov external eapsule had heen reached. Both these
dilicttties were overcome by designing a small-bored, flexible
~uetion fipowith thumb control. An 18 or 19 gauge necedle
<tack wis Yound most saitable for this insular reseetion; for
the rentander of the resection an 18 or 17 gzauge was found
more desivabie. Bleeding was minimal al all times and was
eantrolled hy packing, Eleetroeautery was not used on cortieal
sifaees, Laeh wound was thoroughly irvigated with warm
sniine solution hefore tight closure of the dura. Interrupted
<ith teehmoue was used thronghout the muosele and galeal
elozure, Subeuticular continuous suture was used in the sealp.
Nu dressing was found neeessary. Antibiotics were not used
postoperatively and there was no ineidence of sealp infection.
A= arude, the animals were up and nbout 2 fo 4 hours after
closure, fosiowing the first stage. Following the second stage,
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the animals would often stir and move in about the same
length of time, but would rarely be up until 12 to 18 hours
after operation. No late postoperative complications oecurred
in the animals reported. Three additional animals were not
included in this report; one macague had extensive invasion
of the internul capsule on one side at the time of operation;
two animals (one adult male baboon and one immuiure ma-
caque) suffered hemiplegia secondary to middle eerchral ar-
tery thrombosis. In the case of the macaque this progressed
over a period of one month and became terminal.”

Histological verification of lesions. All subjects weve saeri-
ficed approximately 4-8 months after operation. The brains
were perfused with saline and 10% formalin. fixed n 10%
formalin, dehydrated with increasing concentrations of ethyl
alecobol and secrially sectioned at 25 p thickness. Invery 10th
section was saved; every 20th section was stained with aniline
thionin. Every 4th stained seetion (2 mm apart) was used to
reconstruct the lesion. Analysis of resulting retrograde thal-
amic degeneration is also reported.

OBSERVATIONE OF REHAVIOR

A protoeo] typical of the haboon and the 4 macaques receiv-
mg the extensive frontotemporal lesion follows:

Preoperatively. The animal was aetive, friendly and re-
sponsive to feeding and petting. Preoperative formal training
meloded visual tests, taste preference, and the delaved re-
sponse test. Althongh inedible objects on the food diserimina-
tion board were approached during the early trials, the animal
quickly learned to ignore them. By the second day of testing,
no interest was shown in inedible objeets. After two experi-
ences with noxious stimuli (sharp instrument and lighted
match) the animal retreated to the far end of the cage, and
would not return to the front of the cage during the test seos-
sion. On subsequent examination with a lighted mateh he
cautiously approached and touched once again, but thereafter

T The authors gratefully acknowledge the lLelp of Mr, L. Kirby aud Mr. Al
Cuppota for their surgical assistance.
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cowered i the back of the cage making swiping motions with
nix hand to his nose. Interoperative testing following the first
<tage Frontotemporal removal revealed no change in his
woneinl behavier, or in the performanee on formal tests.
Pustoperatively. Alter the secoud operation a profound
Ange wag nored. Withont prier planuing, the authors in-
dependentdy Telt i safe fo euter the aninwal’s cagre and ““petted
him for-a vonsiderable time.” When the observer placed his
Gand i the anbual's mouth it was chewed very genily. Bqually
drimatic was the ““hypermetamorphotie’ behavior. It was
difficult 1o dis-attach the subject from wristwateh, ring, or tie.
intense amd prolonged exanunation of the smallest grains of
~awdust, dirvt, and marks on the eage occupied hours of the
anunal= timee. Alternating with these periods of ‘‘hyper-
wetimorplosis™ were periods of drowsiness and sleep. These
were characterized by o rather sudden onsct, sometimes in
Jiemiddie of a testing session. During such 4 drowsy period,
‘e animal conld he voused with diflieulty; once roused his
“hypermetamorphotie”” behavior again became evident. Every
ovihie objeet found Its way into the animal’s food pouch;
cven shrp objeets were orally manipulated. Chewing was
aften so vigorous that Bleeding of the gums resulted. Iaghted
maiches and paper were repeatedly approached, grabbed, and
put into the subjeet’s mouth, Occasionally the animal’s whisk-
ers would cateh fire. He would douse lus snout in the water
crotrh when this ocenrred. Burned paws were cooled in water.
hi =pite of the obvious discomfort these noxious agents seemed
o cattse, the anhnal would return over and over again to
expose lnnsel! to injury. When attacked by a larger animal
he woubl not attempt to escape, but would sit quietly ducking
the debris thrown at him, wineing or grimacing briefly when
it or bitten. Should the subject be cornered, however, he
niwhit show agyressive behavior briefly, le., until he extri-
enfed himself from the immediate situation, then he would
<1t calmly watching the excitement usually manifested by the
remainder of the primates in the room. When placed with
control animals over whom he had been dominant in a food
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sitnation prior to operation, he was no longer dominant in
spite of apparently increased ‘‘oral tendencies.”” During this
same period the subject showed normal acuity on the “string
pull-in”’ test, had normal visual fields, and performed at:
eriterion level on the visual-diserimination and the delayed-
respouse tests, On the “‘food-nonfood’ discrimination, how-
ever, incdible objeets were placed in the mouth as offen as
Tood ohjeects, without order of preference.

No sudden change in bebavior charactervized the ensuing
months. Gradually, however, the tolerance to noxious stimu-
lation decvcased. After three months there was some hesita-
tion, and aftempts to diseriminate between food and inedible
objeets, especially injurious ones, appeared. Nevertheless,
he would still accept lighted pieces of paper and matehes
except immediately after feeding. Tn another maenth, how-
ever, this bappened only when the animals had been fasted
for over 24 hours. At no time did control animals show thix
persistence of approach to objects which visibly injured them.
The animal gradually began testing inedible objeets hv biling
and manipulation, discarding these objects rather than storing
thiem in the food pouch. During this entire perviod. the sub-
Jeet would aceept pieces of cotton, potatoes and bread sonked .
in quinine solution, chew on them with guste and spit out
inedible things sach as cotton only after a considerable time.
Control animals, as a rule, did not repeatedly accept such
objeets soaked in quinine. A few would take potato repeatedly
but grimace when thev chewed it. None took the cotton after
a few trials. There was some temporary lowering of threshold
in the quantitative quinine preference test. No clunge in
other formal fests (given for one week each month) oceurred,
once criterion had been reached. The animal was saevificed
in the 6th postoperative month. Significant deviations from
this typical protocol are recorded for each animal in table 1
and in the following descriptions:

FTi. This large aduit male baboon was not tested in the
quanfifative taste preference test because he was too lavge
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for the cquipment. He was sacrificed 5 months postopera-
tively because of bronchopneumonia,

FT3 This immature female macaque was preoperatively
the least dominant animal tested; thercfore, no data on ag-
aressive behavior were obtainable. After the second operation
a left hewnonymous hemianopia appeared and persisted for
three weeks, This subjeet uever placed inedible objeets into
its food pouches bnt always tested them Dby biting; thereupon
discarding inedible objects. She chose food objects hefore
inedible objects in the ‘‘food-nonfood’’ discrimination situa-
tion, but would then proceed to examine orally the inedible
objects. {See fig. 1 A for prefevence thresholds for suinine.)

FT3 Irpmature male mocaque. This animal received datly
intramuscular injections of streptomyein because of o positive
tuberculin test recorded in the interoperative period, No
postoperative evaluation of social behavior conld e made,
General behavioral changes were marked immediately after
the second operation, but improved more rapidly than these
of the other animals. He did not, however, return fo his pre-
operative aggressive behavior. Lighted matehes, sharp and
inedible objeets were not approached. The animal was sueri-
ficed for histologieal study after the Gth postoperative month.
{See fig. 1 B for preference thresholds for quinine.)

FT5, Immature male macagque. This animal attempted to
ntount any large objeet such as a broom handle, a sharp plece
of metal or another macaque. Food objects were chosen first,
whereupon inedible objects were examined orally. Any soft
inedible objects such as feces were ingested. The dominance
picture following operation was complex. The animal re-
peatedly approached food, inedible, and anbmate objects for
eafing, grooming, or mounting behavior for prolonged peri-
ods; if another animal turned aggressively toward the subject
lie would retreat momentarily, and remain away as long as the
aggressive attitude was maintained on the part of the other
animal. Almost immediately after cessation of the aggressive
posture, however, the subjeet would resume an attompt at
approach, ouly to he rebuffed again, This behavior might
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cerstst For homrs untll one animal was removed ov until the
Sunperated monkey would tolerate approach, (See fig. 1 C for
creferenee thresholds for quinine, }

Fres This inmatare male macaque showed inereased post-
pperative manipulation of genitals and wounting behavior
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similar to that of I"T'3. (See fig. 1 D for preference thresholds
for gquinine.)
FT2. This immature male macaque was examined with re-
' spect to faetors velated to energy homeostasis. He was-studied

' logether with a control anmimal (which received a hilateral
1 anterior cingulate ablation) in an air conditioned, sound-
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which received extensive abintion in region of anterior insula.
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proofed envivonmient, TFood intake, rectal temperature, and
nelivity were measured. After the first frontotemporali ab-
Lition, activity (as measured on three separate oeeasions In
activity eage for three hours) was nar kedlv inereased over

ill
Hie preoperative level (figo 3). After 1he seeond operation,
-
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the increased netivity persisted and the animal doubled its

- daily tood. intnke (fig. 4). A degree drop in the mean rectal

temperature was recarded {fig. 3). No such maorked changes
followed the cingulate opevations on the control ammal. The
changes noted for subjeet I'T2 persisted until death one Sun-
day morning when the air conditioning apparatus was found
out-of-ovder and the temperature of the room had risen to
102°F. The control animal seemed unaffected by this tem-
perature change but I'I2 appeared lmp with shallow, irregu-
lar respirations, The rectal temperature refleeted that of the

o= ! L

100
FooD
g
o Y i i N
APRIL MAY JUNE JULY
FIVE-DAY FPERIODS
FT-2
Fig. 4 Gruph of pre- and postoperative food intake for subject FT2, The
contrel animal with anterier cingulate gyrus ablation showed an incrense aver

preoperative foed intske only for first & pestoperative dnys, .

room. After the room was cooled the animal’s rectal tem-
perature came down, but his general condition continuned
eritical. Tt was therefore sacrificed in preference to risking
death and deterioration of its eentral nervous system before
discovery.

F1. Subtotal ablations were made in three animals in eon-

sideration of factors of mass and loealization. The effects

of posterior orbital gyrus removals on the sctivity of macaques
has been reported elsewhere {Davis, '51), Histological analyv-
sis of the brains of these animals is lacking with the result
that the anatomical problems connected with that study re-
mained unanswered. Doctors Davis, Livingston and Fulton
kindly made available the data and brain of one of these
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animals for ineclusion in the present study. Exeept for the
changes in activity, similar to those shown in figure 34, no
alterations in gencral behavior were.observed. No taste
tests were performed.

11, One immature macaque was subjected to restricted
bilateral anterior insular removal and acceptance threshold
for quinine measured. A marked impairment on this test
foliowed operation and persisted for the 7 months prior to
saerifice (fig. 2). In spite of this, the animal would not aceept
meat. No gross changes in general behavior were noted.

T2 None of the animals with restrieted orbital or insular
lesions had shown gross changes in general behavior. In order
to confirm the reports of others that medial and polar temporal
lesions were responsible for this change, an animal with bi-
lateral polar temporal and amygdaloid removal was pre-
pared and observed. This adult female Guinea baboon
showed no interoperative changes. Immediately following the
second operation the gross alteration in general behavior de-
seribed for the more extensive lesions oceurred. She wonld
not accept cotton soaked in a saturated solution of quinine,
and refused meat. She was sacrificed 6 months after the
second operation.

ANATOMICAL OBSERVATIONS

In general, the lesions were bilaterally symunetrical and
included most of the cortex of the posterior orbital gyrus,
anterior and limen insulae, and the temporal pole. In addition,
the periamygdaloid cortex and amygdala were extensively
involved (figs. 6 and 7). In subjects I'T1, I'T3, ¥T'5, 1 there
was unilateral or bilateral invasion of the head of the candate
nucleus; in subjects FT3, 11 the putamen sas involved in the
lesion; in subjects FT3, ¥*T4 a small portion of the posterior
amygdaloid nuclei was spared; and in subjects FT4, FT5 the
anterior insular cortex was slightly damaged. Retrograde
degeneration occurred in the n. medialis dorsalis pars parvi-
cellularis in animals F'T2, T3, PTG, F'1; in pars magnocellu-
laris in all animals with the extensive frontotemporal lesion
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Fig. 6 Ventral reconstructions of lesions of subjects 1'T2, PT3, FT4, TT5,
TG {partiul wortical lesiona are vepresented by stippled areas; total ecortieal
tesives by black areas), Representative eross sections of cortex (represented in
Lk ) indicate depih of ledion, Numbers represent serinl order of section. Cross
svetivns of Halimus xhow areas of degencration in Liack, MD, n, medialiy doraalis;
£ n, rentromediang VA, n, ventralis anterior; VL, n. ventralis lateralis; VP, n.

3

ventradis posterior; 1%, n, pulvinaris,
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and in subject F'1; in the n. medialis ventralis (reuniens) in all
animals with the extensive frontotemporal lesions and in sub-
jeet TP In the other midline and medial intraluminar nuclei
it all suimals with the extensive frontotemporal lesions and
in subject T1: and in the medial pulvinar in animais P73,
TG, TP, I1.

Fig. 7 Ventral FeCOUSErnetions gned renrezentaltive erose somtinme $lormeels oo o
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On tiae basts of these results degenerantion of the n. medialis
dorsniis pars parvicellnlavis iz eorrelated with anterior and
Tateral ovnital lesions; of the pars magnoecllularis with ab-
itions ot the vosival portions of the posferior orbital gyrus;
ol n. medialis ventralis {reuniens) with the temporal polar
amd amvedaloid formations; of the remaining midline and
wmtralamine nuelei with the most posterior and medial por-
tions of orbital cortex, anterior perforate space, and Hmen
wistine: mut of the medial pulvinar with the anterolateral
tennporal cortex.®

DISCTSSION

[Utilizing neurvnographie cortienl pareellation and a battery
ol buhavioral ohservations and tests, =everal eategories of
Helvior ave been difTerentiated from the complex syndrome
a=socinted with lavge bilateral femporal lobe lesions and
vilated to the frontotemporal recion. Unaffected by fronto-
temporal lesions 1s performance in vision, with respect to
aruity, extent of field, and ability to make simultaneous dis-
evimintions. Abilily to Joealize Luettle stimuli s unimpaired,
ratwe of movenent unaltered. Performanee in the delayed-
venction test is unchanged, Ow the otber hand, altered he-
hanor does ocenr in the eategories of taste, food intake, ren-
cral activity, awd approach to or avoidinee of a vaviety of
~tmith ineluding woxious and seeial ones. This specificity of
st tokes on added significanee an light of the fuet that
ablations of adjaceutr regions of the troutal and temporal lobes
Iivve produced a different constellation of behavioral chanees:
vz, abdations in the lateradl frontal region are assoeinted with
sedeetive interference with delaved-response-type functions;
shintions in the medial oceipitotemporal region result in selee-
tive impatrment of animal’s ahility to solve problems involy-
e visnal diseriminantion, _

Postoperatively some animals with frontotemporal lesions
ate npeat. Some aceepted guinine solution of siguificantly

CPhe gnthares reatefully aeknowledge the Tielp nnd wopervision of v, Jorzy

fase sl Deo oo B Chow in bl anabesis ael interoretition of the thalamie

i riean wanwrtad D #lia urely
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‘higher concentration than preeperatively. However, animals
with altered thresholds of acecptance for quinine or those
with agensia for quinine did not necessarily eat meat. Further-
more, the variability of the change in taste preference canuot
be eorrelated with variability in size or locus of lesion in the
present experiments. Other studics in progress may clarify
some of these points.

The studies of Brobeek (45, '48) and Jones (*43) have
related animals’ short-term food intake and locomotor activity
to the maintenance of body temperature. The results of the
present experiments implicate the frontotemporal rewion in
the regulation of basal temperature, sieep-activity eveles, and
food intake. A control ablation of the anterior cingnlate gyrus
failed to produce changes in these functions although, as
indicated by the results of eleetrical stimulation of the cortex
(Green and Hoff, ’37; Kaada, '51; Kaada, Pribvam and Ep-
stein, '49; Smith, ’38, ’45; Speakman and Babkin, ’49; Ward,
'48}, both of these regions arc equally concerned with visceral
regulations. The different effects of the two ablations may be
due to the faet that the cingulate rescetion is resiricted to
cortex while the frontotemporal resection invades the amyg-
daloid complex and caudate head. It is important to keep in
mind that the lesions of the frontotemporal region in the pres-
ent experiments, as well as those of previous hilateral tom-
poral lobectomies and medial temporal resections, are not
strietly comparable to ablations restricted to cortex.

Most difficult to evaluate is the alteration in approach-
avoidanee behavior which results from interference with the
frontotemporal region. In many animals there was no cor-
relation between this change and an altered taste threshold.
Correlation is also lacking between this changed approach-
avoidance behavior and deficient performanee of anv of the
tests of vision or of delayed reaction. On the other hand,
whenever the ‘‘hypermetamorphotic’ reaction to small and
glittering objects, lack of persistent avoidance of noxious
stimuli, and repetitive approach to other animals were ulso
nhearvad in an animal shanoac in Fand indnla and il b Lo
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setvity evele were noted. It seemns, therefore, that changes
e he animal’s appetitive mechanisms related to the internal
regiintions and changes i its gross behavior are concomit-
santly adfeeted. More specifie analysis of the mechanisms
wierehy frontotemporal lesions inflenee the “‘hypermetamor-
phorie™ veaction and the vepetitive approach (o noxious
~timuli awaits farther experiment.

There appears to be some correlation between magnitude
ol bebavioral change and extent of bilateral invelvement of
the frontotemporal region. The techniques hoth for measuring
ths bebavioral change and for estimating cerebral mass are
erude, by is vot elear thevefore to what extent such correlation
Jdevends, o1t the one hund, on the mass of tissne removed, and
on the other, the particular loens (e.g., posierior nuclei of
the amvedaln), of the vemoval, Some information regarding
thi~ probien comes, however, from the subtotal resections
withiin the {rontotemporal vegion. These demonstrate that
tie constellation of svmproms produced by the total lesion can
he further analvzed. Lesions of the ovhital cortex of the frontal
lobe which invade the enudate nucleus invariably produce loco-
moetor hypesaetivity {Kennard, Spencer and Fountain, 41,
Merder, 345 Hueh and Shenkin, 43). Although other lesions
ul the frontal lobe may result in sunilar change, lesions of
the tnsnda and temporal fobe do not {Blum, Chow and Pri-
i, o0 Davis, 015 Pribram, Mishkin, Rosvold and Kap-
Lo, "02. Ablations in the antevior insular portion of the
rewion tan be scleetively related to changes in aceeptance
thresiiold for quinine but not to chnnge in herbivorous dietary
habits, The polav and medial tanporal areas, on the other
hnnd, ave selectively mplicated in the altered approach-
avordanee behavior,

Additional evidenee from the retrograde thalamic degen-
rriation stndies nudieates that the frentotemporal region may
profitubiy be subdivided. Only lesions of the frontal portion
tposterior orbital gyrus, antervior perforate substance) result
neretragrade degeneration of the medial portion of the medio-
dorsul nucleus, the midline and wedial intralaminar nuelei.




1

FRONTOTEMPORAL ABLATIONS BT

One exception is the degeneration of the nucleus reuniens or
medialis ventralis in animal TP following resection of the
temporal pole and amygdala. Degeneration in {his nueleus
has previously been found only from lesions of the subeallosal
gyrus in rabbits (Rose and Woolsey, ’48). It is diffienlt to
reconcile these data since no known common fiber pathway
could be interrupted in.both lesions. Further anatomical
studies specifically directed toward clarifyving this point are
necessary to the resolution of this discrepancy. Nor are ab-
Intions of the anterior insular cortex sufficiently sclective to
warrant conclusions regarding thalamie connections. On the
other hand, degencration in the medial pulvinar has previ-
ously been correlated with anterior temporal lesions (Chow,
'00}, and this relationship has been confirmed in the present
study whenever the anterolateral temporal cortex was exten-
sively invaded. It thus appears prebable that at least the
orbital and termporal portions of the frontotemporal region
receive projections from different thalamie loci. However,
it is also apparent that when lesions are restricted to the
hilar portions of the region, thalamic degeneration is limited
to the most midline portions of the thalamus.

These considerations implicate the newronographically des
fined frontotemporal subdivision of the cerebral hemispheres
in mechanisms regulating tasie and energy metabolism and
gross approach-avoidance behavior. Specifically, the frontal
portion of the region is related to locomotor activitv, the
insular portion to taste, the temporal polar-amygdaloid for-
mations to food intake and temperature regulation, and the
‘“hypermetamorphotic’ behavior deseribed by, Kliiver and
Buey {’39). Furthermore, these experiments sunggest that the
frontotemporal region is not implieated in the performance of
visual-discrimination or delaved-response-type tasks, despite
the fact that interference with such performance has been
selectively obtained from lesions of adjacent temporul and
frontal cortex respectively.
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STUAIMADRY

1. Tuewn sunjeets, one adult male Chaema baboon, one adult
Semade (Ghamea haboon and § immature rhiesus macanues were
naed Une baboon and 3 macaques received extensive bilateral
ablations of the Frontotemporal rvegion of the cerebral hemi-
splieres as defived in neuronographic studies, The additional
aninals received lesions restrieted to the orhital, insular, and
smorval portions of the region. Locus and extent of leston
aas veriied histologieally and reeonstruetions were made.
Sladaune degeueration was analyzed.

200 havtery of observations and tests was administered
are- ot postaperatively. This battery ineluded such tests
Yo visl vrocesses as defermination of the extent of visual
felds, eximination of visual pursuit and visual acuity, training
Jor performuanee of visual pattern diserimination and testing
S -crmuanation of food from non-food objeets. Acceptance
Srresliolds for gquinine selutions of various coneentrations
woere determined. The vesponse to social and noxious stimuidl
wis reconded. Performance ot delayed response was tested.
Tocomnstor activity, food intake, and basal temperature de-

cerminations were made, and sleep-activity eveles observed.

In ceneral, reconstruction showed lesions to be bilaterally
~vinmetrival aud to melede most of the cortex of the posterior
crindil evrns, anteror and limen usulae, as well as temporal
aofe, perinnvedatold cortex and amygdala. Degeneration in
e medial magnocellular portion of the 1. medialis dorsalis,
adline intralaminar, nomedialiy ventralis, and medial pul-
i of the thalamus were related respectively to the lesions
0the posterior orbifal gyrus, anterior perforate substance
aned Himen nsulae, temporal pelar {ormations, and antero-
eral temporal cortex.

4. Several aspeets of the complex syndreme associated with
ree bilateral temporal lobe lesions were selectively related
“uonterference with the froutotemporal region. Perfermance
ar vision, with respect fo acuity, extent of field, and ability
coomalie diseviminations was unaffeeted by sueh lesions. No
cherngres with respeet to ability to localize tactile stimuli were

!
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obscerved. Range of movement was unaltered. Performance

. in the delayed-reaction test was unimpaired. On the other

hand, aitered behavier did occur in the categories of taste,

energy metabolism and approach to or avoidance of a variety
“of stimuli including noxious and secial ones.

5. This specificity of results takes on added significance
in light of the fact that ablation of adjacent regions of the
frontal and temporal lobes have produced a different con-
stellation of behavioral changes. Ablations in the lateral
frontal region are associated with selective interfevence with
delaved-vesponse-type functions {Pribram, Mishkin, Rosvold
and Kaplan, '32). Inferior temporal ablations result in sclec-
tive impairment of animal’s ability to solve simultancously
presented problems of visual diserimination (Chow, '31; Aish-

© kin, in press; Mishkin and Pribram, in press).

6. Further subdivision of the syndrome is possible by mak-
ing more restricted lesions in the froutotemporal region.
Specifically, the frontal portion of the region is reiated fo
locomotor activity, the insular portion fo taste, and the
temporal polar-amygdaleid formations to food intake and
temperature regulation.

7. The relation between altered appetitive mechanmsms re-

lated to metabolisin and altered reaction to noxious and sociul-
stimmuli is pointed out.
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