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CHAPTER I
INTRODUCTION

Studies of hippocampectomy in rats, cats and monkeys have
been variously interpreted as indicating the possible involement
of this structure in recent memory mechanisms (Drachman and
Ommaye,1964), mechanisms involving passive avoidance (Isaacson
and Wickelgren, 1962), orienting activity (Karmos and Grastyan,
1962), and in many other activities,

Two interpretations of the results observed in hippocam-
pectomized animals have especlally attracted this author's at-
tention,

The first mey be called the Perseveration theory. This
interpretation suggests that animals with hippocampal lesions are
unable to inhibit learned responses when the reward ie removed or
when rewarded and unrewarded stimuli are reversed (Thomyson and
Langer, 1963; Mahut and Coreau, 1963; Teitelbaum, 1964),

The other interpretation may be referred to &s the Posi-
tive Relnforcement theory. This theory suggests that lesions in
the hippocampus may have the effect of increasing the effective-
ness of positive reinforcement (Peretz, 1965). Thus, if a reward
previously assoclated with a stimulus 1s removed, the animal will
continue responding to this stimulus because of 1ts strong

1.




sggsociation with positive reinforcement,
The present experiment sttempts to clarify the nature of the

mechanism responsible for the two interpretations, and discuss

the extent to which these theories can account for existing

experimental results.




CHAPTER 11
THE HIPPOCAMPUS

General Anatomy
The hippocampus is usually included among the structures

of the rhinencephalon (literally, "nose-brain"). Other strue-
tures included here are the olfactory and the vomeronasal nerves;
the olfactory bulb ard stalk; the anterior olfactory nucleus; the
anterior perforated spaces; the prepyriform cortex and portions
of the hippocampsl gyrus; the lsthmus of the fornieate gyrus, and
the cingulate region (Crosby, et al., 1962). Although included
anpong the structures of the rhinencephalen; the iale of the hip-
pocampus in olfaction has been questioned for quite some time
(Green, 1964). 1In fact, its connections with the olfactory sys-
tem are questionsble at best (Arnold, 1960; Green, 1964).
Eubryology *

Both embryologically and phylogenetically, the hippocampus
first appearsiin the dorsomedial hemishpere wall, before the de-
velopment of the corpus callosum (Crosby, et al.)., It iz molded
into its final form by the rapid proliferation of the thalami,
striatum, and neocortex (Ballard, 196L). As the corpus callo-
sum and neopallial cortex develop, the"hippocampua is Porced to
retreat dbunward into the temorsl lobe region, leaving remnants a-

bove and below the corpus callosum. Eventually, three major parts




become d¥ferentisted: (1) a ventral portion, the forerunner of
the dentate gyrus; (2) the intermediate portion, which becomes
the major pert of the hippocsmpus, the cornu emmonis; and (3) the
dorsl portion differentsiting into the verious subicular areas
(See fipgure 1).

This course of development, especislly thst of the dentate

gyrus, mey have contributed to the msconception that the hippo-
campus is an important olfactory structure. Although the dentate
gyrus develops from the ventral portion of the hippocampal mass,
it is ofter regarded distinet from the hippocampus. Its sige is
very often dependent on the degree of development of olfaction in
some animals. Catnceﬁns, who have poorly developed olfactory sys-
tems, have the dentate gyrus greatly reduced, while in insecti-
vores, with large olfactory nerves, it atteins great size.

Structure and Fiber Pathways

The hippocampus and sssociated structures are illustrated in
figure 2. Fibers arising from the pyramidal cells of the hippo
campus enter the fimbria of the hippocampus, which lies medisl to
the hippocampus in the floor of the inferior horn of the lastersl
ventricle of each side (Netter, 1962). There, fibers run posteri.

orly and curve upwerd in a close bundle called the crus of fornix,

then pass anteriorly, Jjust beneath the corpus cellesum. The fiber
2ls0 course medially, thus meeting those from the other hippoeaanl

structure symmetrically at the midline. In this vieinity they arg

called the bodies of fornix, which, in turn, continue foreward
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and again turn ventrally, forming the columns of fornix. These

terminate in the mammillary nmuclel of the hypothalamus. From the
mammillary bodlies, efferent fibers course directly to the anteri-
or nuclei of the thalamus, constituting the mammillo-thalamic
tract. The anterior thalamic nucleus sends these and all other
fivers to the cingulate gyrus, (see figure 2), which encircles
the corpus callosum. Through its narrow poszterior part (the isth-
mus), the cingulum 1s continuous with the hippocampal gyrus, the
most medial convolution of the temporal lobe (Manter and Gatz,
1961). (The hippocampal gyrus is not to be confused with the
hippocampuz.) The mammillary hodies are consected with the brain
sten tegmentum and the razticular formation via the mammillo-teg-
mental tract (Arnold, 1960). Interconneetion of the hippocampi
is formed by fibers passing between the structures at the crura
of fornix, forming the hippocampal commissure. It is also pos-
sible that these commissural fibers include fibers from the hip-
pocampal gyri, as well as fibers from the septal grey traversing
te the hippecampus (Crosdby, et al., 1962),

According to a theory suggested by Papez, the hippocampus,
fornix, mammillo-thalamic tract, and anterior thalemie nucleus
form & circuit by which impulses course between the hypothalamus
and cortex (Manter and Gatz, 19§1). Thus, hypothalamic stimall
pass through the the anterior nucles of the thalamus te the cin-
gulate gyrus, and continue to the cortex by means of assoclation
fibers. This 1s ssid to produce the gubjective experience of

emotion. Psychlie activity can produce emotional displays by the
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reverse side of the cireuit. The cortex may send stimuli through
the eingulate gyrus to the hippoecampal gyrus, which is connected
to the hippocampus by short fivers. The excitation continues
through the fornix to the mammillary nuclei, thus activatisg the
sutonomic nervous system (see figure 2),

Some support of this theory is provided by the effects of
temporal lobotomies, which produce individuals with greatly sub-
dued emotional patterns.

A number of motor reactions have been elicited by the sti-
malation o8 the hippocampus. Beginning with the rostral temporsl
past and proceeding posteriorly and caudally, stimulation brings
about faeisl movements, vocalization, nech and shoulder movement]
end movement of the upper extremities. Stimulation also produces
changes in autonomie activity. Arousal reactions have deen achiey
ed even while the animal was under anesthesia, lapsing back inteo
unconsciousness upon cesgation of the stimulus (Crosby, et al.,
1962).

Conmections of the hippocampus with visual, taetile, and
olfactory fibers are evidenced physioclogically by eveked poten-
tials after stimulation of the proper sensory receptors. The
pathways by which these potentials occur are obscure. However,
it must be noted that the latencies invelved are rather long
(Crosdy, et al., 1962), suggesting several synapses.

Arnold (1960) points out that the hippocampus seems to be a
part of an information retrieval eircuit. Such retrieval is ini-




9%
tiated via visual areas and the hippocampal gyrus on the basis

of visual, auditory, and some tactual cues; recall based on othep
tactual cues, olfactory cues, and motor memory is mediated by the|
hippocampal rudiment (indusium griseum).
Evoked Potentials

Some of the potentials evcoked in the hippocampus have already
been mentioned. Green(1964) points ocutthat the reports of evoked

potentials in the hippocampus are very confusing, particularly

due to differences in procedure, since evoked potentimls are readj-
1y modified by anesthetice, hyperstimulation, types of electrodes
amount of injury, and other factors.

Bard (1961) states that all investigations of impulses eve
in this structure by stimulation of the olfactory bulbs have yielfi-
ed either negstive results or potentials so attenuated in size
or latency as to suggest a number of synapses. This oplinion is
thus receiving support from many sources.

Renshaw, et al., (1940) recorded responses from various por-
tiens of the hippocampus upon stimulation of the entorhinal areca.
Derard, et al., (1964) found that stimulation of the visual systep
by light Tlashes eveked activity in the hippocampus. Similar rest
ponses were obtained by tactile stimulation of the nostrils.

Green (1964) implies that evoked potentials may be due in pag
part to the effect of potential changes on the extraneuronal cur-
rents around the hippoeampal pyramids. At any rate, even these

studies alone have demonstrated the complexity of the structure,
its invelvement in & variety of sensory processes, and only sl;g&}
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importance in clfactory processes.
State of Consciousness

As slready mentioned, stimulation of the hippocampus can
bring about arousal (Crosby, et al., 1962). Green (1964) points
out that decause early concentration on the midbrain reticular
formation, other areas were long neglected in studies of arcusal.
He emphasizes that the midbrain represents a narrov pathway whieh
in actuality contains opposing centers in close proximity. This
sort of criticism ip extended to the phenomenon of hippocampal
arousal as well.

According to Green, the changes which occur in the EEG of
the neocortex are directly opposite of those evidenced in the
hippocampus. While arousal results in "desynchronization” of
the neocortex, the hippocampus shows rhytmiec, "synchromized”,
theta waves of 4 t0o 7 per second. The theta response was found
to occur in the hippocampus of the rabbit due to olfactory,
visual, auditory, and tactusl stimulgtion (Green and Arduini,
1954), and could not be abolished by removal of the mammillary
body or decortication.

Conditioning and Learning

Allen (1941) conditioned dogs to elevate a paw when the odor|
of cloves was presented. Bilateral temporal lobectomy, removal
of the hippocampus, oOr destruction of the pyriform-amygdaloid
complex had no effect on the habit. However, discrimination
tasks requiring diserimination between two odors, bilateral
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déstruction of the pyriform-amygdaloid complex abolished the
habit. In another study, (1948), he points out that in no case
has the removal of Ammon's horns had an effect on a previously
acquired olfactory conditioned reflex., Apparently, the question
of whether the hippocampus plays an importanti olfactory role is
again decided in the negative.

A number of studies involving EEG analyslis have pointed out
the importance of the hippocampus in orienting activity.

On the basis of changes of hippocampal electrical activity
during the establishment of conditioned reflexes, Grastyan, et
al.,(1959) suggested that the hippocampus plays an essential
role in the formation of the conditioned reflex, perhaps by
inhibiting or contrelling the orienting reflex. Grastyan sup-
ports this assumption in a later study (Karmos and Grastyan,
1962) in which hippocampectomized cats are found to exhibit a
hyperactive orientation reflex. Their findings, however, are
far from complete. Holmes and Adey (1960) point out that the
theory; is not adequate sinece it cannot explain the decrease in
frequency of the hippocampal theta rhythm with inereased train-
ing, an effeet which is opposite of what Grastyan would predict.

Adey, et al., (1963) studied the impedence shifts in the
hippocampi of cats during discriminative approach in a T-maze,
Cholee of the ceorrect visual cue resulted in a food reward.

It was found that during early stages of training enly irre-
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gular deviations around the baseline were seen. With increasing
performance levels, the impedence drop observed during the ap-
proach phase continually increase, with a maximum drop during
maximum performance.. This effect persisted with overtraining,
but was abolished with extinction. Althoggh these results are
discussed in terms of mechanisms underlying these impedance
shifts, they underline the importance of the hippocampus in dis-
eriminative approach conditions. The confusing aspect is that
these events are found to occur without either gross orienting
behavior or the imposition of discriménative performance
(Radulovacki and Adey, 1965). Apparently, the mere fact of an
alerred state is sufficient to produce the effect. Porter,
et al., (1964) throw some light on the situation. The data
reported by these authors clearly indicates that great regional
differences exist within the hippocampus, pointing out that
precise anatomical location is of utmost importance in seeking
behavioral correlates of its electrical activity (Radulovacki
and Adey, 1968). The authors suggest that the establishment of
"memory traces” in the brain may depend on such rhythmic acti-
vity. The reestablishment of these wave patterns are then
involved in the recall of information., This is in agreement
with a similar processes proposed by Arnold (1960).

Seizure Activity
It is well known that the hippocampus is often involved in
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seigure activity (Karmos, 1962; Kim and Kim, 1962; Green, 1964;

and Arnold, 1960). Kim and Kim (1962) found that hippocampal
ablation resulted in greater susceptibility teo audiegenic seizurds
in rats. Another interesting fact is that seizures initisted in
the hippecampus may rapidly spread to adjacent areas. They are
often evoked by continued stimulation ef this astrueture (Green,
1965) and are the frequent result of eleestrically induced leasiods
(Karmos and Grastyan, 1962). This suggests that lesions in this
structure should be performed by other means, such as aspiration,
whenever possible.

Loarning and Retention

Whethser or not hippocampectomized animals will be impaired
in learning and reteniion seems to be dependent on the type of
task involved.

In simultanecus visual discriminations ablation kef the hip-
pocampus does not seem to result in a deficit. This effact was
found in rets (Kimble, 1963; Grossmen, 1963) and menkeys (Stepien,
et al., 1960; Kimble and Pridbram, 1963). Neither wes impairment
found in the acquisition of a tactile diserimination in cats (Teft
(Teitelbaum, 1964; Uebster and Voneida, 1964). Similerlyg Ellen

and Wilson (1963) eencluded that hippocampal lesions do not pro-
duce & deficit in the acquisition of & bar pressing response in
rats. TFinally, Arncld has found learning and retention to be
norzal 1in simultaneous tactual and suceessive clfactory diseri-
mination in rats (Arnoid, 1966).
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In the learning and retention of successive visual diseri-
mirnations however, hippocampectomized rats have been found to dbe
deficient (kimble, 1963; Grossman and Mountford, 1964), Leaioueﬁ
monkeys have also been found to be deficient in a segquential bar-
pressing task (Kimble and Pribram, 1953; Stepien, et al.,1960).
Similar deficits were found by Drachman and Ommaya (1964) in re-
tention of & visual matching-from-sample task and delayed match-
ing-from-sample. They also found their lesioned monkeys impair-
ed in post-operative acquisition of a visual psitern diseriminati-
on.

Apparently, the crucial. point is whether the diserimination
irvelves simmltaneous presentation or suecessive presentation of
stimuli, 7The data cited supports such a generalization with the
exeeption of Arnold's(1966) work with successive olfactory dis-
erimination and Drachman and Ommaya's (1964) finding of impair-
ment, in post-operative acquisition of a matching-from-samplevisu-
al diserimination, It may be that the complexity of the problem
is the important factor. A successive discrimination is certain-
ly more difficult than a simultaneocus one. Matching-from-sam-
ple is cven more difficult.

Rats with hippocampla lesiens show defective maze learning
as compared with either cperated or non-cperated controls (Ksada,
et sl,, 1960; Madsen and Kimbjle, 1965; Kimble, 1963; Thomas and
Otis, 1958). None of these studies can be gauged as to complexi-
ty of task, since there is no basis of comparison with discrimi-
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nation studies. Furthermore, different mages differ in complexid

ty. Kimble (1963) attempted to investifate just this point by
having his rats learn two hebb-Williams mazes of differing com-
plexity. He found that hippocampcctomized animals made more er-
rors on the simple maze than on the complex one. Paradoxieally,
the “simple’ maze als0 provided more opportunity for error
(7 error lines) than the "complex” maze (4 error lines). Small
wonder that the numer of errors was approximately double for the
"simpke" maze.
Orientation

In the section on the electrical activity of the hippoesm-
pus, it was mentioned that eleckrophysieclogical evidenee points

to some form of involvement in orientation. Similar eonclusions

have been made from behavioral observations,such as Isaacson
(1963, who found that these lesiens impaired the adbllity of rats
to respond to normal or irrelevant stimuli placed in a straight-
alley runway which they were accustomed to traverse for food.

A A conflicting result was found by Ksrmos and Grastyan (1962)
who observed a hyperactive orienting reaction in hippocampecso-
mized cats. If, at the time of delivery of the auditory cue
which signalled the cat to approach a foed tray, the animal
happened to sit with its back to the itray, "long lasting,
searching, sniffing orienting movements ensued”. Similar hyper-
active orientation reactions were observed during a delayed
suditory conditioning task. The authors conclude that the
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hippocempus inhibits or in some other fashion contrels the
orientation reflex., In terms of this explanation, Wickelgren
and Ysaacson's (1963) rats should have exhibited increased,
rather than decreased, orienting reactions to the novel stimulgs
introduced into the runway. The apparent discrepancy is prnba%-
ly due to a rether subjective interpretation of what orienting
reactions consist of, Searching and sniffing behavior does no}
guarantee a deficit necessarily conneeted with orientation--a
memory defect, for example, could be involved as well, The
Wickelgren and Isamcson study, however, does point cut the post
gibility shat lesionsd animals might be less distractable.
Their results can be interpreted simply in terms of an increase
in the effect of positive reinforcement (Peretz, 1965).

Kim (1960b) reported that some of his rats showed "poor
orientation alter the brain lesion and would lose the female
while chasing after her". This can support elther Wickelgren
and Issaeson or Karmos and Grastysn. In the first case the ex-
planation would be that the rats were net sufficlently uttruct$é
by the stimulus of the femmle, while in the second case it could
be sald that the erienting reaction was noet rapid enough to lo-
cate the @emale., In any event, it is sure that the structure ia
involved in orientation. Exactly how, remains undecided.
Behavioréd Manifestations

A number of behavioral manifestations are assoelated with
hippocampal lesions. These ean be divided into sexual activity,
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general activity, and aggressiveness (or timidity).
| The datea on sexual activity is somewhat conflicting. In a

systematically conducted study, Kim (1960b) found an increase in
frequency of mounting in rats with hippocamplasblations when com-
pared with a control perieod. He also found that neocortical ab-
Jation tended to reduce the frequency, thus the effect was not
due to neocortical damage.

In monkeys, however, no such clear-cut results can be found.
Stepien et 2l., (1960) found only meager evidence of hypersexua-
lity in one of two lesioned monkeys., This manifeated itself in
immediate erection when the experimenter approached the cage,
but no attempt was made tomount another male or female in the
eage. A result entirely oppeosite to Kia's was found by Gol, et
al., (1963) who reported that sexual ietivity wWASs never observed
between monkeys in communal cages. In fact, one large rhesus
monkey, who was & persistent masturbator before hippocampal re-
section, ceased the habit and did not resume it while under obses
vation for over a year. These differences between rats and mon-
keys are probable due to species differences.

At this point increases in other pleasurable resctions may
2180 be mentioned, Karmos and Grastysn (1962), for example, re-
ported a tendency of lesioned cats to rudb themselves against all
objects. Green (1964) reports that electriecal or chemical sti-
milation of the hippecampus is often associated with signs of

pleasure, such as increased willingness of the animals to dbar-
P rogs—Lop-stimalation
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A number of authors found an increased level of activity in

lesicned rats (Kimble, 1963; Teitelbaum and Milner, 1963), cats
(Karmos and Grastyan, 1962), and monkeys (Stepien, et al., 1960).
Other suthors, however, reported just the oppesite results in
rats (Kim, 1961; Kasda, et al., 1961) and monkeys (Gol, et al.,
1963). Most of these were not systematic studies, dbut inciden-
tal observations. Teitelbaum and Milner cbtained their activity
increases on the basis of the number of light beam interruptions
in an activity cage, and in increased runnidg-speed in an unbait-
ed T-mage, Kimble (1963) found an inerease on the basis of num-
ber of squares of an open field entered by the rats. The signi-
ficance of increased activity levels in these animals is ambigu-
ous, but some authors (Kimble, 1963; Teitelbaum and Milner, 1963)
believe that it might acecount for théir inability teperform pas-
sive avoidance problenms.

The most outstarnding behavioral change following hippocam-
pectomy is the docllity reported by some investigators. Gol, et
al., (1963) describes how eats, monkeys, and badboons, wild or
aggressive before the operation, become tams and 4ifficult to
arouse. A lesloned monkey would even permit a snake to crawl
between its legs, whereas its mere visual presence had previocusly
elicited vielent withdrawal reactions. Previously wild cats ap-
peared quite tame after surgery, and were unresponsive to dogs
pPlaced in their cages. Only extreme provocation would elicit
rage Or aggressive responses of 2 transitory nature. Milder, bt
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similay results sare reported in monkeys by Stepien, et al.,

(1960).
The present author has also observed doeility in a previocus-

ly wild cat after a hippocampal lesion. Thie effect hewever,
could also bde due to the post-operative care of the animal. It
was handled daily, and received its first food by hand. Sinece
handling of the animal continued, the animal could have learned

to trust the experimenter.

Memory
Rippoecampal lesions habve often been associated with defects

in memory, generally referred to as "recent memory". Green

(1964) suggests that as far as clinical cases are concerned, the
term "post-distractional amnesia" would be more precise and des-
eriptive. The concept of "short-term memory", or "recent memo-
ry" as applied to either human or animal studies has also been

questioned by Drachman and Ommaye (1964).

Clinical Cases of Memory Loss
Several cases of memory loss after temporal lobectomy have

besn reported by Milner (1959). Two of them are briefly review-
ed here. Both cases invelved unilateral temporal lobectomy of

the dominant hemisphere feor the correction of focal epilepsy.

In these cases, only slight recovery of a recent memory loss
occured. Nelther patient exhibited a change in I.Q., and were
able to continue their dailly work--one a glove cutter, the other

& civil engineer.
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The engineer, although able to recite 9 digits frontward

and 7 backwards, cannot recall small test items if his atten-
tuon has been diverted for a short time. (Hence Green's suggesti-
on for "post-distractional amnesia”.) Both patients exhibit an-
terograde amnesia for ordinary dailly events due to such distrac-
tions. In addition, both patients show a retrograde amnesia,
going back four years for the glove cutter, three months for the
engineer. The memory losw in these patients was explained in
terms of a pathological condition in the opposite temporal lobe,
which resulted in a bilateral, rather than a unilateral lesion.
Athird case of billateral temporal lobectomy is related in

which the patient also forgod everything of the previous moment
the instant he was distracted. In anobher instance, & patient
with & similar operation was unable to recognize the picture of
8 dog he had drawn & half hour earlier, and even called it a deer,
The author concluded that the hippocampus must be essential in
the consolidation of memory traces. Those traces which had
gained independence of the hippocampus were available to the pa-
tient, others were lost.

Although the evidence for a recent memery loss in these and
Faimilar patients seems obvious at & glance, Drachman and Cumaya
eriticise the loose application of the term. They point out that
pome of these patients have normal digit spans, yet are unable
.o recall a short parsgraph read to them, Apparently, the im-

#uirnent depends more on the nature of the memorandum, rather
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than on the time elapsed since the sensory information is recei-

ved. The label seems to be an oversimplification of the situati-

on.
Experimental Studies of Memory

Generslly, segments of studies dealing with delayed responsqg
Authors

have resulted in conflicting and Inconelusive results.
who performed aimple delayed response experiments found ne im-
pairment in retention (Mahut and Cordeau, 1963; Ofbach, et al.,
1960). Stepien, et al., (1960) employed a method for the inves-

tigation of recent memory suggested by Konorski (1959) and found

an impairment in monkeys. This "compound stimulus test" involves

the reinforcement of a "compound”" consisting of two successive

stimil4 when the stimuli are the same. If the second stimulus

differs from the firct, the "eempound” is not reinforced. The
authors conclude thet & recent memory loss must have been res-
poneible for the deficient performeance, since the first stimulus
had to be retained for comparison with the second in order for
the animal to perform successfully.

Orbach, et al., (1960) and Mahut and Cordeau (1960) and
Pribram, et al,, (1962) discovered an impaired performance in
delayed alternation of monkeys with medial temporal lesions, but
the authors 4o not interpret their findings in terms of recent
memory loss. This may in part be due to the fact that in two of
these studies (Orbach et al., and Mahut and Cordeau) longer inter-

triel delays d4id not produce a defieit, while shorter delays did.
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Mahut and Cordeau conelude that delayed alternation defieits

must be related to something other than the difficulty of the
problem as such.

In delayed matching-from-sample experiments, Correll and
Scoville (1965) and Drachman and Ommaya (19€4) obtained similar
rasults., It was quite evident that bllateral lesions of medial
temporal lebe strucltures result in a marked deficit. Surprising-
ly, the letter authors found that animals with extensive lesions
reached eriterion at the long delay of 12 seconds in fewer tri-
als than the subjects with small lesions! They conclude that
not the ability to delay is impalred; ner short-term memory, but
that loss of pre-operative retention and impairment of asequisi-
tion are the chief contridbutors to the results,

Drachman and Ommaya presernt aninteresting speculation as te
the reasor that complex memorande cannot be repeated by subjects
with medial temporal love lesions. They suggest that "simple
memoranda can be held' in the transient mechanism of short-term
memory”, but that lengthier, morc complex memorarnda "must be 's
'stored’' using relatively permanent mechanisms of memory”. Thus
he considers the impairment fo be one dealing qwith storage, not

reeall.




CHAPTER IIIX
REVIEW OF RELATED LITERATURE

Although this study concerned itself primarily with the
perseveration theory and the positiversinforcement theory, there
is one other manifestation which is of interest here: the effeat
of hippocampectomy on problems of passive avoidance. The inte-
rest derives from the fact that some of the resuls explained in
terms of inability to perform passive avoidance lend themselves
to interpretation under the other two theories. Some of the
literature under each of these three attempts to explain there-
sults of hippocampectomy are reviewed here in the following or-
der (a brief definition of the terms and theoxies is also pro-
vided):

l. Passive avoidance. The process of aveolding punishment
by inhibiting a learned response. Hippoecampectomized
animals are thought to be deficient in this funection.

2. Perseveration. The tendency to continue performing a
learned task; inability to alter the mode of perfor-
mance of a learned task.

3. Positive Reinforcement. Increas§d effectiveness of

positive reinforcement as a motivator.

23.
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Passive Avoidance

There have been s number of reports that lesions of the
hippocampus produce deficits in passive avoidance tasks in rats
(Kimble, 1963; Clark and Isaacson, 1965; Isaacson and Wickelgw
1962, and Snyder and Isaacson, 1965), but not in active avoldance
(Goldstein, 1965; Isascsen, et 8l., 1962). The latter is usu-
ally referred to s 8 the conditioned avoldance response, CAR.
In the typical CAR experiment, the rat is placed in a shuttle
box and is given a shock paired with a sensory cue. By crossing
to the other compartment it can avoid thé shock. Thus, this is
an active response.

In the case of passive avoidance, the typical experiment
consists of teaching an animal to enter a certain goal box of a
maze or runway, where it is rewarded with food. When the respont
se is established, a shock is introduced along with the food in
order to induce the animal to witheld the learned response.
While normal animals refuse to enter the goal box for many trids
even after a single shock, lesioned fats show little change in
thelr behavior.

Since the animals are able to perform one type of avoidance
task dbut not another, these studies can be interpreted as an in-
ability to perform & specific type of avoidance. It may be even
simpler to interpret these results in terms of an inability to
withold a learned task, as Clark and Issacson do. Such an in-
terpretation would be equal to stating that hippocampal lesions




25,
produce response perseveration tendencies.

Purthermore, the results of passive avoldance experiments
can also be interpreted in terms of the positive reinforcement
theory. This theory contends that the food reward (positive
reinforcement) becomes 30 strong in hippocampectomized animals
as to counteract the effects of a punishing shoeck. In any case,
to simply state that the lesioned animals are deficient in perts
ning passive avoidance iz inadequate.

Perseveration
A variety of experiments have indicated that lesions of the

hippocampus interfere with ability to perform certain types of
reversals. This effect is sometimes interpreted in terms of pert
severation tendencies. The simplest example of this is the re-
vérsal of a pesition hadbit. Thompsen and Langer (1963) dewmon-
strated the inability of hippocampectomized rats to choose a
certain arm of & T-maze if the other arm had previously heen the
rewvarded one. The hippocampus, however, is not the only strue-
ture that produces this regult. Bilateral lesions destroying
either the mammillary bodies, mammillo-thalamie tract, anterior
thalamus, precallosal limbic area, septal aresa, proptiec hypotha-
lamus, or substantis nigra result in a significant impaitment of
this task. All of them are either anatomically or electrophysio-
logically related to the hippoecampus. On the other hand, not all
structures related to the hippocampus produce this deficit. le-
sions in the anygdala, for example, do not. Neither do lesions
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of the nucleus medialis dorsalis. Evidently the effect is a

complieated matter.

Thompson and langer do not subscribe to any one explanation
of the results. They do consider that the most probable explana
tion has to 40 with either the disruptien of a memory process or
an inability to inhibit a learned response,

Mahut and Cordeau (1963) found & severe deficit in a spa-
tial reversal problem with lesioned monkeys, and considered the
possibility that this deficit and the deficit in delayed alter-
nation may be related. Both results are interpreted in terms of
response perseveration tendencies.

Perseveration was observed in another type of task, tactile
diserimination, by Teitelbaum (1964) and Wbster and Voneids
(1964). Teitelbaum's technigue consisted of tesching cats to de;
press one of two pedals, each with different tactile qualities,
to receive a food reward. Reversal training consisted of rewar-
ding the previously negative pedsl, and omitting the reward from
the previocusly positive stimulus. He showed that although cats
with hippocampal lesions were cemparable to normal animals in
discrinmination learning per se, and were able to learn new tac-
tile discrimination problems, mastering a reversal took more
than twice as many trials as for normals.

VWebster and Veneida also found similar results in commis-
surectomized cats. Animals with unilateral hippocampsl lesions

were found to take up to six times as long to reverse learning

g
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involving the limb contralateral to the lesion, as compared with

the ipsilateral limb. Again, the evidence seems to point to
response perseveration.

If response perseveration is to explain the preceeding re-
sults, then it certainly can explain insbility of animals to ex-
tinguish a response after the reinforcement has been removed.
Webster and Vonelda found the same results in simple extinetion
as in tactile discrimination reversal. Resistance to extinction
has also been reported by other authors (Jarrard and Isaacson,
1965; Jarrard, et al., 1964),

Furthermore, the perseveration interpretation can be applied
to the lack of change in the response of rats traversing a
straight-alley runway when a novel stimulus is introduced
(Wickelgren ard Issacson, 1963)., While normal rats stepped to
investigate the novlety, hippocampectomized rats 4id net. Ap-
parently, the strengly dominant running response could not be in-
hibited by these rats.

Two morestudies dealing with this problem in a different
way may be cited. Tllen and Wilson (1963) trained lesioned rats
to bar-hold te avoid an electric sjjock, then reversed the task
to bar-pressing. As expected, these animals could not learn the
new reaponse. 3inde the animals could learn & new task of simi-
lar nature, the authors conclude that the defiecit invelvaes the
giving up of 0ld responses, rather than learning of new ones.

Similarly, Clark and Isaacson found that rats with hippo-
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campal ablations could not switch from a CRF (continuous rein-
forcement for each bar-press) to a DRL (differential reward of
low rates of responding) schedule of bar-pressing. Vhen switch-
ed to the DRL schedule, they were rewarded with water only if
there was a 20 second interval sinece the previous bar-press.
Lesioned rats tended to continue bar-pressing rapidly, and
eaﬁsequcntly received very little water under the DRL schedule.

All these studies in some way implicate the hippocampus as
necessary for the inhibition of a learned response, gilving up
of old response patterns, or modifying them,

Positive Reinforcepent
Recently, Peretr (1965) suggested that ancther interpreta-

tien of some of the results may be possible., The finding by
Isamcson and Wickelgren (1962) for eianple, that lesioned rats
respond to £ood more rapidly after previously being shocked in
the food compratment can be interpreted in terms of an increamd

effectiveness of the reinforcing qualities of the food reward,
thus overcoming the adverse effects of shbek.

In general, Feretz believes that "hippocampectomy may have
khe genersl effect of increasing the effeetiveness of pesitive
reinforcement”. Other studies cited by Peretr as lending them-
selves to interpretation in similar fashion are sz follows: Kim
(1960a) found an inerease in water consumption, as well as an
increase in sexual mounting (1960b); increases in expleratory
behavior found by Roberts, Dember, and Brodwick, (1962),
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Jarrard, Isaacson, and Wickelgren (1964) showed that hippo-
campal ablation can interfere with the extinetion of a food-
reinforced response,

The large number of errors made by monkf#ys in the Study by
Stepien et al., (1960) regarding recent memory also support this
hypothesis. Here, a delay was involved during which the ieapon~
se was t0 be witheld. ‘The inability te do so might have been
due to the great attractive force of the reward. Finally,
Kimura (1958) found that the increase in the latency of a respm-
se to food after small eleectrie shocks was smaller for hippo-
campectomized animals than for normal rats. Thus, there certaint
ly seems to be the pessibility that positive reinforcement in-
creases motivation levek and accounts for a number of experi-
mental results.

To test his hypothesis that positive reinforcement acqui-
res a greater significance for animals with hippocampal lesions,
Peretz deviszed the following method. Cats were taught to epen
& window in the wall of a wooden box by pushing on it with their
nose or paw., The response was rewarded with a piece of Seer.
Response latencies were measured on each trial. When the animal
performed the response for ten consecutive trials with s laten-
¢y under 15 secornds, twenty extinction trials were given in
which the reward was omitted. Peretz found that the extinction

latencies were far shorter for the hippocampectomized animals
than for the controls; 1i.e., the lesioned animnls seemed to ha-
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ve acquired a stronger habit. This result supported his hypo-
thesis. However, the result can be explained by the persevera-
tion theory as follows.

Peretz taught his cats a motor task which was then extin-
guished. In terms of the perseveration theory, the dominant
tendency at the beginning of extinction is to continue respen-
ding. In the lesioned animals this tendency is stronger than
in the control animals, therefore it is more difficult for them
to give up this response: the "perseverate',

It 48 the purpese of this study to replicate Perets's ex-
periment, and to introduce another task which might put his the-
ory to a more rigorous test, and indieate if his cenclusions are
Justified. The question at the moment is this: what would the
two theories predict if we were to try to re-establish the res-
ponse after extinction? In the light of the perseveration theo-
ry, the dominant tendency of the animal after extinctien is to
inhibit its response, 1.e., simply to "not respond". If it were
to persaverate in this tendency, it would be more difficult to
re-establish the response in a lesioned animal than in a control

The positive reinforcement theory, on the other hand, would
prediet just the oppesite result. Sinece the reinforcement
should have increased effectiveness for the lesioned cats, rein-
statement of the reward would result in more rapid return of
the response in the control animals.

Peretz's positive reinforcement theory does not actually
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eontradiet the perseveration theory, but merely suggests an
alternative. Since the present experiment is a partial repli-
cation of peretz's study, it may be hypothesized that similar
results will be obtained, Thus:

1) extinetion speed will be greater for control animals
than for hippocampectomized animals;: this will manifest iteelf
in an increas¥#d response latency during the extinction trials,
sswwell as in a smaller number of trials needed by control ani-
mals to achieve extinetien;

2) re-acquisition will be more rapid for hippocampecto-
nized enimals than for contreol animals; this will manifest 1t-
gelf in longer re-acquisition response latencies for the control

group than for the hippocampectomized group.




CHAPTER IV

PROCEDURE

Subjects consisted of 8 adult cats, 4males and & females.
Grouping. Cats were randomly assigned to one of three groups:
Bilateral hippocampectomy (U cats), operated controls (2 cats),
and normal controls (2 cats).

Surgery. Bilateral hippocampectomies were conducted by aspira-
tion through an ineision in the ectosylvian gyrus, which pene-
trated into the lateral ventricles. The hippocampus was thus
visualized, and removed as completely as possible by applying
suctien.

Operated controls were prepared by exposing the extosylvim
gyrus in the same manner as for hippocampectomized animals. An
incision was made in the gyrus, penetrating to the lateral ven-
tricles, but all other tissue was left intact.

Operations were conducted under Nembutal anesthesia, and
penicillin shots (200,000 units) were given before and after the
operation to combat infection. Cllimiscyn was sprinkled into
the wound before sowing up the inecision., Animals were permitted
two weeks for recovery after the operation.

Histoleogy. Since the animals will be retained for further tes-
ting, no histological analysis of the lesions will be made -
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at this time.
Apparatus consisted of a Wisconsin General Test Apparatus with
an automatic timing device which measured intervals as short as
0.10 seconds.

The Wisconsin Apparatus consists of a wooden box divided
into two compartments by a guillotine door. One compartment
(20" x 20" x 18") houses the animal during the testing session.
The other compartment (20" x €20" x 15") contains s tray, 2"
high, with three food wells seperated by verticla sheets of
plexiglass (see fig.3). Each food well 1s 2" in dismeter and
3/8" deep. Only cne food well was utilized in the experiment.
A grey wooden bloék, 23" x 24" x 24" served to cover the well,

The timing device was turned off automatieally by means of
a microswitch operated by the sliding door as it began to open
at the beginning of a trial., It was turned off automatically
as the animal uncovered the well by pushing the block, at the
same time interrupting a light beam which activated a photoelec-
tric system and stopped the timer. The time interval measured,
between the moment the door began to open and the moment the
block uncovered the food well, constituted the response latency.
Method. Each of the animals followed an identieal procedure as
described below. |

Phase 1. Response to a positive stimulus. (Acquisition.)

The cats were taught to push the bloekto uncover the food
in five stages. First they were permit




34,

an open well. The well was then £ closed, necessitating a
slight push on the block to attain access to the meat. In the
last thwee stages the well was 1/2 closed, 3/4/ closed, and .
finally fully closed. The criterion for sadvancement to the suc-
ceeding stage was similar to that used by peretz: the cat ad-
vanced when the response latencies at any particular stage were
15 seconds or less for five consecutive trials. Cats received
20 trials per day. VWhen the training criterion was achieved
with the well fully closed, training was terminated for that dwy
even 1f 20 trials were not used.

Testing, or measured aequisition of the response, began
with the first trial on the following day, also at 20 trials
per day, and continued for 7 days (140 trials). On day 8, the
first 10 trials were rewarded, bringing the acquisition set to
150 trials. Immediately (trial 11), 20 non-rewarded trials fol-
lowed, initiating the extinction series, Phase 2. (If the ani~
mal failed to respond after 2 minutes, a latency of 4120 seconds
wag recorded. No such trials occured in Phase 1.)

Phase 2. Extinection.
Extinetion bdegan on day 8, and continued at a maximum of 2

20 trials per day until the extinction criterion was reached.
This criterion consisted of absence of response by the animal
on five successive trials for three successive days. (Absence
of response was defined a3 failure to push the dblock within
two minutes after the trial was initiated.) When five such
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Fige 3. The food=tray and focd well as the cat sees it
when the guillotine door to its compartment is raised. The
cat approaches it from the direction of the arrow. The block
is shown covering the middle food well and the reward. The
plexiglass permits approach from only one side, yet does not
obstruct vision.
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suecessive trials were recorded, testing was terminated for
that day.

Phase 3. Re-establishment of the response.

During the first trial on the day after the extinction
eriterion was reached, meat was again placed in the food well.
This econstituted an "information trisl”--the animal was infor-
ned that the reward was being reinstated. Respense latencies w
were measured for this trial as well as for the following 20
trials. The cats therefore received 21 trials on this day.
Testing contimued until the animals performed at latencies com-
parable to the mean latenecles of the last three days of the

acquisition series,




CHAPTER V

RESULTS

Mean response latencies were computed for each day, drop-
ping the fastest trial and the slowest trial for that day. Pre-
vious experience with cats has indicated that these animals
will ocecasionally be distracted from thelr task., In order to
prevent & single extremely long trial frem giving an inaccurate
estimate of the performance, the longest trial was discarded.
The shortest trial was discarded to prevent prejudicing the data
in ome direction.

3ince the epeed with which an animal responds may be ex-
pected to be dependent on itz motivation, the animals in the
different groups were matched orn theiyr response latenecies du-
ring aeguisition, thus controlling for the motivational level
of the animals during testing., It was found that two noremal
control cats (9N and 11N) had mean response laterncies of 1.00
and 1.20 seconds during the last lo acquisition trials. Mean
scofes of these two animals were used as the basis of comparison
for the lesioned eat (8L) with a similar mean resppnse latency
of 1.6 seconds. One operated control animel (€C) was feound te
have a mean response latency of 2.88 seconds. Its record was
matched with the lesioned animal (7L) with similar speed (2.50
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sec.). Finally one animal in the control group (5C) was found
to have achieved a mean response latency of 4,73 seconds, Its
records were used as the basis of comparison for two operated
animals (4L and 3L) with latencies of 4.49 sec. and 4.58 sec.,
respectively. In this way, the motivational level of the ani-
mals was taken into consideration during data analysis.

Rate of Extinction |

The mean latencies of the first 20 extinction trials were
divided into 4 blocks of 5 trials each (trials 1-5, 6-10, 11-15,
and 16-20), The percent increase in latency for each animal dur-

ing these extinction trials was computed and is found in table 1
On bagis of the matching as described above, these increases wurJ
compared between the lesioned group and the control group by a
t-ratio for paired measures. It was found that the means of the
percent increased were significantly different between the two
groups (p = .04),

A comparison of the mean number of trials to extinction
yielded similar resulte. The t-ratio for paired measures was
significant with p<.01 (Table 2),

Thus, extinction speed was greater for control animsls then
for hippocampectomized animals, and hypothesis 1 was supported.

Bigure 4 represents the graph of the response latencles
during the last ten acquisition trials and the first twenty ex-
tinetion trials, averaged in blocks of five.
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Rate of Re-acquisition

The response latencies of each group during re-acquisition
were compared with their own acquisition latencles during the
last 10 trials of acquisition. Therefore, in this cese each
group served as its own control (Table 3).

The response latencies of the lesioned group during re-
acquisition did not differ significantly from thiéir latencies at
the end of the acquisition series. Thus, re-acquisition for this
group was nearly instantaneous. The latencies between end of ac-
quisition and re-acquisition did differ (p=.04) for the control
animals., XS8ince the control animals needed 2 longer time to re-
acquire previous response speed, hypothesis 2 was supported.

Figure 5 i3 a graph representing the mean response laten--
cies of the two groups during the last 10 acquisition and first
20 re-acquisition trials.




TABLE 1‘?_'
PER CENT INCREASE IN LATENCIES DURING EXTINCTION

Acquisition Extinction %
Cat latencles, latencies Increase
# last 10 trials first 20 trials (%x.1)
(sec) (sec) ,
8L 1.60 7.17 .8
L 2.26 36.2? 132“ A
L i, g 55. 114 .3 Mean:
3L 4.5 13.50 19.5 96.4
13K 199 5325 Vs
6C 2.88 23,82 229.0 Mean:
5C 4,73 82.83 165.1 213.7
Differencéd between means: 117.3
t: 2.36
ar: 3
p= .OH

*Animals designated by L have hippocampal lesions;
those designated by N are normal controls; those
designated by C are operated controls.
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Fige L4. Mean response latencies of the last ten acquisition trials
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of five trials each.
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EXTINCTION TRIALS TO CRITERION

Cat
#

8L
TL
4L
3L
5¢C
6¢C

L)
11K

Trials to criterion

27

17 Mean: 32,25

33

13

37 Mean: 20.50

19

Difference between means: 11.75

t; 4.79
arf: 3
p<.01

»
See note below table 1.




TABLE 3*
RE-ACQUISITION LATENCIES COMPARED WITH ACQUISITION LATENCIES

Last 10 First 20
Cat acquisition re-acquis.
# latencies latencies
(sec.) (sec.)
8L 1.60 3.73 Diff. betw, meams:O0,.
IL 2.20 3.12 t:o.ggr
L k.Sg 2.81 ar: 3
3L y, 5.41 p: ns
Mean: 3.29 3.84
9N 1.00 1.17 Diff. betw. means:2.72
118 1l.20 4,39 t:2.49
6¢C 2.88 8'81 dr: 3
5(: u073 6- l pzcou
Mean: 2.45 5.17

*3ee note below table 1.
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CHAPTER VI

DISCUSSION AND SUMMARY

Apparently the results support Peretz's hypothesis that one
of the effects of hippocampectomy is the increased effectiveness
of positive reinforcement. However, some studies report results
that are contrary to what this theory would predict. Other resuly
although not contradicting Peretz's theory, can be explained in
simpler ways.

The study by Roberts s Dember, and Brodwick, for example, re-
ported increased exploratory behavior in rats with hippocampal le-
sions. Although exploration can de regarded as a positive rein-
forcement, we do not need to go to this dfactor to explain the
results. An increase in the general asctivity level could explain
the results Just as well.

Thomas and Otlis reported in their experiment that lesioned
rats ran faster in a maze than a control group. Yet thelr maze
performance was inferior to that of the controls. The positive
reinforcement theory can therefore account for only a part of the
results. 8Strong evidence countering the interpretation proposed
by Peretz 1is provided by Grossman and Mountford, who induced
hippocampal dysfunction by means of KCl injections into the

45 .
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structure. COntrary to expectations, these authors found a more

rapid extinetion in KCl injected rats than in controls. Purther-
more, injections into the hippocampi of both sated and 23-hxr food
deprived animals did not result in increased consumption of food.
They report that the animals' behavior was similar to that of
animals working under low motivational conditions.

As already mentioned in Chapter II, lesions in the hippocam-
pus produce imapairment in learning and retention of suecessive
visual, tactial, and auditory discriminations, as well as in maze
learning. Yet in all these studles, positive reinforcement was
present. Aecording to Peretz's reinforcement theory, all post-
operative learning should be accelerated due to the increased ef-
fedt of the reinforcement. According to the perseveration theory,
postoperative retention of a preoperatively learned tagk should
be improved, provided no reversal is required. 8Since the results
mentioned above are clearly opposed to such & conclusion, neither
theory adequately accounts for the existing findings.

Arnold (1960) has presented a comprehensive theory of hippo-
campal function which might take into account the available data.,
Although not all aspects of the theory have been investigated, its
general characteristics are briefly presented here.

According to the theory, the hippocampal system 1s composed
of the hippocampus, the hippocampal rudiment (indusium griseunm)
and the fornix. The system is responsible for the retrieval of
modality-specific impressions by sending impulses to the sensory
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nuclei of the thalamus and the cortical assoclatlion areas, where
these impressions are reactivated. Different regions of the hip-
pocampus serve different sense modalities, depending on the por-
tions of the limbilec system that are nearest the hippocampus at
that point, and vhich primary sensory areas that portion of the
limbic system serves. Thus, in the case of motor memory, the
modality is served by the subcallosal and cingulate gyri, which
are connected to the indusium griseum. Transection of the rudi-
nent at the proper location can be expected to impalr motor memoxy
The hippoeampus itself is important in the retrieval of visual,
auditorym and some tactual cues. Experimental results involving
lesions of the hippocampus are therefore dependent to a large
extent on the location of the lesion.

Affective memory, on the other hand, 1ls medlated by the lim-
bic system, including the hippocampal gyrus, fornix, memmillary
bodles, anterior thalamic nucleus, and cingulate gyrus. This in-
volves the appraisal of a percept as "good and desireadle for me"
or "bad for me",

Since the hippocampus is involved in sensory memory, all
tasks involving retrleval of zensory information are expected to
be difficult for lesioned animals. This is why suéh animals are
impaired in suceesslve discrimination tasks. Simultaneous diseri-
nination involves no retrieval, and the animals are not impaired.
The theory does have difficulty explaining the results of Orbech,
et al., and Mahut and Cordeau (discussed in Chapter II), who

m——
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found that monkeys with hippocampal lesions were not impaired in
a delayed alternation task with long delays.

In Peretz's and the present dtudy, no discrimination was ine-
volved--only an appraisal of the food well and block as "good for
me", Since the hippocampus 1s not involved in this function, no
impairment in acquisition of the task occurred in lesloned ani-
mnals.

Susmary

A motor-response for a food reward was established in four
hippocampectomized, two normal, and two operated control cats.
The response was extingulshed by omitting the reward, and was
then re-established. BExtinction rate was found to be greateg for
control animals than for animals with hippocampal ablations. Re-
acquisition was found to be more rapid for hippocampectomized ani-
mals than for controlf.

It was shown that the positive reinforcement theory can ac-
count for the results observed by Peretz and those of the present
experiment, and that the perseveration theory can account for
other experimental findings. Nelther theory can account for all
the results obtained by different investigators, and in many in-
stances both theories would predict the opposite results. They
are clearly insdequate. It was suggested that Arnold's theory of
hippocampal function can account for many of the results not ade-
quately covered by other theorists, and that her theory pre-
dicts the present findings also.
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