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LIMBIC LESIONS AND THIE TEMPORAL
STRUCTUREK OF REDUNDANCY!

KARL H PRIFRAM, TTOWARD LIM, ROGER POPPEN, axpo MURIET: BAGRITAW

Steanford Und Ly
Muovkeys with dorsolateral fronfal ablations have been found able 1o Lo
g0 no-go alternation despite a grave defiol oo classica] slierauon, Subse-
quently, evidence Las implieated cercain linbie lesions ju go-no-go tapes of
task, e, nassive avoldance and suceessive diseriminations. This siwdy was
undertaken io fest wheilar these lmbic lesions would wileol go-no-go more
*han elassical alternation. The resnlts supported the hypothess thid ot Isasc
2 elasses of variables, | lrental and | Lmbae at ihie nenral level, interass to
make possible efcotive performance in altemanon-ty e tusks.

Some vears age we were surprised to o box, is affected Ly o wvarlety of limbie
find that monkeys with dersoluteral frontal  svstom rescetions as well as by dorsolateral
eugranular cortical lesions, while unable fronal rescetlons (Pribram; 1954; Pribram
to perform classical del (.\(H response aud & Weskrantz, 1957, Both acquisition and
delayved alternailon tasks, Lhd learn go— extinetion of eonditioned avoldanee ave n-
ng-ga variations of these prablems (Mish-  fluenced, though to a differens degree, by
kin & Pribram, 1953, 1956). the different limbie and frontal Jesions, In

Smee these earlier studies several re-  addition, lmble and [rontal  reseelions
sorts have issued whieh Tead to the ex-  alter the durntion over which a response
pectation that a converse effect could be iz withheld in a frustrating situation (Fri-
nrodieed by certain limble system le- Dbram & Fulton, 1854).

' sions, Suceessive go—10-go t\pt, of dis- More recently MoCleary (1961) has ex-
erimination are more severely affecled by  tendded these observations by producing
lesions of the orbital surface of the differential effects of fimbic lesions on ac-
frantal lohe than by lesions of the dorso-  tive and pussive (withholding] avoidance
luteral frontal eortex (Brutkowski, 1964; ULehavier. There s an apparent discrepaney
Mishkin, 1964; Pribram & Mishkin, 1935). in the 1iter--1t11re belween the earlier resulis
These orbital lesiong invade hoth the pos-  and McCleary’s. In MeClewry's  (1961)
rerior orbital ares—a part of the orbite-  study, active avoidance retmained  un-
insulo-temporal cortex, a limbie rtegion affected Dby  subealiosal-septal and  hip-
which includes the amyegdala {Balley, von  poecampal resections. Asude from a differ-
Bonin, Gargol, & MeCulioch, 1943; Me- ence in species and perhaps in lesions,
(::11“()(:}], 1 944; Pi'ibl'iin']_. ]‘.(._';nnoxr_ & Duns- there 15 o difference in {he l)l'UC(EdUI'CS used
more, 1950; Pribram & MacLean, 1953)— 1n the two experiments. MeCleary tested
and the medial orbilal gyrus—a part of postoperatively only, while Pribram trained
the subeallosal cingulate region (Kaada, his S botl pre- and l‘li)ﬁtr)[J(—)T‘:-iLl\-'(il}-'. Me-
Pribram, & Epstein, 1949; Pribram et al, Cleary’s shuttle box was fitted with a
1950; Pribram & MacLean, 1953). door which wus opened when the €%
_\‘nu[,hel‘ series of experimental results  wias Luned on and elosed shortly  after
tends to further the expectation that some the US had heen given. Shock (the US)
Amble system lesions, though impaiving W turned on oonly briefly at the end of
both (Pribram, Wiksor, & Connors, 1962), the CS-US interval. By contrast, in DPri-
will affeet go--no-go alternation more than bram’s situation, the shuttle box had no
elassionl  right-left  alternation.  Active ioor {beeanse door opening per sc¢ proved |
avoldunce of shock, as tested m a shuttle  to be a suflicient cue to make monkeys i
i

- . . . iump to the other compartment), only a
'This research was carried out under Grant "] _] 1 et . I . _[’;' only an
MH-03732 from the United States Public Healih clevaled nartition dl\-][[]ﬂg the Wi Com-

Servize. shock  rommained on i {he
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“megative” compartinent  until  the  be-
ginning of the following trial. Thercfore
Ss could und did jup freely between com-
partiienls  during  the imitial trinls  and
during extinetion, and this form of avoid-
ance  conditioning partakes of both the
actlve and passive situation uscd by Me-
Cleary.

In addition, the defeet o avoldanee ob-
tainedl after cinpulectomy was shown Lo
depend on the alternation demanded in
the shuttle hox procedure as i iz usually
used  (Lubar, 1964). Thus condilioned
avoldunce and allernation appeur to have
a good deal 1 common, Further, the no-go
trials of the go-no-go alternation as 1t is
usually  given are, In essence, passive
avoldance trials: Ss must restrain response
to a stimulus which on other trials is re-
wurtded. Therefore, it secins 1'(‘:15(1r1-zl)h‘ to
suggest  that those lesions  (subeallosal-
septal and |_>y1‘iform—:unyg:ﬁlaln] which pri-
marily nfluence passive avoldanee (a with-
holding, go-mno-go type of behavior)
would also primariiy affect go-no-go al-
ternation.

The present experiments were under-
taken Lo test whether two limbie system
lesions,  medial-frontal-eingulate  (corre-
sponding to the cat’s subeallosal-septal)
and orbitofrontal-msulo-temporal  (corre-
sponding to the cat’s pyriform-amygdala)

reseclions, did indeed disrupt  go-no-go
aliernalion more than right-lefi. alterna-
Lion,

MEeTHnon
Subjects

Onee group (MIC) of Towr prondoleseent rhosus
monkevs was given w0 bilateral  mesdind-frontal-
vingulate ablation that encompassed the projec-
tion sector of the antertor thalmic nuclenwr gronp

{Pribram & Fullon, 1954 Rose & Waelsey, 1948)
and invaded  the septal rvegion. Another group

(OTT) of Tour meceiverd a bilvern] orbitofrontal-
inzulo-temporil resection that included all of the
amygilaloid complex. This lesion is hased on the
seclor of the forebrain that reevives projections
from midhne thatuuwic componentz—the midline
mugnocellelar portion of  the medinliz  doraalis
{Pribram, Chow, & Secmmes, 1953) and the mid-
line inlralivninar noeler (MeKegney, 1958 Nauta
& Whitlock, 1954 Reose & Woolsey, 1948). Both
lesions are alwo consonant with neuronographic
regions delimited clertrophysiologically aficr topi-
cal application of stevehnine salfnle {Pyibron et
al, 1950; Pribrim & MuaeLean, 1933}
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Surgical and Histologienl Procedures

The MEFC leston was wade in o single stuge
through a full calvarii flap turned on the right
terporat musele, One or two small veins extonding
from the sageital sinus (o the frontal cortex were
sacrificed] on one sde, the dura reflectod on thag
side, amd the  interhemisplcric  Hezawe gendly
packed with enttonoid. Removal of the paeking
afforded wwsess to tie cingulale grrus and  its
preeallosal and suhcatlasal  extensions into the
medial Trontal lobe, ns well as the sepral rogion.
When the ablation in one hemisphore was eome-
ploted, the Timbic partions of the other heusphere
were exposed by simply incising the falx, No fur-
ther suel sacrifices were necessaty, Svimetrienl
subpial removal of cortex in the seeond hemi-
sphiern wis Lhen made.

The OIT lesion was performed in fwo stages
during « single surglenl session. Euch stage was
aveamnplished through o myeloplastic ceaniolowy
aller removal of the zygomatic arch, A subtem-
poril decomprossion-i; oxposure was made of
Lhe smberior - exiremity of the Sylvian fissure. The
aidedle cerebeal artery way then followed down-
wird (o its origin from the circle of Willis and
the exposcd space gontly packed with cottonoid.
When the paeking was removed, the orbital sur-
{nee of the frontal lobe, the perisellar rogion, and
the amygdaly were plainly visualized, The amve-
dnloid complex and adjacent temporal cortex were
removed frsd, then the posterior orbital area, and
finally the Insular cortex Iving under the middle
corebral artery and between the wnvgdala and
the frontal cortex.

Al r don was done with o 19-gauge blund
noedlie-siock  sucker: bleeding was controlled by
termporary packing with cotlonotd, and the wounds,
meluding the dura, were elosed in lavers with
silk.

After completion of behavioral fesilng all S
were saerificesd unider deep barbiturate anesthesia.
Their brains were perfused  with mormal saline
sulbittion and 10% formalin, After removal from
the skull they were frozen, sectioned, and stabued
as detailed o the procedure by Sheror and 1*rib-
ratn { 1962). Reconstructions of the lesions were
made from the cross sections and nre shown in
Figur 1

Behavtoral Testing Procedures

AlL Ss owere westes] both oo elassical vight-left
and go-no-go alternation in o maoiiied  Yerkes-
Wizconsin land festing apparabes prior Lo surgery,
In the classical situation, facing 8 were two like-
appearing cups with reteactable lids adlowing the
cxpositee of a0 peanut pluecd alternately in one
cup or Lhe other. In the go-no-go silaaiion, one
centrally placed cup wag baotted on alteriate rials
amd there was no reward on the no-go trials: S
wis expecked to learn to withhold response for ak
least & sec. on unbaited trials and if § opencd the
foud cup on these trials, the trial was terminated
and Lthe eondition repented until the eorrect (with-
held) vesponse was made, Trals in both situations




370

PRIBEAM, LIM, POPPEN, AND BAGSITAW

Fra. 1 Heconstructiong and represesfative cross soctivns of the nrbitofenntal-insubo-tempural
(OIT] and medind-Trontal eingulate (MFC) lesions, (There s minimal unilieral involvement, of doep
struetures o OUT 133 and only uniladeral invaolvetnent of patamen and candate 0 OIT 132 ;nd arr

14

were senatiiol by the inferposition of an opaoue
geroen hetween S and the onpls).

Cor an techoimue was used o botl rasks,
Arriad wmelnded all cerars made under oo condi-
non, On each testing day S owere given 30 winls
Thuz thers are two dependent. varablos used 2o
gnge sk performanee: dovs (30 teials per dayv)
aril totid errars o eriterion.

Trtining was hulimeol so thar hall of e S«
reeeivid the classion] wol half reecived e goo
to-gu thsk oty AL NS Lok to reaelhonoeriierion
of 90% oan 100 conscentive teats on hotls fess:
thon o 2wk lavoll period was allowed aned re-
rention retested Freoportive relention was al-
wiys given i the order clissica] = po-no-gn, =0
tiat w1l S bad expevieneed the go-nu-go sk in-
mediately e 1o surgeey. Postopeotively the
go-no-mn ik Wiy given firs,

Satistical Procedures

Orviginal lewning  scores wern based  on raw
data {davs or cerors o eriterion). Refenzion soares
Chowtr preaperative aned posioperative) worn ox-
prossed s pereentige of original learning seores

i onder Ao wontrol for She lange Jdifforcoer in
errors nevle during ovighid bearening of e two
lazka. To give homogeneons varianes across lio-
SIOH ErOUE, and L of v gl
[EREHE Wion scorca induvas wore rune-
fornnd v ¥F1— (¥ 10, o perveeniage relon-
uon seores inommers were anslonned by X0 =

[LogtXN 1 13 100,

Litshis, Lol

FYSEER PR

Resvnrs

An overadl analysis (lusk X Leston X
Test Timel  of  crunsformed  rotention
seores yielded ws the maior source of vari-
anee the time [pre- vs postoperatively) of
testing (p < 005 for errors and p < 025
for daysi. Though none of the nteraelions

:)
reached statistical signitficance, there were
consistent tendencies (for hoth ervors and
dus=) for the go no-go task o be affeeted
more by both lesions amwd for the OIT
proun o =ufler vrodter los

g on both tisks. .
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TABLE 1
Preoreiartive axn Postorerative Beresrios Scoikes ax PRucENtaces oF Omoixad
LEARNING SOURES
[rays , Errors
— . | S
N Gio Mo go | Rigky Left Gro No-go Ripht-Left
Fre I Tast e Poss, Fre Fost P Post
MO 4D L 45 .0 ‘ 12,5 1 a0 1.4 a.l a.n 8.1
‘ MFEC A7 ‘ 20.0 G40 22.2 7.4 2.4 AV 1.5 1.2
MEFCG YT 8.7 NE 7 40.0 &0 A uf.a i 0 B30
MIEC 1S 14 .3 70 120003 200 (1.1 .2 | 0.0 | T
i
\ !
M CooElLG TR 48 7 34 4.0 A6 254 4h .3
S 270 210 42 3 3501 4.4 anQ il 39,49
OIT 114 o182 485 12,3 125 1.0 ‘ BL 0.0 1.8
' CHT 132 | 2000 R di 1o 057 .4 Hih 1.1} 2130
(T 134 I 843 15.4 BRIV 3.2 1580 0.0 1350
OIT L34 11l 17 .4 20.0 400 .a 12402 1.5 Ak
' A 214 5.8 18,5 A4 7 1.3 RN b1 036
NP 9.3 175 S T § IV 1.1 alb a4 S
©= These tendencies were borne out when  first or second test administered, Analy

more restricted tosts were made.

. Tashs
Original Jearning of the two tisks (elas-
sical and go no-go alternation)  can be
compared in iwo ways, When the num-
ber of davs to eriterion was taken as the
dependent variable, learning was shown to
e about equally rapld in the lwo siiua-
tions. When, lhowever, total crorors were
considered, the go-no-go procedure  wis
fontd to be about zix times as difficult {o
acuirg respective of whether 1t was the

of varianee [(Task x CGroupl on original
learning raw scores revealed a Task offeet
or errors Iy < 0057

Individual pereentage scoves for pre-
operative and postoperative reteution are
presented n Table 1. Comparizon of pre-
and postoperative retention of the basis of
diye by £ test on transformed retention
seores showed that the go—noe-go task only
was affeeted by both lesions (Group OIT,
wo< 02 Group MEFC, p < 10y, Com-
narctson of the pereentage arror scores Jdid
not show this effeet (Table 27,

TABLE 2

' Mesax Transroruen Rerexron Sconws
Thays | Errars
Laraun ‘ o No-po | Rigar Leit | (i No-zo Right-leit
[ — - — . —
Pre i Pagt | i | Pre Past I Pre Post i
R - - - - i . JR—
NMEC | HLO0 w8 50 2487 i3T5 58, 157,00 1.0 GOO0 128750 142
Ol ‘ 45.25  BGLTE 4700 4250 [ I8 7O 12 17==** 17.50 | 156740 4 a7
el =4 dwa-tailed tests,
S UL
T oo U5,
FEE < D2
rEs o < ML
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Lesion Giroups

Both groups eriginally learned both tasks
equatly readily whether days or errors
were used as the ncasure. Analysis of
vartance {Task X Group) showed no
group interactions, Cowparison of pre-
and postoperative transformed retention
scores by £ tests showed that the OIT
group made more total errors postopera-
tively on both tasks (go-no-po, p < .01,
vipght-left, p < 05). Compuarizon of re-
tention in terns of days {niled to separate
the lesions groups {Tuble 2}.

Discrssiox

The types of behuvior wltered by lesions
of the limbic portions of the {orebrain
have repeatedly been shown similar to
those disturhbed by ablations and stimula-
tion of the frontal engranular cortex and
different from those produced by manipu-
Intions of the cortex of the brain’s dorzo-
fateral convexity, The resulfs reported here
fit with the earlier ones and add the
orbitoirontal-insulo-temporal  region {in-
cluding the amygdalal to the list of
hhic structures invelved n alternation
Lehavior,

The hypothesis proposed 1n the introduc-
tion was that certuin hmbic lestons would
affect go-no-go alternation more than they
woultl affect right-left  alternation. The
postoperative behavior of the monkeys m
this stwdy tends to support the hypothesis;
the go-no-go procedure was impaired by
hoth limbie lesions though the effect of
the OIT ablation was more dramatice,
possibhly because of more extensive inva-
sion of suleortienl structures.

In a previous study, the offect of dorso-
Interal fromtal lesions was shown to be
the converse of those produced in the
present study; dorsolateral frontal lesions
permancntly  bupaired elassieal alterna-
tion, though the go-no-go procedure could
he learned in approxttuately the nmumber
of trials tuken by the present S5 before
surgery. This suggests that two types of
variables mteraet whenever alternation be-
havior is demanded: one type is eritically
related to classical alternation and the
dorsolateral frontal cortex; the other is

PRIBRAM, LIM, POPPEN, AND BAGSHAW

affected more by Hmbie lesions and be-
comes especlally evident in the go-no-go
procedure.

The mechanism of operation of these
two variables remuins w task for future
researclt, Fven the interpretation of the
process that underlies clussical alternution
belitvior  reinging  eontroversial, An ex-
planation in lerms of the spatind nature of
the task has not been completely disposed
of {Irvench, 1964; Mishkin, 1984) despte
the tact that frontally lesioned monkeys
fail object and operant as well as spatiud
alternation tasks (Pribramn, 1961 Pribram
& Mishkin, 1956),

Nor is interpretation of the go-no-go
process any cuazter, Ilmpairment of go-no-go
{passive avoidance, withholding) bchavior
1% usually atoributed to an inability to
inhibit responses on thie no-go trials, How-
over, 48 15 slown in the present expertment,
this inabiliey iz intrinsic to the task and
nist not he too readily attnbuted to
the effect of the brain lesions, In fact, in
this experiment, when the retenfion defigit
wiy analyzed o terms of the percentage
af tows] ervors, the annlyels failed to dis-
tinguish between the classienl and the go-
no-go tiask though it was sensitive to loen-
tion of lesion. In other words, the OIT
festoned group made mere repetitive errors
in beth situations, Further, our experi-
ence was that although failures to inhibit
hehavior were by far the most numerous
oceastons for error, instances of inappropri-
ate inhibition on go trials were not rure
Indeed, cven rvepetitive errors on go trials
didd oecur?

o swnvuvy, then, a working distinetion
cun apparently be made between twa types
of behavioral process, One type oceurs in

*On the firsy dityvs of go-no-go training 8 might
seore aF wmany as 405 of thewr crrars on the go
trids. Bueh oreors dropped quickly, however, so
that by the ffth day of testing thoy ware re-
corded only ocomonadly. The no-go crrors during
this perted  inercased in munber anid then de-
el wore slowly, Postoperidively  both  the
uo anid fhe nosgo ervors showed o reerudescence,
best again the go errors dropped our rapadly, the
no-go crrors more slowly, Postoperatively also a
period of dnercasing no-go creors intervened be-
fore wmstory, expociidly when  mpairment was
i,

® >
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response to simple repetition: of events,

The other takes place when the temporal

patterns of redundancy with which events

recur  are more complex. Frontal and

Limbie systems are concerned with those

processes which have this mere complex

tgnporal  structure. The results of the
rgescnt experiment support the suggestion
that at least two independent clasgzes of
variables mnteract to make possible effec-
tive performance in the face of such com-
plexitics in  temporal siructure. The
meehanism of operation and inferaction
of these two classes of variables remains
to be invesiigated. The possibility is
ralsed by the rosults of the present experi-
ments bhiat at the neural level, one ¢lass of
variables concerns the dorzolateral frontal
corlex, the other the limbie {ormations of
the forebrain. Another possibility, how-
ever, 1s that alternation depeuding on the
withhoiding of a response is both {relative
to contrels) more casily estublished and
disrupted in brain lesioned Sz than is be-
havior in the classical task,
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