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Hippocampeciomy and

l'Behmior Sequences

Ahslracl Four mmrkeyr wrrh bf-
lateral hippocammpal lesions were trained
to respond sequentially to visual stimuli,
prexented with an antomated discrinti-
nation apparatus. Two - different ' se-
quential tasks were presented. The
experimental animals were significanily
Inferior on hoth probleins 1o six control
animals. Since no impairient appeared
on ‘simple visual discrimiinations . pre-
sented with imtertrial intervals fram 5
seconds to 6 minnles,  simple sensory
deficits and “short-term” meriory fm-

pairments appear hnlikely. "The results

strengthen the “interpreiation thar hi-
fateral hippocampal lesions - interfere
with the acquisitiin of thosé behaviors
which imvolve f!w execnfion of feqiten-
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Experiments  which  involve limbic

- systeny lesions have generally been rele-
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vant to one of two apparently separate
hypotheses concerning the functions of
the limbic system in behavior. Milner
and Penfield (7), Scoville (2), and
Walker (1} have reported that hippo-
campal damage in humans results in
serivus  “short-term"” memory deficits,
The other major hypothesis stems from
Kliiver and Bucy's work on the "tem-
poral lobe syndrome™ (4) coupled with
Papez' idca that the limbic system is
critically involved in emoctional behav-
fors (5).

‘The majority of limbic lesions re-
ported above have mcluded damage to
the amygdala as well as the hippo-
campus. Conclusions concerning the
functions of the hippocampus per se are
thereforc difficult. Tt has been sug-
gested by Pribram that a common ele-
ment running through these studies is
that limbic system lesions in fact dis-
rupt the execution of complex se-
quences of action (6). The hippo-
campus (Ammon's horn) was selected

\as the limbic system structure to be
;ablated. The purpose of this experiment:
" was to test directly the effect of bilateral
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hippacampal damage on behavior se-
quences.

The apparaius used was an automgted
diserimination  apparatus (DADTA)
{7}. This machine can present _i to 12
different stimuli on 2.5- by 1.5-inch
Lucite panels, The subject makes his
choice by depressing these panels. The
presentation .of the stimulus patterns
and reinforcements are pre-programmed
and responses recorded for processing
by a gencral-purpose computer., For
this experiment, the stimuli were pre-
sented in random positions across . the
16 possible panels. Reinforcement con-
sisted of one peanut kernel,

. The subjects were ten experimentally
naive, - immature rhesus monkeys, six
females and four males. . After initial
familiarization with the apparatus; all
subjects were trained to discriminate o
numeral “6" from a “4" to-a.90-percent
criterion of--45 correct out of..50 . re-
sponses.- Maltched, pairs were . then
formed among eight of the monkeys on
the basis of theit performance :on the
initial discrimination. - ;v .
- All animals were retrained to ciiterion
2 weeks after the initial acquisition.
One - member 'of -each.:of  the. four
matched pairs then received a one-stage
bilateral -hippocampal ablation. ... Two
additional . animals were giveh control
tesions to the hippocampal pyrus, but
with the hippocampus itself . spared.
These lesions were approximately the
same size as the hippocampal tesions.

Anatomical reconstructions of the
brains of monkeys previously operated
in the same manner as in the present
study have been published clsewhere
(8). i The surgical procedures ire out-
lined in the same publication. - The sub-
jects in the present study are currently
being used in furthér experiments.

Two weeks ‘postoperatively; the sub-
jects -weresretrained to the 90-percetit
ctiterion on the. “6"."4" discrimination.
The sequential problems were;then'pre-
sented to the.subjects:ziin .the: firstiof
these; which weihave:ierried ‘the: “self-
q’ﬁrdered‘.‘ sequénce; the subjects were Fe-

ey gz

" quired to press two numeral “1"s which

between the groups (¢ =

Wci'e displayed randomly among lhe 16
possible panels. Dothi paitels had 't.b
pressed in order to obtain the reinforc
fient. This could be doiie ifi Either b
der, but repetiiive pressing of .the same~
stimulus was counted as an error, We
have used the term “self-ordered” be:
cauic once a panel I8 se!ecled the se:
quénce is determined and theé othef .

panet must then be selected in otder i3, *

obtain the peanut. Subjects were giveh
50 trials pet day until they had eithef.
renched a criterion of 10 coiiséciitive
correct responses or had completed
1200 trials.

The other sequential task we have
called the “externally ordered” se-
quence. In this situation, the stibjects
were required to depress a numeral “1”
and then a numeral “5," in that ordér.
All other sequences of responding were
counted as errors. The stimult were
again dusplayed in random posnuons
All monkeys were gwen 56 lrials per
day until they reached 4 crllenon of ten
consecutive coriect responses or untll
they had completed 3000 tr:ais. If a
monkey had not reached cntermn afler_
1200 trials, added feedback waé insti-
tuted: the househghl wi(hm lhe _experi-
mental box . blinked oﬂ' for i4 secomi
after each. response. .In both prohiems,
the interirial 1nlerval wis 6 seconds

;Although the anrmals with le-s.lons of
lhe hippocampus demonstrated d shght
transient - impairment..of the, preopera-
tively learned discrimination, .all experi-
mental gubjects showed great retention,
and. no .significant d:fference occurred
<1).

. On the “self-ordered”, sequence, _how-
ever, three of the four hlppocampal anj-
mals showed no indication. of learning;
failing to reach criterion in 1200 trials.
One hippocampal subject did ..reach
criterion in 130 trials, which is within
the normatl range, - With regard to. thé
control groups, separate analysis e~
vealed no significant differences between
the operated and unoperated, and . they
were combined into a single group. The
average number of trials to criterion for
this control. proup was 298.. The dif-
ference between this performance and
that of the subjects with hlppocampal .
lesions is significant at < .05 (Fishér's
exact probabhility test). ,

The subjects - with- hlppocampal es -

sions -also ~demonstrated a - significant .-

i." I

‘deficit-on the “externally’ ordered” .se-
quential -problémi+ All of the. contiol -

siibjects fearned.the problem in an aver-
age of 1216 trials, whilé the average for

‘subjects with hlppocampal lesions - was -

1897. The differerice between the. iwo
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lci'ion] fof? subjrcts “with  the hlppocampus
sectedzand for control subjects, on-the “self-
ordercd..i and. “externally, ordered™ scquence
iasks and ’ discrimination lasks wilh varying
inter irlal Intervals L

Trmls to criterion (enors)

- Résecled - - Confrol .

;. subjects . subjects

(N = 4) N = 6)

932+ (574) 298 (139

Bt SExiernal” 1897t (1476} 1216 (128)

"'31 Dlscrimlnmion

- trial spacing .

Sscconds i 108 3% 100 (39

0'séconds - 66 (23} S 16 (20)

<3 minvtes - L42 (I8 49 (21)

mlnutuv i 2? (?) 26 (6)

Thre: ol Inur dld nclt rench rrllnrll:m in 1200
trials. 1 One of four did not rea:h crile:ion in
! JDDD trinls. -

LoArdie. -

 ghoups was significant at <.01. More-
; over, no hippocampal subject reached
. criterion before the added feedback
" light was instituted, as did three of the
six control animals. The added feeéd-
. back improved the performance of all
, animals, ’ o
"' The performance of the hippocam-
pectomrzed subjects was further ana-
Iyzed to determme if simple responsé
perseveration  could account for theit
& inferiof performanceé in the sequential
- tagks.” One could bé led to this conclu-
sion’ from" the results " of the “self-
" ordered™ task, where this was the only
possible 1ype of error.- Thé ‘data from
" the “externally ordered” task, however,
1 . 'do not support a perseveration hypoth-

esis. Perseveratory errors (responding
{, - 1o the same panel)’ éither within or
acioss trials were not significantly more
¢ prominent "in eithet group.  Individual

monkeys in both groups did on occasion
display stretcheés of perseveratory be-
. havior, ‘but no. consistent ‘result ob-
. tdined. "It is of course possible that a
breakdewn of' sequential ' responding
‘¢ould be minifested as perseveration in
‘some situations (as in the “self-ordered”
task) [ but it appears that this is only
one of possible alternative behaviors.
~ii{Following compietion of the two se-
guential “tasks, two' 'of the previounsly
‘uhoperatéd’ control -monkeys received
bilateral hippocampectomies, - All-ani-
mals were then fetrained--to' criterion

operations, -
... the “self-ordered” sequence was tested
Rt Jollowed by (he "extemally or-
1 dered™ task. SR IR
4 The: retemlon resuhs weré ‘rather
ambiguous. ' Clear differences occurred
‘between the two newly hippocampec-
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abld 1. -Numbcr or trlais {and errots) to cri- .

-discriminations,

on both problems 2' weeks after ‘these "
For these retention ftests, *

v o

tomized subjcc!s ap
keys.

d‘_' thig olher mgn

trials to fe-reach criterion. In contrast;
the other four hippocampectomized
subjects tétrdined in nn average of 48
trials. However, this result was reversed
for the “exiernally ordered™ sequence.
The two “reterition” hippocampectom-
ized subjects retrained in only 73 and
33 trials, as compared wilh an average
of 147 for the other hippocampectom:
ized subjects and |6R (rials For thé oMl
trol subjects. A deficit in retention oc:
curied in the “self-ordered” iask, while
on the “externally "ordered” problem,
these same stibjects retrained i fewer
trials thati the other animals. One pos-
sible explanation for this resuft is that
the hippocnmpectomized ‘“reteiition”
§ubjects behefited from the éxird pracs
tice on the first task, this benefit show-
ing up on the second task. '

Following these retentioti tests, the
“short-term” mémory hypothesis was in-
vestigatéd, ANl subjects weré {rained to
a criterion of len consecutivé correct
choices on each of four different visual
The DADTA ippa-
ratus was again used to present the foui
different pairs of numerals which servéd
as stimuli. - One of the stimuli of edch
paif was ¢onsistently réinforced, dnd the
position” of  the two -stimuli Was varied
randomly across thie 16 panels. i =
""On these four problénis, each  dis-
cririination was presented with 4 differ-
ent -intertrial interval (5 seconis, 30
seconds, 3 minutes, 6 minutes), ” The
order: of the présentation Uf lhe four
tasks was balanced, T :

It was assuméd that if any short term
memory impatrment occurred, it would

be 'more apparent: on the discrimina--

tions with the longer intertrial intervals,
Ne impairment occurred "among - thé
hippocampectomized animals on any of
the discriminations. Both groups took,
o the average; fewer tiials to criterion
on the problems with:longes' intertrial
‘intervals. . Since the order of presenta-
tion ‘ of “the - problems was - balanced,
transfer effects from one Qiscrimination
to another cannot be-a factor it this #é-
stlt.- T is of course possible that the
discriminations wereé ensier at the longer
intertrial intervals; “although there vwas
no' a< prioti ‘'reason to - suspect : this.
1Table 1. summarizes the data’of this ex-
perimént with fégard to:"self-ordered.”
“externally ordered,”:and varying-intét-
trial interval discriminations:. o Daivsr
#-Our conclusion is that bilateral hip-
-pocampal - lesions interfere - seleciively
twith-the dcquisition of behaviors which

v

On the "sclf—ordcrcd" problcin
these two animals took 160 and 346

spunscs We ‘found” tid indtcatloﬁ bf:
“short-term” memory deficits with two:
choice visual discriniinations over itet?
trial intetvals up to & finutes, Thls
tesuit #s similai to that of Orbach et af; //
(9), who found nd retarddtion of ieains=
ing a simple visual discrimination u{
widely separated trials by monkeys with "
primarily amygdala and hippocampal
lesions.

No emotional chariges were noted it
these animals,” dlthaugh further tests
utilizing the galvanic skin Fesponse are
in progress to mvestlgate this posmbdity
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