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INTRODUCTION

Impairments or losses of memory are frequently
observed in cases Involving closed-head 1njuriles, convul-
sions, meningltis, acute cerebral anoxia and certain other
diseases or traumatic events. These losses or impalrments
of memory are called amnesia*. Loss or impairment of mem-
ory for events which occur after the disease or trauma is

usually called post-traumatic amnesia, while loss or im-

pairment of memory for events which preceded the disease

is called retrograde amnesia., The principal concern here

is with retrograde amnesia¥¥,

The usual interpretation of retrograde amnesia is
that experiences generate some cerebral process which is,
at flrst, dynamic or unstable. With the passage of time,

this unstable process somehow becomes fixed or "consoli-

*From a linguistic point of view, amnesia means loss
of memory and memory impairment is called dysmnesia. How-
ever, although dysmnesia 1s sometimes used, particularly
in Britain, more commonly loss and impairment are consider-
ed together as amnesia.

**¥Where ﬁhe term amnesia is used alone in this
document, 1t means retrograde amnesia.
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dated" into a stable, relatively permanent memory system.
Events which disrupt or prevent the brain functions necess-
ary for this consolidation therefore produce an amnesia for
a period preceding the event. The period before the dis-
rupting event for which memory is lost or impaired is often

called the consolidation period.

Thus the significance of retrograde amnesia lies
in its support of the so-called consolidation theory. Sim-
ilarly, it 1s widely held that the consolidation perliod and
the hypothesized consolidation process can be understood
through studying retrograde amnesia and, for this reason,
much of the current neurclogical theorlzing about memory
is hased upon observations of retrograde amnesia and con-
clusions about consolidation mechanisms. Thus retrograde
amnesia 1ls c¢learly an important phenomenon in formulating
neurological ideas about memory and the present thesis in-
volves a study of retrograde amnesia induced by electrocon-
vulsive shock (ECS).
"7 77 7 " The idea fthat consolidation or fixation of unstable
neural processes 1s required for remembering arose at least
several decades ago. Hamilton in 1875 read a paper to the
Medico-Legal Soclety of New York in which he described 26
cases of retrograde amnesia produced by traumatic head
injuries (Hamilton, 1876, 1886); and this paper suggested

to Ribot (1892) that "in order that a recollection may or-



ganise and fix itself, a certain time 1is necessary which,
in conseguence of the cerebral excitement, does not suff-
ice."

Ribot (1892) also used a similar explanation for
the progressive amnesia which he observed in "paralytic and
senile dementia:"

The progressive destruction of the memory
descends from the unstable to the stable
recollections. Recent impressions not suf-
ficlently fixed...represent the weakest de-
gree of recollection and disappear first of
all; old impressions, well fixed..., in
short all impressions which represent the
stable form of recollections, disappear
last.
Since these comments formed part of a well-known diction-
ary of psychological medicine, the 1i1dea of fixation or con-
‘solidation of memory was probably not new at the time he
wrote. Certalinly, very similar concluslons were advanced

in his book, Diseases of Memory, written 10 years earlier

(Ribot, 1882), in which he put forward the "law of regres-
sion or reversion:" that "the process or organization

(he seems to mean in the sense of becoming organic or or-
ganically registered) is variable and is comprised between

two extreme limits: the new state - (and) organic regis-



tration" (p. 122).

Ribot (1882) knew, of course, that retrograde am-
nesia was a common symptom of head injury and convulsions
but he could not tell if this represented an impairment of
"registration" or of "revivification" or "reproduction" of
information (p. 97) -- a question still unanswered‘today.
He believed, however, that organic registration or fixa-
tlon depended upon nutrition (pp. 193, 195) whereas repro-
duction or revivification of memories depended upon circul-
ation (p. 197). This view may have been part of the con-
ventional wisdom of the time because Carpenter (1890), in
an apparently widely-used textbook of mental physiology,
had similar ideas. Carpenter (1890, p. 450), for example,
sald that retrogzrade amnesia is "still more direct and co-
gent evidence of the dependence of Memory upon a registering
process that consists in some Nutritive modification of the
Brain-tissue."

Although Ribot (1882) thought that improvements or
"exaltation" of memory could be induced by stimulants (p.
199), he did not discuss reminiscence phenomena. On the
other hand, Carpenter (1890) pointed out that:

The same indication that time 1s needed

for the effectual performance of the re-
gistration may be drawn from ... what we

call 'learning by heart' ... and we seem able



to trace the Physiological working of
this process, 1n the fact known to every
school-boy who has to commlt to memory
fifty lines by Virgil, that if he can 'say
them to himself,' even slowly and bunglingly,
Just before going to sleep, he will be able
to recite them much more fluently in the
morning.
He concludes from this that "we have here an obvious in-
dication that the renovation of the brain substance which
takes place during sleep ... gives time for the fixation 6f
the last impressions" (italics original).

Thus 1t seems that, by the end of the 19th century,
the 1dea of a consolidation process was widely accepted
and that then, as now, it was based upon observations of
retrograde amnesia, drug-induced enhancement of learning
and reminiscence phenomena. The interim period has primar-
ily involved more precise observations and the use of ani-
mal experimentation.

In the next two parts of the present document, the
general clinical impressions of retrograde amnesia will
first be summarized and then observations and speculations
deriving from the administration of electroconvulsive

shock to animals will be reviewed.



I. CLINICAL RETROGRADE AMNESIA

Observations of retrograde amnesia resulting from
closed-head or blunt injuries have been summarized by Rus-
sell (1959) and by Whitty and Zangwill (1966): a fairly
common clinical pattern is associated with such cases. Af-
ter recovering consciousness, the patient 1s usually con-
fused and disoriented and retrograde amnesia affecting a
relatively long time before the injury 1s commonly seen.

Post-traumatic amnesia (that is, amnesia for cur-
rent events) frequently accompanies the retrograde amnesia,
and a rough correlation exists between the duration of the
post-traumatic amnesia and the period affected by the retro-
grade amnesila. Thus, it 1s rare to find a case without
reported retrograde amnesia 1f the post-traumatic amnesia
persists for more than an hour or so. Generally speaking,
retrograde amnesia is reported in about 85% of the cases
of blunt or closed-head injuries and some post-traumatic
amnesia 1s reported in almost all such cases if there is
a loss of consciousness.

As the patient improves with respect to current

memory, lucidity and orientation, the retrograde amnesia



gradually "shrinks" in most cases until it affects only

the period of a few moments before injury and, in some cases,
the retrograde amnesia disappears altogether. Contrary to
the usual supposition, the amnesia rarely shrinks in strict
chronological sequence from the remote to the recent past
(zangwill, 1964; Whitty & Zangwill, 1966). More commonly,
isolated recollections or "island of memory" are reported

to occur, in what seems a haphazard sequence. Sometimes
these islands are, at first, temporally disoriented. With
the passage of time, further recollectlons are seen to occur
which become correctly related in time to one another and
to the "last memory" which was reported at first. Tre fin-
al result of this pattern of "islands" and "bridges" is a
reported residual retrograde amnesia which extends to less
than 1 min. in more than 50% of the cases, or no residual
amnesia in about 15% of the cases kRussell, 1959).

Very rarely, however, cases are reported of prolonged
retrograde amnesias following closed-head injuries. These
may extend to days and even months. In such cases, very
severe énd general braln damage, and a correspondingly long
post-traumatic amnesia, are usually also reported. Since
most reported prolonged retrograde amnesias have occurred
uder conditions'of battle, and since there are few well-
attested cases of this type, they tend to be viewed with

some suspicion and no satisfactory explanation has been ad-



vanced for these cases.

There are obviously great difficulties 1n assess-
ing the length of the period affected by retrograde amnes-
la in clinical cases, but, generally, the observatiors of
patients with closed-head 1njuries suggest the usual occur-
rence of a residual amnesia which extends to a few moments
before injury or else no amnesia at all. This was also
Hamilton's (1876, 1886) impression.

This retrograde amnesia following closed-head in-
Juries is sharply contrasted with the effect of penetrating
brain wounds, such as gunshot wounds. Penetrating brain
wounds are almost never followed by retrograde amnesia, and,
if there 1s any such amnesia, 1t usually disappears guickly.
Occasionally, as with closed-head injuries, penetrating
brain wounds produce a retrograde amnesla which extends
back a long time before injury. These cases are accompan-
ied by "general dementia" and the injury involves tearing
of subcortical white-fibre tracts and other very severe and
extensive brain damage (Whitty & Zangwill, 1966).

Russell (1948) has suggested that, in his cases of
retrograde amnesia following penetrating brain wounds, the
significant site of injury was probably the temporal lobes;
Whitty and Zangwill (1966) are also inclined to this view.
The conclusion of a temporal-lobe site of injury is derived

indirectly since full autopsy studies are not available



but the conclusion makes sense in view of the marked mem-
ory impairments following surgical resection of the tem-
poral lobes (Milner, 1966).

It may also be that the retrograde amnesia follow-
ing closed-head injury 1is also produced by temporal-lobe
damage. Since the injury-producing object does not penetrate
the brain, 1t seems likely that the amnesia results in part
from the contrecoup effects of the injury. A blow on the
occipital region of the skull, for instance, would cause
the brain to shift anteroventrally so that the temporal lobes
would contact the irregular surface of the cranial vault.
Thus, although a severe blunt injury involves a fairly gen-
eral shift of the brain, the direction and landing-site of
the blunt object will affect the site of any contrecoup dam-
age, and this may be a factor in determining whetler or
not retrograde amnesia results. Systematic investigation
of the site and direction of injury as 1t relates to retro-
grade amnesia is difficult and does not seem to have been
undertaken. It might, however, prove extremely useful in
formulating a coherent explanation of retrograde amnesia
in general.

Retrograde amneslia is also a commonly reported se-
quel of electroconvulsive therapy (ECT) and more formal
experimental methods can naturally be applied to this am-

nesia. The major problem of interpretation is that most
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of the patients to whom ECT is given suffer from psychotic
disorders and often have received several ECTs as well as

medication. Nonetheless, ECT-induced retrbgrade amnesia

shows many striking simllarities to the retrograde amnesia
produced by closed-head injuries (Williams, 1966).

For example, following ECT, patients at flrst cannot
remember events which occurred relatively long before the
treatment but, with the passage of time, there is consider-
able shrinking until the residual retrograde amnesla is
only for a few seconds bkefore the convulsion. The pattern
of shrinking is not always in chronological sequence from:
the remote to the recent (Ebtinger, 1958 cited by Williams,
1966) but rather, as with closed-head injuries, involves
the appearance of "islands" of memory and the subsequent
"bridging' between the islands. '

There 1is, 1n the case of ECT, some dispute about
the severity or even existence of retrograde amnesia. While
most patients do not recall Visual stimull presented to
them a few seconds before ECT administration, these stimulil
can sometimes be selected in a choice-recognition test
(Mayer-Gross, 1943) or can be recalled with prompting (Wil-
liams, 1966). Aids of this sort also help in cases of
closed-head injuries (Whitty & Zangwill, 1966) and of tem-
poral lobe damage (Walker, 1957) however. More importantly,

Hemphill (1940) reported no retrograde amnesia from ECT
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for visual stimuli presented beforehand and he says that
many patients remember the electrodes being put on and the
passage of test currents before the ECT. However, Hemphill
(1940) presented his stimuli 30 min. before treatment and
does not report the interval between putting on the elec-
trodes and delivering the current. Since this interval in-
volved test currents, it must have been at least many sec-
onds long. As the recent reports generally show a falrly
brief retrograde amnesia following ECT, 1t is qulte concelv-
able that some patients could recall having the electrodes
put on because several seconds or even minutes intervened,

Although the nature of the amnesic effect produced
by ECT remains somewhat obscure, and many procedural weak-
nesses can be polnted out in investigations of this effect,
it seems fairly clear that ECT usually does produce a ret-
rograde amnesia, and the best concluslion seems to be that
i1t 1s a fairly brief amnesia.

Thus, 1t seems that the amnesias produced by ECT
and by closed-head inJjuries are highly similar and probably
have a common neurological basis. These amnesias are qguite
brief in the residual form, probtably less severe than pre-
viously supposed, and may involve injury of the temporal
lobes. These conclusions will assume some importance in
interpreting the animal experimentation in general and the

presently reported experiments in particular. The animal
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experimentation, however, is somewhat less uniform in re-
sults than the clinical observations and forms the next

part of this document.



IT. ANIMAL EXPERIMENTS

Retrograde amnesia has been reported many times in
laboratory experiments with animals as a result of anoxia,

"spreading depression,"

convulsions, and the administration
of certain drugs and antibiotics. Electrically-induced con-
vulsions have been used in experiments involving animals
since shortly after the clinical inception of ECT (Munn,
1950, p. 443 ff.) but, unlike the clinical situation, in-.
terpetation of the results of convulsions in animal experi-
ments has involved considerable controversy. The first ex-
plicit conclusion that convulsions* induced retrograde am-
nesia in animals was made by Duncan (1949) and, since this
report, experiments investigating retrograde effects of
convulsions upon learning have abounded. These kinds of
experiments have been reviewed several times (Glickman,
1961; Deutsch, 1962, 1969; Hudspeth & Gerbrandt, 1965; Mc-
Gaugh, 1966; Weiskrantz, 1966; Spevack & Suboski, in press).

*The term "convulsion" means "electrically-induced
convulsion" in this document unless otherwise specified.

13
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Most of the behavioral investigations of the
effects of convulsions on animals have been addressed to
certain major questions or issues. Since these questions
arose in a chronologlcal sequence, the present discussion
1s organized around these questions 1n order to impart a
historical perspective for the experimental report which
follows. The present discussion is therefore not wholly
exhaustive. Rather, evidence considered most pertinent to
the major guestlons of convulsive effects in animals 1s con-
sidered. Since many of these questions remain open, and
numerous investigations continue to be reported, 1t was
necessary to consider experimental reports published prior
to a certain date. For the most part only experimental re-
ports published prior to the beginning of 1969 have been

included here.

The Questlon of Retrograde Amnesia

In a wide variety of test situations, it has been
found that convulsions induced shortly after a learning ex-
perience impaired subsequent retention of the learned res-
ponse, when convulsed animals were compared to animals which
had not had convulsions. The first demonstration of this
effect in animals was reported by Duncan in 1949. Duncan
concluded that the convulsions induced amnesia for the
learning by disrupting the consolidation period presumed

to follow each learning experience. On the basis of his
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results, he estimated this consolidation period as "less
than 1 hr. and very probably ... not significant longer
than 15 min."

At about the same time, Hebb (1949) suggested that
the physiology of learning involved a two-phase process.
Hebb's idea was that an experience genefated a reverterat-
ing, closed-circult process in the forebrain which served
as a "holding system" until some more permanent modification
occurred in the relevant neural mechanisms. It seemed
eminently sensible that the massive currents used to in-
duce convulsions would eradicate a reverberating trace sys-
tem, whilch depended upon relatively delicate and precisely-
timed nerve impulses for its integrity, while leaving un-
impaired any already-permanent modifications in the brain.

Duncants (1949) experiment, coupled with Hebb's
(1949) influential theoretical ideas and with the clinical
evidence of amnesic effects of convulsions, left the retro-
grade-amnesia explanation for convulsive effects in animals
unchallenged for more than a decade and it is still a wide-
ly held notion today. In 1960, however, Coons and Miller
suggested that Duncan's (1949) results could have occurred

because the convulsion was an aversive event.

The Question of Fear

In order to understand Coons and Miller's (1960)



16

suggestion, Duncan's (1949) procedure must first be out-
lined. Duncan had trained rats on a one-way, active-avoid-
ance task, giving one trial per day followed at varying in-
tervals by a convulsion. His results were that the closer
to the training trial the convulsion occurred, the slower
the learning. According to Coons and Miller (1960), this
result was to be expected i1f the convulsion was an aversive
event because 1t meant that the ECS was, effectively, pun-
ishing the occurrence of the avoidance response. Naturally,
the more contiguous the training and convulsion were, the
more effective the ECS would be at stopping the avoidance
response,

Coons and Miller (1960) also reported an experiment
which supported this reinterpretation. They first trained
animals to make a one-way, active-avoidance response using
Duncan's (1949) technique and then, subseguently, trained
the animals to remain in the start compartment by shocking
them for making the original response. 1In this case they
reported that the closer to the training trial the con-
vulsions occurred, the faster the animals learned to remain
in the start compartment. Thus, they reasoned, any am-
nesic effect of the convulsions '"was overridden by increas-
ed fear induced by the ECS". Presumably this "aversive
ECS" notion also explained Thompson and Dean's (1955) re-

sult that, in a visual-discrimination task involving active
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avoidance, the sooner after reaching criterion a single
convulsion was given, the slower the relearning.
Incidentally, Coons and Miller (1960) reported that
both 1n their experiment and in their replication of Dun-
can's (1949) experiment, convulsions given 60 sec. or more
after each training trial produced no performance éhanges,
compared to non-convulsed control animals. On the other
hand, according to Thompson and Dean (1955), a single con-
vulsion 1 hr. after reaching criterion still exerted some

detrimental effect on relearning.

The oQuestion of Competing Responses

Two years after Coons and Miller's report, a fairly
subtle alternative was proposed by Adams and Lewis (1962a,
1962b). They reported that convulsions induced in the
training apparatus impaired active-avoidance learning more
than convulsions induced outside the apparatus. This ob-
servation seems to have been made earlier as well (Hayes,
1948 cited by Munn, 1950, p. 445). 1In the experiments of
Adams and Iewis, the convulsions were induced 15 min. after
each of the first 6 daily trials. Based upon this evi-
dence (Adams and Lewis, 1962b) plus the results of some other
experiments (Adams & Lewis, 1962a; Lewis & Adams, 1963),
these investigators suggested that ECS served as an uncon-

ditioned stimulus, producing a response which became condil-
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tioned to the apparatus. Giving ECS thus produced a "con-
ditioned convulsion" which "competed" with the originally-
learned response to produce an apparent retrograde amnesia.
While Adams and Iewis were not explicit on the point, they
presumably meant that the ECS conditioned a "freezing" or
immobility response which, in an active-avoidance situation,
would tend to impair acquisition.

Between 1960 and 1966, most of the ECS work with
animals was addressed to these questions so that i1t is prob-
ably best to forego later theoretical suggestions until de-

velopments on these first three questions are outlined.

Amnesia, Aversion and Competition

The major procedural problem with the early work
was that it involved several training trials and, usually,
several convulsions as well. Since the learning could not
be accurately located in time, the consolidation period
could not be quantitatively estimated. Therefore, tech-
nigques were needed to produce one-trial learning so that
investigators concerned with the amnesia suggestion could
undertake more preclse experiments. An appropriate one-trial
learning technique was described in 1960 by Jarvik and Ess-
man, and it was Quickly adopted for experiments investi-
gating retrograde effects of convulsions.

The essential technique involved placing an animal
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on a small, insulated platform located on a larger, elec-
trified grid floor. In the original apparatus (Jarvik &
Essman, 1960), the platform was actually an elevator placed
against one wall, and mice were lowered on 1t from the top
of the apparatus to the grid floor below. In many subse-
guent experiments, particularly where rats were used, the
platform was fixed in the middle of the grid floor and the
animal was simply placed on the platform at the start of the
trial. In either case, when the animal stepped off the
platform, which usually happened withlin a few seconds, 1t
receilved a shock through its paws. Testing with the same
procedure 24 hr. or so later showed a reliable and marked
increase in latency for stepping down, and so it was con-
cluded that this was a one-trial, passive-avoidance task.
This task was deemed especially useful for investigating
the effect of convulsions because, like Coons and Miller's
(1960) task, aversive effects of convulsions would increase
step-down latencies while amnesic effects would decrease
the latencies.

Therefore, when Madsen and McGaugh (1961) found
that a single convulsion, 5 sec. after an animal stepped
down, produced shorter step-down latencies in a subsequent
test than no convulsion, they concluded that thlis was a
demonstration of retrograde amnesia. Their conclusion was

strengthened and extended by the results of several other
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experiments. In a task where animals were first trained

to press a bar for food and were then shocked once through
the bar, it was found that the sooner a single convulsion
followed the shock, the more bar pressing (or less passive
avoldance ) occurred in a subsequent test (Heriot & Coleman,
1962). 1In this case, the convulsion followed the bassive-
avoldance trial by 1, 7, 26, 60, or 180 min. and all the
groups except the 180 min. group pressed more often than
non-convulsed control animals. Weissman (1964) explicitly
set out to replicate Heriot and Coleman's (1962) experiment
using bar-pressing for water rather than for food and using
ESC-delay intervals of 1.25, 2.5, 5, 10, 20, 40, 80 and

160 min. Compared with non-convulsed control animals, he
found more bar-pressing up to ECS-delay intervals of 5 min.
and 40 min., depending upon the level of statistical sig-
nificance used. King (1965) conducted a similar investi-
gation, in which animals were first trained to run in a
two~-compartment box for water and then received gridshock
upon entering the goal compartment. A convulsion followed
the gridshock by 1.25, 5, 15 or 60 min., and, compared with
non-convulsed control animals, a convulsion produced shorter
latencies in the first two groups. Actually, none of the
experiments except King's (1965) produced strictly mono-
tonic results from increasing the ECS-delay interval but,

Jjust the same, the idea that a single convulsion produced
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retrograde amnesia became almest universally accepted.

At the same time, the idea that ECS impaired sub-
sequent performance because of "condltioned convulsions"
which competed with the correct response was not faring so
well. Some evidence compatible with this viewpoint contin-
ued to be reported (Adams & Peacock, 1965a, 1965b; Misanin
& Smith, 1964) and a slight controversy about the applica-
tion of this viewpoint occurred in print (Gerbrandt, 1965;
Maher & Lewls, 1966; Gerbrandt, 1966). However, it was al-
so observed several times that the place of ECS administra-
tion did not affect its retrograde effect in one-trial
learning tasks (Leonard & Zavala, 1964; ouartermain, Pao-
lino & Miller, 1965; Gerbrandt & Thompson, 1964). Nor did
attaching earclips alter the retrograde effects of a single
convulsion in an open-field activity test (Nlelson, 1968),
although the attaching of the earclips should have served as
an effective conditioned stimulus, since they had been used
to induce the convulsion. Attaching the earclips for test-
ing induced more defecation, but this "response'" did not
compete with any other tested response. Since the competing-
response idea involved conditloning the effects of ECS to
task and situational cues, the evidence that these cues
did not alter ECS effects was critical. Even when concerted
attempts were made to conditlion competlng-response tenden-

cles, none was observed although some generalized immobility
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developed after several convulsions (Gerbrandt & Thompson,
1964),

These developments left open the question of aver-
sion. Because Jarvik's one-trial, step-down procedure (Jar-
vik & Essman, 1960) pitted any aversion induced by the con-
vulsion against any amnesia, there was a tendency for in-
vestlgators to believe the question was either amnesia or
aversion, and to portray their results accordingly. This
guestion began to be reformulated by the results of an ex-
periment in which animals received either a convulsion a-
lone, or gridshock followed by a convulsion, after stepping
down (Hudspeth, McGaugh & Thompson, 1964), After 8 daily
trials, it was found that with convulsions alone (no grid-
shock ), the sooner after stepping down the convulsion occur-

red the more the animals tended to stay on the platform.

But with both gridshock and a convulsion, the sooner after

stepping down the convulsion occurred, the less the animals

tended to stay on the platform. That is to say, the series

of convulsions alone vroduced freezing--presumably conditioned
freezing--in accordance with the general rule that the soon-
er a reinforcer follows a response, the faster the learning.
On the other hand, the convulsion attenuated the effect of

the gridshock in accordance with the expectation from the
general rule of retrograde amneéia that the sooner the am-

nesic event follows learning, the slower the learning. Thus
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Hudspeth and colleagues (1964) concluded that a series of
convulsions can have both aversive and amnesic effects.

This concluslion was strengthened by the results
of an experiment 1n which reversal was required in a T-maze
to obtain water. Entering the originally-reinforced arm
resulted in a convulsion for one group and a subconvulsive
shock for another, and it was found that the convulsed an-
imals learned the reversal more slowly (McGaugh & Madsen,
1964), The authors reasoned that the convulsion induced
amnesia, as well as aversion, and thus produced slower learn-
Ing than the subconvulsive shock.

By this time, then, the conventional wisdom was
that the major effect of a single convulsion was retrograde
amnesia, that aversion or fear could be induced by convul-
sions but this developed slowly, over several trials, and
that any competing responses conditioned by ECS occurred
only after several trials and probably only under special
circumstances as well.

The 1dea that the amnesic and aversive effects of
ECS were separable, because amnesia could be produced in
one trial while fear was produced after several trials, re-
ceived more specific support later (Gerbrandt, 1965; Chor-
over & Schiller, 1965, p. 76), and the idea became widely
accepted. This idea resolved many of the apparent con-

flicts associated with experiments on ECS. This idea, for
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instance, made it possible to accept both Duncan's (1949)
conclusion and Coons and Miller's (1960) conclusion: since
in Duncan's experiment aversive and amnesic properties would
both slow the rate of learning, his results probably repre
sented the summation of the two effects; since many convul-
silons were involved in Coons and Miller's experiment, and
since the aversive and amnesic effects would work against
one another, their results probably represent the predom-
inance of aversion. By the same reasoning, where only a

s ingle convulsion was glven, one would expect the amnesia
to predominate, thus producing the results of Madsen & Mc-
Gaugh (1961) and Thompson and Dean (1955).

The idea that ECS produced amnesia in one trial and
fear only after several trials did not, however, resolve
the opposite empirical results obtained by Coons and Miller
(1960) and by Hudspeth and colleagues (1964) where both
used multi-trial, passive-avoildance tasks involving several
convulsions. Coons and Miller (1960) reported that, after
grid shock, the sooner the convulsion the faster the pass-
lve-avoidance learning, whereas Hudspeth and colleagues
(1964) reported that, after grid shock, the sooner the con-
vulsion the smaller the percentage of passive-avoidance res-
ponses. This 1s to say, although Hudspeth and colleagues
demonstrated an aversive effect of convulsions, when they

pitted the aversive and amnesic properties against one
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another, they found the amnesic effect predominant. Since
the two groups of investigators used different techniques
and different measurements of learning, their results may
not be exactly opposite. Moreover, the factors affecting
the relative degree of aversion and amnesia are not known,
and, with several convulsions, the "crossover point" can-
not be predicted. The aversive effect, for instance, can-
not logically involve the ECS itself if it is forgotten.
But as Coons and Miller (1960) pointed out, human patients
often develop marked fear of, snd aversion to, ECT because
of the intense disorientation experienced when recovering
consciousness afterwards (Gallinek, 1955). If this mechan-
ism also applies to animal experimentation, it becomes ex-
tremely difficult to estimate such factors as the apparent
delay of reinforcement. '

Despite this difficulty, the idea that the amnesic
effect of a single convulsion 1s stronger than the aversive
effect continued and continues to pe widely held, so that
the major focus of attention shifted to the parameters of
the ECS-induced amnesia. Before pursulng that development,
however, it 1s appropriate to raise another qguestion in
order to complete the outline of the major ideas abtout the

behavioral effects of ECS.
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The ouestion of Incubation

conditioned fear-motivated responses seem to change
spontaneously in strength over time followlng tralning.
This has been demonstrated in situations involving humans
(Bindra & Cameron, 1953) and in animal learnilng involving
either CER (McMichael, 1966) or active avoidance (Kamin,
1963). Such changes also occur after the traihing of a
one-trial, passlve-avoldance response: sometimes these
changes have been monotonic increases in strength (McGaugh,
1966; Pinel & Cooper, 1966b) and sometimes biphasic changes
(Irwin & Banuazizi, 1966; Pinel & Cooper, 1966a). The
monotonic increase in strength of a fear-motivated response
over time following training 1s often called the "incubation
of fear" and it has been suggested (Pinel & Cooper, 1966¢)
that ECS produces an apparent retrograde amnesia by somehow
attenuating this lncubation process.

The major experiment supporting the incubation idea
(Pinel & Cooper, 1966¢) involved two groups which were
first trained to drink and were then shocked for drinking.
One group was divided into 3 subgroups which received a sin-
gle convulsion 10 sec., 2 min, or 5 hr, after being tralned
to passively avoid drinking. These animals were then tested
25 hr, after passive-avoidance training. The other group
was divided into 3 groups which were simply tested 10 sec.,

2 min. or 5 hr. after passive- avoidance tralning. Giving
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a convulsion at these three intervals and testing 25 hr.
after training produced about the same respective effect
as simply testing the animals at the three intervals. That
is, testing animals 10 sec. after passive-avolidance train-
ing produced about the same latencies as convulsing animals
10 sec. after training and testing them 25 hr. after train-
ing. An equivalent effect was similarly obtained with the
2-min. ECS-delay interval and the 2-min. tralning-testing
interval, and the same was true for the 5-hr. intervals.
Over the three intervals used, the mean latencies increased
monotonically as the ECS-delay interval or training-testing
interval increased. Therefore, the investigators concluded
"that the ECS gradient effect is attributable to the incu-
bation or increase in strength of the learned response" over
time. McGaugh (1966) also reached a similar conclusion.
There are, however, some difficulties with this con-
clusion because the latencies reported by Pinel and Cooper
(1966a, 1966b, 1966¢c), no matter what the treatment, are
over 60 sec. This is longer than most other reported lat-
encles since most other investigations involving latency
measures have had an arbitrary maximum latency of 30 sec.
One can naturally argue that the other investigators have
produced results unique to this maximum latency but this
does not alter the fact that these results cannot be com-

pared with Pinel and Cooper's results. Thus, Pinel and
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Cooper probably demonstrated a real phenomenon, and one
which may be theoretically important. The phenomenon is,
however, unrelated to the typical demonstrations of amnesia
at shorter latencies and therefore it cannot be invoked to
explain the more common results.

Similarly, Suboskl, Spevack, Litner and Beaumaster
(1969) reported results which supported the notion that a
convulsion may produce an incubation-type effect. But, as
the authors pointed out, these results cannot "explain'
other reports of retrograde amnesia since the minimum ECS-
delay interval used was 100 sec. while retrograde amnesia
apparently occurs in many situations only with ECS-delay
intervals of 30 sec. (Quartermain and colleagues, 1965) or
even less (Chorover & Schiller, 1965).

Desplte thils, the phenomenon demonstrated by Pinel
and Cooper (1966c) 1is most striking and cannot merely be
discarded as irrelevant. PFurther experiments on incutation
involving procedures more like.those used to demonstrate
retrograde amnesia may produce very useful results. One
possibility is that freezing, or inhibition or movement,
develops spontaneously over time, rather than fear. For
example, when animals received a single shock-escape trial
in a two-compartment box and were returned to the previous-
ly-shocked compartment 5 sec., 1 min, or 5 hr. later, lat-

enclies for leaving the compartment increased over the in-
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tervals tested (Pinel, 1968). No shock was applied when

the animals were returned to the apparatus after the escape
trial but, according to the incubation notion, the laten-
cles should have decreased as the training-testing interval
increased since the lncreasing fear would impel the animal

to leave the compartment faster énd faster. But 1f move-
ment-inhitition were developing, then the increasing lat-
encies Pinel (1968) observed were naturally to be expected.
The possibility that movement-inhibition, rather than fear,
develops spontaneously over time will assume importance in
the light of the discussion at the end of the present docu-
ment. This possibility cannot easlly be tested in a passive-
avoidance situation, since the increasing latencies seen |
there (Pinel and Cooper, 1966¢; Suboski and colleagues,

1968) could have occurred as a result of either incubation

of fear or development of freezing.

The question of incubation, unlike the questions of
amnesia, aversion and competing responses, has not been in-
corporated into the "mainstream" of thought about the ef-
fects of convulsions because the work 1s still relatively
new., But incubation-type effects may prove very useful to
a more complete explanation of the effects of electrocon-
vulsive shock.

In the meantime, three lssues have been raised

about the retrograde amnesla induced by a convulsion. These
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issues are (1) the length of the so-called consolidation
period, (2) the possibility of "recovery" from ECS-induced
amnesia, and (3) the apparently different effects of con-
vulsions upon tasks reguiring immobility and tasks requir-
ing movement. Since these 1issues are related to the more
general question of retrograde amnesia, the experiments
cilted involve one-trial, passive-avoidance tasks unless

specified otherwise.

How long is the Consolidation Period?

Even casual perusal of the publlished experiments
on ECS-induced amnesia reveals that the guantitative re-
sults vary considerably even though the amnesic phenomena
may be generally similar. There are particularly large dif-
ferences among the reported training-ECS, or ECS-delay,
intervals at which an amnesic effect is obtained. Since
it has become customary to estimate the length of the
consolidation period as the longest amnesia-producing ECS-
delay interval, these differences present serious difficult-
les of interpretation. Reports of the longest amnesia-
producing ECS-delay intervals range from a few seconds
(ouartermain and colleagues, 1965; Chorover & Schiller,
1965) through many minutes (Thompson & Dean, 1955; Heriot
& Coleman, 1962), and up to several hours (Kopp, Bohdanecky
& Jarvik, 1966).
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For the most part, these quantitative discrepancies
have been overlooked in the heat of the more exciting con-
troversies outlined earlier. 1In a series of experiments,
however, Chorover and Schiller (1965, 1966) addressed them-
selves to the reported discrepancies in estimates of the
consolidation period. Since this line of investigatiocn has
had a profound effect on ECS experimentation and interpret-
ation and, since it 1s germane to the experimental reports
following, it is worthwhile to consider the experiments
and conclusions of Chorover and Schiller in some detail.

Using a Jarvik or step-down passive-avoidance task
for three daily trials, Chorover and Schiller (1965) report-
ed three major findings. First, if a convulsion occurred
10 sec. after the first trial, passive-avoidance performance
in the second trial was impaired but 1f the convulsion
occurred 30 sec. after the first Erial, passlve-avoidance
performance in the second trial was not significantly dif-
ferent than 1f no convulsion was induced on the first trial.
Thus, they concluded that a convulsion more than 10 sec.
after a training trial did not produce retrograde amnesia.
Second, some anhimals received only a convulsion and no grid
shock when they stepped off the platform. With this treat-
ment, step-down latencies were the same in the second trial
(after one convulsion) as in the first trial (before any

convulsions) but, after three trials, the step-down laten-
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cles were longer than before treatment. In other words,
three convulsions alone, without other passlive-avoidance
tralning, produced apparent passive avoldance whlle a single
convulsion did not have this effect., Third, for the ani-
mals which received only convulsions (no grid shock), the
step-down latencies in the third trial formed an inverted-
U-shaped function with respect to the ECS-delay interval.
If convulsions were induced O, 5 or 10 sec. after stepping
down, there were no statistically significant differences
in latencies on the third trial whether grid shock was also
given or not; with an ECS-delay interval of 30 sec., however,
grid shock followed by a convulsion produced much longer
latencles in the third trial than convulsions alone.

To account for these results, Chorover and Schiller
(1965) suggested that (1) a single convulsion produced a
true retrograde amnesia only for events up to about 10 sec.
beforehand, and (2) convulsions had aversive effects which
gradually became conditioned to the testing situation with
the usual delay-of-punishment gradient (Kamin, 1959), which
is, the sooner the punishment the greater its effect. How-
ever, with convulsions as the punishment, the empirically
obtained gradient assumed an inverted-U shape with respect
to the ECS-delay interval because the memory for the test-
ing situation, and hence the strength of conditioning, im-

proved as the ECS-delay interval was lengthened, up to about
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10 sec. The punishment gradient (inversely proportional

to the ECs-delay interval) and the memory gradient (direct-
ly proportional to the ECS-delay interval) combined to pro-
duce an inverted-U gradient. Chorover and Schiller's (1965)
suggestions became widely respected but, as the authors
noted, their explanation did not adequately explain why oth-
er investigators had produced impaired retention on simi-
lar tasks with much greater ECS-delay intervals.

Chorover and Schiller (1966) subsequently made an
attempt to reconcile their finding that a convulsion exerts
an amnesic effect only if it occurs within a few seconds
after training with other results which showed "prolonged
retrograde amnesia." They suggested that convulsions pro-

duced amnesia for discriminated tasks only if 1t occurred

shortly after training but that a ,convulsion also reduced

generalized inhibition or suppression of movement. That 1s

to say, a convulsion produces true amnesia only for a per-
iod of a few seconds beforehand and any effect upon a long-
er period beforehand is really the disruption of generalized
suppression of movement. This idea 1s, of course, the log-
ical culmination of using the longest effective ECS-delay
interval as the estimate for the consolidation period so
that Chorover and Schiller (1965, 1966) essentially estim-
ate the consolidation period aﬁ about 10 sec.

One way to test this idea is to see if an ECS-in-



34

duced response decrement 1s dependent upon the ECS-delay
interval or not. If there are two types of tasks, discriz-
inated and non-discriminated, and if ECS induces amnesic
effects only upon discriminated tasks, then it follows that
discriminated tasks will be those which show decreasing
"graded" decrements as the ECS-delay interval increases.
Effects of ECS which do not change as the ECS-delay inter-
val changes will be non-amnesic effects, and the task will
involve non-discriminated learning.

Although the reasoning involves some circularity,
it has had a great heuristic effect. Chorover and Schillér
(1966) reported that, in a two-compartment apparatus de-
signed by Bures and Buresova (1963), the amount of time an
animal spent in the compartment where it previously received
gridshock remained the same whether ECS occurred 1 min. or
1l hr. after gridshock--although this time was still more
than if no ECS was given. Thus, they concluded that the
ECS induced a reduction in geheralized inhibition of move-
ment, not an amnesia, and that the task did not involve dis-
criminated learning. In the same type of experiment, how-
ever, other investigators have reported that ECS given about
1l min. after training produced effectively shorter laten-
cies than ECS given about 1 hr. after training (Spevack,
Rabedeau & Spevack, 1967). In this task, short latencies

mean impairment in passive-avoldance performance., There-
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fore, Chorover and Schiller (1966) refer to the ECS effect
as ungraded and conclude that theilr results show a non-
amnesic effect while Spevack and colleagues (1967) refer

to the ECS effect as graded and conclude that theilr results
show retrograde amnesia.

This particular discrepancy must be considered un-
resolved since Chorover and Schiller (1966) measured elapsed
time in the previously-charged compartment while Spevack
and colleagues (1967) measured latency of entrance. More-
over, different statistical %techniques were used and
neither group investigated the effects at ECS-day inter-
vals between 1 min. and 1 hr.

{opp and colleagues (1966) designed an experiment
specifically to test Chorover and Schiller's (1966) ideas.
They used a task requiring the passive-avoidance of one com-
partment in a two-compartment apparatus, and they showed
separately that this task involved discriminative learning.
A single convulslon after the passive-avoldance training
produced a gradient of latencies related to the ECS-delay
interval, and significantly shorter latencles were found
even when the convulsion occurred as long as 6 hr. after
training. Thus, they concluded that Chorover and Schiller's
(1966) proposal was not experimentally supported.

Just the same, with a simllar apparatus, Chorover

and 3chiller's (1966) interpretation was supported in prin-
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ciple, although not in detail, by the results of another
experiment (Suboski, Black, Litner, Greener & Spevack, 1968).
With a discriminative passive-avoidance task, temporally
graded effects were found from a convulsion occurring up
to 100 sec. after training, but not beyond. This result
is;, of course, much closer to Chorover and Schiller's (1965)
results than to Kopp and colleagues' (1966) results. But
the absolute differences in the maximum effective ECS-delay
intervals found by Chorover and Schiller (1965) and Suboski
and colleagues is still considerable.

Like Kopp and colleagues, Schneider and Sherman
(1968) induced retrograde amnesia with an ECS-delay inter-
val of 6 hr., but they used a very different procedure.
In a step-down task, rats received footshock when they step-
ped down and they were then returned to the home cage for
6 hr. Then they were placed on the grid floor of the appar-
atus, received another foot shock, and ECS was delivered
0.5 sec. later. When the animals were tested 24 hr. after
the passive-avoidance training, they had very short step-
down latencies, indicating amnesia for the footshock. By
way of control, ECS delivered 6 hr. after passive-avoidance
training (that is, without the second footshock) did not
produce retrograde amnesia,

There are certailn probiems with these results, how-

ever. Schneider and Sherman (1968) used footshock and ECS
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parameters similar to those used by Chorover and Schiller
(1965). But when animals in Schneilder and Sherman's ex-
periment received a footshock and no ECS, their latenciles
24 hr., later were shorter than those of the animals similar-
ly treated in Chorover and Schiller's experiment., In Chor-
over and Schiller's (1965) experiment, this procedure pro-
duced a maximum medlan latency (30 sec.) while in Schneider
and Sherman's (1968) experiment, the reported mean latency
was only 12.5 sec.

In any case, 1t seems most likely that Schnelder
and Sherman's findings were a specilal case, resulting frém
a "two shock" procedure, and not directly related to the
length of ﬁhe consolidation period in the simpler situations
which have been used more frequently. With a somewhat sim-
ilar procedure, for example, 1t was reported that a single
convulsion could produce retrograde amnesia even if it occur-
red the day after learning (Misanin, Miller and Lewis, 1968).
In this latter case, the trained response was the suppres-
slon of drinking and training involved a specific condiftioned
stimulus. The day after training, animals were presented
again with the conditioned stimulus and some were convulsed
immediately afterwards. When tested the following day (two
days after training), the animals which had been convulsed
after re-presentation of the conditioned stimulus drank

faster than the animals which had not been convulsed after
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the re-presentation. Although these results are very
curious, 1t is difficult to relate them systematically to
more conventional results pertinent to estimating the length
of the consolidation perilod. One possibility is that foot-
shock (Schneider & Sherman, 1968), or even a stimulus
conditioned to foot shock (Misanin and colleagues,rl968),
sensitizes the nervous system to electroconvulsive shock
and thus increases the likelihood of retrograde amnesia.
Another attempt to resolve the guestion of the
length of the consolidation period was made by Cherkin (1966),
who reanalyzed the published data from the experiments of
Chorover and Schiller (1965), oOuartermain and colleagues
(1965), King (1965) and Weissman (1y64). Using probit
analysis, Cherkin (1966) concluded that the slopes of the
data he analyzed were similar but that the strength of the
response at the start of testing differed among the experi-
ments. That is to say, applying the formula, y = a + b
log &, to the post-ECS learning curves, he suggested that
the major difference among the four experiments was in the
parameter, a. Therefore, he concluded, a similar consoli-
dation process was involved in these four cases but it was
superimposed upon different strengths of original learning.
However, the strength of original learning is nec-
essarily counfounded with the amount of experience in the

apparatus before the convulsion, and 1t has also been re-
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ported that simple exploratory experience in the apparatus
determined whether a convulsion induced retrograde amnesia
(Lewis, Miller and Misanin, 1968). Perhaps, then, famil-
larity with the apparatus rather than particular training
is a determinant of the length of the consolidation period.
Using a step-down task, Lewis and colleagues (1968) found
that a convulsion immediately after passive-avoidance train-
ing induced retrograde amnesia only in animals which were
unfamiliar with the apparatus. The passive-avoidance per-
formance of animals which had explored the apparatus befbre
training was relatively unaffected by a convulsion immed-
lately after training.

Thus, the question of the length of the consolidation
period has been reformulated in part into a number of
subguestions about discrimination, familiarity or prior
training, and so forth. This may indicate that there is
no absolute consolidation period or, at least, one that can
be inferred from behavioral results, because of other com-
plications arising from tralning or testing conditions, or
from other effects of a convulsion. Another of these com-
plications 1s the possibility that animals "recover'" from

retrograde amnesia induced by convulsions.

Is there Recovery from Retrograde Amnesia?

If the retrograde amnesia induced by a convulsion
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spontaneously decreases over time, this suggests that the
effect of convulslons is upon "retrieval" rather than "stor-
age” of memory. This is obviously a crucial question and
one recognized many years ago (Ribot, 1882). Largely be-
cause of physiological conceptions (Hebb, 1949), most auth-
ors have assumed that the amnesia involved a storage defi-
cit rather than a retrieval deficit although this assumption
is not required by the behavioral data. There is a strong
impression that the retrograde amnesia seen clinically
spontaneously decreases over time (Williams, 1966)--it is
usually considered "shrinking'"--but this impression if of-
ten attributed to decreasing disorientation and confusion.
Recovery from the effects of convulslions has also been seen
in animals: conditioned suppression which disappeared af-
ter 21 convulsions was present again when tested 30 days
later (Brady, 1951). In this case, however, it was not
believed that amnesia was involved.

The first claim that animals recovered from amnesia
induced .by a convulsion was made by Cooper and Koppenaal
(1964) when they reported that, after animals received two
shocks for drinking shortly followed by a convulsion,
drinking was greater 1 hr. after the convulsion than 24 hr.
after the convulsion. This result was interpreted as
"suppression and recovery of a.... (passive) avoidance re-

sponse after a single ECS."
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Similarly, when ECS was given to mice within 10 sec. after
shock-induced suppression of drinking, decreasing durations
of drinking were found in independent groups tested 3, 24
and 48 hr. afterwards (Kohlenberg & Trabasso, 1968).

However, when shock was used to suppress movement
(Chevalier, 1965) or induce passive avoidance of moving
through a hole into a dark box (Luttges & McGaugh, 1967;
Greenough, Schwitzgebel & Fulcher, 1968), no recovery was
found from the retrograde amnesia induced by a post-training
convulsion. In these experiments, independent groups were
tested 1, 7 and 30 days afterwards (Chevalier, 1965) or
12 hr., 7 days and 32 days afterwards (Luttges & McGaugh,
1967), or 2, 2.5, 3, 24 and 72 hr. afterwards (Greenough
and colleagues, 1968). 1In the latter two experiments, no
recovery from the ECS-induced retrograde amnesia was observed
in repeated tests either.

The reason why there is concern whether independent
groups or groups tested repeatedly were used relates to
a finding of recovery by Zinkin and Miller (1967). 1In a
step-down, passive-avoidance task, these investigators fouhd
recovery from ECS-induced amnesia when they tested the same
animals dally over a 3-day period. The experiment was crit-
icized by Herz and Peeke (1967), however, because they thought
that the experience involved in the re-exposure to the test

sitvation may have been a factor in the recovery. In their
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own experiments on mice, for example, Herz and Peeke (1967,
1968) reported no recovery from ECS-induced retrograde am-
nesia for passive avoidance of drinking if independent
groups were tested 24 hr. and 72 hr. after training. How-
ever, '"recovery" from the amnesia seen 24 hr, after traln-
ing occurred if the same animals were retested 48 hr. and
72 hr. after training. Therefore, Herz and Peeke (1967,
1968) concluded, the amnesia 1is permanent and so-called
recovery requires extinction, habituation or some other
learning involved in the re-exposure to the test situation.
However, Zinkin and Miller's results were essentially con-
firmed in an experiment in which independent groups of rats
were tested 24 hr. or 96 hr. after step-down passive-avoid-
ance training immediately followed by a convulsion (Niel-
son, 1968). In this case, recovery occurred only if the
animals were tested with the earclips (through which the
convulsion has been induced) attached; Zinkin and Miller
(1967) also attached the earclips when they tested their
animals.

It 1s possible that the earclips somehow served as
a "reminder" of the passive-avoidance training. Certain
alds help in clinical cases of retrograde amnesia (p. 10)
and, in an animal eXperiment, a "reminder" footshock which
was 1ltself too weak to train passive avoidance induced dram-
atic recovery from retrograde amnesia for passive avold-

ance of drinking (Koppenaal, Jagoda & Cruce, 1967). 1In
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this experiment, two groups of animals which had been pre-
trained to drink in an apparatus were then shocked once for
drinking in the apparatus and, 5 to 10 sec. later, were
convulsed. Latencies of drinking were tested 24 hr, later
but, 40 min. before testing, one of these groups received
a weak footshock in the apparatus. The animals which had
received the "reminder" footshock had much longer latencies
than the animals which had not received this treatment.
Since retrograde amnesia in this case was 1ndicated by short
latencies, the "reminder" produced apparent recovery from
retrograde amnesia, and the authors concluded that a con-
vulsion may inhibit or suppress the expression of a fully
formed memory but does not make memory formation impossible.
Schneider and Sherman (1968) also observed recovery
with a "two shock" procedure. Animals received shock when
they stepped off a platform and then received another
shock 27.5 sec. later. A single convulsion 0.5 sec. after
the second shock produced the short latencies indicating
retrograde amnesia 1n a test 24 hr. later. Retest 48 hr.
after the passive-avoidance training showed the increased
latencies indicating recovery from the amnesia. Unlike
Zinkin and Miller (1967), these investigators observed no
recovery, however, if animals received only a single shock
followed by a convulsion 0.5 sec. later, Tests after 24

hr. and 48 hr. both showed short latencies, even though
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the same groups were tested twice 1n Schneider and Sher-
man's experiment.

Thus, there appears to be recovery from amnesia.
Whether this phenomenon is due to recovery of memory or to
something else affecting performance 1s unclear. Unfortun-
ately, something of a controversy seems to be devedplng over
the existence of recovery or recovery-like phenomena. It
is 1likely that a real effect has occurred in the reports of
recovery,; which warrants non-partisan investigation. For
instance, Riddell (1969) was also able tc replicate Zinkin
and Millerfs (1967) observations of recovery, although he
found a weaker effect, which later disappeared itself. More-
over, Riddell (1969) reported that the recovery was not
seen if animals were tested 24 hr. and 72 hr. after train-
ing, omitting the 48-hr. test interval. Nor was recovery
observed if animals were tested every 6 hr. after training
for the first 24 hr. and then tested at four more 24-hr.
intervals. In these latter procedures;,; short latenciles
were seen continuously, as a result of a 0.5 sec. ECS-
delay interval after a single passive-avoldance trial.

Riddell (1969) suggested that the convulsed animals
actually showed rairly constant latencies, but the non-con-
vulsed animals had gradually decreasing latencies over cer-
tain retest intervals. Thus, comparisons of performance

between control and convulsed animals allow a recovery-from-
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amnesia interpretation. 1In Zinkin and Miller's (1967) re-
port, for instance, the latenclies of animals which had a
convulsion, but no passive-avoidance training, also increas-
ed spontaneously over the 3-day test period. In two other
reports of recovery from amnesia the recovery was inferred
from comparisons with a first test administered 3 hr. (Koh-
lenberg & Trabasso, 1968) or 1 hr. (Cooper & Koppenaal,
1964) after passive-avoidance training. According to
Greenough and colleagues (1968), mice show increased laten-
cies (that is, no apparent amnesia) following elther a con-
vulsion alone or passive-avolidance training followed by a
convulsion, if they are tested within 3 hr.

These results are not easy to integrate sysﬁemat-
ically but, in general, they suggest that a variety of re-
sponses, involving immobility or movement, develop in
shock-avoldance procedures and that some understanding of
this "base-~line" performance is probably necessary in order
to interpret the reports of recovery from amnesia. Recov-
ery from amnesia, or some similar spontaneous effect, seems
clearly to occur over time under some conditions. These
conditions are not well understood now, but they probably
pertain to the sorts of responses which develop over time
following aversive training and are, therefore, related

to the question of incubation.
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Does ECS induce Amnesia for Active Tasks?

The third question about ECS-indw ed retrograde am-
nesia relates to the fact that, except for the early re-
ports (Duncan, 1949; Thompson & Dean, 1955), most of the
experiments addressed to the question of amnesia have in-
volved a passlve-avoidance task. This situation has occur-
red because the passive-avoldance response can easily te
trained in a single trial, and the time of learning can be
specified. Therefore, the "time since learning" can be
determined, and gquantitative estimates of the consolidation
period can supposedly be made. In order for the amnesia
interpretation to have any generality, however, it is cru-
cial to show that a convulsion induces amnesia for tasks
reqguiring movement, as well as tasks reguiring immobility.
Furthermore, tasks requiring movement involve somewhat dif-
ferent neurological systems than tasks requiring immobility.
(McCleary, 1966), so that a phenomenon which applies only
to passive tasks requires different neurological conceptual-
ization than one which applies equally to both active and
passive tasks.

Convulsions seem to have a weaker, or less clearly
seen, amneslic effect upon active tasks than upon passive
tasks, although there are very few reports on active tasks
which appear analogous to the one-trial passive tasks. In

a shock-motivated T-maze, a single convulsion did not induce
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retrograde amnesia if it occurred either 20 sec. or 3 min.
after the end of four training trials (Gerbrandt, Buresova

& Bures, 1968) and, with a similar task, a single convul-
sion 30 sec. after training to a 90% criterion induced re-
frograde amnesia for a brightness-discrimination habit,

but not for a spatial-discrimination habit (Corson, 1965).
Thus, ECS seemed to induce amnesia for visually-gulided tasks
reguiring movement but not for spatially-guided tasks re-
guiring movement. The shortest ECS-delay interval in the
experiments involving spatial tasks, however, was 20 sec.
and this is longer than the longest amnesia-producing in-
terval for certaln passive-avoidance tasks (Chorover &
Schiller, 1965). Moreover, while only a single ECS was used,
several training trlals were used in these experiments and
Corson (1965) reported that there was no amnesia for bright-
ness-discrimination training 1if tﬁe initial training trials
involved a pattern discrimination, rather than a briglit ness
discrimination.

Attempts have also been made to induce amnesia for
appetitive tasks with convulsions. A convulsion induced
amnesia for learning in the Hebb-Williams maze, but the
degree of amnesia was much less severe than that produced
when a convulsioh followed training 1n a passive-avoidance
task (Schiller & Chorover, 1967). It had teen reported

earlier that ECS induced amnesia for learning to drink in
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a box, but this amnesic effect was shown only by a decreased
number of entries into the area where water was availlable
(Tenen, 1965). ECS produced no amnesic effect as measured
by latency of entrance into the area or by the amount of
time spent in the area.

Thus, ECS may induce some degree of retrograde
amnesia for tasks requiring active movement but the amnes-
ic phenomenon does not appear as clearly as it does in tasks
regulring immobility. Although none of the experimental
situations requiring movement have been very similar to
the situations in which passive-avoidance training was uéed,
there seems to be a difference between the effect of con-
vulsions upon the two types of task, in terms of the appar-
ent degree of retrograde amnesia ilnduced.

An attempt to resolve the different effects of ECS
upon passive tasks and tasks requiring movement necessar-
1ly ralses the qguestion of ECS effects upon movement itself.
This is a question to which few previous investigators have
specifically addressed themselves, but one which may te
cruclal In understanding the effects of ECS upon learning

and memory.

The Question of Mcvement

Apart from the retrograde effects of convulsions

outlined so far, a serles of convulsions given beforehand
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impalrs the acguisition of a passive-avoidance response
(Poschel, 1957; Delprato, 1966). A series of convulsilons
also facilitates the acquisition of an active-avoildance
response regulring either moving back and forth in a shut-
tle box (Vanderwolf, 1963b), or reversal in a T-maze (Cas-
seday, 1966). Since these results arise from anterograde
effects of the convulsions, they cannot be explained as am-
nesia; since the results are opposite for active and pas-
sive tasks, they cannot be explained as general learning

or motivational deficits. Since a series of convulsions
usually decreases spontaneous activity (Munn, 1950, p. 443),
it is unlikely that these results occurred because the con-
vulsions simply increased the tendency to move. The re-
sults can be explained, however, on the basis that convul-
sions reduce the tendency to freeze or inhibit movement

in frightening situations.

There have also been inferences that a single con-
vulsion increases movement (Routtenberg & Kay, 1965) or re-
duces fear-induced inhibition of movement (Chorover &
Schiller, 1966). In the context of retrograde amnesia ex-
periments, the important point i1s whether a single con-
vulsion effectively increases movement, or reduces freezing,
because the impressive evidence that ECS induces retro-
grade amnesia derives from the results of only a single

convulsion., The only systematic investigation of this point
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was reported by Kopp, Bohdanecky and Jarvik (1967). These
investigators reported that a single convulsion decreased
spontaneous latencles in a two-compartment apparatus,
but only if the convulsion was induced no longer than 1
hr. before testing. In the same apparatus, Kopp and collea-
gues (1967) also gave a single passive-avoidance trial
first, and then induced a single convulsion at various in-
tervals before the testing 24 hr. after training. The
convulsion produced shorter latencies only 1f it occurred
8 hr. or less before testing. |
From these results, Kopp and colleagues (1967) con-
cluded that a 24-hr. training-testing interval successfully
separated the prograde effects of a single convulsion from
the retrograde effects. Nonetheless, i1t might prove useful
1f more information pertinent to this conclusion was ob-
tained because, 1f a single convulsion can affect movement
tendencies up to 24 hr. afterwards, this has serious im-
plications for results purported to demonstrate retrograde
amnesia. In particular, such information might resolve
the differences between the amnesic effects for tasks re-

guiring immobility and tasks requiring movement.



ITI. STATEMENT OF PURPOSE

The experimental results discussed this far may
be summarized as follows. Convulsions induce some retro-
grade amnesia, which is shown clearly in one—triai, pass-
ive-avoidance situations, but convulsions also have other
effects which are powerful enough to seriously complicate
attempts to investigate the hypothetical consolidation pro-
cess. One particular problem is that convulsions may exert
a stronger, more clearly seen, amnesia effect upon tasks
which require movement inhibition than upon tasks which
requlre active movement.

This difference in effect between active and passive
tasks suggests that a single convulsion may affect the ten-
dency to make movements itself. If a single convulsion
exerts a powerful effect upon the tendency to move or freeze,
this may make it impossible to draw guantitative conclusions
about the consolidation process from behavioral results
alone because such results invariably involve testing an
animal's movements.

Since amnesic interpretations of ECS effects on
behaviour, such as quantitative estimates of the consoli-

dation period, have implications for the physiology of
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memory, understanding these "complications" 1s of some
importance. Therefore, the purpose of the present investi-
gatlon was to study certain effects of convulsions, es-
pecially those effects which may seriously affect conclusions
about amnesia or consolidation. A major part of the inves-
tigation 1s more specifically addressed to the effect of

convulsions upon the tendency to inhibit movements.



EXPERIMENTAL METHODS AND RESULTS

Subjects

The subJjects of these experiments were 915 naive
male hooded rats which weighed from 200 to 300 gm. at the
start of the experiments. They were housed 5 or 6 to a
cage during the experiments. Food and water were contin-
uously availlable to them in the home cages except that no
water was avallable in the home cages of animals beilng

trained to drink in an experimental apparatus.

Procedure for Producing Convulsions

Convulsions were produced with a device made by
connecting small alligator clips through light wire leads
across the secondary coil of a l5bo-v. transformer. A
Decade Interval Timer (Hunter, Model 111-B, Series D) in
the primary circult of the transformer limited the flow
of the current to selected durations. Cotton packs were
tied to'the alligator clips with suture thread, and the
cotton-packed clips were dipped in saline prior to producing
each cvonvulsion 1n order to assure good electrical contact.
To produce convuisions, the clips were attached to the

animals' pinnae; for pseudo-convulsions the clips were
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also attached to the pinnae but the transformer was dis-
connected.* Unless specified otherwise, convulsions were
produced with an ECS of 0.3 sec. duration.

If convulsions were produced 10 sec, or less after
learning, the earclips were attached just prior to train-
ing and kept on during training; otherwise the eafclips
were attached after training or at the appropriate time be-
fore training. Since Weissman (1963) found that convulsions
produced retrograde amnesia most clearly in animals which
showed complete tonic extension, any animal which showed
incomplete tonic extension during the selzure was discard-
ed. Animals which suffered spinal injuries from the con-
wlsion were also discarded. The numbers of animals dis-

carded from each experiment are shown in Table 13.

Statistical Analysis

Statistical comparisons between independent groups
were made with the Mann-Whitney U test and comparisons
between two tests of the same group (paired comparisons)
were made with the Wilcoxon matched-palrs signed-ranks

test (Siegel, 1956). In both cases, levels of statistical

*Tt is saild procedurally, for instance, that an
animals "recelved a pseudo-convulsion 30 sec. after
training." This means that the animal was treated just
as 1f a convulsion were to be induced and the earclips
were removed about 30 sec. after training.
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significance cited in this document are for two-tailed
tests. Comparisons among several groups of animals were
made with the Kruskal-Wallis one-way analysis of variance
(siegel, 1956). The individual results used for these an-

alyses are given 1in the appendices at the end of the thes-
is.



I. ACTIVE-AVOIDANCE EXPERIMENTS

Apparatus. The avoidance apparatus was a plywood
box, 36 in. long by 10 in. wide and 18 in. high. A sliding
door located half way along the box divided it into two
equal-sized compartments. One comparment was painted white
and the other compartment was painted black. The floor of
the box was a grid of 1/8-in. stainless steel rods set
about 1/2 in. apart. The grid floor of the black compart-
ment could be charged by the secondary coil of an 1100-v.
transformer operating through a variable series resistance.
This resistance was set so that, with an animal on the grid,
the current was about 1.0 mA.

Avoidance Procedure. The,avoidance response re-

guired an animal to move from the black compartment to the
white compartment within 5 sec. The animal was placed on
the grid floor of the black compartment, facling away from
the white compartment and, 5 sec. later, continuous elec-
tric shock was delivered to the grid floor. After an in-
tertrial interval of 20 sec., the animal was replaced at
the starting point and another trial was administered.
This procedure was continued for 25 trials or until the

animal made 9 avoidance responses in 10 consecutive trials,
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whichever occurred first (90% criterion). For the first

3 trials, the sliding door was closed when the animal en-
tered the white compartment; on the later trials, this
door remained open. The numter of shocks received (i.e.,
escape responses) in reaching the 90% criterion was record-
ed for each animal. This procedure was used throdghout

the avoidance experiments.

Part 1. Faclilitation of avoidance learning.

As pointed out earlier (p. 49), there 1s evidence
that a series of convulsions reduces the tendency to freeze
in frightening situations (Pbschel, 1957; Delprato, 1966;
Vanderwolf, 1963; Casseday, 1966). There is, however, re-
latively little information on similar effects from a sin-
gle convulsion (Kopp and colleagues, 1967). Since the im-
pressive evidence demonstrating retrograde amnesla comes
from the results of only a single convulsion, it 1s import-
ant to know 1f a single convulsion can also reduce the ten-
dency to freeze. Such knowledge would have obvious impli-
cations for interpreting results purported to show retro-
grade amnesia produced by a single convulsion.

One criterion used by previous ilnvestigators was
that, 1if convulsions reduce the tendency to inhibit move-
ment in frightening situations, they should produce faster

acqulsition of a fear-motivated response which requires
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active movement. In the present instance, an attempt was
made to see 1f a single convulsion would facilitate acquls-
ition of a one-way active-avoidance response.

Vanderwolf (1963b) indicated that a series of con-
vulsions did not facillitate one-way avoidance learning.
However, the animals in that experiment were placed in the
apparatus for 5 min. before training and allowed to explore
the uncharged apparatus. Such an opportunity to explore
can 1tself improve active-avoldance performance in rats
with medial-thalamic damage, and 1t was suggested that this
effect occurred because the exploratory period also reduced
the tendency to freeze in frightening situations (Vander-
wolf, 1966). Since an opportunity to explore for a few
minutes beforehand is a common feature of aversive train-
ing, it seemed worthwhile to study the effects of this
treatment, as well as the effect of a convulsion.

Accordingly, in the present experiment, animals
received one-way, active-avoidance training after a single
convulsion, or after a 5-min. exploratory period, or after
both or after neither.

Pro cedure. Four groups of animals (N=56) received
avoldance training, and each group was treated differently
before training. The animals in the Convulsion/Exploration
Group received a single ECS, 24 hr. before training, and
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were placed 1n the uncharged avoldance apparatus for 5 min.
Just before training. The Convulsion/No Exploration Group
also received a single ECS 24 hr, before training but were
not allowéd to explore the apparatus before training. The
No Convulsion/Exploration Group received a pseudo-convul-
sion 24 hr. before training, and the 5-min. exploratory
period just before training. The No Convulsion/No Explor-
ation Group received a pseudo-convulsion 24 hr. before
training and no exploratory perliod before training.

Results. The mean numbers of shocks received by
the 4 groups in reaching the avoidance criterion are shown
in Table 1*, It can be seen from Table 1 that the No
convulsion/No Exploration Group took more shocks in ac-
gulring the active-avoidance response than any of the other
groups, and that there were no statistically significant
differences in rate of acquisition among these other three
g roups.

Thus, elther an epportunity to explore the appara-
tus for 5 min. before training, or a silngle convulsion
24 hr, before training, facilitated one-way active-avoidance
learning by about the same amount. Combining the convul-

sion and the exploratory period did not produce signifi-

*Individual results of the experiment are shown
in Appendix A.



Table 1
Mean number of shocks received in reaching 90%
criterion in the active-avoldance task after a

convulsion or exploratory period.

CONVULSION NO CONVULSION
n 11 15
EXPLORATION -
5.0% 5.1%
n 16 14
NO EXPLORATION
5.3% 8.9

Analysis of Variance: H = 20,4, df = 3, p <.001.
# less than the No Convulsion/No Exploration
Group (p<.02).
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cantly faster learning than either treatment alone.

Part 2. Retrograde effects of a convulsion.

Despite the finding in Part 1 that a single con-
vulsion can facilitate avoidance learning, there are sev-
eral reasons for predicting that a single convulsion will
also induce retrograde amnesia for the avoidance task.
First, several convulsions reportedly induce amnesla for
the task {Duncan, 1949). Second, a single convulsion given
after the 10 or 15 min. which it takes to learn the task
can 1induce retrograde amnesia (Thompson, 1955; Heriot and
Coleman, 1962). Third, 1t has been concluded in a pre-
vious report (Meyer, 1968) that a single convulsion exerted
an amnesic effect upon this particular avoidance task.
Since it 1s obviously crucial to find out if a single con-
vulsion will induce retrograde amnesia for learning the
same task that it facilitates, several attempts were made
to induce retrograde amnesia for the kind of avoidance
training given in Part 1.

Procedure. Using the avoidance training procedure
described earlier, 102 animals each received two sessions
of avoidance training. Just prior to the first session,
each animal was put in the apparatus for 5 min. Apter the
first session the animal was lifted out, earclips were put

on and, 30 sec. after the last trial, either a convulsion
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or a pseudo-convulsion was produced. In the case of the
convulsion, the ECS was either 0.3 sec., or 0.6 sec, or
2.0 sec. in duration. Using the same avoidance procedure,
with the omission of any exploratory period beforehand,
some groups were tested 24 hr. later and the others were
tested 50 hr. later, as shown in column 2 of Table 2.

Results. Twenty of the 87 convulsed animals were

discarded, as shown in Table 13. For the remaining 67 con-
wilsed animals and 15 pseudo-convulsed animals, the mean
numbers of shocks received in reaching the 90% avoidance
criterion are shown in Table 2%, Although each group im-
proved significantly between the first and the second ses-
sions, there were no statistically significant differences
among the improvements shown by each group. Each group of
animals improved about the same amount btetween sessions,
and no convulsed group's performance was statistically
different from the pseudo-convulsed group's performance

in either session. Even when all the results of the con-
vulsed animals were pooled, the change between the first
and second session was not statistically different from
that of the pseudo-convulsion group (U = 467; z = 0.8;
P>.21). Thus, all the groups performed about the same in

*Tndividual results of the experiment are shown
in Appendix B.



63

Table 2
Mean number of shocks received in reaching 90%
criterion in the active-avoidance task as a re-

sult of convulsions after the first session.

Duration Intersession First Second )
of ECS Interval n Session Sesslon Change*

Pseudo- '
Convulsion 24 hr. 15 5.9 2.8 ~3.1%*
0.3 sec. 24.hrs. 18 6.1 2,1 -2.,9%%
Oe3 SeC. 50 hra ,?2 5-9 306 -2.3**
0.6 sec. 24 hr, 18 5.6 2.8 -2, T*%
2.0 sec. 50 L. 11 Bt 2.7 -2, 3%*

* Analysis of Variance (of the changes between
session): H= 3.9, df = 4, p>.30.

**¥significant changer between sessions (gf(.Ol)
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both the first and second sessions, and the convulsion in-
duced no detectable amnesia for the avoldance training of

the first session.

Part 3. Amnesia and reduced freezing.

A convulsion might have falled to affect perform-
ance in the second session of Part 2 either because it
falled to affect the memory of the first day's training
or bhecause, even though it induced some amnesia, this was
offset by the reduced freezing suggested by the results of
Part 1. If an animal spent the same amount of time in
the apparatus that it took to learn the avoidance response,
and if a convulslon immediately afterward induced a loss
of memory for the experience, then whether an animal re-
ceived training or just explored for the equivalent amount
of time before having a convulsion should make no difference
in subsequent avoldance training in the apparatus. Ani-
mals which explored and animals which had tralning would
effectively be learning the response for the first time.
However, under these conditions, if the convulsion actually
failed to affect memory, then, in subsequent avoldance
training, animals which received prior training should
perform better than animals which were merely allowed to
explore the apparatus for an equivalent amount of time.

In the present experiment, therefore, animals were first

placed in the apparatus, then received a single convulsion
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and then, 24 hr. later, received avoidance training. The
results from this procedure can also be compared with app-
ropriate results from the preceding parts.

Procedure, First, 27 animals were each placed in
the avoidance apparatus for 11 min. (the mean time taken
to learn the response in Part 2). Then 13 animals received
a single ECS 30 sec. after being lifted out of the appara-
tus; the other 14 animals were simply returned to the home
cages without ECS. Finally, 24 hr, later, each animal re-
celved avoidance training as previously described, with
no exploratory period beforehand.

Results. Three of the 13 convulsed animals were
discarded, as shown in Table 13. The mean numbers of shocks
received in reaching the 90% avoidance criterion are shown
in Table 3%, It can be seen in Table 3 that the convulsed
animals learned the avoidance response with fewer shocks
than the non-convulsed animals. Thus, a single convulsion
agaln facilitated one-way active-avoidance learning.

In order to interpret these results, several com-
parisons must be made with the results in Parts 1 and 2.
The non-convulsed animals in the present experiment received

more shocks than the No Convulsion/Exploration Group in

*Tndividual results of the experiment are shown
in Appendix C.
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Table 3
Mean number of shocks received in reaching 90%
criterion in the actilve-avoidance task after

the exploratory period followed by a convulsion

or no convulsion.

TREATMENT n SHOCKS
Convulsion 10 3.8%
No Convulsion 14 8.6
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Part 1 (p <.02) and did not differ significantly from
the No Convulsion/No Exploration Group in Part 1. This
1s to say, the 11 min. of exploration 24 hr., before
training did not facilitate the avoidance learning, al-
fhough 5 min. of exploration immedlately before training
had facilitated avoidance learning.

Comparisons should also be made between the con-
vulsed animals in Part 3 and the group in Part 2 which re
received the 0.3-sec. ECS followed by a 24-hr. intersession
interval. These two groups were treated the same except
that the animals in Part 2 received avoidance tralning in
the first session while the animals 1n the present exper-
iment simply explored the apparatus for an equivalent
amount of time. A comparlison would therefore indicate the
effect of training, as opposed to exploratory experience,
when convulsive effects are controlled. The animals which
only explored received significantly more shocks in
reaching the avoidance criterion than the animals which
received previous avoidance training (p<.02). A stat-
1stically significant difference between these groups may
not seen likely since the means are very close (3.8 shocks
for the animals which explored and 3.1 for the animals
which were trained). However, one of the trained animals
received 18 shocks (see Appendix C), an atypically high

number 1in the second session, so that the mean value for
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the trained animals does not describe the group performance
very well. The median number of shocks recelved by the
trained animals in the second session, for example, was
only 2.1 compared with the medlan of 3.5 for the animals
which only explored. Thus, prior training followed by a
convulsion produced better avoildance performance than
the temporal equivalent spent in exploration followed by
a convulsion.

Finally, the 11 min. of exploration followed by
a convulsion produced better avoidance performance than
a convulsion alone. The Convulsed Group 1ln Part 3 received
significantly fewer shocks in reaching the avoidance
criterion than the Convulsion/No Exploration Group in Part
] (g;<.02)a Thus, although the 1l-min. exploratory period
the day before training did not 1itself facilitate avoid-
ance learning, this period in conjunction with a convul-
sion facilitated avoidance learning more than a convulsion
by itself. That is, the effect of the exploration the day
before trailning was manifested only in conjunction with

a subsequent convulsion.

Summary of Active-Avoidance Experiments

The major results of the Active-Avoidance Experi-
ments can be summarized as follows. Compared with animals

which receive no convulsion and have no experience in
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the apparatus before training, the mean number of shocks
received in reaching a 90% avoidance criterion in a given
session was decreased by about 68% after one session of
training, by about 40% after a single convulsion 24 hr,
before training, by abouﬁ 42% after 5 min. of exploration
Just before training, and by about 57% after 11 min. of
exploration 24 hr, before training followed by a single con-
vulsion.

However, avoldance performance was unaffected by
exploration of the apparatus 24 hr. before training when
no convulsion was induced after the exploratory period.
There was also no evidence that a convulsion 30 sec. after
the completion of active-avoildance training induced any

retrograde amnesia for the tralning.

i



ITI. ESCAPE EXPERIMENTS

The conclusion that a convulsion gilven shortly
after avoidance training produced little or no amnesia
for the training is somewhat at odds with the conclusions
of most previous investigators. Since it took about 6
min. to learn the avoidance response used in the first
éxperiments (plus the 5-min. exploratory period in Part
2), it was decided to search for an aversively-motivated
task which required active movement but which could be
learned in a single trial. A one-trial task was considered
essential because the polnt in time when learning occurred
(and presumably, consolidation began) could then be estab-
lished. This would mean that the interval between learn-
ing and a subsequent convulsion (the ECS-delay interval)
could be specified and thus the standards conventionally
used to demonstrate convulsion-induced retrograde amnesia
would be fully met.

One task which was 1lnvestigated reguired running
through a hole in the wall of a box in order to escape
electric shock.. Animals were placed 6n the charged grid
floor of a square box, and could escape by running through

a 2-in. sqguare hole in one wall at floor level. Altogether
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75 animals were tested on thls task followlng various
training, convulsive and exploratory treatments. Although
a convulsion did not induce detectable retrograde amnesia
for escape tralning, other results made it doubtful that
the changes between two trials met conventional standards
used to estabiish "learning." It was found, for example,
that if animals recelved no escape training but were allow-
ed to explore a large wooden stand for 20 min., they per-
formed as well on the escape task the next day as the an-
Imals which had escape training after exploring the stand
for 20 min. (see Table 4).

Since this hole-in-the-wall task did not appear
to be a satisfactory learning task, 1t was abandoned.
Group meanh latencies on this task are shovn in Table 4 for
comparison with the results obtained with the re xt task
investigated. This next task required animals to Jump out
of a box in order to escape electric shock.

Apparatus. The escape apparatus (jump box) was

a shellacked plywood box, 12 in. by 12 in. with walls 11
in. high, A platform 2 1/2 in. wide ran around the outside
of the box, 1/2 in. from the top. The floor of the box

was a grid of 1/8-in. stainless steel rods set about 1/2
in. apart. The grid floor was connected to a Physiological
Electronics Four-Line Scrambler (Model 3201) set at alout

130 v. A large wooden stand wlth sawdust on the floor was
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Table 4
Group mean escape latencies for the "hole-

in-the-wall" task.

FIRST SECOND
TREATMENT n TRIAL TRIAL

20-min. exploration on wooden

stand followed by first escape

trial; no convulsion; second

trial 24 hr, later. 16 17.9 T7.5%

Treated like first group, but
O.3-sec. ECS glven 30 sec.
after first trial 16 17.8 6.9%

Treated like first group, but
spent 18 sec. in box with no
grid shock, instead of escape
trial on first day 13 - 5.9

Explored wooden stand for 20

min., like groups above, but

then directly returned to home

cage without escape trial or

exploration in the apparatus 19 - 8.5

Treated like first group, but

without any exploration before
first escape trial 11 25.4 9.1%

*shorter than latency on first trial (p<.02)
Note: no statistically significant differences

among the groups within either trial.
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also used.

Escape Procedure. The escape response reqguired

an animal to jump out of the box onto the platform which
ran around the outside. On each escape trilal, the animal
was simply placed on the already-charged grid floor,
allowed to jump out, and returned to the home cage. The
time taken to jump out of the bhox was recorded with a stop-
watch for each animal, and any animal which failed to

jump out within 45 sec. was discarded. Escape latencies

were consldered the time taken until both forepaws grasped
the top of the box; invariably the animal then pulled iﬁ-
self over the top and onto the platform.

There were two escape trials for certaln groups

of animals in the present experiments. In this case, the
second trial occurred 24 hr. after the first trial and,
immediately before the first trial, a group of 5 or 6
animals (from a single cage) was put on the wooden stand
for 20 min. This exploratory period did not occur prior

to the second trial, nor where only a slngle trial was
given; 1n these cases, the animals from a single cage were
placed on the wooden stand but remained there only until

any preceding animal had recelved 1ts escape trial.

Part 1. Learning the Escape Response.

The purposes of this experiment were three. First,
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the experiment was undertaken to see if the jump-escape
training produced reliable improvements in performance and,
thus, to ascertain whether this task could be used to
measure aversively-motivated, one-trial learning which
regquired active movement. Second, the experiment was in-
tended to demonstrate the factors necessary to an& such
learning. Third, 1t was designed to show whether a con-
vulsion or exploratory period facilitated any such learn-
ing.

Procedure. Six gwups of animals (N=97) received

escape tralning. The Standard-Training Group received two
escape trials as described in the Escape Procedure. The
animals in the No-Shock Group were first placed on the
wooden stand for 20 min. and then placed in the apparatus
for 15 sec. with the floor uncharged (15 sec. was about
the mean time taken by the Standard-Training Group to
escape on the first trial). Then these animals were re-
moved from the apparatus, returned to the home cage and

received a single escape trial 24 hr. later,

Animals in the Wood-Top Group were placed on the
wooden stand for 20 min. and then placed in the apparatus
for 15 sec. with the grid floor charged and a plywood 1lid
over the box in order to prevent escape. Then these ani-

mals were removed from the apparatus, returned to the home
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cage and received a single escape trial 24 hr. later,

The Plastic-Top Group was treated just like the Wood-Top
Group except that a plexiglas 1id was used to prevent es-
cape rather than a plywood 1id. These latter two groups
thus received 15 sec. of lnescapable shock in the appara-
tus, but the animals in the Plastic-Top Group could see
out during the shock while the animals in the Wood-Top
Group could not.

The animals 1n the Convulsed Group received a sin-
gle ECS and; 24 hr. later, were placed on the wooden stand
for 20 min. and then recelved a single escape trial. The
standard escape procedure (used for the Standard-Training
Group) included a 20-min. exploratory period on the wood-
en stand immediately prior to the first trial. 1In order
to assess the effect of thlis exploratory period, there
was also a No-Exploration Group which was treated Jjust like
the Standard-Training Group on the first trial, with the
omission of the exploratory period preceding escape train-
ing. The No-Exploration Group received only a single
trial.

Results. Ten animals were discarded (Table 13).
Group mean escape latencies for the remaining 87 animals

are shown in Table 5¥%¥ It. 1s clear from Table 5 that the

* Individual results of the experiment are shown
in Appendix D.
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Table 5
Group mean latencles in the Jump-Escape Task

as a result of different training treatments.

FIRST SECOND

GROUP n TRIAL TRIAL
Standard-Training Group 16 13.7 2.1%
No-Shock Group 15 17.6 -
Wood-Top Group 13 16.4 -
Plastic-Top Group 15 17.6 -
Convulsed Group 13 14.7 o
No-Exploration Group 15 15.1 -

*shorter than latency on first trial (p<.0l)

Analysis of Variance (of latencies listed
under "First Trial"): H= 0.74, df = 5,

P> .98
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escape latencies decreased markedly and reliably from the
first to the second trial for the Standard-Training Group.
Only one animal in 16 failed to show improvement in es-
cape performance (Appendix D), This improvement in es-
cape performance appeared to be due entirely to the act

of escaping 1n the first trial. Nelther exploring the

box nor being shocked in the box, for an equivalent period
of time, produced significantly different escape laten-
cles than those of the Standard-Training Group 1n the first
trial. This latter result 1s crucial to the subsequent
experiments on retrograde amnesla, since it indicates that
the learning occurs (and presumably consolidation begins)
at the moment of escape, rather than at the onset of shock
or some other point in time.

The results in Table 5 also demonstrate that an
opportunity to explore for 20 min. immediately before
training did not affect escape learning. Nelther was es-
cape learning affected by a convulsion 24 hr, before
training. Thus exploration did not facllitate escape
learning, although 1t facllitated active-avoidance learn-
ing and learning the hole-in-the-wall task. Furthermore,
exploration plus a convulsion together dld not facilitate
escape learning, although either of these treatments (and
both together) facilitated active-avoidance learning.

These findings are Important because they indicate that
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freezing or inhibition of movement is not an important
component in acquisition of the escape response.

When animals In the Plastic-Top Group were recelv-
ing inescapable shock, they behaved somewhat differently
than the animals in the Standard-Training Group in the
first trial. Animals in both groups showed the usual
unconditioned reactions to electric shock on the grid
(squealing, urinating, biting the bars, Jumping about and
so forth) but the animals which could escape tended more
often to rear against one wall or make abortive Jjumps
before actually Jjumping out of the box. Under the plas-
tic top, the animals tended more often to remain on all
ur paws, and none was observed trying to Jumplout. Ani-
mals in both groups ran around the grid near the walls
but, after a while some of the animals in the Plastic-Top
Group crouched and remained still; this rarely happened
with the Standard-Training Group. Animals in the Plastie
Top Group also seemed to move backwards more frequently
than animals in the Standard-Training Group. When the
plastic top was rmoved, only one or two animals tried to
Jump out and this occurred after an attempt was first made
to pick them up_from the grid floor.

Thus the animals which received inescapable shock
showed no evidence that they had learned the escape re-

sponse but were prevented from performing it. Similarly,
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freezing was not observed to be a major component act in
learning the jump-escape response. These observations

t herefore support the numerical results presented before.

Part 2. Retrograde effects of a convulsion.

A second experiment was undertaken to lnvestigate
the retrograde effects of a single convulsion on jump-es-
cape learning. Convulsions were induced 1 sec. or 30 sec.
after a silngle tralning trial, and the effects of the
convulsion was tested in a second trial by comparisons
between convulsed and non-convulsed animals.

Pro cedure. Four groups of animals (N=86) receilved
two escape trials as described in the Escape Procedure.
The 30-sec. Convulsion Group received a single ECS 30 sec.
after jumping out of the box on the first trigl; the 30-
sec. Control Group received a pseudo-convulsion 30 sec,
after escaping on the first trial. The l-sec. Convulsion
Group received a single ECS 1 sec, after jumping out of
the box on the first trial; because thils group had ear-
clips put on before the first trial, there was also a
l-sec. Control Group which had earclips put on kefore
the first trial and received a pseudo-convulsion 1 sec.
after escaping.

Results. Twenty-one of the 86 animals were dis-

carded (Table 13). The group mean escape latencies for
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the other 65 animals are shown in Table 6%, As shown

in Table 6, each group improved significantly from the
first to the second trial, and there were no statistically
significant differences in escape performance among the
groups on either the first trial or the second trial. Thus,
each group showed evidence of learning the escape'response,
and the convulsions induced no detectable retrograde amnes-

ia for the Jjump-escape training.

*Individual results of the experiment are shown
in Appendix E.
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Table 6
Group mean latencies in the Jump-Escape Task
as a result of a convulsion after the first trial.

FIRST SECOND

GROUP n TRIAL TRIAL CHANGE
30-sec. Convulsion Group 18 13.8 2.8+% -11.0
30-sec. Control Group 15 13.5 2.9% -10.6
l-sec. Convulsion Group 16 14.7 3.8% -10.9
l-sec. Control Group 16 14.3 3.3*% -10.9

*shorter than latency on first trial (p<.0l)

Analysis of Variance (among the changes between

trials): = 0.29, df = 3, p > .95



III. DRINKING EXPERIMENTS

In view of the finding that a convulsion induced
no detectable retrograde amnesia for escape training, the
purpose of the Drinking Experiments was to ascertain if
there was some factor other than the type of response re-
guired which might have been responsible for the failure
to induce retrograde amnesia. An investigation was there-
fore made of the retrograde effect of a convulsion upon
passive-avoldance training in a task in which the train-
ing and convulsive treatments were as similar as possible
to those used in the Escape Experiments. An investigation
was also made of the retrograde effects of a convulsion
upon escape training which was preceded by the same treat-
ment given before the passive-avoidance task.

Apparatus. The apparatus from the Escape Ex-
periments was used but the Jjump box was modified to hold
a water bottle on the outside. A curved spout projected
into the box through a 1/2-in. hole drilled in the mid-
line of one wall, 2 in. above the grid floor.

Drinking Procedure. Each animal (N=70) was de-

prived of water in the home cage and was allowed to drink
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only in the apparatus for 10 min. each day. After three
days of this treatment, the time taken to start licking

the water spout was recorded with a stopwatch. Training

to drink continued until each animal had a latency of

4 sec. or less and the over-all mean latency was less than
3 sec. It took about 12 days of training to reach this
criterion. The day after the criterion was reached, either
passive-avoldance or jump-escape tralning was administer-

ed*,

Part 1. Drink-avoidance task.

The purpose of this experiment was to test the
retrograde effect of a convulsion upon passive-avoidance
training in which the duration of grid shock, the appar-
atus and the convulsive parameters were the same as those
used in Part 2 of the Escape Experiments for the 30-sec.
groups.

Procedure. After the drinking procedure, two
groups of animals (N=26) received passive-avoidance train-
ing. Animals from both groups were placed in the appara-

tus and the grid floor was charged for 15 sec. when the

*By the end of the drinking procedure, 8 animals
had contracted paratyphold disease and one animal had a
latency longer than 4 sec. after 12 days of training; these
9 animals were discarded (they are not recorded in Table
13), which left 61 animals in the experiments.
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animals started to drink (15 sec. was about the mean
Jump-escape latency in the first trial of the Escape Ex-
periments). A plywood 1id was placed over the apparatus
while the grid was charged in order to prevent escape.

At the end of the 15-sec. grid shock, the animals
were removed from the apparatus and the Convulsed Group
(n=14) received a single ECS 30 sec. later. The Pseudo-
Convulsed Group (n=12) received a pseudo-convulsion after
30 sec., The animals were returned to the home cages and
drinking latencies were recorded again 24 hr. later, to
a maximum latency of 30 sec.

Results, Three convulsed animals were discarded
from the experiment (Table 13). The group mean drinking
latencies for the other 23 animals are shown in Table 7%,
It can be seen from Table 7 that the passive-avoidance
training increased the drinking latencies whether or not
a convulsion was induced after the training. However,
the pseudo-convulsed animals had significantly greater in-
creases in latencies after the passive-avoidance train-
ing than the convulsed animals. That is, the convulsion
impaired retention of the passive-avoidance training,

thereby indicating that it had induced retrograde amnesia

*Individual results of the experiment are shown
in Appendix F,



Table 7
Group mean drinking latencles before and after
passive=-avoidance ftraining.
BEFORE AFTER

n AVOIDANCE AVOIDANCE CHANGE
TRAINING TRAINING

Convulsed 11 2.4 7.9 5.6%
Group
Pseudo- 12 B3 30, O%*x 25,.2%%
Convulsed -
Group

*p < .05

*% p<,01

**%¥*¥]onger than mean latehcy of the convulsed

animals after avoidance training (p<.002)
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for the drink-avoidance training.

Part 2. Jump-Escape Task.

A convulsion induced retrograde amnesia for pas-
sive-avoidance training but not for escape training. It
1s possible that this difference was somehow due to the
experience of drinking in the apparatus before passive-
avoldance training, or perhaps the water deprivation changed
the impedance of the brain and thus altered the effective-
ness of the ECS. In order to check possibilities like
these, animals were first trained to drink in the appara-
tus and were then trailned to jump out of the apparatus
in order to escape electric shock.

Procedure. Two groups of animals (N=35) were
first trained to drink 1n the apparatus, as described in
the Drinking Procedure above. Then they received two es-
cape trials, as described in the Escape Procedure (p. 73).
The Convulsed Group receilved a single ECS, and the Pseudo-
Convulsed Group received a pseudo-convulslion, 1 sec. after
the Jjump-escape response in the first trial.

Results. Three animals were discarded from the
experiment (Table 13). Group mean escape latencles for

the remaining 32 animals are shown in Table 8%, Both

*Individual results of the experiment are shown in
Appendix G.



Table 8

Group mean latencies in the Jump-Escape Task

after training to drink in the escape apparatus.

n  FIRST TRIAL SECOND TRIAL  CHANGE

Convulsed

Group 16 21.5 7.2 -14, 3%
Pseudo-

Convulsed 16 23.3 7.3 -16.1%
Group

*p .01,
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groups showed significant decreases 1ln escape latency be-
tween the first and second trial, and there were no stat-
istically significant differences between the two groups
in either trial. Thus a convulsion 1 sec. after traln-
ing induced no retrograde amnesia for the escape learning.

The latencies in the first trial of this experi-
ment were pooled and compared with the pooled latencies
in the first trilal in Part 2 of the Escape Experiments
(Table 6). The animals in the present experiment had
significantly longer escape latencies in the first trial
than the animals in Part 2 of the Escape Experiments
(g;(.OE), Thus the water deprivation and drinking proced-
ure made animals escape from the jump box more slowly,
but the failure of a convulsion to iInduce retrograde amnes-
ia for escape training cannot be, attributed to these treat-
ments.

The results of the Drinking Experiments, that a
single convulsion induced retrograde amnesia for passive-
avoidance training but not for escape tralning, indicated
that the appearance of retrograde amnesia depends upon the
type of response required. In the two Drinking Experi-
ments, the apparatus and most experimental parameters
were the same; factors such as amount of handling, degree
of water deprivation, experiehce in the apparatus, inten-

sity of gridshock and electroconvulsive shock and so forth
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were also the same for the two tasks. The maln differences
between the experiments were the type of response required
and the ECS-delay interval. The shorter ECS-delay inter-
val used 1n the Jjump-escape task should have been more
conducive to retrograde amnesia than the longer interval
used 1in the drink-avoidance task. Therefore, the observa-
tion of retrograde amnesia in the passive-avoildance task
but not in the escape task indicated that the appearance

of retrograde amnesia was due to the different types of

response required in the two tasks.



IV. PASSIVE-AVOIDANCE EXPERIMENTS

There have been, as pointed out earlier (p. 30),
large differences in estimates of the. length of the hypo-
thetical consolidation period. For the most part, these
estimates have been based upon the longest ECS-delay in-
terval which produced apparent retrograde amnesia in a
particular experimental task--usually a passive-avoildance
task--but each published report has included only one such
task. The first of the present experiments was therefore
an attempt to confirm the different results obtained by
Welssman (1964) and by Chorover and Schiller (1965).
Welssman (1964) observed retrograde effects from a single
convulsion which occurred several minutes after passive-
avoidance training, while Chorover and Schiller (1965)
observed retrograde effects only 1f the convulsion occurred
within a few seconds after passive-avoldance tralining.

In the second of the present experiments, certain
assumptions which Chorover and Schiller (1965, 1966) made
about the task they used were investigated.

Apparatus. The drinking apparatus was a hard-
ware-cloth box, 12 in. long, 7 1/2 in., wide and 8 in. high,

built around a supporting wooden frame, A water bottle
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could be fitted to the front of the apparatus with a
curved spout projecting inslde through a hardware cloth.

The step-down apparatus was a grey plywood box,

15 1/2 in. by 15 1/2 in. with walls 11 3/4 in. high. The
floor of the box was a grid of 1/8-in. stainless-steeil
rods set about 1/2 in. apart. An insulated grey wooden
platform, 5 1/8 in. square and 2 1/8 in. high, was located
in the centre of the grid floor.

The water spout in the drinking apparatus, and the
grid floor in the step-down apparatus, could be connected
through a varlable resistance to the secondary coill of
an 1100-v. transformer. The resistance was adjusted so
that, when an animal completed the circult, a milliammeter

in series indicated a current of about 1 mA.

Part 1. Comparison of'the two tasks.

In the present experiment, two passive-avoidance
tasks were compared with respect to the retrograde effects
of a single convulsion which occurred at various inter-
vals after training. The step-down task was the same as
the task used by Chorover and Schiller (1965). The other
task involved the passlve avoildance of drinking and was
t herefore similar to the task used by Weissman (1964).

For purposes of interpretation, performance on both tasks

was measured 1in terms of latencies and the maximum lat-
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ency after passive-avoldance training was 30 sec. for
both tasks.

Passive-avoidance procedures., For the drinking

task (n=112) animals were put in the apparatus daily and
allowed to drink for 15 min. The time taken to start
drinking was recorded with a stopwatch. After 10 days,
any animal with a latency greater than.u sec., was dlscard-
ed. For passive-avoldance training, each animal except
those 1in the No-Training Group was put in the apparatus
for 15 sec. with the water spout charged relative to the
hardware-cloth floor. For the No-Training Group, the |
spout was disconnected from the transformer. In general,
animals received 2 to 5 brief shocks through the mouth
with the transformer connected. At the end of the passive-
avoildance training trial, the animals underwent the Con-
vulsion Procedure and were tested 24 hr, later to a max-
imum latency of 30 sec.

For the step-down task (n=133), animals were put
in the apparatus for 15 sec. per day for four days. The
animal was placed on the wooden platform and the time
taken to place both forepaws on the grid floor was record-
ed with a stopwatch. Any animal with a latency greater
than 4 sec. was discarded. For passive-avoidance training,
the grid floor was charged and, after stepping down, the

animals except those 1n the No-Training Group received



93

grid shock for about 2 sec. For the No-Training Group,

the grid floor was not charged. At the end of the passive-
avoidance tralning trial, the animals underwent the
Convulsion Procedure and were tested 24 hr. later to a
maximum latency of 30 sec.

Convulsion Procedure., For the drinking task, a

single ECS was given 1 sec., 30 sec., 60 sec., or 300 sec.
after training (15 sec. in the apparatus). For the step-
down task, a single ECS was given 1 sec., 10 sec., 30 sec.,
or 60 sec. after training (termination of grid shock).
For both tasks, the No-Shock Groups received a single ECS
30 sec. after training and the Pseudo-Convulsion Groups
recelved a pseudo-convulsion 30 sec. after tralning.
Earclips were put on the animals in the l-sec.
and 10-sec. groups before the passive-avoldance training
trial, and the convulsion occurred in the apparatus.
Earclips were put on the other animals after they were re-
moved from the apparatus and the convulsion. occurred just
beside the apparatus. The animals in the 60-sec. and
300-sec. groups spent the ECS-delay interval on the wood-
en stand used in the Escape Experiments and the animals
in the 30-sec. groups spent the interval beside the appar-
atus.

Results., Forty-two animals were discarded (Table
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13). The results for the remalning 203 animals are shown
in Table 9%, It is clear that the ECS-delay intervals
which produced the shorter latencies 1lndicative of retro-
grade amnesia differed greatly between the two passive-
avoidance tasks. For example, the 60-sec. group in the
drinking task had a mean latency which was significantly
shorter than its pseudo-convulsed counterpart, whereas
the 30 sec. group in the step-down task had a mean laten-
cy which was not significantly different than that of
its pseudo-convulsed counterpart. It should also be noted
that the results from the step-down procedure are simi-
lar to the results of Chorover and Schiller (1965). The
10-sec. group, but not the 30-sec. group, had latencies
which were significantly shorter than the comparable pseudo-
convulsion group. .

Thus, the ECS exerted no amnesia for the step-down
task at ECS-delay intervals longer than 10 sec. while
the ECS apparently had an amnesic effect on the drinking
task at ECS-delay intervals up to 60 sec. It is also
clear from this analysis that neither group showed con-
stant effects from different ECS-delay intervals. That

is, a gradient of mean latencies relative to increasing

*Tndividual results of the experiment are shown
in Appendix H. '



Table 9
Group mean passive-avoidance latencies as a result of various ECS-delay inter-

vals after the first trial,

STEP-DOWN TASK DRINKING TASK
Before After Before After
n Avoldance Avoldance Change* n Avoldance Avoldance Change¥*

Training Training Training Tralning
No-Training Groups 17 0.7 0.9 O.2%* 17 1.6 1.6 0. 0%
l-sec.. Groups 20 0.9 2:5 1.6#+ 17 2.1 2.6 O, L4x*x
10-sec. Group 17 0.8 8.1 T.3%%
30-sec. Groups 15 0.9 28.3 27.5 18 1.8 8.7 6.9%*
60-sec. Groups 12 0.7 28.5 27.8 17 1.8 20.4 18,5%*
300-sec. Group 17 1.7 25.4 23.T
Pseudo-Convulsion 18 0.9 28.3 27.4 18 1.8 28.7 26.9

Group -

*Analysis of Variance (of the changes from avoidance training):
H=19.3, df = 5, p<.0l. for the Step-Down Task; H = 14.4,
df =5, p<.02 for the Drinking Task.

*¥*¥significantly less than the comparable Pseudo-Convulsion Group
(p<<.002).

NOTE: No significant differences among the Before-Training Latencles

G6

in either task.
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ECS-delay intervals occurred with both passive-avoidance
tasks.

If one faced the front of the drinking apparatus,
the spout of the water bottle projected into the box on the
right side, and the animals were placed on the left side,
facing the back wall. Before passive-avoldance training,
the animals would run guickly to the spout followed a U-
shaped course., In the 15-sec. passive-avoidance training
trial, the animals naturally also followed this course,
and then jumped backwards when the mouth contacted the spout.
Animals then tended to "slink"™ back to the spout, and jump
back again when shocked. Different animals repeated this
pattern 2 to 5 times, although there was no formal guant-
ification of this sort of observation. Finally, the ani-
mals tended to go to the back of the box (usually the left
back corner if one faced tle apparatus) and stand facing
in the direction of the spout. After the passive-avoidance
training, the animals persisted in running guickly over
the U-shaped route, but animals in the Pseudo-Convulsion
Group would stop short of the spout, "oscillate" there for
a while, and then usually retreat once again to the back
of the box. The'major difference among the groups seemed
to bte the length of this "oscillation" and whether the

animals retreated to the back of the rox or extended their
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necks to drink. So a distinct impression was given that
the animals moved about the apparatus a great deal. This
was, of course, particularly true of the convulsed ani-
mals since the pseduo—convulsed‘animals tended more often
to remain either at the back of the cage or else "frozen"
in front of the spout.

Similar behaviour was observed in the step-down
apparatus, although the differences between convulsed and
pseudo-convulsed animals was not so apparent here. The
pseudo-convulsed animals seemed to be more "limp" than
the convulsed animals and tended to lle down on the plat-
form. The convulsed animals seemed to have more muscle
tone and would stand up on the platform more often. In-
deed, the convulsed animals often rotated about the plat-
form and one animal actually Jjumped out of the apparatus.
Another extended 1ts body so that 1t leaned against the
wall with its forepaws while its hindpaws remained on the
platform. Again, the impression was that the convulsed

animals had difficulty remaining still.

Part 2. Discrimination in the Step-Down Task

The results of the preceding experiment indicated
that the 1ongest ECS-delay interval which produces apparent
retrograde amnesia depends, in part, on the passive-avoid-

ance task used. In attempting to explain such results,
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Chorover and Schiller (1966) suggested that a convulsion
indéces retrograde amnesia only in tasks which "depend
upon retention of a specific discrimination of cues." A
fundamental assumption implicit in Chorover and Schiller's
(1966) theory of retrograde amnesia is, therefore, that
the step-down task requires discriminated learniné. This
assumption was tested in the present experiment.

Procedure. Three groups of animals were trained
and tested in the step-down apparatus (N=36). Group 1
underwent the same treatment as the Pseudo-Convulsion Group
in Part 1 except that no earclips were used and the grid
shock lasted 4 sec. rather than 2 sec. Group 2 was treated
the same way as Group 1 except that, for testing 24 hr.
after passive-avoidance training, the animals were placed
on the grid floor beside the platform. An area of grid
the same size as the platform was drawn with a "magic
marker" and the time taken to move both forepaws outside
this area was recorded. Training for Group 3 comprised
placing the animal in the apparatus with the platfomrm
removed and, 1 sec. later, applylng grid shock for 4 sec.
For testing Group 3, 24 hr, later, the platfom was put
back in the apparatus, the animals were placed on it, and
the step-down latencles were recorded.

Results., One animal was discarded from the ex-
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periment (Table 13). The group mean latencies in testing
for the other 35 animals are shown in Table 10%, There were
no significant differences in test latencies among the

three groups. Thus, the animals performed about the same

no matter which of the three treatments they received, and
this result constitutes evidence that the step-down task
does not require discriminated learning. Rather, the task

appears to measure a failrly general suppression of movement.

*¥*Individual results of the experiment are shown in
Appendix I.
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Table 10
Group mean latencies in the Step-Down Task after

different tralning treatments.

GROUP LATENCY
Group 1 27.0
Group 2 26.6
Group 3 28.3
Analysis of Variance: =1.128, 4f =2,

P >.50
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V. MULTIPLE-CONVULSIONS EXPERIMENTS

All the present experiments this far have involved
the use of only a single convulsion. The Multiple-Convul-
sions Experiments were carried out to lnvestigate the effect
of a series of convulsions before training upon the retro-
grade effect of a single convulsion after training. This
effect was investigated with both step-down passlve-avoid-

ace training (Part 1) and jump-escape training (Part 2).

Part 1. Passive-Avoidance Training

Prodedure., Two groups of animals (N=29) underwent
the same treatment in the step-down apparatus as the 1C-sec.
group in Part 1 of the Passive-Avoidance Experiments, ex-
cept that the ECS-delay interval wés actually 12 sec. rather
than 10 sec. During the four days preceding passive-avoid-

ance tralning, tﬁe animals in the Convulsed Group (n=17)

also received 5 ECSs and the animals in the Pseudo-Convulsed
Group (n¥12) received 5 pseudo-convulsions. The convulsions
and pseudo-convulsions were spaced at least 5 hr. apart.

Results. Nine animals were discarded from the

experiment (Table'l3). The group mean step-down latenciles
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for the other 20 animals are shown 1in Table 11%*, The
latencies of the two groups were not significantly different
before passive-avoidance training but, following passive-
avoidance training and a convulsion 12 sec, later, the Con-
vulsed Group had significantly shorter latencles than the
Pseudo-Convulsed Group. Thus, the series of 5 convulsions
beforehand had no detected effect upon "spontaneous" step-
down latencies, but this treatment greatly inflated the
apparent retrograde amnesia induced by a single convulsion

after passive-avoldance training.

Part 2. Jump-Escape Task,

A series of convulsions can impair maze learning
(Braun, Russell and Patton, 1949) and it has been suggested
that such results might indicate that a series of convul-
sions slows down the consolidation process (Thompson, Har-
avey, Pennington, Smith, Gannon and Stockwell, 1958)., 1In
order to investigate whether the results of Part 1 of the
present experiments were produced by slower consolidation
or impailred learning, the same convulsive procedure used
in Part 1 was applied to the jump-escape task used in the

Escape Experiments.

*¥Individual results of the experiment are shown
in Appendix J.
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Table 11
Group mean step-down latencies as a result of

five convulsions before tralning.

Before After
Avoidance Avoldance
n  Tralning Training Change
CONVULSED GROUP 10 0.6 Bl 4, 6xxx
PSEUDO~CONVULSED
GROUP 10 isd 16,2% 15,1%

*longer than the Convulsed Group (p <.02)
*¥p ¢ .01

***.E. <. 05
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Procedure. Two groups of animals (N=49) underwent
the same treatment in the escape apparatus as the l-sec.
Convulsion Group in Part 2 of the Escape Experiments, ex-
cept that there was no exploratory period before the first
trial. The Convulsed Group (n=31) and the Pseudo-Convulsed
group (n=18) received the same convulsive treatment as their
respective namesakes in Part 1 of the present experiments,
except that the ECS after the first trial occurred 1 sec.
after the response rather than 12 sec. afterwards.

Results. Twenty-two of the animals were discarded
(see Table 13). The results for the other 27 animals are
shown in Table 12%, The latencies of the two groups were
not significantly different on either trial. Thus, the 5
convulsions beforehand affected neither initial escape
performance nor the ability to learn the escape response
and consolidate this learning.

Both groups had somewhat longer latencies on the
first trial than the l-sec. groups in Part 2 of the Escape
Experiments (Table 5); the animals in the present experiments
had latencies on the first trial like the animals which had
been trained to drink in the box before escape tralining

(Drinking Experiments, Part 2; Table 7). Thus, it seems

*¥Individual results of the experiment are gilven in
Appendix K.
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Table 12

Group mean Jump-escape latencies as a result of

five convulsions before training.

FIRST SECOND

TREATMENT n TRIAL TRIAL CHANGE
convulsed Group 12 20.2 3.9 -16.5%
Pseudo-Convulsed 15 20.1 5.8 14, 3%

Group

*p<.01
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that handling and the like somehow increase Jump-escape
latencies initially. This effect, however, does not alter
the finding that the convulsive treatments used with the
escape task failed to increase susceptibility to ECS-induced
retrograde amnesia.

On the second trial, the animals in the present
experiments had latencies about the same as the animals in
the l-sec. groups in Part 2 of the Escape Experiments. The
somewhat longer mean latency of the Pseudo-Convulsed Group
in the present experiment was produced by two animals (see
Appendix K). One animal took quite high jumps in the
apparatus, but did not actually reach the top of the wall
for about 13.5 sec. This animal actually seemed to have
some problem co-ordinating his front limbs, although it was
able to pull itself over the top of the wall onto the plat-
form on the apparatus. The other animal (15.5 sec.) leaned
against one wall, and seemed to place both hind paws on the
same steel rod in the floor, thus averting the scrambled
shock. Then 1t lowered its forepaws to the grid floor,
recelved a shock, and jumped out shortly thereafter., Des-
pite these two animals, there was no statistically signif-
icant difference between the Convulsed and Pseudo-Con-

vulsed Groups on the second trial.
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Table 13
Numbers of animals discarded from each experiment.
REASONS FOR DISCARDING
Did not meet Incomplete Suffered

EXPERIMENTS behavioral Tonic Spinal
criterion Extension Injury

ACTIVE-AVOIDANCE EXPERIMENTS

Part 1 -~ e -
Part 2 (retrograde effects) -- 9 11
Part 3 (from convulsed - 2 |

group)
ESCAPE EXPERIMENTS
Part 1
Standard-Training Group
No-Shock Group
Wood-Top Group
Plastic-Top Group
Convulsed Group

No-Exploration Group

n - n no = =
L}
1
i
1

Part 2
DRINKING EXPERIMENTS
Passive-Avoidance Task - 2 1

Jump-Escape Task 2 i | e
(table continues)
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Table 13 (continued)

Number of animals discarded from each experiment.

REASONS FOR DISCARDING
Did not meet Incomplete Suffered

behavioral Tonlc Spinal
criterion Extension Injury
PASSIVE-AVOIDANCE EXPERIMENTS
Part 1
Drinking Task 5 3 1
Step-Down Task 5 9 19
Part 2 (From Group 2) Sk - --
MULTIPLE~-CONVULSIONS
EXPERIMENTS
Step-Down Task
Convulsed Group 1 2 4
Pseudo-~Convulsed Group 1 - 1%
Escape Task
Convulsed Group 2 4 13
Pseudo-Convulsed Group i ¥ - 2%

*¥Injuries suffered as a result of the single

convulsion followling the first trial,



DISCUSSION

The results of inducing a convulsion at various
intervals after passive-avoidance training on the step-down
task (Passlve-Avoidance Experiments, Part 1) confirmed
the empirical findings of Chorover and Schiller (1965) that
retrograde amnesia occurs in this situation pnly if the
convulsion follows the tralning trial within about 10 sec.
The'pesults from the same convulsive procedure with the
drinking task (Passive-Avoldance Experiments, Part 1) con-
firmed other empirical findings (e.g., Welssman, 1964) that
retrograde amnesia occurs in some tasks when a convulsion
follows a training trial by a minute or more. Thus, the
longest ECS-delay interval which produced amneslia was dif-
ferent for the drinking and step-down tasks.

This difference was most likely produced by a dif-
ference in motivational strength between the two tasks.

The motivation for leaving the platform in the step-down
task was presumably a mild aversion to open, well-1lit places
or a weak thigmotaxic tendency (or both), whereas the moti-
vation in the drinking task was thirst induced by 24 hr.
of water deprivation. OQuartermain and colleagues (1965)

suggested that the strength of motivation, upon which

109
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passive-avoidance training followed by a convulsion 1s
superimposed, can affect the apparent consolidation pericd,
and this interpretation seems to best account for the re-
sults of the Passive-Avoldance Exped ments. Further evidence
for this interpretation was obtained in an unreported ex-
periment, the results of which lndicated that the maximum
amnesla-producing ECS-delay interval in the drinking task
could be extended even further by water deprivation for 48
hr. rather than 24 hr.

There are, however, a number of alternative inter-
pretations which should also be considered. One alternative
1s to infer different consolidation periods for different
tasks and, while that 1is reasonable, considerable analysis
of the present and previous reports is possible without
this inference. '

Another alternative is Cherkin's (1966) proposal
(p. 38) that different consolidation periods represent dif-
ferent strengths of original learning. According to this
proposal, it would be predicted, where performance on two
tasks was the same before training, that any particular
ECS-delay interval should have the same amnesic effect on
the two tasks. This prediction obtains because, on the bas-
1s of previous reports, Cherkin (1966) inferred that the

rate of consolidation was the same for all learning tasks.
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In Part 1 of the Passive-Avoldance Experiments, the per-
rmance before training was quite simllar on the two tasks:
the step-down latencies were about 1 sec. and the drinking
latencies were about 2 sec. However, a convulsion at the
ECS-delay intervals tested produced apparently greater am-
nesia for the drinking task than for the step-down task.
Thus, Cherkin's (1966) proposal does not easily account for
these results.

It is also unlikely that Chorover and Schiller's
(1966) proposal (p. 33) can account for the results. These
investigators proposed that only tasks which involve discrim-
inated learning show a time-dependent effect of lengthening
the ECS-delay interval. According to this proposal, length-
ening the ECS delay interval should have a constant effect
upon tasks which do not require discriminated learning since
"increased exploratory activity, rather than retrograde
amnesia, causes the apparent 'memory impairment'" in such
tasks. However, the results of Part 2 of the Passive-
Avoidance Experiments indicated that the step-down task
does not necessarily involve discriminated learning, al-
though a graded effect was shown on this task with increas-
ing ECS-delay intervals. Since the assumption that the
step-down task requires discriminated learning underlies

Chorover and Schiller's (1966) proposal, these results also
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cast serious doubtsvupon the proposal as a whole.

Although the apparent consolidation perilods were
different for the drinking and step-down tasks, both pass-
lve-avoldance tasks showed clear retrograde amnesia from
a convulsion shortly after training. In sharp contrast to
these results, a convulsion induced no detectable retrograde
amnesia for the escape task, even when the convulsion occur-
red only 1 sec. after the jump on the first trial (Escape
Experiments, Part 2), Since this jump was shown to be
responsible for learning the escape response (Escape Ex-
periments, Part 1), it can be concluded that a convulsion
1 sec., after learning induced no detectable amnesia for the
escape response., Note that in the escape procedure, any
aversive effect of the convulsion would increase Jjumping
latencies. Therefore, the finding that the latenciles in
the escape task were the same on the second trial whether
or not a convulsilon occurred after the first trial indicates
no detectable aversive effect from the convulsion, as well
as no detectable amnesic effect. Thus the lack of apparent
amnesia for escape learning cannot be attributed either to
aversive effects of the convulsion or to competing condition-
ed responses.

The results of the Drinking Experiments also indic-

ate that the amnesic differences between convulsions after
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escape training and passive-avoidance training cannot be
attributed to the partiailar experimental conditions used,
nor to factors like handling, thirst, brain impedance and

so forth. Where animals were treated the same before train-
ing, and trained in the same apparatus, a convulsion after
fraining induced apparent retrograde amnesia for passive-
avoldance training and no detectable amnesia for escape
training. Depriving animals of water except 1n the appara-
tus, and handling them otherwise as 1f they were to receive
passive-avoldance training, produced longer latencies on

the first escape trial (Drinking Experiments, Part 2), but
these treatments did ndt cause the convulsion to induce any
detected amnesia for the escape training. Thus, the dif-
ferent procedures before training were unimportant in account-
ing for the amnesic differences between convulsions used in

the escape task and the passive-avoildance task.

Movement and Freezing

The Jjoint observations of retrograde amnesia in
the passivewavoidance tasks and no retrograde amnesla in
the escape or active-avoldance tasks probably reflect the
different movement requirements in the two kinds of tasks.
The escape and active-avoidance tasks required an animal
to make an active movement, while the passive-avoidance

tasks reguired an animal to freeze or refrain from movement.
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A convulsion induced clearly observed retrograde amnesila
only 1in situations which required refraining from movement,
and not in situations which reqguired an active movement to
be made. This difference between active and passive sit-
uations seems to be a general rule (p. 46) and an attempt
to resolve or explain the difference 1s clearly necéssary
for understanding the behavioral effects of electroconvul-
sive shock. Unless it is assumed that different tasks have
different consolidation periods and, in particular, that no
consolidation period is required for escape and active-
avoldance learning, this difference means that retrograde
amnesia alone cannot account for the convulsive effect in
the present experiments. A convulsion must have another
effect in addition to the amnesic effect.

For several reasons, it 1s unlikely that this other
effect is simply an increased tendency to make active move-
ments after a convulsion, although such an inference would
resolve the differences 1n amneslc effects between active
and passive situations. First, a series of 5 convulsions
induced neither shorter spontaneous latencies in the first
trial of the step-down task (Multiple-Convulsions Experiments,
Part 1) nor shorter jumping latencies in the escape task
(Multiple -Convulsions Txperiments, Part 2). Second, ECS
usually decreases, not increases, the tendency to make act-

ive movements (Munn, 1950). Third, a single convulsion may in-
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duce shorter spontaneous step-down latencles, but only for
about 1 hr. afterwards (Kopp and colleagues, 1967).

A more likely resolution of the amnesic differences
between convulsions after passive-avéoidance training and
escape or active avoldance trailning is the conclusion that
a single convulslion reduces the tendency to freeze or re-
frain from movement in frightening situatlons.

When an animal 1s placed in an aversive situation
and becomes frightened, it has two tendencles. One tenden-
cy is to remain motionless or to freeze (what Hebb (1955)
called the "paralysis of terror"), and the other tendency
is to run away from the aversive situation. The most common
aversive motivation for laboratory purposes 1s electric
shock. Electric shock, however, does not readily indicate
to an animal where to move in order to escape or avoid, so
the freezing tendency predomlinates at first in most labor-
atory experiments, whether the "correct" response is move-
ment or immobility. Under "natural conditions", this may
not be true of course but, 1n labtoratory tasks, the pre-
dominant freezing tendency allows fear-motivated tasks which
require immobility to be learned in a single trial and
with a brief duration of shock. The freezing tendency, how-
ever, means that séveral trials or much longer durations

of shock, or both, are needed for an animal to learn an
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escape or actlve-avoidance response. In the present ex-
periments, for instance, a passive-avoidance response was
acquired as the result of only 2 sec. of shock while the
escape response required a mean shock of about 15 sec. dur-
ation.

The results of several previous experiments, con-
sidered collectively, indicate that convulsions generally
reduce or impair freezing tendencies. A series of convul-
slons, for lnstance, facilitated active-avoldance learning
requiring either reversal in a T-maze (Casseday, 1966) or
running back and forth in a shuttle box (Vanderwolf, 1963b).
It takes even more trials to learn these tasks than to learn
a one-way actilve-avoidance task because even more freezing
is involved. 1In learning the bidirectional tasks, an ani-
mal must overcome the tendency to avoid previously aversive
places, as well as the tendency to freeze after being
shocked., A series of convulsions also impaired passive-
avoidance learning (Poschel, 1957; Delprato, 1966) as well
as performance (Hunt & Brady, 1951) and acquisition (Brady
& Hunt, 1951) of a conditioned suppression response, or
CER. This latter task simply requires freezing. The effect
of the convulsions upon freezing evidently disappears
within 30 days (Brady, 1951), but the effect of the con-

vulsions 1s the same whether eléctric shock occurs between



117

or immediately after responses, that is, whether the task
is operationally defined as conditioned suppression or
passive avoidance (Spevack & Suboski, 1967).

These results can best be understood collectively
if a series of convulsions reduces or impairs the tendency
to freeze. If a single convulsion has the same effect, it
becomes clearer why a convulsion induced apparent retrograde
amnesia for the passive-avoildance trailning, but not for
the escape training, in the present experiments. Evidence
that a single convulsion reduces freezing was provided by
the finding that a single convulsion facilitated one-way
active-avoidance learning (Active-Avoldance Experiments,
Part 1). As explained before, the active-avoidance train-
ing procedure probably induced a certain amount of freezing,
which interfered with learning the active-avoidance res-
ponse. The convulsion reduced thils freezing tendency and
thus allowed the convulsed animals to learn the avoidance
response more quickly than non-convulsed animals. Similar-
ly, an exploratory period before training also reduced the
freezing tendency, or served as a "warm-up" period, and
thereby facilitated active-avoidance learning (Active-
Avoidance Experiments, Part 1). However, neither explora-
tion nor a single convulsion before training facilitated
escape learning (Escape Experiments, Part 3). Nor did a

series of 5 convulsions facilitate escape learning (Multi-
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ple-Convulsions Experiments, Part 2). In the escape pro-
cedure, the continuous presence of grid shock in the appar-
atus produced vigorous movements, and thus probably over-
came any tendency to freeze. This meant that there was
little or no freezing for the convulsion to overcome. In
other words, the convulsive effect depended in part upon

the amount of freezing produced by the task involved. For
example;, in a bidirectional active-avoidance task, a series
of convulsions facilitated learning even when an exploratory
period occurred before training (Vanderwolf, 1963b) while

in a one-way active-avoidance task, a convulsion facilitated
learning only in the absence of an exploratory period

before training (Active-Avoldance Experiments, Part 1).

This difference in efficacy between the convulsive treat-
ments probably occurred because the bidirectional task
produced a greater tendency to freeze than the one-way task,
which was also why animals took more trials to learn the
bidirectional task.

Although a single convulsion facilitated active-
avoidance learning 24 hr. later, a single convulsion im-
paired passive-avoidance learning only up to 8 hr. after-
wards (Kopp and colleagues, 1967). Slnce the effect of the
convulsion in both cases was presumably reduced freezing,

it seems that a single convulsion reduces freezing but,
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24 hr. afterwards, this effect is fairly weak and not
behaviorally obvious in a passive-avoidance situation.,

The reduced freezing did not seem to just gradually dissi-
pate over time: 1n the passive-avoidance task, the laten-
cies abruptly increased between 8 hr. and 12 hr., after the
convulsion, rather than gradually increasing over the post-
convulsion intervals tested (Kopp and colleagues, 1967).

An analogous result might also occur with active-avoidance
tasks, but there is no evidence on this point yet. In any
case, a convulsion evidently reduces the tendency to freeze
in frightening situations and, after 24 hr., this effect
may be manifested only under certain circumstances. One
circumstance is when movement i1s a requirement of the task,
 but another circumstance may be when there is also a

slight amnesia. !

Degree of Amnesia

Certain results in the present report suggest that
the retrograde amnesia produced by a single convulsion 1is
actually‘quite slight, although this 1s not easlly quant-
ifiable. 1In the Active-Avoidance Experiments, 1t was found
that 11 min. of exploration followed by a convulsion pro-
duced better avoidance performance 24 hr. later than a con-
vulsion alone. The reduced freezing was presumably the

same in the two procedures, since both involved a single
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convulsion. The effect of the 11 min. of exploration was
itself sufficiently weak that, without a convulsion after-
wards, it had no effect upon subsequent avoidance perform-
ance (Active-Avoidance Experiments, Part 3). However, in
conjunction with the reduced freezing induced by the con-
vulsion this exploratory period facilitated avoidanée learn-
ing. Thus the convulsion afterwards did not induce amnes-
ia for the exploratory period even though the effect of the
exploratory period per se was quite weak. This result is
congistent with a weak retrograde-amnesia effect from a
single convulsion, but difficult to understahd if a single
convulsion induced a strong retrograde amnesia.

Another possible explanation for these results is
that both the exploratory period and the convulsion alone
produced a small reduction in freezing but acted together
synergistically. This possibility seems unlikely, however,
since a convulsion 24 hr., before training did not act
synergistically with an exploratory period immediately
before training, even though this exploratory period had
a strong enough effect by itself to facilitate active-
avoidance learning.(Active-Avoidance Experiments, Part 1).
The fact that a convulsion 1 sec. after training had no
observed effect upon subsequent escape performance also
suggests that the actual loss of memory caused by a con-

vulsion is quite slight or Incomplete. Finally, it has
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been recently reported that, in a passlve-avoidance task,

the amount of retrograde amnesia induced by a single convul-
sion can be increased 1f a flashing light 1s presented
during the ECS-delay interval (Miller, Misanin & Lewis,
1969). This result implies that the convulsion itself does
not produce a maximum amnesia and is therefore also compat-
ible with the idea that the amnesia produced by a single con-

vulsion 1s quite weak.

An Explanatory Proposal

Thus, 1t seems reasonable to propose that a sin-
gle convulsion produces a slightly reduced tendency to freeze
in frightening situations, plus a weak retrograde amnesia,
and that both effects are operative 24 hr, after the con-
vulsion, Nelther effect alone can account for the results
outlined so far. If the convulsilon induced only a reduction
in freezing, then there is no particular reason why the
latencies in the passive-avoidance tasks were a function
of the ECS-delay interval; the dependence of the latencies
in the passive-avoidance tasks upon the ECS-delay interval
(Passive-Avoldance Experiments, Part 1) indicates retro-
grade amnesia as an effect of a single convulsion. On the
other hand, if retrograde amnesia were the sole effect of
the convulsion, then there would have been no facilitation

of active-avoidance learning, and if the amnesic effect
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were much stronger than the reduced-freezing effect, then
some retrograde amnesia should have been observed in the

tasks which required active movement. However, if a con-
vulsion slightly reduced the tendency to freeze and also

induced a weak retrograde amnesia, it becomes possible to
account for the results so far, as follows:

First, consider the reduced-freezing effect. The
reduction of the freezing tendency does not mean that a
convulsed animal 1s incapable of sitting still. It means
only that 1t 1s less likely to refrain from movement when
frightened. Therefore, in a test of "spontaneous movement"
24 hr. after a single convulsion (Kopp and colleagues,
1967) or even after several convulsions (Multiple-Convulsions
Experiments, Part 1), no effect of the convulsion was ob-
served. However, when active movement is required or re-
inforced, as in active-avoidance learning, the reduced
freezing will be manifested, as faster learning in this
case (Active-Avoidance Experiments, Part 1). Where freezing
is already at a minimum or nearly so, as 1n an escape task,
no further facilitation of learning was possible from a
convulsion (Escape Experiments, Part 3) or even from a ser-
ies of convulsions (Multiple-Convulslions Experiments, Part
2). Similarly, the facilitation of active-avoidance learn-
ing induced by a convulsion can be masked by a "warm-up"

period before training (Active-Avoildance Experiments, Part
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1) because both the convulsion and the "warm-up" period
served to reduce freezing, but either treatment alone was
probably capable o overcoming all the freezing induced by
this task. In tasks which produce more freezing, such as
bidirectional active-avoidance tasks, convulsions plus a
"warm-up" period facilitated learning even more than a "warm-
up" period alone (Vanderwolf, 1963b). In other words, the
manifestation of the convulsive effect depended in part
upon the amount of freezing induced by the pertinent task.
As a mare general proposition, the manifestation of
the effects of a convulsion probably depends upon the number
and strength of factors effectively conducive to mo ement
1h fear-producing situations. From this viewpoint, the
reduced freezing produced by a convulsion is one factor
effectively conducive to movement (in fear-producing sit-
uations but not necessarily otherwise). Any retrograde am-
nesia produced by a convulsion is effectively conducive to
movement only in a task which reguires immobility; in a
task which requires active movement, any such retrograde
amnesia 1s a factor effectively conducive to immobility.
In practice, the manifestation of convulsive effects also
depends upon how stringently actual movements are reflected
by numerical data, such as latencies or percentages of
correct responses and so forth. These two propositions

naturally apply to both the manifestation of retrograde am-
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nesia and the manifestation of reduced freezing.

In view of these propositions, consider a fear-
motivated task which requir es immobility, such as a passive-
avoidance task. In such a task, both the retrograde am-
nesia and the reduced freezing produced by a convulsion are
effectively conducive to. movement. These two convulsive
effects interact, probably in a synergistic manner, to pro-
duce movements which are reflected in the experimental re-
sults as, for insfance, shorter step-down latencies. Thus
a clearly observed apparent retrograde amnesia occurred in
the passive-avoidance tasks when a convulsion occurred
shortly after training because both convulsive effects were
conducive to movement., In an aversively-motivated task
which regquires movement, however, any retrograde amnesia
is conducive to immobility, so that this effect interacts
antagonistically with the reduced freezing. These two con-
vulsive effects tend to cancel one another, so that no appar-
ent retrograde amnesia was seen in the escape or active-
avoldance tasks. This proposal thus accounts for the dif-
ferent amneslc effects seen in fear-motivated tasks which
require movement and tasks which require immobility.

The proposal also accounts for the other results in
the present investigation, and can account, in general terms,
for the apparent dlscrepanciés among certailn previous find-

ings related to the question of the length of the consoli-
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dation period., For example, the proposal allows the dif-
ferent consolidation periods obtained with the drinking
task and the step-down task (Passive-Avoidance Experiments,
Part 1) to be interpreted in terms of factors conducive

to movement: the thirst or water-deprivation, or both,

in the drinking task were more conducive to movement than
the aversion to open, well-1it places or the thigmotaxic
tendency in the step-down task., Increased movement is com-
monly observed following water deprivation, Since there
were more factors conducive to movement in the drinking
task, there was a tendency towards shorter latencies and,
thus, an apparently longer consolidation period.

When Cherkin (1966) reanalyzed some prior results
pertinent to estimating the length of the consolidation
period (Chorover & Schiller, 1965;'K1ng, 1965; Quartermain
and colleagues, 1965; Weissman, 1964), he concluded that the
principal procedural differences among these experiments
was in the strength of the learning before passive-avoidance
trainingt However, two of these experiments involved a
drinking task (King, 1965; Weissman, 1964) while two invol-
ved a step-down task. Therefore, Cherkin's conclusions
can be reinterpreted like the results of Part 1 of the Pass-
ive-Avoidance Experiments: different apparent consolidation
periods were observed because of differences in the number
or strength of f'actors conducive to movement in the test

situation., Similarly, the observation that apparent retro-
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grade amnesia was observed only in animals which were
unfamiliar with the experimental apparatus (Lewls and coll-
eagues, 1968) can be reinterpreted according to the present
proposal. Animals which are unfamiliar with an experiment-
al apparatus may have a greater tendency to move thgn
animals which are familiar with the apparatus (Claus &
Bindra, 1960; Bindra & Claus, 1960). Therefore the combina-
tion of retrograde amnesia and non-familiarity, which are
conducive to movement separately may have induced faster
movement; in animals which were familiar with the experi-
mental sltuation, the retrograde amnesia was too weak by
itself to have this effect.

It is also possible to interpret certain procedures
which apparently produced recovery from convulsion-induced
retrograde amnesia as factors effectively conducive to
immobility. These recovery-producing or immobility-conduc-
ive procedures have included a weak "reminder" footshock
(Koppenaal and colleagues, 1967), testing with earclips on
(Nielson, 1968), retesting the same animals (Herz & Peeke,
1967, 1968) and two footshocks rather than a single footshock
(schneider & Sherman, 1968). It is intuitively plausible
that some of these treatments may have served to ilncrease
the freezing tendency in the test situations.

The practical proposal about convulsive effects,

that these effects may be seen only when numerical results



12T

stringently reflect actual movements, is more important
than 1t may seem at first. For instance, in an unreported
experiment on mice, the size and location of the platform
In a step-down task determined in part the length of the
step-down latencies observed. Larger platforms, and plat-
forms placed against one wall or in a corner, produced much
longer "spontaneous" step-down latencies than smaller plat-
forms located in the middle of the grid floor. Larger
platforms allowed movement to occur without actually affect-
ing step-down latencies, and platforms not in the middle of
the floor were simply more conducive to remaining still.

A convulsion shortly after passive-avoidance training did
not produce an apparent retrograde amnesia, except with a
fairly small platform located in the middle of the grid
floor. During the 30 sec. maximum latency used, both con-
vulsed and non-convulsed animals remained on the larger or
eccentrically-placed platforms. Such results are not un-
expected according to the present proposal. With larger
platforms, the step-down latencies simply failed to reflect
the larger number of movements made by the convulsed ani-
mals. With the eccentrically-placed platforms, the appara-
tus was not conducive to movement even for the convulsed
animals; in this case, more factors conduclve to movement
were reguired for any amnesia or reduced freezing to te

manifested., From this analysis, it seems likely that the
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differences between convulsed and non-convulsed animals
would not have been masked in this experiment had the max-
Imum latency been increased well beyond 30 sec. Extending
the maximum latency may not just be a minor procedural
variation, for long maximum latencies are more conducilve
to movement than short maximum latencies.

In this context; consider the two extremes in pre-
vious reports of the longest ECS-delay interval which in-
duced retrograde amnesia. These extremes were the 1l0-sec.
maximum effective interval found by Chorover and Schiller
(1965) and the finding by Kopp and colleagues (1966) that
a convulsion 6 hr. after passive-avoidance training in a
two~-compartment box induced retrograde amnesia. In this
case, motivational differences cannot readily account for
the difference in results since the two tasks appear to
be similarly motivated. Kopp and colleagues (1966) felt
that perhaps they found a long temporal gradient while Chor-
over and Schiller (1965) found only a short gradient be-
cause they used mice instead of rats or because they used
a less intense punishing shock. Decreasing the intensity
of punishing shock 1n training a passive-avoidance re-
sponse allows retrograde amnesla to be produced at longer
ECS-delay intervals (Ray & Bivens, 1968), and Kopp and

colleagues (1966) used a punishing shock of about 0.32 mA
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while Chorover and Schiller's (1965) shock was 0.75 mA.

The procedural difference pointed up by Kopp and
colleagues (1966) may be a factor, but there is another pro-
cedural difference relevant to the present interpretation.
Kopp and colleagues (1966) allowed a maximum latency in the
test trial of 300 sec. whereas Chorover and Schiller (1965)
allowed a maximum latency of only 30 sec. Moreover, if
a 30-sec. maximum latency is applied to the published re-
sults of Kopp and colleagues (1966), then these results
become very similar to those of Chorover and Schiller (1965).
That 1s, if any group latency longer than 30 sec. reported
by Kopp and colleagues is set at 30 sec., then 1t appears
that the longest ECS-delay interval which would have pro-
duced latencies significantly shorter than the control
latencies would have been less than 20 sec., rather than
6 hr.

This means that the convulsed animals may have had
latencies which were shorter than those of non-convulsed
animals in both experiments, but when the ECS-delay inter-
val was greater than 10 or 15 sec., the convulsed animals
still had latencies greater than 30 sec. Thus the combina-
tion of retrograde amnesia plus reduced freezing probably
produces an apparent retrogrdde amnesla even at quite long
ECS-delay intervals, but this effect can be masked by the

use of shorter maximum latencles. Longer maximum latencies
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allow relatively smaller differences between convulsed and
non-convulsed animals to become evident, because a long max-
imum latency is conducive to movement, and short maximum
latencies allow only very great differences to be shown,

It is difficult to relate Chorover and Schiller's
(1965) procedure in the same way to other pertinent results
(e.g., Heriot & Coleman, 1962; Weissman, 1964; quartermain
and colleagues, 1965) because these other results were not
reported in terms of latencies. King's (1965) results are
reported 1n terms of latencies but his task required the
passive avoldance of drinking. Therefore, it 1s not sur-
prising that he obtained longer amnesla-producing ECS-delay
intervals than Chorover and Schiller (1965) obtained with
a step-down passive-avoidance task, in the light of the
results from Part 1 of the Passive-Avoidance Experiments.
Even so, if King's (1965) reported latencies are set to a
maximum of 30 sec., the longest ECS-delay intervals which
might have produced latencles significantly different than
control latencies would have been 75 sec. rather than the
300 sec. which he reported.

Therefore, Chorover and Schiller's (1965) results
that a convulsion more than 10 sec. after training had no
retrograde effect seems more a reflection of the 30-sec.

maximum latency they used than of the "true" consolidation
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process. It also seems likely that previous estimates of
the consolidation period in general have been determined
in part by the number and strength of experimental factors
effectively conduclve to movement and by the stringency
with which the reported results reflected such movement.
Thus it may be possible to resolve many of the appar-
ent differences among previous reports on retrograde am-
nesia in terms of the present proposal that the occurrence
or apparent magnitude of retrograde amnesia depends upon
the number of factors conducive to movement. -This proposal
was also supported by the results of the Multiple-Convul-
sions Experiments. In these experiments, animals first re-
ceived either 5 convulsions or 5 pseudo-convulsions. Then
they received a single training trial on either the escape
or passive-avoldance tasks, followed by a single convulsion.
A second trial was given 24 hr., after the first. The ECS-
delay interval used with the passive-avoidance task was
selected judiciously: with this ECS-delay interval of 12
sec., the animals which received pseudo-convulsions before
training had latencies in the second trilal which fell about
midway between the latencies produced in this task by
training but no convulsion and by convulsion but no train-
ing (see Table 8). It is likely that the impairment in

freezing induced by a series of convulsions is cumulative:
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at least, 16 convulsions impaired learning to inhibit an
ative-avoidance response while 8 convulsions did not have
this effect (Delprato, 1966). If the freezing impairment
and the retrograde amnesia induced by convulsions interact,
then the 5 convulsions before training should inflate the
apparent retrograde amnesia induced by the single convul-
sion after training. That is, according to the present pro-
posal, animals which had convulsions before passive-avolid-
ance training should have shorter latencies in the second
trial than animals which had pseudo-convulsions before
training. That was the result of Part 1 of the Multiple-
Convulsions Experiments.

In the escape procedure used in Part 2, there was
very little opportunity for freezing to occur, as pointed
out before. The 5 convulsions therefore could not reduce
freezing and, according to the present proposal, do not
actually increase the retrograde amnesia. Thus the 5 con-
vulsions before training should have no effect upon origi-
nal escape learning, nor upon retention of this learning
after a single convulsion. This was the result of Part 2
of the Multiple-Convﬁlsions Experiments.

Previous work has demonstrated that a single con-
vulsion after discrimination training can impair subse-

guent performance, and this impairment was greater in young
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rats and rats with some neocortex removed (Thompson and
colleagues, 1958). The investigators proposed that these
results occurred because there were fewer functional neu-
rons within the brains of either young or brain-damaged
rats. Thils decreased the number of neurons modified during
learning and thus effectively slowed down the consolidation
process. Therefore, a convulsion at a particular ECS-delay
interval produced a greater retrograde effect in young or
cortically-damaged rats than in old or unoperated animals
because fewer cells had been consolidated.

In the Multiple-Convulsions Experiments, it could
be argued according to the proposal of Thompson and collea-
gues (1958) that the 5 convulsions before training like-
wise effectively slowed down the consollidatlion process and,
for that reason, increased the retrograde effect of a sin-
gle convulsion upon passive-avoldance training. However,
the convul ions before training in the Multiple-Convulsions
Experiments did not alter the negligible retrograde effect
of a single convulsion upon escape training. This result
seems to rule out the possibility that the convulsions
beforehand generally retarded leaming or slowed down the
consolidation process. Rather, the results offer further
support for the present proposal that observed convulsive

effects reflect the joint outcome of factors in the experi-
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mental situation conducive to movement and factors con-

ducive to immobility or freezing.

pisinhibition

When Gellhorn (1943) found that convulsions tended
to restore an active-avoidance response which had been
experimentally extinguished, he attributed this effect to

disinhibition in the Pavlovian sense of the term. Pavlov

(1927) believed that novel stimulli were inhibitory since
the presentation of novel stimuli during training, or train-
ed performance, attenuated a conditioned salivary response.

Pavliov called this phenomenon external inhibition. He also

thought that experimental extinction occurred because the
extinction procedure set up cortical process which he

called internal inhibition. Therefore, when he found that

the presentation of novel stimulil produced recovery of
an extinguished response, Pavlov concluded that the novel
stimuli must be inhibiting the internal inhibition. That
is to say, he concluded that the novel stimull produced
what he called disinhibition.

Gellhorn (1943, 1945) concluded thaf convulsions
disinhibited the active-avoldance response for similar rea-
sons, but he believed that the disinhibitory effect was
specific to the extinguished reéponse, and was not a gen-

eral effect upon movement. He suggested that the dlsinhibi-
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tion was "due to lncreased hypothalamic discharges to the
cortex, which ... may make subthreshold cortical processes
supraliminal’ (Gellhorn, 1946, p. 221).

Leaving the anatomy aside for the moment, Gellhorn's
conclusion that convulsions exert a disinhlbitory effect
1s extremely useful but, according to the present analysis,
the convulsions disinhibit fear-induced immobility in
general, not just a particular response. Gellhorn concluded
that the disinhibition was specific to the extinguished
avoidance response because the convulsions did not increase
spontaneous activity, even though they restored the active-
avoidance response. As present observations indicated
(Multiple-Convulsions Experiments, Part 1) a series of
convulsions may also have no detected effect upon spontan-
eous movements (latencies before passive-avoidance training)
but still exert a profound effect on a trained passive-
avoidance response. Similarly, in Delprato's (1966)
report, a series of 16 convulsions had no observed effect
upon one-way, active-avolidance learning but still seriously
impaired learning to inhibit that response in a subse-
guent punishment-extinction procedure. All this does not
mean that the convulsion's disinhibitory effect is speci-
fic to a particular response under investigation. It means,

rather, that the effect of the convulsion is to decrease
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fear-induced freezing or suppression of movement--no matter
how the freezing or movement suppression is induced--
without increasing the frequency or latency of movements
in general.

This reinterpetation was also supported by the
results of an attempt to confirm Gellhorn's results using
a conditioned-suppression response (Geller & Brady, 1960).
After conditioned suppresslon of drinking was extinguished,
a series of 21 convulsions did not reinstate the conditioned
suppression. This result indicates that convulslons do
not simply reinstate extinguished responses. The result
is quite understandable within the present proposal, however,
since there was no freezing after extinction of the con-
ditioned suppression and, therefore, the convulsions could

not exert a disinhibitory effect.

Discrimination

The same general point that a convulsion has a
general disinhiblitory effect, must also be made with respect
to Chorover and Schiller's (1966) proposals. As oub-
lined in the Introduction, (p. 33) these investigators
distinguished between convulsive effects upon discriminated
responses and upoh non-discriminated responses. They sug-
guested that a convulsion produced retrograde amnesia only

for discriminated learning. For other learning, "increased
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exploratory activity, rather than retrograde amnesla, causes
the apparent '‘memory impairment''" which results from the
convulsion after training. The logical prediction from
this proposal is that discriminated responses should show
effects from a convulsion after training which are graded
relative to the ECS-delay interval while non-discriminated
responses should show convulsive effects which are constant,
or unrelated to the ECS-delay interval. Apart from the
failure to experimentally validate this proposal (Passive-
Avoidance Experiments; Kopp and colleagues, 1966), it is
suggested in the present proposal that the distinction be-
tween discriminated (i.e. passive-avoldance) responses and
generalized (i.e., conditioned-suppression) responses is
irrelevant, at least to understanding the effects of elec-
troconvulsive shock. Both types of re sponses involve»the
inhibition of movement, and part of the present proposal
1s that a convulsion reduces fear-induced inhibition of
movement regardless of how 1t 1is produced.

| The distinction between the passive-avoldance re-
sponse and the conditioned-suppression response is defined
operationally: for the passive-avoldance response, pun-
ishment is contingent upon a response while for the condi-
tioned-suppression response, punishment is independent of

response. In Spevack and Suboski's (1967) experiment, how-
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ever, grid shock inhibited bar-pressing for water whether
the shock was contingent upon bar-pressing or not, and a
series of convulsions increased (disinhibited) bar-pressing
in either case by about the same amount. In the present
experiments, shock suppressed drinking whether it was ad-
ministered through a grid floor (Drinking Experiments,
Part 1) or through a water-bottle spout (Passive-Avoidance
Experiments, Part 1) and, in both cases, a single convul-
sion afterwards disinhibited driénking in subsequent tests.
In other previously published reports, the same amnesic
effect was observed when a convulsion occurred shortly af-
ter training no matter whether the authors defined the train-
ed response as "movement suppression"” (e.g., Chevalier,
1965) or "passive avoidance" (e.g., Luttges & McGaugh, 1967)
or "conditioned emotl onal response" (e.g., Kohlenberg &
Trabasso, 1968)., Thus, these operational distinctions
do not seem to affect the results of a convulsion. From
the animal's point of view, so to speak, the operational
distinction between passive avoldance and conditioned sup-
pression may not make much sense.

A more likely interpretation of these results 1ls
that a convulsion'directly impairs mechanisms involved in
withholding or inhibiting movements, and does not impair

discrimination mechanisms. In any frightening situation



139

where an animal freezes, no matter whether the freezing

is induced in a task operationally defined as "passive
avoldance" or "active avoidance" or "conditioned suppression",
a convulsion disinhibits the freezing in general. This
seems the best systematic way to account for both prograde
ard retrograde effects of a convulsion. This may seem to

be belaboring an obvious point. But the notion that a
convulsion exerts a disinhibitory effect upon non-discrimin-
ated tasks and an amnesic effect upon discriminated tasks
has had a great heuristic effect, and appears to be wide-

ly accepted at present. The present proposal precludes

this distinction.

At the same time, there may be an element of truth
in the suggestion that certaln kinds of tasks, often in-
volving discrimination learning, demonstrate retrograde
amnesia more clearly. For instance, a convulsion induced
retrograde amnesia for aversively-motivated bright ness-
discrimination training but not for aversively-motivated
spatial-discrimination training (Thompson, 1958; Corson,
1965) nor for training in a shock-motivated T-maze (Ger-
brandt and colleagues, 1968). These results probahly mean
that the weak retfograde amnesia induced by a single con-
vulsion is manifested on complex tasks, since complex tasks

would be expected to demonstrate even mild impairments
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more readily than relatively simple tasks., A series of
convulsions also produces a greater impairment for complex
tasks than for simple tasks (Munn, 1950, p. 445), It is
not that convulsions disrupt the memory for discriminated
tasks but that the retrograde amnesia 1s more evidently
manifested in tasks which are difficult for an animal to
learn, and visual discriminations are difficult for a rat
to learn. It is not contended in the present proposal that
a slngle convulsion induces no retrograde amnesia, but only
that 1n most tasks reoulring active movement, this effect
is masked by the concomltant disinhibitory effects of the
convulsion. In passive-avoldance tasks, on the other hand,
the observed retrograde amnesia has an "inflated" value

because of thilis disinhibitory effect.

Estimating the Consolidation Period

The suggestion that the retrograde amnesila for
passlve-avoidance training appears inflated, however, does
not necessarily mean that there is no retrograde amnesia
when convulsed animals show poorer retention than non-
convulsed animals. There seems .to be a principle that, where
two reports differ with respect to the longest ECS-delay
interval which produces apparent amnesia, the shorter in-
terval reported is a better reflection of the actual con-

solidation process. After Chorover and Schiller's (1965)
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report, for instance, there was a tendency to conclude

that the consolidation process was completed 1n a few se-
conds, and that reports of longer apparent retrograde am-
neslas were somehow dvue to experimental artifacts. Since
it has been suggested that these "artifacts" may be fully
as Important in demonstrating convulsive effects as the
convulsion itself, there seems no particularly sound reason
for the principle that the "shorter report" is more valid.
1L anything, the contrary seems true.

Where the amnesic and disinhiblitory effects are
pltted agalnst one ancother, as in active-avoidance tasks,
little or no amnesia 1is observed; where these two effects
work in concert with one another, as 1n passive-avoidance
tasks, retrograde amnesia 1is prevalent. Similarly, a sin-
gle convulsion does not produce an observed disinhibitory
effect in a passive-avoidance task a day later, where it
is virtually the only factor conducive to movement. But
such a disinhibitory effect is readily apparent in active-
avoldance learning a day later, where there are also other
factors strongly conducive to movement. A disinhibitory
effect can also be seen in a passive-avoldance task where
other movement-conducive factors are present (such as
greater disinhibition plus some amnesia: Multiple-Con-

vulslons Experiments, Part 1).
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As 1ndicated before, these results considered col-
lectively suggest that neither the amnesic nor the disin-
hibitory effect of a single convulsion 1is very significant
by 1tself. A single convulsion therefore probably does not
produce observable retrograde amnesia unless accompanied
by another factor conducive to movement (except perhaps in
very complex tasks). However, since the disinhibitory
effect of a single convulsion also seems weak by itself, any
latency decreases induced by a convulsion after passive-
avoidance training may well reflect actual amnesia, as well
as disinhibition. Both convulsive effects may be reguired
since the disinhibition induced by a single convulsion
is too weak by itself to produce apparent retrograde amnes-
ia a day later. Nor can the occurrence of disinhibition
easily account for latency effects which are graded with
respect to increasing ECS-delay intervals.

There 1s, then, no particular reason to accept a
s hort ECS-delay gradient as more '"correct" or "true" than
a long gradient. Where two reports differ on the estimated
length of the consolidation period based upon the effects
of increasing ECS-delay intervals, it makes Jjust as much
sense to conclude that the longer estimate is valid, since
the shorter estimate may be based upon a procedure too in-

sensitive to demonstrate long-term retrograde amnesia.
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Less tortuous reasoning, however, suggests that it
is impossible to make quantitative estimates of the length
of the consolidation period solely from behavioral results
of electroconvulsive shock. The number and variety of
concomitant behavioral effects from convulsions seriously
complicate interpretations of behavioral results. These
complications probably make gquantitative estimates of am-
neslc parameters so hazardous that they are not useful to
an understanding of memory functions.

It may be possible, though, to experimentally sep-
arate amnesic effects from disinhibitory effects with pro-
cedures involving direct electrical stimulation of specific
loci in the brain. The evidence on this point is still
slight, and some other results must first be noted to make

the point at all. |

Neurological Considerations

The disinhibitory effect of convulsions may be due
to damage to septal or hippocampal areas. Both convulsions
(Vanderwélf, 1963b) and hippocampal damage (Isaacson,
Douglas & Moore, 1961; Olton & Isaacson, 1968) facilitate
active-avoidance learning in a shuttle box. Hippocampal
damage, like electroconvulsive shock, also impairs passive

avoldance (Kimura, 1958; Isaacson & Wickelgren, 1962;
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McNew & Thompson, 1966) and learning of conditioned move-
ment suppression (Brady, 1958). McCleary (1966) has also
presented evidence that actlive ami passive fear-motivated
behavliours are controlled, in part, by different function-
al areas in the limbic system. This and other evidence
(e.g., Vanderwolf, 1962, 1963a, 1964; Posluns, 1962) sug-
gests that there are separate mechanisms in the brain for
initiating movement and for inhibiting movement. The be-
havioral results of hippocampal damage Jjust outlined, and
other behavioral results of hippocampal damage (Brady,
1958; Teitelbaum & Milner, 1963), suggests that the hippo-
campal area is part of a system for inhibiting movement,
so that hippocampal damage produces less inhibition in
fearful situations.

On similar grounds, the medial thalamus has been
implicated as part of a system for initiating movement (Van-
derwolf, 1962, 1963a), and electroconvulsive shock partially
offsets the effects of medial-thalamic damage (Vander-
wolf, 1968). Medial thalamic damage seriously impairs per-
formance in a one-way active-avoidance task, but this effect
can be attenuated by a longer pre-shock interval or by
a series of convulsions before training. Therefore, the
disinhibitory effect of convulsions probably occurs because

electroconvulsive shock damages neural structures involved
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in a system for inhibiting movement. Such damage offsets,
to some degree, more directly inflicted damage to neural
structures involved in initiating movement, thereby pro-
ducing the results observed by Vanderwolf (1968).

In particular, convulsions may induce disinhibitory
effects by producing especially serious dysfunction of the
hippocampal area, thereby mimicking the effects of sur-
gically-produced hippocampal damage to some degree, The
hippocampal area is extremely susceptible to seizure dis-
charges (Gastaut & Fisher-Williams, 1959), and it has been
suggested that such structures may be selectively depressed
by electroconvulsive shock (French, Gernandt & Livingston,
1956) since they would be more reliably and thoroughly
convulsed than other parts of the brain when electroconvul-
sive shock is given (Vanderwolf, 1963b).

The hippocampus has also been implicated in move-
ment-producing mechanisms by observations that when an ani-
mal starts to make a trained (Vanderwoilf & Heron, 1964)
or "spontaneous" (Vanderwolf, 1969) movement, slow, rhythm-
ical patterns of electrical activity occur in the hippo-
campus.

However, hippocampal damage also impalrs consoli-
dation mechanisms (Milner, 1966),as convulsions are reputed

to do. For example, as pointed out earlier (p. 8), Russell



146

(1948) felt that penetrating brain wounds produced retro-
grade amnesla only when the temporal lobes were injured,
and Williams (1966) had the clinical impression that the
amnesia produced by electroconvulsive therapy was very much
like that seen in cases of braln disease involving the
hippocampal region. Thus, the similar amnesic effects of
convulsions and hippocampal damage suggests that the amnes-
ic effect of convulsions, as well as the disinhibitory
effect, occurs through hlppocampal dysfunction.

This interpretation may be accurate for humans,
but there is no very convincing evidence that hippocampal-
damage in the rat produces retrograde amnesia. However,
to explain two sets of results, the suggestion has been made
that hippocampal damage does produce retrograde amnesia in
the rat. First, hippocampal damage reduced spontaneous
alternation and increased exploration in the rat (Dember,
Brodwick & Roberts, 1960) and, second, hippocampal damage
prevented rats from reversal learning 1n a shock-motivated
T-maze if the intertrial interval was 30 min. but not if
the intertrial interval was 30 sec. (Thompson, Langer &
Rich, 1964). These results, however, are open to other
interpretation. First, no operated control animals were
tested for comparison with the hippocampal damage, so that

attributing any deficits specifically to hippocampal damage
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is highly speculative. 1In fact, Thompson and colleagues
(1964) apparently observed no differences in T-maze rever-
sal performance among rats with hippocampal damage, damage
to the mammillary bodies and damage to the mammillio-thala-
mic tract. Second, these results can also be interpreted
as a result of increased perseveration rather than Empaired
consolidation or short-term memory, as Kimble (1963, p. 282)
suggested to explain his similar observations.

Therefore, the suggestion that hippocampal damage
iIn rats produces impairment of memory is not very persuasive.
There 1s, at the same time, evidence that direct electrical
stimulation of the amygdala produces retrograde amnesia
in the rat (Goddard, 1964a, 1964b) and the cat (Kesner &
Doty, 1968). 1In the rat, Goddard (1964a) reported that
continuous low-intensity stimulation of the amygdala in-
terfered with active-avoidance learning and with learning
conditioned movement suppression, if the stimulation occur-
red Jjust after the presentation of the unconditioned stim-
ulus. Similar electrical stimulation did not affect food-
motivated learning in a Lashley III maze,

Kesner and Doty (1968) trained cats to eat in a
box, and then established a passive-avoidance response with
a single shock through the mouth. Four sec. later, after-
discharges were elicited in some animals by direct stimu-

lation of loci in the limbic system, Afterdischarges
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from stimulation of the amygdala abolished the passive-
avoldance response, although afterdischarges from stimu-
lation in the ventral hippocampus, fornix or septum had no
effect upon subsequent passive-avoldance performance, even
if the afterdischarges spread to the dorsal hippocampus.
Afterdischarges from stimulation of the dorsal hippocampus
itself produced retrograde amnesia in only 8 of 14 animals,
and then only if intense stimulation was used. The 1inves-
tigators believed, partly on empirical grounds, that amnes-
ia occurred because these afterdischarges spread to the amyg-
dala.

Incidentally, Kesner and Doty (1968) also confirmed
previous observations (e.g., McGaugh & Alpern, 1966) that
motor convulsions were not necessary to produce retro-
grade amnesia since the direct stimulation of the limbic
system produced no motor seizures, and since electroconvul-
sive shock applied across the frontal bone produced motor
convulsions but no retrograde amnesia. From their obser-
vations, Kesner and Doty (1968) naturally concluded that
the amygdala seems to have a critical role in memory, at
least for the passive-avoidance response, but the hippocam-
pus probably does not.

The refore, although the amnesic and disinhibitory

effects of electroconvulsive shock may not be separable
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with behavioral tests, these effects might be separable
with procedures involving direct electrical stimulation of

selected loci in the limblc system.

Conclusions

A single convulsion slightly weakens or impalrs
the tendency for frightened animals to freeze or inhibit
movement. Thils conclusion was supported by the finding
that a single convulsion facilitated the acquisition of an
active-avoidance response.

A single convulsion also induces a weak retrogradé
amnesia, or slight los s of memory, for events preceding
the convulsion. A result favoring this conclusion was that
an exploratory period the day before training followed by
a convulsion facilitated active-avoidance learning more than
a convulsion alone, even though thé exploratory period by
itself had an effect which was too weak to affect active-
avoidance learning. Therefore, the amnesic effect of the
convulsion seemed slight. Moreover, a convulsion immediate-
ly after'escape training induced no detectable retrograde
amnesia for that experience.

The period of time preceding the convulsion for which
actual retrograde amnesia 1s induced 1is difficult to es-
timate with behavioral tests because the concomitant im-

pairment of freezing produced by the convulsion determines,
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in part, the manifestation of any retrograde amnesia. This
proposal was supported by the finding that a single con-
vulsion shortly after learning induced apparent retrograde
amnesia for passive-avoidance training, but not for escape
training or active-avoidance training.

As a more general principle, the manifestation of
either the reduced freezing (disinhibition) or retrograde
amnesia produced by a convulsion probably depends upon the
balance between the number and strength of other factors
conducive to movement or conducive to immobility in a test
situation. This proposal was supported by two major results.
First, a convulsion induced apparent retrograde amnesia
for passive-avoidance of drinking after longer ECS-delay
intervals than for passive-avoildance of stepping off a
small platform. This difference can be understood if the
water deprivation used in the drinking task 1s seen as a
factor conducive to movement. Second, a series of convul-
slons before training increased the retrograde effect of
a convulsion after training in a passive-avoidance task,
but not in an escape task. This was interpreted to mean that
the convulsions before training effectively increased the
factors conducive to movement in the passive-avoidance
situation, but these factors were already maximal in the
escape task (where the weak amnesla was the only factor

not effectively conducive to movement),
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As a practical consideration, the behavioral
manifestation of convulsilons also depends upon how string-
ently the numerical results of behavioral tests reflect
the actual movement in the test situation. Thus, apparent-
ly minor alterations in experimental apparatus and test
parameters can alter the occurrence and apparent severity
of amnesic and disinhibitory effects of a convulsion. This
consideration explains several observations in the present
investigation and also accounts for certain discrepancies
among previous reports on the longest ECS-delay interval

which produced retrograde amnesia.

Ssumma.ry

Previous results have indicated that electroconvul-
sive shock which occurs after an experience produces a
loss of memory, or induces retrograde amnesla, for the ex-
perience. However, other concomitant effects of electro-
convulsive shock seriously complicate the interpretation
of behavioral results observed after convulsions. The
results of the present investigation indicate in particular
that the retrograde amnesia is probably slight in animals
but appears enhanced in passive-avoildance tasks and dimin-
ished in aversivély—motivated tasks which require movement
because of a concomitant impairment in movement-inhibiting

or freezing mechanisms. This latter effect is called



152

"disinhibition," Evidence supporting this interpretation

can be found in clinical reports, and in previous reports

of animal experiments, as well as in the results of the
present investigation. If this interpretation is correct,
then it 1s extremely difficult to make reasonable quanti-
tative estimates of the severity or temporal extent of the
retrograde amnesia induced by electroconvulsive shock on

the basis of behavioral tests alone, Such tests invariably
involve observation or measurement of movement, and thus
reflect the disinhibitory effect, as well as the amnesic
effect, of electroconvulsive shock. However, the results

of other experiments allow the retrograde amnesia to be
interpreted as a result of amygdaloid dysfunction, and the
disinhibition to be interpreted as a result of hippocampal
and, perhaps, septal dysfunction. ‘Therefore, it may prove
possible to separate memory functions and movement-inhibiting
functions in animals with procedures involving more precisely

localized effects upon the brain.
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APPENDICES

The appendices contain the individual results
obtalned in the present experiments, which are

summarized in Tables 1-12,
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APPENDIX A
Number of shocks receilved in reaching 90%

criterion in Part 1 of the Avoidance Experiments.

No Convulsion/ Convulsion/ No Convulsion/ Convulsion/
No E?gigﬁa).tion No ?gg:ngr)'ation Expl?;-i‘{%c;n Exp(:(Lz:iti:;on
5 3 3 3
6 4 3 3
6 4 3 4
8 4 b 4
8 4 4 - 4
8 5 4 4
9 5 4 5
9 5 2 6
9 2 5 6
9 6 6 T
10 6 6 9

10 6 6
11 6 7
16 7 8
T 3
. T -
124, 84 7. ;

5.13 5.00

U
N
N

X 8.86
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APPENDIX B
Number of shocks received in reaching 90%

criterion in Part 2 of the Avoldance Experiments.

PSEUDO~-CONVULSION
24 hr. between sessions (n=15)
First Session Second Session Change
-2
-1
-3
-4

M U U W P NV W N+ P NN
U
no

O O 0O N~ N N ~N 6o v v v oo & W
=
O
\Y)

n
i
-

89 42 T
X 5.93 2.80 -3.13

(appendix continues)
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APPENDIX B (continued)
Number of shocks received in reaching 90%

criterion in Part 2 of the Avoidance Experiments.

0.3-SEC, CONVULSION

24 hr. between sessions (n=18)

First Session Second Session Change

-2

I S N T = = N I SR, NG, B UVR
Lo
I

]
0¢]
=
o

0o 0O N N N N N 06000 v vmFEoE W W
]
!
]

2 -6

(appendix continues)
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APPENDIX B (continued)
Number of shocks recelved in reaching 90%

criterion in Part 2 of the Avoldance Experiments.

0.3-SEC, CONVULSION
24 hr, between sessions (n=18)

First Session Second Session Change

8 9 -5
9 2 =7
109 56 =53
X 6.06 311 -2.94

0.6-SEC., CONVULSION
24 hr. between sessions (n=18)

First Session Second Session Change

3 2 -1
3 3 0
4 2 -2
4 2 =
5 2 -3
5 - =3
5 2 -3
5 3 -2
o 3 -2
5 3 -2

(appendix continues)
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APPENDIX B (continued)
Number of shocks received in reaching 90%

criterion in Part 2 of the Avoidance Experiments.

0.6-SEC, CONVULSION
24 hr. between sessions (n=18)
First Session Second Session Change

2 -4

©C 00 ~N N N~ O o O
v F F OF W W N
1
w

100 51 -49
X 5.55 2.83 -2, 72

(appendix continues)
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APPENDIX B (continued)
Number of shocks received in reaching 90%

criterion in Part 2 of the Avoidance Experiments.

0.3-SEC. CONVULSION
50 hr. between sessions (n=20)

First Session Second Session Change

~N & FE WD ow_ MM WwWw N
1
W

0o ~N o0 O 000U U U FOWW W M
=
=
&=

(&)}
1
w

(appendix continues)
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APPENDIX B (continued)
Number of shocks received in reaching 90%

criterion in Part 2 of the Avoildance Experiments.

0.3-SEC. CONVULSION
50 hr. between sessions (n=20)

First Session Second Session Change

9 2 T
9 4 ~5
10 7 =3
10 3 =
118 72 =46
X 5.90 3.60 -2.30

2.0-SEC. CONVULSION
50 hr. between sessions (n=11)

First Session Second Session Change

2 2 0
i3 2 -1
3 4 1
3 8 5
4 1 -3
5 1 -4

(appendix continues)
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APPENDIX B (continued)
Number of shocks received in reaching 90%

criterion in Part 2 of the Avoldance Experiments.

2.0-SEC, CONVULSION
50 hr. between sessions (n=11)

First Session Second Session Change

5 3 -2
6 2 -
6 2 -4
8 . -6
10 3 =1
55 30 -25

¥ 5.00 2.73 _2.27
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APPENDIX C
Number of shocks received in reaching 90%
criterion in Part 3 of the Avoidance Experiments.
CONVULSED NONCONVULSED
(n=10) (n=14)
2 2

O O FOF O&FE W W W W
O W VW 0O N O O WU

L o =
= &P o 8

|
|

38 121
X 3.80 8.64
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APPENDIX D

Jump latencies in Part 1 of the Escape Experiments.

SPECIFIC-TRAINING GROUP

(n=16)
First Trial Second Trial Change
1.5 7.5 6.0
5.5 4,0 «l.5
5.5 1.0 -4.5
7:0 1.5 5.5
7.0 1.0 -6.0
10.0 2;0 -8.0
11.0 i -10.5
1l.5 3.5 -8.0
i2.5 2.0 -10.5
13.0 2.0 -11.0
13.0 0.5 -12.5
15,90 1.5 -13.5
19.0 1:5 -17.5
£0.0 1.0 -19.0
25.0 2.0 -23.0
43.0 2:5 -41.5
219.5 34,0 -185.5
X 13.72 2.13 -11.59

(appendix continues)




APPENDIX D (continued)

Jump latencies in Part 1 of the Escape Experiments.

NO-SHOCCK GROUP WOOD-TOP GROUP

(n=15)
2.0
4.5
5.0
6.0
7.0
7.0

10.0
11.0
19,0
25.0
26.0
29.0
35.0
.0
41.0

264.5
X 17.63

(n=13)
1.5
2.0
3.0
4.0
5.5

11.0
120
17.0
18.0
18.5
35,0
42.0
44,0

213.5
16.42

10.
13.
14,
17.
18.
21.
26.
28.
38.
b3.

264,.0
17.60

(appendix continues)
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PLASTIC-TOP GROUP
(n=15)

3.
5.
8.
9.
10.
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APPENDIX D (continued)

Jump latencies in Part 1 of the Escape Experiments.

CONVULSED GROUP  NO-EXPLORATION GROUP

(n=13) (n=15)
3.5 2.0
4.0 2.0
9.0 7.0
9.0 7.0
9.5 8.0
11.0 8.5
130 9.0
13.0 10.0
14.5 17.0
16.5 17.5
18.0 , 21.0
30.0 25.0
40.5 26.0
32.0
35.0
191.5 227.0

X 14.73 15,13
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Jump latencies in Part 2 of the Escape Experiments.

30-SEC.(g8§ggLSION GROUP 30—8EC.(28§§?OL GROUP

First  Second First  Second

Trial Trial Change Trial Trial Change
3,0 1.0 -2.0 3.0 1.0 -2.0
54D 1.5 -2,0 4.0 2:3 -1.5
4,0 3.0 -1.0 5.0 30 -2.0
4,5 3.0 =1.5 6.5 2.0 -4.5
6.0 1.0 -5.0 T-0 2.0 -5.0
6.0 2.0 -4.0 7.5 4.0 =35
6.5 2.0 =4,5 131.0 2.0 -9.0
1+5 4.0 =-3.5 11,0 5.0 -6.0

10.0 3.0 =7.0 13.0 3.0 -10.0

10.5 35 -7.0 15.5 3.5 -12.0

11.0 2.0 -9.0 16.0 2:0 -14.0

16.0 6.0 -10.0 20,0 2:5 -17.5

175 3.0 -14.5 24,5 x5 -23.0
19.0 240 -17.0 25.0 9.0 -16.0
e3:0 6.0 -17.0 33.5 1,0 -32.5
26.5 2.0 -24.5

38.5 4.0 -29.5

40.0 45 -38.5

248.0 50.5 -197.5 2025 L, 0 -158.5

X 13.78 2.81 -10.97 13.50 2.93 -10.57

(appendix continues)
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APPENDIX E (continued)

Jump latencies in Part 2 of the Escape Experiments.

1-SEC. C?EZE%§ION GROUP l-SEC.(gg?g?OL GROUP
First  Second First Second
Trial Trial Change Trial Trial Change
5.0 5.0 0.0 3¢5 1.0 -2.5
6.0 3.0 =30 3«5 2.0 -1.5
6.0 5.0 -1.0 5.0 1.0 -4,0
8.0 3.5 <4.5 6.0 5.5 -0.5
9.0 3.0 -6.0 6.5 4.5 -2.,0
10.0 3.5 -6.5 T1+0 6.0 -1.0
11,0 3.0 -8.0 9.0 2.0 -7.0
13.5 4,0 -9.5 12.0 15 -10.5
15.0 4,0 -11.0 13.0 2.0 -11.0
17.5 3.0 -14.5 13.0 2.0 -11.0
18.0 4.0 -14.0 14.0 L5 -12.5
18.5 3.0 -15.5 15.0 4,0 -11.0
21.0 4,0 -17.0 18,0 5.0 ~19.0
21,0 6.5 -14,5 31.0 9.0 -22.0
7.5 2.5 -25.0 34.0 2.5 =-31.5
28.0 3.0 -25.0 38.0 4,0 -34.0
235.0 60.0 -175.0 228.5 53.5 -175.0

X 14.69 3.75 -10.94 14,28 3.34 -10.94
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APPENDIX F
Latencles of drinking in Part 1 of the Drinking

Experiments,
CONVULSED GROUP PSEUDO-CONVULSED GROUP
(n=11) (n=12)

Before After Before After
Shock Shock Change Shock Shock Change
1.0 1.0 0.0 1.0 30.0 29.0
L0 1.5 0.5 1:5 30.0 28.5
1.0 3.0 £+0 1.5 30.0 28.5
2,0 . -1,0 1:5 30.0 28.5
2.0 4.0 2.0 2.0 30.0 28.0
2.0 30.0 28.0 2.0 30.0 28.0
2:5 2.0 -0.5 250 30.0 28.0
3.0 55 2.5 2.0 30.0 28.0
3=2 4,0 0.5 3.0 30.0 27.0
4.0 5.0 1.0 3.0 30.0 27.0
4,0 30.0 26.0 4,0 30.0 26.0
4,0 30.0 26.0
26.0 87.0 61.0 27«5 330.0 302.5

X 2.36 :7.91 5.55 2.29 30.0 2T« T4
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Jump latencies after drinking training in

Part 2 of the Drinking Experiments.

CONVULSED GROUP

(n=16)
First Second
Trial Trial Change
4.0 L4 12 -3.0
7.0 6.0 -1.0
11,0 3.0 -8.0
15.0 4.0 w110
15,0 4.5 -10.5
15.5 4,0 -11.5
19.0 3.5 =15.5
19.0 14.0 -5.0
19.0 26.0 T.0
22.0 8.0 -14,0
e2.5 11.0 -11.5
23.5 4,0 -19.5
29.5 1.5 =-28.0
36.0 2.5 =335
h.0 16.5 -24.5
44,5 5.0 =305
343.5 114,5 -229.0
21. 47 7.16 -14,31

PSEUDO-CONVULSED GROUP
(n=16)

First = Second

Td al Trial Change

5.0 3.0 '=2,0
10.0 3.0 -7.0
12,0 3.5 -8.5
12.0  18.0 6.0
14.5 1.5 -13.0
19.0 3.0 -16.0
19.5  16.5 -3.0
21.5 12,0 -9.5
21.5  16.5 -5.0
23.5 2.5 -21.0
24,0 6.5 -17.5
27.0 0] -24,0
32.5 0 -28.5
43,0  13.5 -29.5
44,0 4,0 -40.0
4y, 0 5.5 -38.5

373.0 116.0 -25700

£3.31 7+25 -16.06
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APPENDIX H
Latencles in the step-down and drinking passive-avoildance
tasks iIn Part 1 of the Passive-Avoildance Experiments.
STEP-DOWN TASK

No-Training Group
(n=17)

Before shock After Shock Change

1.0 0.5 -0.5
1.0 0.5 -0.5
1.0 1.0 0.0
1.0 1.0 0.0
1.0 1.0 0.0
1.0 1.0 0.0
0.5 0.5 0.0
0.5 0.5 0.0
0.5 0.5 0.0
0.5 0.5 0.0
0.5 0.5 0.0
0.5 0.5 0.0
045 0.5 0.0
0.5 0.5 0.0
0.5 0.5 0.0
0.5 1.0 0.5
1.0 Be 5 4.5
12.0 16.0 4.0
¥ 0.7 0.94 .23

(appendix continues)
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APPENDIX H (continued)
Latencies in the step-down and drinking passive-avoidance
tasks iIn Part 1 of the Passive-Avoidance Experiments.

STEP-DOWN TASK

l;§2%4_g%%up

Before Shock Af'ter Shock Change

3.0 0.5 -2.5
1.0 0.5 -0.5
1.0 0.5 -0.5
1.0 1.0 0.0
1.0 1.0 0.0
1.0 1.0 0.0
1.0 1.0 0.0
0.5 0.5 0.0
0.5 0.5 0.0
0.5 0.5 0.0
0.5 0.5 0.0
0.5 0.5 0.0
0.5 0.5 0.0
0.5 0.5 0.0
0.5 0.5 0.0
1.0 1.5 0.5
0.5 3.0 2.5
1.0 4,0 3.0
0.5 9.0 8.5
1.0 22.5 21,5
17.0 49.5 32.5

¥ 0,85 2.48 1.63 (a%pendix

continie )
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APPENDIX H (continued)
Latencies 1in the step-down and drinking passive-avoldance
tasks in Part 1 of the Passive-Avoidance Experiments.
STEP-DOWN TASK

10-sec. Group
(n=17)

Before Shock After Shock Change

1.0 1.0 0.0
0.5 0.5 0.0
0.5 0.5 0.0
1.0 1.5 0.5
0.5 1:0 0.5
0.5 1.0 0.5
1.0 2.0 1.0
0.5 1.5 1.0
0.5 2.5 2.0
0.5 3.0 2.5
0.5 5.0 4.5
0.5 5.5 5.0
0.5 9.0 8.5
1:5 18.0 16.5
1.0 25.0 24.0
1.5 30.0 28.5
1.5 30.0 .28.5
13s 137.0 123.5
X 0.79 8.06 Tl

(appendix continues)
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APPENDIX H (continued)
Latencies in the step-down and drinking passilve-avoidance
tasks in Part 1 of the Passive-Avoidance Experiments.
STEP-DOWN TASK

30-sec. Group
(n=15)

Before Shock After Shock Change

4.0 10.0 6.0
0.5 25.0 24,5
1.6 30.0 29.0
.5 30.0 29.0
1.0 30.0 29.0
1.0 30.0 29.0
0.5 30.0 29.5
0.5 30.0 29.5
0.5 30.0 29.5
0.5 30.0 2945
0.5 30.0 29.5
0.5 30.0 £29.5
0.5 30.0 29.5
0.5 30.0 29.5
0.5 30,0 29.5
13.0 425.0 412.0
X 0,87 28.33 27.47

(appendix continues)
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APPENDIX H (continued)
Latencies in the step-down a nd drinking passive-avoidance

tasks in Part 1 of the Passive-Avoidance Experiments.

STEP-DOWN TASK

60-sec. Group
(n=12)

Before Shock  After Shaxk Change

0.5 12,0 11.5
2,0 30.0 28.0
1.0 30.0 29.0
1.0 30.0 29.0
0.5 30.0 29.5
0.5 30.0 29.5
0.5 30.0 29.5
0.5 30.0 29.5
0.5 30.0 29.5
0.5 30.0 29.5
0.5 30.0 29.5
0.5 30.0 29.5
8.5 342,0 3335
Z 0,71 28,5 27.79

(appendix continues)
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APPENDIX H (continued)
Latencies in the step-down and drinking passive-avoidance
tasks in Part 1 of the Passive-Avoidance Experiments.
STEP-DOWN TASK

Pseudo-Convulsion Group
(n=18)

Before Shock After Shock Change

0.5 16.0 15.5
1.0 17+5 16.5
0.5 26.5 26.0
3.0 30.0 27.0
2.0 30.0 28.0
1.0 30.0 29.0
1.0 30.0 29.0
1.0 30.0 29.0
1.0 30.0 29.0
1.8 30.0 29.0
1.0 30.0 29.0
0.5 30.0 29.5
0.5 30.0 29.5
0.5 30.0 29.5
0.5 30,0 29.5
0.5 30.0 29.5
0.5 30.0 29.5
0.5 30.0 29.5
X 0.92 28.33 27.42

(appendix continues)
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APPENDIX H (continued)
Latencles in the step-down and drinking passive-avoidance
tasks in Part 1 of the Passive-Avoidance Experiments.
DRINKING TASK

No-Tralning Group

(n=17)

Before Shock After Shock Change
3.0 25 -1.5
2.0 1.5 -0.5
Le 1.0 -0.5
1.0 0.5 -0.5
3.0 3.0 0.0
2.0 2.0 0.0
2.0 2.0 0.0
1:5 1.5 0.0
1.5 1.5 0.0
1.0 1.0 0.0
1.0 1.0 0.0
1.0 1;0 0.0
1.0 1.0 0.0
1.0 1.0 0.0
1:5 2.0 0.5
4«5 2.0 0.5
3.5 3.0 1.5

270 26,5 -0.5
X 1.59 1.56 -0.03

(appendix continues)
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APPENDIX H (continued)
Latencies 1in the step-down and drinking passive-avoidance

tasks in Part 1 of the Passive-Avoldance Experiments.

DRINKING TASK

l-sec. Group

(n=17)
Before Shock After Shock Change

3.0 2.0 -1.0
2.0 t D -1.0
245 2,0 -0.5
2.5 2.0 -0.5
2.0 1.5 -0.5
145 1.0 -0.5
3.0 2.0 0.0
2:5 25 0.0
2:0 2.0, 0.0
2.0 2.0 0.0
2.0 2.0 0.0
145 2.0 0.5
- M 4.5 2.0
1.0 2.0 2,0
1.0 b ) 2.0
2:5 5.0 2.5
2.5 5.0 2.5
36.0 43.5 7.5
;' 2sl2 2.56 0. 44

(appendix continues)
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APPENDIX H (continued)
Latencies in the step-down and drinking passive-avoldance
tasks in Part 1 of the Passive-Avoidance Experiments.
DRINKING TASK

30-sec, Group
(0=19)

Before Shock After Shock Change

2.0 1.0 -1.0
3.0 2.5 -0.5
2.5 2.0 -0.5
1.5 1.0 -0.5
3.0 3.0 0.0
2.0 2.0 0.0
1.0 1.0 0.0
2.0 2.5 0.5
1.5 2.0 0.5
1.5 2,y 0.5
1.0 3.0 2.0
2.5 5.0 2.5
1.5 8.0 6.5
1.0 16.0 15.0
16 20.0 19.0
1.0 25.0 24,0
3.5 30.0 26.5
1.0 30,0 29.0
_3?5— 156.0 —1_2—3—5_
X 1.8 8.67 6.86

(appendix continues)
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APPENDIX H (continued)
Latencies in the step-down and drinking passive-avoidance
tasks in Part 1 of the Passive-Avoidance Experiments.
DRINKING TASK

60-sec. Group

(n=17)

Before Shock After Shock Change
1.5 3.0 1.5
2.5 5.0 2.5
1,0 9.0 8.0
2,0 11.0 - 9.0
1.0 14,0 13.0
2:0 16,5 14.5
LaH 18,0 16.5
2.0 19.0 17.0
145 20,0 18.5
1.5 24,0 22.5
2.0 26.5 24,5
3.0 30.0 27.0
2.5 30.0 275
25 30.0 El:D
2.0 30.0 28.0
1.5 30.0 26.5
1,0 30.0 29.0
31.0 326.0 315.0

X 1.82 20,55 18.58

(appendix, continues)
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APPENDIX H (continued)

Latencies in the step-down and drinking passive-avoldance
tasks in Part 1 of the Passive-Avoidance Experiments.
DRINKING TASK

300-sec. Group

(0=17)
Before Shock After Shock Change
1.0 3.5 2.5
1.0 5.0 4.o
2.0 16.0 14,0
kS 23.0 22,0
15 27.0 25.5
2.0 28.0 26.0
4.0 30.0 26,0
3.0 30,0 2T +9
2.5 30.0 275
e+ 0 30.0 ' 28.0
2.0 30,0 28.0
135 30.0 28.5
1.5 30.0 28.5
1.0 30.0 29.0
1.0 30.0 29.0
1.0 30.0 29.0
1.0 30,0 29.0
29.0 432,5 Lo3.5
X $aTd 25.44 23.74

(appendix continues)




201
APPENDIX H (continued)

Latencies in the step-down and drinking passive-avoidance
tasks in Part 1 of the Passive-Avoldance Experiments.
DRINKING TASK

Pseduo-Convuls ion Group
(n-18)

Before Shock After Shock Change

1.0 16.5 15.5
2.0 21.0 19.0
25 29.0 £6.5
3.0 30.0 27.0
3.0 30.0 27.0
2.5 30.0 27.5
2.0 30.0 28.0
2.0 30.0 28.0
2.0 30.0 28.0
2.0 30.0 28.0
2.0 30.0 28.0
1:5 30.0 28.5
1.5 30.0 28.5
1.0 30.0 29.0
1.0 30.0 29.0
1.0 30.0 29.0
1.0 30.0 29.0
1.0 30.0 29.0
32.0 516.5 4845

X 1.78 28.69 26.92
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APPENDIX I
Test latencies for the three groups in Part 2 of the

Passive-Avoidance Experiments.

Gr;gp 1 Gf;?p 2 Grg?p 3
14,0 16.0 22.0
24.0 18.0 24,0
25.0 235 26.0
25.0 24.5 28.0
26,0 30.0 30.0
30,0 30.0 30.0
30,0 30.0 30.0
30.0 30.0 30.0
30,0 30.0 30.0
30,0 30.0 30.0
30.0 30.0 30.0
30.0 30.0

324.0 292.0 340.0

X 27.0 26.6 28.3
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APPENDIX J
Step-down latencies in Part 1 of the Multiple-Convulsions

Experiments.
CONVULSED GROUP PSEUDO-CONVULSED GROUP
(n=10) (n=10)

Before After Before After

Avoildance Avoildance Avoidance Avoldance

Training Training Change Training Trailning Change
0.5 05 0.0 0.5 1.5 1.0
0.5 0.5 0.0 0.5 1.5 1.0
0.5 0.5 0.0 0.5 4.0 35
1.0 3.0 0.0 1:0 6.5 5.5
0.5 10 05 0.5 10,0 9.5
0.5 1.0 0.5 3.0 19.0 16.0
1.0 3.0 2.0 3.0 30.0 27.0
0.5 5.5 5.0 1.0 30.0 29.0
0.5 9.0 B:5 0.5 30.0 29.5
0.5 30.0 29.5 0.5 30.0 29.5
6.0 52.0 46.0 31,0 162.5 151.5

X 0,60 5.20 4,60 1,10 16,25 15415
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APPENDIX K

Jump-Escape Latencles in Part 2 of the Multiple-

Cénvulsions Experiment.

CONV?;S?B)GROUP PSEUDOZgggggLSED GROUP
First Second First Second
Trial Triasl Change Trial- Trial Change
1.0 4,0 3.0 5.0 4,0 -1.0
4.0 2.0 -2.0 4,0 3.0 -1.0
5B 1.0 -4.5 5.0 5 -1.5
5.5 0.5 -5.0 9.0 6.5 -2.5
1545 9.5 -6.0 9.0 2.5 -6.5
12.0 1:5 -10.5 12,5 4,0 -8.5
14,5 35 -11.0 16.5 70 -9.5
24.0 8.0 -16.0 18.0 6.0 -12.0
31.5 4.5 -27.0 25.5 8.0 -17.5
43.0 i PR «3T«D 19.0 1.0 -18.0
41.5 2.0 -39.5 19.5 1:5 -18.0
44,0 2.0 -42.0 36.0 15:5 -20.5
4i.0 13.5 -27.5
37.0 3.5 =335
44, 5 8.0 -36.5
242.0 44,0 -198.0 301L.5 87.5 -214.,0

X 20.11  3.67 -16.50 20.10 5.83 -14,27
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