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INTRODUCTION

A great deal of the data for animal memory pro-
cesses originates from studies using electroconvulsive
shock (ECS) as a tocl to disrupt braln electrical activity
(McGaugh and Dawscn, 1971). The earlier concept of a con-
solidation process in memory (Burnham, 1903) laid the basis
for the contemporary consolidation theory (McGaugh, 1966).
Under this notion memory 1s viewed as a two stage process.
Thus a new memory 1s thought to require time in order to
harden into a permanent memory. If braln electrical act-
‘ivity is disrupted with ECS, then memories which have not
yYet consolidated should also be dilsrupted. This rational
for using ECS is supported by the observation that a per-
formance decrement (an amnesia) 1s often produced when ECS
follows a learning experience (Lewls, 1969).

Later formulations have cast doubt on the in-
clusiveness of a consolidation theory of memory (Lewils and
Maher, 1965; Lewis, 1969; Miller and Springer, 1973; Spear,
1973). 1If ECS does interfere with consolidation then one
must somehow deal with the evidence that an ECS-produced
memory disruption may recover with time (Pagano et al.,
1969;: Thompson, Enter and Russell, 1967; Zinkin and Miller,
1967; Neilson, 1968; DeViettl and Larson, 1971; Riddell,
1969; DeVietti et al., 1972). There is also evidence that
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such a disrupted memory may be returned by a reminder
treatment; that 1s, exposing the animal to a portion of

the cues of the original learning (Lewis, Mlller and Misan-
in, 1968; Lewis and Nicholas, 1973; Quartermain, McEwen

and Azmita, Jr., 1970, 1972; DeVietti and Hopfer (in prep-
aration); Miller and Springer, 1972; Cherkin, 1972; Gordon
and Spear, 1973; Galluscio, 1971). Finally other evidence
indicates that a second ECS treatment (in some cases a
footshock (FS) or other related stimulus followed by an
ECS) may return an ECS disrupted memory (Neilson, 1968;
Nachman and Meinecke, 1969; Pfingst and King, 1969; Kesner,
MeDonough, Jr., and Doty, 1970; Thompson and Neely, 1970;
Thompson and Grossman, 1972). In addition to the notion
of memory return there 1is evidence that an old (presumably
consolldated) memory 1is not permanent; 1t too 1is subject to
the effects of ECS (Schneider and Sherman, 1968; Misanin,
Miller and Lewls, 1968; Lewis, Bregman and Mahan, Jr.,
1972; Lewlis and Bregman, 1972; DeVietti and Holllday 1972;
Bregman, 1972; Robbins and Meyer,.1970; Howard and Meyer,
1971).

None of these phenomena should occur 1f a con-
solldation theory 1s correct. Loglcally, a labile memory
disrupted by ECS should fall to consolidate, and it should
be permanently lost. Moreover, an ECS-produced amnesia

for an already consollidated memory cannot logically be due



to the disruption of the memory consolidation process.
:Thus an alternative explanatlion to a consollidation theory
suggests that the amnesia produced by ECS may be due to an
interference with the retrieval of the memory, rather than
a disruption in the storage of the memory (Lewis and Maher,
1965; Lewis, 1969; Miller and Springer, 1973; Spear, 1973).
Lewis, (1969) has pointed out that an amnesia may concelve-
ably derive from a fallure of memory processes at several
points. For example, the lnltial reglstration of the
memory may be faulty, or the coding of the memory at the
time of storage may be obscured, perhaps by agents such as
ECS. Also the retrieval argumentt allows that even long
after memories are stored the recall of a memory may be
impaired, while the memory itself remalns lntact. Thus
various factors could account for a retrieval fallure; a
lack of motivatlon, a response competition, or a response
suppression (for example, fear) could easily occur without
the iwpzlrment of the stored memory.

Much of the ECS data 1s derived from one-trial
passive avoidance (PA) studies. In one example of this
task, the stepdown apparatus, anlmals are placed on a ralis-
ed platform, and the time requlred for them to step off the
platform 1s recorded. Often three groups of animals are
compared in the task. One group 1s glven a footshock (FS)

when they step off the platform; another group 1s gliven



'FS followed by ECS; the third group is not given FS, but
only an ECS. Twenty-~four hours later the animals are test-
ed for their latency to step off the ralsed platform.
Typically the FS animals remain on the platform, while the
FS-ECS animals rapidly leave it. Thus the FS-ECS animals
appear ignorant of the FS event which lmmediately preceed-
‘ed the ECS treatment. This ECS~-produced retrograde amnesia
(RA) in a passive avoidance task of one form or another

has been the subject of many papers (Madsen and MeGaugh,
1961; Chorover and Schiller, 1965, 1966; Lewis et al.,
1968a, 1968b; Misanin, Miller and Lewils, 1968; Poslunds

and Vanderwolf, 1970; Spevack and Suboski, 1969).

The ECS treatment itself has in the past been
administered to rodents by electrodes attached to the ears
(transpinnate) or in some cases to the eyes (transcorneal)
(Schneider, Kapp, Aron and Jarvik, 1969; Zornetzer and
McGaugh, 197la, 1971b). 1In recent years RA has been
obtained in one trial passive avoldance tasks by adminis-
tering ECS (usually of a low intensity) to electrodes
placed in the skull (transcortlcal) (Vandaris and Gehres,
1970; Zornetzer and McGaugh, 1970; Gold, Farrell and King,
1971; Robins and Thomas, 1968; Kesner, Gibson and LeClair,
1970; Paolino and Hine).

An ECS directly manipulates ongoing brain

electrical actlivity; however, that activity has been



‘studied as a subject within itself. The continous electri-
ical fluctuations of the human braln is often recorded

'as an index of health or disease. Small voltages can be
‘displayed from electrodes placed on the intact skull or
jwithin the brain ltself. The record of these small,
alternating differences in electrical potential between
two electrodes 1s called an electroencephalogram (EEG).
Often a particular frequency may domlinate a portion of the
EEG. The alpha rhythm (8 - 14 Hz.), beta rhythm (14 - 60
Hz), theta rhythm (4 - 8 Hz.) and delta rhythm (4 Hz. and
lower) are the terms applied to brain electrical activity
within specific portions of the EEG band of frequencles
(Towe, 1965).




CHAPTER I
AMNESIC AGENTS AND AN EEG CORRELATE
OF EXPERIMENTAL AMNESIA

In addition to ECS many other agents have been
shown to produce an amneslia for prior learning. Various
anesthetlcs, ether, phenobarbital, and metrazol may func-
tion as amnesic agents (Pearlman, Sharpless and Jarvik,
1971; Pearlman, 1966, Alpern and Kimble, 1967; Hertz, et
al., 1970; Cherkin, 1972; Penrod and Boice, 1971). Other
drugs which have been implicated are puromycin (Flexner,
Flexner and Roberts, 1967; Agranoff, Davis and Brink, 1965;
Davis and Agranoff, 1966; Barondes and Cohen, i§65), ace-
toxycloheximide (Agranoff, Davis, Casola and Lim, 1967;
Barondes and Cohen, 1967; Cohen and Barondes, 1968; Dani-
els, i97i), cyéiohé21mide (Quértermain, McEwen and Azmitia,
1970; Barondes and Cohen, 1967), actinomycin-D (Agranoff
et al., 1967) and various cholinerglc ageﬁts (Deutsch,
Hamburg and Dahl, 1966; Deutsch and Rocklin, i972; Deutsch,
1969; Belluzzl, 1972). Application of potassium choride
(KCL) to the cortex to eliclit a depression of cortical
electrical activity (Bures and Buresova, 1963; Pearlmam
and Jarvik, 1961; Bivens and Ray, 1965) or to the hippo-
campus to depress hippocampal electrical activity (Avis and
Carlton, 1968; Auerbach and Carlton, 1971; Kapp and
Schneider, 1971; Hughes, 1968) have both produced RA. 1In
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a similar manner breathing carbon dioxide (Paolino,
Quartermain and Miller, 1566; Teber and Banuazial, 1965;
Nachman and Meinecke, 1969; Quinton, 1966), body heating or
cooling (Jacobs and Sorenson, 1969; Kane‘and Jarvik, 1970;
Ricco, Hodges and Randall, 1968; Riccio, Gaebelein and
Cohen, 1968; Beitel and Porter, 1968; Misanin and Hoover,
1970; Ricco and Stikes, 1969; Jensen and Ricclo, 1970), and‘
electrical stimulation of discrete subcortical areas |
(Kesner and Doty, 1968; Wyers et al., 1968; Brunner et al.,
1970; Lidsky and Slotnick, 1970, 1971; McDonough, Jr. and
Kesner, 1971; Shrinkman and Kaufman, 1972; Kesner and Con-
ner, 1972) have all demonstrated effectiveness in producing
an amnesia for prior learning. Given the fact that similar
behavior (an amnesia, usually in a passive avoidance task)
is produced by different amnesic agents one might wonder if
any consistant simllarity could be detected in the cortical
EEG recorded from animals made amnesic by the various
agents. If a unlque EEG correlate could be found for
experimental amnesia across different amneslc agents, then
this fact would be evidence that amnesia 1is produced by
manipulating the brain in a particular manner.

Miscellaneous Amnesic Agents.

As Lewis (1969) has pointed out, many amnesic
agents have convulsive properties. Thus these agents af-

fect brain electrical activity by producing neural splking



followed by a perlod of depressed electrical activity.
Spreading cortical depression appears to deviate somewhat
from this generalization, since it does not obviously mani-
fest initial neural spiking (Bures and Buresova, 1960,
1970). However localized neural spiking may occur after
hippocampal depression (Avis and Carlton, 1968; Kapp and
Schneider, 1971), and alternating perlods of hippocampal
seizure and depression has also been reported (Bures et
al., 1962). Greene (1971) has shown that application of
KCL through cannula implanted in the rat hippocampus may
produce perseverative behavior which 1s similar to that
produced from hippocampal lesion. He suggests that hlppo-
campal spreading depression produces a functional and
reversible hippocampal leslon, and that this perseverative
behavior may be different from the behavior observed dur-
ing a hippocampal seizure. If this suggestion 1s true
then an amnesia might be produced by either depression or
disruption (seizure) of hippocampal electrical activity.
Thus the observation of an amnesla would depend heavily on
the particular behavior necessary for correct performance
of the task.

Horsten (1949) found a cessation of EEG activity
in rats cooled to 68° F. Lipp (1964) reported that both
frequency and amplitude of cortical and subcortical EEG

decreased in cooled, unanesthetized cats and rabbits.



Subcortical seizure was observed 1n these animals when the
body temperature was reduced to 72° F.

Drug Agents

Puromycin disrupts hippocampal electrical
activity five hours after temporal injection, but cyclo;
heximide or acetoxycloheximide apparently do not (Cohen,
Ervin and Barondes, 1966; Cohen and Barondes, 1967). It
has been found that actinomycin~D, which produces a fail-
ure of long term storage simllar to the above drugs, also
produces hippocampal epileptiform spike discharges at three
days followlng 1ts injection into the hippocampus of
the rat (Nakajima, 1969). Such a temporal period corre-
sponds to some of the literature reporting failures of
long term consolidation (Agranoff, Davis, Casola and Lim,
1967) with Act-D. The deficlt in long term storage 1s
more likely a proactive effect of the drug on the behavior-
al testing perlod, rather than a retroactive effect on
the memory storage (Nakajima, 1972). Nevertheless the
possiblity 1s presented that a drug which does not show an
effect on brain electrical activity near the time of in-
Jectlion into the brain, may produce a change in that ac-
tivity at a much later time.

Of those drugs used to manipulate cholinerglc
sites in the CNS, little information 1s avallable on the

effect on electrical actlvity when dlisopropylfluorophos-
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phate or physliostigmine are injected into the brain, but
carbachol injectlons can cause both EEG seizures and
behavioral convulsions (Belluzzi, 1971; Grossman, 1963).
In accord with the notion that many amnesic
agents change braln electrical activity, recordings of
‘such activity following temporal injection of puromycin
have demonstrated that the drug does disrupt hippocampal
electrical activity (Cohen et al., 1966; Cohen and Baron-
des, 1967). This finding encouraged Avis and Carlton
(1968) to attempt to produce an amnesia by dlsrupting
hippocampal electrical activity with an injection of po-
tassium chloride (KCL) into the hippocampus. The resulting
depression of electrical activity at the injection site
was observed for KCL only, since saline injections did not
affect hippocampal electrical activity. In like manner,
when the animals were tested for thelr latency to drink in
the presence of a tone which had previously been palred
with electric shock, KCL animals had short latenciles,
while saline animals had long latencies. With specific
reference to the EEG, Avis and Carlton (1968) suggested
that the duration of the EEG depresslon was related in an
inverse manner to retention. Thus the longer the observed
depression, the shorter the observed drinking latency in a
situation where the normal response would be a very long

drinking latency.



11

Auerbach and Carlton (1971) showed that animals
trained in the drink'suppression task, injected in the
hippocampus with KCL, and then tested for thelr latency to
drink show shorter latency and lower blood and adrenal
corticosteroid content than animals simillarly handled,
but Injected with saline. The authors suggested that the
occurrance of electrical silence in the brain between
trainling and testing decreases the animals' physllogilcal

response to a fear-provoking stimulus.

Cortical Electrical Stimulation

For pﬁrposes of clarity, one can say that typical
electrical brain stimulation through implanted electrodes
differs from ECS in that the current applied to the brailn
is not intended to be large enough to produce a behavioral
convulslion and render the animal unconsclous. Selzures
or afterdischarges (AD) of an area of cortex or a sub-
cortical system are the usual result of such a treatment,
and a behavioral manifestation of the stimulation (if
present) 1s usually confined to momentary freezing or
shivering.

In primates, electrical stimulation of infero-
temporal cortex which 1s intense enough to set up after-
discharges there, 1s disruptive of learning when the corti-
cal selzure occurs on each trial of discrimination train-

ing or at the start of short blocks of discrimination
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trials (Chow, 1961; Goldrich and Stamm, 1971). In this
paradigm the AD activity apparently disrupts the normal
ongoing patterning of neuronal circuits during learning.
Chow (1961) also showed that bilateral temporal AD during
‘recall of an already learned visual discrimination will
disrupt test performance. Thls effect he called a reten-
tion defiecit since unilateral temporal AD did not

disrupt test performance, nor did AD activity in the mon-
key's visual cortex.

In a somewhat different task electrical stimula-
tion of prefrontal cortex in the monkey has been used to
obtain a memory deficit. Stamm (1969) has found that
stimulation applied at the end of cue presentatlion and
during the early period of the delay 1in a two cholce
delayed response trial impalrs correct performance. The
same stimulation appeared not to affect correct performance
if 1t was delivered at other times durlng the trial. In
a similiar manner Kovner and Stamm (1972) have found that
stimulation of inferotemporal cortex produced a graded
impalrment of a delayed matchlng task. The deficit in
correct performance increased as stimulation was moved
from the early period of the delay to the late period of
the delay. The maximum deficit occurred when stimulation
was delivered during the matching period (following the

delay period). Also stimulation of 1inferotemporal cortex
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dld not affect a simultaneous matching task, and stimula-
. tion of prefrontal cortex did not produce a deficit for
elther the simultaneous matching or the delayed matchlng
‘tasks.

The abllity of electrical stimulation to produce
an amnesla when the stimulation is delivered posttrial
(the retroactive ECS paradigm) to large areas of cortex
was questioned by Reltz and Gerbrant (1971). Those authors'
delivered electrical stimulation to Inferotemporal cortex
immediately (3-5 seconds) after each trial of a
multitrial visual discrimination. Such stimulation did
not produce a retroactive effect on visual discrimination
learning. However, in a manner similar to Chow's
(1961) work an impairment was produced if the infero-
temporal stimulation was presented immedlately pretrial,
thereby causing AD activity during the presentation of
the discriminifive stimuli.

Subcortical Electrical Stimulatlon

Discrete electrical stimulation of the sub-
cortlical areas of the brain may also 1lnitiate AD activity
and produce an amnesia for prior learning. Both Wyer et
al., (1968) and Wyer and Deadwyler (1970) obtained a PA
deficit with stimulation of the caudate nuclel intense en-
ough to elicit spindle actilvity from that area. In
a Lashley III maze Peeke and Hertz (1970) demonstrated
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‘that caudate nucleus stimulation could produce a retro-
‘active memory impalrment in an appetitive task. This find-
ing perhaps reinforces an earller report (Mahut, 1962) of
a memory deficit produced in appetitive tasks by sub-
cortical (reticular, tegmental, diencephalic) stimulation.
In a later paper Herz and Peeke (1971) also found caudate
stimulation to be an effective amnesic agent by examining
extinction performance, agaln in an appetitive task.
Bllateral selzures of the amygdaloid complex
elicited by chronic low intensity electrical stimulation
has produced an amnesla for a conditioned emotional re-
sponse (McIntyre, 1970). Kesner and Doty (1968) produced a
PA deficit when stimulation of the amygdala produced AD
at that slite. Stimulatlon of the dorsal hippocampus
produced RA only when AD activity spread to the amygdala.
On the other hand, AD activity in the septum, fornix or
ventral hippocampus produced no deficlt. Both Brunner et
al., (1970) and Vardaris and Schwartz (1970) have produced
RA 1n one trial PA tasks by adminilstering a single post-
trial electrical stimulation to the hippocampus. Vardaris
and Schwartz (1970) show that retention performance in
the task had no relationshlp to the duration of either
hippocampal AD activity or hippocampal post seizure de-
pression. Thils finding is in agreement with Routtenberg,

Zechmelster, and Benton (1970) who could find no obvious
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‘difference in hippocampal activity after FS or FS-ECS
which could be related to retention in a one trial PA
task. Vandaris and Schwartz (1970) speculate that RA may
be a result of AD propagation to other brain areas and not
simply hlppocampal selzures since a small number of rats
in their study manifested hippocampal selzure, but no RA.
However, less Iintense electrical stimulation can
also produce RA 1n the absence of AD, the involvement of
adjacent brain centers, or behavioral seizure. McDonough
and Kesner (1971) obtalned a PA deficit in cats by dellver-
ing low level bilateral stimulatlion to the amygdala. These
authors recorded the electrical activity of the amyg-
dala and hippocampus after stimulation to verify that no
AD activity took place. In a second experiment McDonough
and Kesner (1971) selectively stimulated elther the
amygdala or the hippocampus. Brief, low intensity, bi-
lateral stimulation caused disruption of the electrical
activity of these centers only for the period of stimula-
tion and produced no selzure in the EEG. Stimulation of
either the amygdala or hippocampus caused an amnesla for a
mouth-shock which the animals had recelved twenty-four
hours before. In a manner similiar to that reported for
ECS (Kesner et al., 1970; Neilson, 1968; Nachman and
Meinecke, 1969; Pfingst and King, 1969) and body cooling
(hypothermia) (Riceclo and Stikes, 1969; Jensen and Riccio,
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-1970), a second mouth-shock and brain stimulation of the
‘amygdala or hippocampus resulted in an avoidance of the
moﬁth-shock when the animals were retested.

More data in support of the notlion that discrete
electrical stimulation can produce RA without producing
AD can be found in Shinkman and Kaufman (1972). These
authors delivered hippocampal stimulation to rats during
a drink-suppression task and demonstrated RA in a group of %
anlimals with AD activity, but with no behavioral seizures.
In the same experiment another group of rats recelved a
different duration of stimulation, and these animals demon-
strated RA with no AD actlvity. Also, although localized
selzure activity was not specifically examined, Wyers et
al., (1968) felt that their ventral hippocampal stimulation
did not produce AD, yet it did produce a PA deficit. 1In
a similar manner Wyers and Deadwyler (1970) point out
that both 300 microampere and 900 microampere stimulation
of the caudate nucleus are equally effective in producing
RA, however, 300 mlcroampere stimulation will not produce
a spindle discharge in a resting, alert rat. Bresnahan
and Routtenberg (1972) found disruption of retention for
PA learning with low level (5 microampere) unilateral
stimulatlion of the amygdala, but not with stimulation of
the hlppocampus. They present evidence that such stimula-

tion to the amygdala produces no AD activity in either the
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amygdala or hippocampus. These authors implicate the
‘medlal amygdalold nucleus as the anatomlcal site mediating
the memory disruption.

Amnesic Agents-Summary

Taken together the EEG data from the many
amnesic agents suggest a general question of whether the
various examples of performance deficit which are labeled
‘amnesia are a unitary phenomenon. The opposlte position
would be that the various amnesic agents work in different
ways to produce different deficlts which only appear
similar, perhaps because of the grossness of the behavioral
measures used to assess the animals performance. Probably
no clear resolution of this question can be made at thils
time, but some suggestions are possible.

Lewls, Miller and Misanin (1968a) have hypothe-
sized that ECS prevents memory retrieval in the passive
avoldance task because it renders the animal unconscious
before 1t can complete what is called post-fixatlion coding.
Without this process, the animal cannot form the assocla-~
tion between the memory of footshock and the memory of
where and how footshock occured. A similar notion of
immedliate post-trial memonic processing for animals is
suggested by Wagner, et al. (1973). 1In that paper the
authors develop the concept of a rehearsal process of

limited capaclity and suggest that what 1s commonly known
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as an interference with consollidatlion by ECS may actually
:be an interference with rehearsal processes which occur
after consollidation. In any case both the notions of post-
fixation coding and rehearsal suggest that ECS acts on
processes subsequent to fixation as Lewis (1969) has
hypothesized. Additionally Lewils (1969) has suggested

that 1t 1s active memories which are suceptible to ECS.
Thus in the PA task it 1s an active memory, one under-
going post-fixation coding, which has been inhiblted in

the amnesic animals. It could well be that amneslic agents
all work in this way. Although all amnesic agents do not
render the animal unconscious, they may prevent post-
fixation coding by distracting the animal. The point has
been made that all amneslc agents have the ability to
change ongoing braln electrical activity; it may be that
thls change 1s a manifestation of the animal's distraction
from his coding task. This interpretation seems reasonable
in view of the fact that there does not appear to be a
specific EEG pattern whilch 1s a correlate of experimental
amnesia when the several different amnesic agents are

considered.




CHAPTER II |
THE ECS SEIZURE PATTERN
AND EXPERIMENTAL AMNESIA

Although a unique EEG pattern has not been found
‘as a correlate of all forms of experimental amnesla, there
1s the possibility that such a correlate could be found
for amnesia produced by a single amnesic agent. Thus
within the ECS literature, a portlon of the research in
animal memory processes seeks EEG correlates of ECS-produc-
ed amnesia in the ECS selzure pattern. If ECS does manipu-
late animal memory, then the notion is that the EEG pattern
within the first minutes after ECS may contain some im-
plication for the amnesia which 1s observed at a later
time. Contemporary research into the relatlon between
cortical EEG and ECS-manipulation of animal memory might
well begin with the Chorover and DeLuca (1969) study of the
EEG of rats in the one-trial PA task. Behaviorally, in
response to elther ECS alone or to FS followed by ECS, all
their animals exibited the same typlcal clonic-tonic re-
action to ECS dellvered across the pinnae. No change in
that reaction was observed as a function of time (0.5-300
seconds) between FS and ECS.

However an examination of the EEG of animals

that received ECS revealed the existence of three general
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‘patterns which appeared to be highly dependent upon the

‘anlimals' state of arousal. The normal pattern was obtain-
ed in animals that received an ECS without FS, or in ani-
mals with a long ( > 40 seconds) FS-ECS interval. This
pattern 1s characterized during the 12-15 seconds followingf
ECS by monophasic and biphasic spike activity coinciding |
with some high frequency discharge which outlasts the spike%
activity by 10-12 second. After an electrically flat
perlod, monophasic sharp waves can often be observed ap-
proximately one minute after the selzure. Unlike the
first discharge, this monophasic activity often occurs
without observable muscle movement.

The two other EEG patterns seen in animals
were classed as abnormal. Type A pattern consisted of
asynchronous and bllaterally asymmetrical seizure activity,
usually of delayed onset, variable frequency and reduced
amplitude. These reactions were often observed when the
ECS was glven to animals engaged in actlve escape.
Type B pattern showed no detectable seizure activity and
little departure from pre-ECS amplitude and frequency in
splte of the presence of a behavioral convulsion. The EEG
responses of thls type occurred when the animal was visibly
fearful at the time of ECS. 1In concise terms, the Type A
pattern was descrilbed as an alteration of the normal
selzure response, whereas the Type B pattern was described

as an abolition of the normal selzure response.
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Thus the Chorover and DeLuca paper established
that the ECS seizure activity observed in typical one-trial
PA studles 1s superimposed upon an ongoling neural back-
ground of FS-produced arousal. Such arousal may modify
the EEG selzure pattern normally produced by ECS. It
'should be noted that with thelr description of normal
seizure activity Chorover and DeLuca (1969) defined the
three outstanding characteristics of the ECS seilzure
EEG-~-the initial neural discharge, the flat period and
the occurrance of a later, or secondary, neural discharge.

As interesting as the Chorover and DeLuca paper
is, 1t suffers from a falling. One 1s left with a question
as to whether RA was established 1n their animals. That
1s, no behavioral measures of memory were taken, thus no
firm correlation between the animals' performance in the PA
task and thelr EEG can be made. Vandaris and Gehres
(1970) took that fact into consideration in their experi-
ment. They tralned and tested rats 1n a stepthrough task,
and they recorded EEG following treatment.

Four groups of animals were specifled: FS; ECS;
FS-ECS; and FS-ECS delayed. The FS-ECS group showed
amnesia for the footshock, while the FS-ECS delayed (one
hour) group did not. 1In testing, the ECS group showed no
difference from initlal stepthrough latencles, while the

FS alone group manifested much longer test latencles
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.compared with initlal latencles.

Vandaris and Gehres (1970) rated most of thelr
seilzure patterns as simlliar to the normal seizure pat-
terns reported in Chorover and DeLuca (1969). Further,
four of thelr animals showed EEG's which were Judged simi-
lar to the abnormal seilzure patterns (type A) discussed
above. After examining the stepthrough latencies of
their animals, Vardaris and Gehres (1970) showed that of
the four animals showing abnormal EEG after ECS all
showed avoidance during testing, twenty-four hours later.
Three of the four animals were in the FS-ECS group, whille
only one was in the FS-ECS delayed group. Thus Vardaris
and Gehres (1970) suggest that anomalous stepthrough per-
formance during testing was assoclated with the abnormal
EEG taken immediately after ECS.

Lee-Teng (1969) reported that subconvulsive ECS
currents produced RA much like the RA obtalned from using
an ECS strong enough to produce normal convulsions. More
preclsely, for an ECS of 10 ma. or 15 ma. glven to chicks
only 15 ma. produced an overt convulsion, while RA was
obtained from both 10 ma. and 15 ma. Therefore Lee~Teng
and Giaquinto (1969) gave three ECS intensitiles (5, 10,
15 ma.) to chicks and recorded their frontal EEG in an
effort to find any commonality in the patterns of RA ani-

mals with a convulsion and RA animals wlthout a convulsion.
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%Their results showed that the behavioral responses to
5 and 10 ma. ECS were equlvalent; none of those animals
’showed a muscular convulsion. However spike activity
was present in the 10 ma. group and absent in the 5 ma.
group. Splke activity was also present in the 15 ma.
.group; this group manifested muscular convulsions. Hence
Lee-Teng and Glaquinto (1969) concluded that there was an
assoclatlon between EEG splke activity and RA. They
further concluded that the flat period in the EEG record
following ECS had no relationship to the presence of RA.
Zornetzer and McGaugh (1970) studied the behav-
loral and EEG effects of ECS given to rats. They delivered
ECS via c¢llp electrodes located subad]Jacent to the plinnae
and compared it with ECS given directly to frontal cortex
via screws implanted in the skull. Although less current
was dellvered to the screw electrodes, behaviorally both
modes of ECS resulted in complete RA for a PA task. 1In
this study both cortical and subcortical (amygdala) activi-
ty was monitored. The EEG immedliately following ECS was
characterized by biphasic activity (spiking) which the
authors termed primary afterdischarge (PAD). Following
the PAD, the postictal depression period occured., For
ECS intensities above 30 ma. a secondary afterdischarge
(SAD) developed subcortically and rapidly spread to the

cortex. SAD was characterised as monophasic waves which
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grew in amplitude. The duration of the discharge was less
than thirty seconds, and behaviorally there was little
indication of selzure. Zornetzer and McGaugh (1970)
ispeculated that the effect of the SAD actlivity was to make
more complete the RA produced by PAD. Thus, temporary RA
might be produced by a weak PAD. However no recovery of
RA would be expected twenty-four hours after ECS if PAD
'was followed by SAD.

Zornetzer and McGaugh (1971a) further elaborated
characteristics of the PAD. Like Lee-Teng and Giaquinto
(1969), it was found that in etherlzed mice the post-
ictal depression was not a correlate of RA, and also that
the seizure threshold of the brain 1is lower than the thres-
hold for a convulsion. The authors pointed out that the |
occurrence of RA seemed to parallel the brain selzure
threshold.

Therefore 1t would seem that the correlate
of ECS-produced RA was PAD. The extent and duration of the
PAD was thought to vary directly with the intensity of
ECS current up to the point that SAD occured. Additional
support for these notions came from Herz et al., (1970)
using flurothyl in place of ECS.

The plcture was soon to become clouded, however,
That PAD activity might not be the critical event in the

production of RA was suggested when Zornetzer and McGaugh




25

(1971b) found RA with eitherized mice in a one way actilve
avoldance task 1n the absence of any cortical brain se-
l1zure. The authors suggested that the particular behavior-
al task used 1n an experiment may affect the occurrance
of RA. Alternately they suggested that the brain selzure
threshold might have changed because of the footshocks
required in the acquisition of active avoldance.

However it was Zornetzer and McGaugh (1972)
who conceded that many factors appear to influence the pro-
duction of RA. Thus not only the intensity of the ECS
current, but the motivational properties of the stimull
during learning may be important considerations. It was
found that 1f rats were trained in a PA task with a brief
mouthshock (low motivationsal stimulus) RA was manifest
when any cortical selzure was produced. No difference in
the PA defilclt could be found regardless of whether an
animal's selzure was a short PAD with no post-ictal period,
or a full PAD, 1soelectric, SAD sequence. On the other
hand 1f rats were trained with a longer duration FS (high
motivational stimulus) RA was maximal only when the
cortical seizure showed both PAD and SAD activity.

Thus an analysls of the latency of a bar press.
twenty-four hours after treatment with a FS~-ECS indicated
that animals that manifested both PAD and SAD activity

took less time to perform the task than animals that had
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developed only PAD activity. Whille all animals manifested
‘RA, the anlmals wlth the greater cortical response showed
greater RA. Zornetzer (1972) again implicated the SAD.
Instead of delivering current to the cortex, he applied
it to the midbrain region (ventral tegmentum) and observed
that RA was produced only if a cortical SAD developed.
More information concerning the ECS selzure
pattern in a one trlal passive avoidance task is suppliled
by Paolino and Hine (1973). Using the three group
paradigm (FS, ECS, or FS-ECS), these authors delivered a
range of ECS intensities directly to the rat cortex;
different groups of animals received 2, 10, 50 or 100 ma.
delivered transcortilcally. An additlional two groups were
glven ECS or FS-ECS transplnnate for comparison purposes.
Although the retentlon stepthrough latencies for the ECS-
only and FS-ECS animals were uniformly low across all
groups, they were also statistically different at all 1n-
tensities except the 100 ma. transcortical ECS. Thus
Paolino and Hine (1973) conclude that while the ECS treat-
ment was not aversive for any of the intensitles studied,
only at the ECS of 100 ma. was RA truly complete. Ad-
ditional groups of rats were given the same ECS dlscussed
above, but at a 60 second delay following training. All
these animals showed no RA, regardless of the intensity or

mode of delivery of ECS.
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Paolino and Hine (1973) then directed their at-
tention to the ECS selzure pattern of the animals. The
major finding was that long retention latency (no RA)
was assoclated with anomalies of the SAD period. This
‘conclusion came from examining the selzure EEG of those
animals given ECS at a 60 second delay following training.
On the other hand, the PAD period had no apparent signif-
icance for the production of RA. Further Paolino and
Hine (1973) could find no reliable electrophysical dis-
tinction between amnesic animals (FS-ECS) and non-amnesic
animals (ECS-only) regardless of ECS intensity or mode
of delivery.

ECS Selzure Pattern-Summary

Thus much confuslon surrounds the relatlonship
between EEG and amnesia. The three cortical events follow-
ing ECS~~~PAD, isoelectric period and SAD-~-have been
clearly observed by many, yet the llterature on these event
contains many conflicting reports on major points. It 1s
reported that ECS can produce RA wlithout the occurrence
of SAD, but SAD may contribute to RA (Zorneter and McGaugh,
1972). It 1is then reported that SAD i1s associated with
the lack of RA (Paolino and Hine, 1973). It is suggested
that a differentlatlion exists in the EEG seizure pattern
of animals glven ECS-only or FS-~ECS in a one trial passive

avoldance task (Chorover and DeLuca, 1959). It is then



28

suggested that only anomalous EEG 1is assoclated with lack
of RA in animals given ECS (Vandaris and Gehres, 1970).
Finally 1t 1s reported that no differentiation of the
seilzure patterns of amnesic and nonamnesic animals can be
made, but that complete lack of RA seems to be assoclated
with anomalous SAD (Paolino and Hine, 1973).

To further complicate the matter, electrical
stimulation has produced RA in the absence of cortical
selzure activity, and there is susplcion that electrical
stimulation can produce RA wlthout AD activity at the slte
of stimulation (McDonough and Kesner, 1971; Wyers et al.,
1968; Shinkman and Kaufman, 1972; Bresnahan and Rout-
tenberg, 1972).

Since amnesia can be produced by manipulation
of discrete subcortical centers, and since ECS manipulates
those centers in addition to other parts of the brain
(Routtenberg, et al., 1970) it seems reasonable to assume
that amnesla may be produced when the electrical activity
of those subcortlcal centers 1s changed. Thus a correlate
of amnesia quite conceivably may not exlst in the EEG
seilzure pattern 1tself. Rather the question now becomes
one of the sensitivity of the recording technique to

discern subleties of neural response.



CHAPTER III
THETA
In additlon the ECS selzure pattern, a
'correlate of ECS-produced amnesia, could conceivably exist
in some special characteristic of the EEG waveform.
Frequency information, particularly that of the theta
range (4-9 Hz. in rats), has in the past been associated
with learning and memory processes in animals.

Subcortlical Theta

Early work with animals lesloned in the temporal
lobe (Kluver and Bucy, 1937) contained suggestions that
this area might be an important locus for memory processes.
Scoville and Milner (1957) and Penfield and Milner (1958)
implicated the integrety of the hippocampus as a necessary
condition for normal learning and recall in humans. At
about the same time several laboratories published reports
of the slow wave electrical activity of the hippocampus
(theta) in animals. Green and Ardulni (1954) described
an Inverse relationship between activation of the cortex
and hippocampus. Thus in association with neocortical
desynchronizatlion the hippocampal EEG record would manifest
a series of large slow waves. Grastyan et al., (1959) re-
ported that in response to a novel stimulus during con-
ditioning the electrical actlivity of the hlppocampus showed

first desynchronization (as in the neocortex), but then

29
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shortly later a synchronized response of large slow waves

‘which:

appear simultaneously with the
appearance of the first somatlic signs of
the temporary connection and then, at the
stabilization of the reflex, desynchroni-
zation follows again (Grastayan et al.,

1959).

In other words the hippocampal theta activity was associat-‘
ed with orienting behavior in the initial phase of the ?
animal's learning in the conditioning task (Grastyan,

1961). In a somewhat similar manner Pickenhain and
Kiingberg (1967) postulated that theta appears in all
motivated, but non-automatized behavior. To these authors,
however, theta was an expression of a dynamic comparator
mechanism which compares actual sensory information with
formerly stored information.

Adey (1967) has suggested that hippocampal theta
activity in the cat 1s subtly felated to dlscrimination
performance, rather than orilenting behavior, In a T-maze
diserimination problem Adey et al. (1960) reported
that trains of hippocampal theta (5-6 Hz.) from the dorsal
hippocampus or entorhinal cortex appeared with each ap-
proach performance. Further research revealed that during
early training the EEG of the entorhinal cortex lagged be-
hind the EEG of the dorsal hippocampus'by approximately 20-

30 msec. However by the later perilods of training the
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theta activity of the entorhinal cortex led the dorsal
hippocampus by as much as 65 msec. Adey et al. (1960)
suggested that these differences in theta phase relation-
ships might be the basis for a phase-comparator mechanism
by which the brain could code information.

Another approach to the problem of the relation-
ship of EEG to memory processes 1s suggested in the work of
Elazar and Adey (1967). These authors trained cats to
choose a left or right window at the end of a runway.

One of the windows was illuminated randomly across train-
ing trials. The animals were given a food reward 1f they
made a correct cholce by running to the lighted window.
EEG records were taken from the cats throughout training.
In the later stages of tralning a very consistent EEG
pattern emerged. The electrical activity of the hippo-
campus shifted upward to a dominant 6 Hz. frequency during
the cat's correct approach in the runway. When the animal
made an incorrect approach there was no shift of electrical
activity to 6 Hz. Elazar and Adey (1967) suggested that
the EEG effects which they observed were correlates of the
memory consolidation process.

Cortlcal Theta

The work discussed thus far has in common the
fact that theta was recorded directly from the hippocampus.

Brain electrical activity of the theta frequency can also
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be recorded from electrodes placed on the cortex. A
jlogical question 1s whether theta activity recorded from
the hippocampus 1s the same as theta actlvity recorded

from the cortex. Yamaguchi, et al., (1967) used electrical
‘stimulation to the brain stem of cats to elicit hippocampal
theta activity. They then examined the resulting electri-
cal activity of the cortex for theta activity which waxed
and waned 1n synchrony with the hippocampal theta. Be-
cause much large amplititude hippocampal activity was not
assoclated with the appearance of cortical theta, they
concluded that cortical theta was not due to physical
spread of the hippocampal electrical activity. Thus corti-
cal theta appeared to derive from the cortex. However, it
was not totally independent of the hippocampal activity,
since well synchronised hippocampal theta appeared to
facilitate the occurrence of cortical theta. Although not
discussing cortical theta dlrectly, Parmegglanl (1967) re-~
ported that large slow waves could be recorded on the cat
cortex when sciatic nerve stimulation produced hippocampal
theta. Again, the large slow waves were not due to
physical spread of hippocampal activity because of thelr
latency and the fact that they could be erased by cooling
the neocortex. Nevertheless thelr appearance did depend

on the hippocampal activity, and thelr origin was placed

in thalamic non-specific nuclei.
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Taking another position Lloyd and Gerbrant (1973)
investigated an averaged cortical potential in the theta
frequence range. By lowering an electrode through the
‘brain and examining neural actlvity at varlious depths the
authors were able to locate the source of the averaged
cortical waveform in the pyramidal cell layer of the
hippocampus.

Thus the concluslion drawn from these studies
is that theta of hippocampal orgin can certainly be teased
out from a cortical EEG waveform (especlally by averaging
techniques), and that some theta observed in the cortical
EEG has been shown to be correlated with hippocampal
theta. But it has yet to be proven that hippocampal theta
and cortical theta are always the same thing, particularly
in the unanesthetized and unrestrained animal. Neverthe-
less since there is a questlon of whether the theta record-
ed from the cortex has any exlstence apart from the theta
which is recorded from the hippocampus, it seems reasonable
to adopt the conventlion that the term cortical theta should
refer to theta activity recorded between cortical elec-
trodes. This conventlon is thus neutral wlth respect to
the question of the ultimate origin of that activity.

Some of the l1deas discussed 1n Elazar and Adey
(1967) have found expression in the ECS literature.

Noting that Elazar and Adey (1967) have implicated the
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hippocampus (and 1ts assoclated electrical activity, theta)
in the consolidation of the memory trace, Landfield,
McGaugh and Tusa (1972) investigated theta actlvity by
recording from the cortex of rats.trained in a one~trial

PA task.

Immedlately following treatment in a stepthrough
task, Landfield, et al., (1972) placed each animal in a
holding cage where EEG activity was sampled during a thirty
minute period. Three groups of animals were used in the
experiment (FS; FS-ECS; ECS), and two days followlng train-
ing and treatment all animals were returned to the appa-
ratus for a behavioral measure of the animals' latency.

The behavioral data and the EEG records lndicated that the
amount of theta activity recorded immedlately following
treatment was hlghly correlated with the animals' be-
havioral latency two days later. Thus animals that receiv-
ed FS showed large amounts of theta and had long latencies,
while animals that received FS-ECS showed small amounts of
theta and had latencies.

It should be noted that no relation was found
for animals given only an ECS. However the relatlonship
held for individual animals across FS groups. Thus a few
FS~ECS animals that exhibited retention behaviorally also
showed large amounts of theta, and a few FS animals with

short latencles exhibited small amounts of theta. Hence
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the amount of post trial theta was the best predictor of
the animals' test performance.

Landfield, et al., (1972) then presented some
"evidence about the temporal course of theta. The animals
from the first experiment were hablituated to two boxes,
one black and one white, each with a grid floor. After
several days the animals were assigned to new groups
(FS; FS-ECS; No FS-No ECS) and were placed in the white
box for thirty minutes while EEG was sampled. Then they
were treated according to their group and removed im-
medlately to the black box. Two days after this tralning
the anlmals were returned to the white box, and EEG agaln
was sampled for thirty minutes.

These manlpulations demonstrated that the pre-
trial EEG of all the animals was the same; all groups
showed high theta for the first few mlnutes, but then the
amount of theta dropped across a thirty minute period. A
FS, however, caused large amounts of theta for at least
thirty minutes afterward. An ECS following a FS produced
a suppression of theta followed by a gradual recovery.
Two days later when the animals were placed in the white
Box FS animals showed high theta. The FS-ECS and No
Fs-No ECS animals showed high theta for the first few
minutes, but then they habltuated.

Landfield, et al., (1972) speculated that the
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amount of theta in the cortical EEG could be used as a
measure of retention. It must be noted that although
there was clear distinctlon between groups when the amount
of EEG theta was used to trace the temporal course of the
activity across an experiment, there was no behavior with
which to correlate the activity. Yet Landfleld, et al.,
(1972) postulate that when consolidation processes are pre-:
sumed to be active, theta 1s increased. When consolidationj
is decreased (by ECS) theta is also decreased. Without
supposition however, the Landfield et al., (1972) paper
does seem to support their conclusion that:
in rats, the degree of retention

of a one trial tralning experience variles

with the amount of theta thythm activity

recorded durlng the period after training.

Alternatlve Explanatlons of Theta

Douglas (1967) has discussed several hypothesis
of hippocampal function and compared them with the data
obtained from hippocampal lesions. Although a memory
function 1s a possibility, his review suggests that it 1is
more likely that the hippocampus is involved in an
inhibitory efferent control of sensory reception.
According to hils notion the presence of theta, would
signify that the hippocampus 1s, in fact, inactive.

Other authors have suggested that hippocampal
theta is highly implicated in motor performance rather

than in any memory. function. Komisaruk (1970) has
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_observed a one to one correspondence between each beat of
‘the theta rhythm and each twitch of rats' vibrissae durlng
exploratory sniffing behavior. Heartbeat also manifested
the same correspondence with theta. Since limbie, motor
and cardiac function were so highly related with the theta
“rhythmn, Komisaruk (1970) suggested that theta was involv-
ed with modulating or driving the motor neurons controlling
the muscles used in movement.

Kamp et al., (1971) has studied frequency shifts
in hippocampal theta in a dog in an unrestrained fileld
situation. Responding to the notion of progressive shifts
in hippocampal theta during approach behavior in Elazar
and Adey (1967), Kamp et al., (1971) reported that the
frequency shifts were assoclated with the transition of
one behavioral act to another.

Vanderwolf (1971) has reviewed much of the
literature in hippocampal theta and concluded that theta
is not related to the learning process. Rather, he
presents the argument that theta 1s correlated with
voluntary movement. He supports his argument with the
observations that: (1) theta 1s not present during be-
haviors assoclated with reinforcement; (2) theta 1s not
present in animals trained to remain motionless, and; (3)
brainstem points that produce theta when stimulated can

be neutral, rewarding, or punishing when tested by self
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“stimulation. On the other hand, Bennett (1969) has
presented evidence that hippocampal theta can be present
at times when the animal is motionless. He also contends
that desynchronized hippocampal activity can occur during
periods of voluntary movement. Somewhat like Grastyan

et al. (1959), Bennett suggests that theta 1s involved
wlith exploratory behavior.

More recently Klemm (1972a) has pointed out that
vthe conclusions made in Landfield et al., (1972) linking
cortical theta with memory storage might be completely
erroneous. Klemm (1972b) prefers the explanation that
hippocampal theta rhythm 1s a nonspeciflic result of senso-~
ry stimulation of the brainstem reticular formation.

Thus animals given a FS (as in Landfleld et al., 1972)
would be expected to exhiblit theta simply because the FS
would cause the animals to be highly aroused.

Theta-Summary

Thus much research suggests that theta activity
may be involved with various aspects of motor performance
or arousal processes, and not with learning or memory.
Obviously the problem of resolving whether theta activity
is strictly concerned with motor processes or strictly
concerned with learning or memory processes 1ls a sticky
one, At the present level of sclence an animal's memory

of previous learning is inferred from his performance
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;during a retention test. Therefore, without some motor
.behavior one can know nothing about memory. Neverthe-
‘1ess sufficlent attentlion can be given to the design of
fexperiments so that 1t willl be possible to learn some-
‘thing of the relative importance of theta in motor or
‘memory processes. Specifically one would prefer a task
'in which all animals perform the same motor behaviors,
but differ in their memory abllity. A task like passive
avoidance, for example, where control animals remain on
a platform while experimental animals step off would
not be desirable, slince both groups perform different

motor behavlors.




CHAPTER IV
THE EXPERIMENTAL PROBLEM

The proposed experiment seeks to resolve some
of the confusion surrounding theta and animal memory by
‘showing that cortical theta does or does not have broad
implications for memory processes. Thils will be ac-
complished by training the animals in an appetitive maze
task in which consolidatlon processes are separated from
retrieval processes (Lewls, Bregman and Mahan, 1972). In
this task animals learn to run without error a four box
Krechevsky maze (K-maze). The maze consists of a series
of four left or right cholces. Then the animals are left
in their cages throughout a seven day retention perlod.
On the seventh day the anlimals are returned to the start
box (SB) of the K-maze, and an ECS or no-ECS sham (NECS)
treatment 1s administered. The animals are placed in
thelr cages for twenty-four hours, then they are returned
to the K-maze for testing. Testing consists of retrain-
iIng the animals to run the K-maze; typically ECS animals
make more errors than NECS animals.

Since the ECS treatment 1s glven to the animals
seven days after they.have learned the K-maze, the re-
sulting deficit cannot be attributed to an interference

with consolidation processes. The K-maze amnesla 1s not

Lo
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indexed by an animal's failure to perform, but by the
number of errors 1t makes 1n running the maze after ECS.
Thus a gross impalrment in motor performance due to a
debllitating effect of ECS 1s not demonstrated. Also
explanations of the amnesla based on notions of fear
(Coons and Miller, 1960) or changed activity levels
(Routtenberg and Kay, 1965) are not likely, since the
animal's speclflc cholce 1s the measure of retentlion.
Rather, the amnesia 1s assumed to be an example of a
memory retrieval deficit caused by administering ECS upon
presentation of the cues related to a learned task
(Misanin, Miller and Lewis, 1968; Lewls, Bregman and
Mahan, 1972; Lewis and Bregman, 1973; Bregman, 1972).

Such a presentation produces an active memory state which
is then susceptible to inhibition from the ECS (Lewis,
1969). Bregman (1972) has presented evidence that ECS
will produce the K-maze retention deficit if the ECS treat-
ment is given 1n the SB of the maze, but not 1f the ECS
treatment 1s given in another box (NB) obviously different
from the SB and therefore neutral with respect to the cues
of the SB and maze. In this manner the K-maze offers the
opportunity to contrast the EEG of two groups of animals
,in an appetitlve task that both receive ECS, with the
result that one group (SB-ECS) will be amnesic and the
other (NB-ECS) will not.
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If EEG records of the thirty minute period
following ECS or NECS treatment in the K-maze show that
the amount of theta 1s related to the amount of retention,
‘then it will be established that theta has implications
for processes beyond that of consolidation. Further since
the K-maze 1s an appetitive task, Klemm's criticism
(Klemm, 1972b) of FS-produced arousal can be dealt with
directly. Thus 1f there is a relationshlp between post-
ECS theta and relearning performance it should be possible
to attribute the relationship to elther memory processes
or to other processes. If post ECS theta fails to
differentliate relearning performance in ECS and NECS
animals, or if the theta relationship does not follow
specific predictions for NB-ECS and SB-ECS animals
the correlation 1s most likely due to processes 1llke
those suggested for hippocampal theta by Kamp et al.,
(1971), Komisaruk (1970), or Vanderwolf (1971).

Addltionally the proposed experiment offers an
opportunity to further test notlons of theta and memory
storage if a relationship is established as discussed
above. Loglcally, if theta has any implication for re-
tention in the K-maze then it should have direct relation
to the active memory state hypothesized by Lewls (1969)
and Bregman (1972). Cortical EEG records can also be taken

during training and at the time of reinstatement to better
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‘establish the temporal course of theta throughout the
%experiment. Thus if theta is related to more than
gsimple memory storage it should be present during rein-
;statement, and the reinstated ECS animals should make
ierrors when they are tested in the K-maze twenty-four

‘hours later.



CHAPTER V
METHOD

‘Subjects

The animals participating in experiments I, II
and III were obtained from Horton Labs, Inc. of Oakland,
vCalifornia. All the anlmals were male albino rats
(Sprague-Dawley derived) between 40-~-50 days old at the time
‘of delivery. During training in the maze task, and until
the animals were discarded each animal was fed approximate-
ly ten grams of food, once each day. This amount was in
addition to the food the animal received on each trlal
for hls performance in the maze. The animals were caged
individually with water avallable to them at all times.
Surgery

At the time of surgery the animals ranged in
weight from 190 to 294 grams (X = 2U45 grams). They were
anesthetized with pentobarbital (50 mg./kg.), placed in
a stereotaxic frame, and prepared with a cortical electrode
‘assembly (amphenol connectors). The assembly was connect-
ed by size 008 nichrome wire to stainless steel screw
electrodes which were secured in the rat's skull. The
electrodes were placed approxlmately 2 mm, lateral to mld-
line. There were four electrodes; two were placed post-
erior (2 mm. anterior to lambda), and two were placed

anterior ( 2 mm. posterlior to bregma), thus allowing
Ly
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an anterior to posterior pair of electrodes over the
cortex on each side of the brain. The electrode assembly
was bonded with dental cement to the screw electrodes.
‘ After surgery the animals were placed in their
individual cages and allowed a recovery perlod of five
days, during which the animals were given continous access
to both food and water. At the end of this period the
animals were placed on a food deprivation schedule of ten
grams of food per day for five days before behavioral
training began. Throughout the ten days following surgery
the animals were handled dally.
Apparatus

The apparatus was a sequential maze (K-maze),
modified from that of Krechevsky (1932). The maze 1s )
made up of a start box (SB), four maze boxes, each with a
left-right choice option, and a goal box (GB). All the
boxes are separated from each other by gulllotine doors.
Unlike the original Krechevsky maze, the four maze boxes
are each designed to force the animal to make a left or
right choice without an actual visual discrimination.

Cortical EEG was recorded using a 4 channel Grass
EEG unit. The records were stored on 1/2" magnetic tape
(Honeywell model 7600 recorder) for later analysis by
computer. The ECS was delivered from a Beckman 735B

Liberson Brief Stimulus Therapy Apparatus from a duration
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of 0.5 seconds.

‘Experimental Design

Three groups were lncluded in Experiments I and
-II. Two groups of animals received ECS or NECS treatment
in the start box of the K-maze (SB-ECS; SB-NECS). One
group received ECS in a box (NB-ECS) outside of the maze.
In Experiments I and II ECS was dellvered to the two
posterior cortical screw electrodes. The ECS intensity in
Experiment I was 20 ma.; in Experiment IT 1t was 10 ma.

Two groups Were included in Experiment III,
SB-ECS and NB-ECS. An ECS intensity of 55 ma. was deliver-
ed transpinate.

Pretraining

Upon recovery from surgery the animals were pre-
trained in the K-maze. Baslcally pretraining consisted
of allowing each animal, one at a time, to travel without
barriers from the SB, through the maze and into the GB
where it received a food reward. Thls procedure was re-
peated for ten trials, after which the barriers were
placed in the maze.
Trainlng

Following the ten pretraining trials the animals
were then trained to run through the maze to a a
particular sequence of left and right turns. Half the

anlmals were tralned to run right, left, left and right
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‘at the choice options in the maze; the other half were
‘trained to run left, right, right, and left. All animals
were trained to a criterion of eleven out of twelve correct
cholces., This criterion corresponded to the animal running:
through the maze three consecutive times while making |

only one incorrect turn.

Handlling
Following the training period all animals were

left in their home cages for seven days. Throughout this
retention period they were handled daily. Handling con-
sisted of removing each animal individually from its home
cage and transporting it to the NB. The animals were left
in the NB for fifteen seconds, and then they were returned
to thelr cages. Thilis procedure was followed three times
daily. It was designed to eliminate as a cue for the maze
the routine handling which occurs during the training
period.

Reinstatement and Treatment

On the seventh day of the retentlion period the
animals receilved ECS or NECS treatment. Following han-
dling, one group was connected to the recording leads,
placed in the SB, the SB gate was opened, and the animal
was glven an ECS. Another group was treated the
same way except that they received NECS. A third group

was connected to the recording leads, placed in the
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neutral box (NB), and given an ECS.
Testing

All anlimals were returned to the K-maze twenty-
four hours after ECS or NECS in order to assess the effect
of the treatment. Retention was inferred by recording
the number of errors each animal made in relearning the
K-maze to the origlnal learnling criterion of eleven out
of twelve correct cholces.

Recording Procedures

The electrode assembly contained four electrodes.
Cortical EEG was recorded from anterlior and posterior e-
lectrode palrs as well as from the two anterior electrodes,.
Cortical EEG records were taken from all animals at five
particular periods within the behavioral training, han-
dling and treatment procedures (Table 1). The first and
second recording periods were two recording’trials during
K-maze tralning. For a recording trial the animals were
not allowed to run the maze. Instead each animal was con- .
nected to the recording leads, placed in the SB, and the
SB-gate was slightly raised. Then the animal was removed
from the SB and replaced in 1ts cage to awalt the next
tralning trial. The first recording trial followed the
initlal trial of the trainling period. The second recording‘
followed the second consecutlve tralning trial in which |

the animal ran the maze with a total of one error or less
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TABLE 1
K-MAZE PROCEDURES AND EEG RECORDING

Pretraining
-10 Maze Trials

Tralning Early Learning EEG
~Learn to Criterion Late Learning EEG
Retention Interval Handling EEG

~-Handling for Seven

Days

Reinstatement and Treat-
ment '
-Place 1in SB (ECS) Reinstatement EEG
-Place in SB (NECS)
-Place in NB(ECS)

Recovery from Treat-
ment ECS Selzure Pattern
-Place in NB 30 Minute Post-ECS
EEG
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for both trials (7 out of 8 correct choices).
_ Cortical EEG records were again taken from all
‘animals in one handling period during the seven day re-
tention interval. On the sixth day of the retention
period the animals were connected to the recording leads,
and a record was taken when they were placed in the NB.
During the reinstatement period, approximately
five_seconds in duration, EEG records were taken from
the animals placed in the SB of the K-maze. Cortical EEG
records were also taken from those animals placed in the
"NB. After ECS or NECS treatment, EEG records were
continously recorded for thirty mlnutes, and all anlmals
were left in the NB during this time.
Cortical EEG Analysis

There were three different kinds of EEG data
obtalned from the different recording periods in Experi-
ments I, II and III. One kind of EEG data was that of
‘the neural selzure pattern which was recorded in the two
minute period immedlately after ECS. This EEG data was
analyzed from all three Experiments. The second kind of
EEG data, amount of theta, was obtained from a continu-
ously recorded 30 minute period which followed ECS or NECS
treatment. The third kind of EEG data (EEG pattern)
was obtained from the four pre-ECS recording periods:

Table 1 displays the different recording periods in
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conjunction with the behavioral procedures for the K-maze.
In Experiments I, II and III the ECS-produced
neural seizure pattern was recorded on the paper record
produced directly from the Grass EEG unit. The duration
frequency and amplititude of the various portions of the
selzure pattern reported in the data were obtalned by
‘measuring with a2 millimeter ruler the paper EEG record
which was taken from each animal at the time of treatment.
In Experiment III each animal's EEG was evaluat-
ed for the amount of theta activity in the 30 minute post-
ECS period by passing the FM tape recorded waveform through
a bandpass filter ( 3 - 10 Hz.) and then into a digital
loglc circuit contalning a Schmidtt trigger and counter.
The digital loglc circult was deslgned to analyze the
filtered EEG every other second and detect frequencies
of 4 to 9 Hz. which were greater than 30 microvolts in
amplititude. The 30 minutes of EEG was sampled in 5
periods of 4 minutes each, but sampling did not begin until
the fourth minute following ECS or NECS treatment. Each
second of theta that the digital logic circuit detected
was recorded on a cumulative electromechanical counter.
Also in Experiment III a five secénd bloek of
the analog waveforms for each of the pre-ECS recording
periods stored on magnetic tape was digitized (128 samples/

sec.). The power spectrum in the band 1 to 64 Hz. was then
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computed by fast fourler analysis on an IBM 360/44 com-
-puter for each of the flve second blocks. For the
‘statistical analysis of this data, only those animals for
~whom EEG data was available throughout the experiment were
‘used in the analysls. Thus each anlimal was required to
have an EEG record from the early and late learning
periods, the handling period, and the reinstatement perilod.
Two of the animals for whom post ECS cortical theta was
counted falled to meet this requirement, and thus were not
used in this analysis.

The first problem to be addressed was to
decide upon a method of assessing the similarity of two
EEG patterns. The spectral analysis computed on the
data defined the power of each frequency component
in the band 4 to 9 Hz. The power of each freguency
component describes the relative intenslity each frequency
attains 1n the overall waveform. To illustrate, one
could consider two different waveforms, a pure sine wave
and white noise. If a graph of power across frequency
(a power spectrum) is plotted for the sine wave all the
power of the waveform wlill be located at the frequency of
the slne wave, and there will be no power at other frequen-
cles. In contrast, if a power spectrum is computed for
white noise there will be equal power at all frequencles.

An EEG waveform is similar to these examples. Numbers
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are assigned to each frequency in the band; those numbers
scale the extent to which any frequency in the band 1s
actlve in the EEG pattern.

The data obtained from the spectral analysis
1s often displayed as a graph with frequency as the
abclssa and power as thé ordinate. Those frequenciles
which are most active 1n the EEG wlll have the highest
power. Thus one can see that two separate EEG power
spectra with identical power values at each frequency
have the same power spectrum. A graph of the power
spectrum of one waveform could be superimposed upon the
graph of the power spectrum of the other waveform, and
there would be no deviatlion between the curves. On the
other hand two power spectra wlth very different power
values at each frequency would be dissimilar waveforms;

a graph of one spectrum superimposed upon the other would
show large deviatilons at each frequency. This was the
loglc used to assess EEG pattern similarity.

The computation of EEG pattern deviatlion is
easlly demonstrated. For example let the power values
for frequencles 1 through 9 Hz. for one animal's EEG dur-
ing early learning be represented by the array, Xy where
I =1¢%o 6 (Table 2). In Xl, put the power value for 4
Hz., in X, put the power value for 5 Hz., and so on until

9 Hz. Now let the spectral analysis of the same animal's



TABLE 2
COMPUTATION OF EEG DEVIATION SCORES

EEG POWER POWER ABSOLUTE VALUE
FREQUENCY VALUES VALUES OF DIFFERENCE
4 Hz. X3 - Yy = le - Yl’
5 Hz. ) & - Y5 = | X2 - Y2 |
6 Hz. X3 - Y3 = 'X3 - Y3|
7 Hz. Xy - Yy = J Xy - ¥y |
8 Hz. X5 - Y5 = |X5 - Y5 |
9 Hz. Xg - Yg = | X6 - Yg |
6
Z |21 - 11| 1
I=]

hS
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EEG for frequencies U4 through 9 Hz. durlng late learning
be represented by the array, Yy, where I = 1 to 6. As
before place the late learning EEG power values for U4 Hz.
in ¥, for 5 Hz. in Y2, and so on.

Now 1f each Xy 1s subtracted from its corre-
sponding YI and the absolute value of that different
taken, the result 1s a new array,|XI - YIII, where I = 1
to 6. This new array represents the absolute difference
between each power value 1n array X; and 1lts corresponding
power value in the array ¥Yy. Or in simpler terms the
amount of deviation at each frequency between early
learning and late learning 1s now contalilned in the array
1%z - yrjz. I each | X1 - Y1] I 1s added together the

4
result will be one number, é ,XI ‘Ys'r , a deviation
score which represents the total amount that one EEG
pattern deviates from another EEG pattern. Again, two
similar waveforms will produce a small EEG deviation

score, two dissimilar waveforms wlll produce a large

deviation score.



CHAPTER VI
RESULTS

Experiment I

A total of 12 rats completed Experiment I, an
initial experiment in which parameters and procedures
were tested. A description of the ECS selzure for SB~
ECS and NB-ECS animals 1s presented in Table 3. The ECS
intensity was an average current of 20 ma. for 0.5
seconds delivered directly to the brain. Thls ECS treat-
ment resulted in little scoreable PAD activity. After a
complete flattening of the EEG record and at approximately
one minute after ECS, an SAD perlod could be easily
observed between the anterior and posterlor electrode
palr.

A1l animals that received an ECS treatment mani-
fested large amplitude ( > 150 uv) splke activity in thelr
EEG record throughout the 30 minute post-ECS period.

Many of these animals were directly observed in shaklng
eplsodes; a few fell over and manifested a full clonic
selzure late in the 30 minute period. Twenty-four hours
after ECS or NECS treatment the animals were returned to
the K-maze for behavioral testing. The number of trilals
to relearning criterior (11/12 trials) is presented in
Table 4.

Although the distributions of relearning scores
56




TABLE 3
SEIZURE DURATIONS FOR THREE INTENSITIES OF ECS
MEASURED IN SECONDS FROM ONSET OF PAD TO END OF SAD

EXPERIMENT I EXPERIMENT II EXPERIMENT III
TRANSCORTICAL TRANSCORTICAL TRANSPINNATE
20 ma 10 ma 55 ma
SB-ECS __ NB-ECS SB~ECS _ NB-ECS SB-ECS _ NB-ECS
60 60 62 65 | 59 58
60 63 69 66 60 60
66 66 77 72 62 63
76 72 72 67 64
74 713 67 66
73 67 66
76 68 66
69 76

72

LS



EXPERIMENT I

TRANSCORTICAL ECS

TABLE 4

K-MAZE RELEARNING ERRORS TO CRITERION

EXPERIMENT II

TRANSCORTICAL ECS

EXPERIMENT III
TRANSPINNATE ECS

20 ma 10 ma 55 ma
SB-ECS NB-ECS SB-NECS SB-ECS NB-ECS SB-~NECS SB=-ECS NB-ECS

i 14 0 y 11 0 1l 2

22 1 3 8 0 1 3 0

6 37 2 2 4 0 0 1

6 13 2 0 4 1 y 0

1 0 1 0 1l

4 2 2 3 1

1 0 1 0

4 0

5 0

84
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for SB-ECS and SB-NECS animals are clearly different (the
distributions do not overlap), it 1s also apparent that
there 1s no difference 1n relearning performance between
SB~ECS and NB-ECS animals (Mann Whitney U test (Seigal,
1956) N1 = 4; N2 = U; U= 6; P = .,343). Because a cue-
dependent amnesia was not observed in the data, the pre-
ECS recording periods were not analyzed. Since selzure
was observed throughout the thirty mlinute period in ECS
animals, 1t seemed reasonable that the ECS intensity of
20 ma. delivered to the brain had been too large. Thus
the 30 minute post-ECS EEG record was also not analyzed.

Experiment I1

In Experiment II 22 male, alblno rats were pre-
pared with cortical electrodes. In the course of the
experiment two animals died. The ECS intensity was an
average current of 10 ma. delivered for 0.5 seconds as
before, directly to the brain. A description of the SB-
ECS and NB-ECS ECS selzure is presented in Table 3. As in
Experiment I, the PAD periodeas not promlnent, while an
easily observable SAD period appeared between the anterior
and posterior electrodes at approximately one minute
after ECS. Twenty-four hours after ECS or NECS treatment
the animals were returned to the K-maze for behavioral
testing. The number of trials to relearning criterion

11/12 trials) 1s presented in Table 4. Agaln there
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seemed to be no clear difference 1in relearning between SB-

- ECS and NB-ECS animals, although a Mann-Whitney U test
showed the SB-ECS animals to be amnesic (N1 = 6, N2 = T;
U = 8.5; p = .047) when compared with SB-NECS animals. As
in Experiment I, the pre-ECS EEG and the 30 minute post-
ECS EEG were not analyzed.

Experiment III

In Experiment III the 55 ma. (average current
for 0.5 sec.) transpinnate ECS intensity used by Bregman
(1972) was substituted in place of ECS delivered to the
brain. A further change from Experiments I and II was to
move the neutral box to a room adjoining the room in which
the K-maze was set up. Although Bregman (1972) handled
his animals in the NB and trained and tested them 1in the
same room, it is possible that the reason that SB-ECS
and NB-ECS animals were not different in Experiment II
was that the handling cues assocliated with the maze dur-
ing tralning were not adequately extinguished. Thus by
replicating the same type and Iintensity of ECS treatment
as Bregman (1972) and by increasing the cue differences
between the NB and SB, 1t was hoped to maximize the
conditions to bring about amnesia in the SB~ECS animals
and no amnesia in the NB-ECS animals.

The number of trials to relearning criterion

(11/12 trials) in the K-maze 1is presented in Table 14,
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a Mann-~Whitney U test of the number of errors to relearn-
ing criterion shows the errors of SB-ECS groups to be
statistically greater (N1 = 9; N2 = 9; U = 19; p &£ .05)
than the errors of the NB-ECS group. Thus a cue-dependent
amnesia was produced in Experiment III.

Post~ECS EEG

In contrast to the ECS EEG seizure observed in
Experiments I and II, a very well deflned PAD period was
elicited with the 55 ma. transpinnate ECS. A description
of the ECS selzure patftern in SB-ECS and NB-ECS animals
in Experiment III 1s presented in Table 3, and in Table 5.

Figure 1 displays the mean cumulative amount of
theta for SB-ECS and NB-ECS animals of Experiment IIIX
at each of the filve sampled periods during the post-ECS
period. Included in the figure 1is the theta count of
SB-NECS animals from Experiment II. A Frledman two-way
analysis of variance over the scores of sampling periods
1, 3 and 5 shows an overall significance (X°pr = 9.42;
df = 2; p«L .01) among those sampling periods. A Mann
Whitney U test of the SB-ECS and NB-ECS animals in sam-
pling period 1 shows them not to differ statistically
(N1 = 95 N2 = 9; U = 31.5; p > .05) while a Mann Whitney
U test of those same groups at sampling period 5 shows the
SB-ECS animals to be significantly lower (N1 = 9; N2 = 9;
U =20; p &£ .05) than NB-ECS animals in the amount of



TABLE 5
ECS SEIZURE PARAMETERS FOR AMNESIC AND NON-AMNESIC ANIMALS
EXPERIMENT III

OVERALL

SEIZURE PAD SAD

DURATION DURATION FREQ. AMPLITUDE DURATION FREQ. AMPLITUDE
67 16 3.56 15.26 16 1.64 1.22
67 14 3.21 16.28 10 1.70 5.62
62 12 3.75 16.80 11 2.45 11.30
67 12 3.50 9.70 19 1.73 10.42

SB-ECS 69 15 3.80 9.50 16 2.13 12.60
72 11 4,81 8.11 18 1.80 11.66
60 15 3.66 13.26 8 2.50 k.69
59 14 3.85 12.41 9 1.66 5.22
68 13 3.08 9.07 14 1.84 12.50
76 13 3.38 14.25 23 1.26 6.00
66 12 4.90 14.25 15 1.50 12.83
60 12 3.08 9.70 12 1.72 10.50
63 25 3.15 12.50 14 1.38 12.00
NB-ECS 58 24 1.93 7.83 8 1.37 5.83

66 20 3.00 16.20 8 1.52 4,00
66 12 3.40 9.58 13 1.72 9.60
64 11 4.54 15.00 12 2.16 4.00

¢9
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theta that they exhibit. Further, two additional Mann
Whitney U tests showed that NB-ECS animals were signifi-
cantly lower in amounts of theta than SB-NECS animals at
sampling period 1 (N1 = 7; N2 = 9; U = 14; p £ .05) but

not at sampling period 5 (N1 = 7; N2 = 9; U = 20; p > .05).
Pre-ECS EEG

Within the pre-ECS EEG data, the flrst hypothe-
sls to be tested was whether the EEG patterns obtained
during K-maze tralning (early and late) and handling were
rellably different from each other. For each animal in
Experiment III three EEG deviation scores were computed.
One score represents the total deviation between early
and late learning EEG patterns; the second score represents
the total deviation between handling EEG and late learning -
EEG; and the third score represents the total de#iation
between handling EEG and early learning EEG. The scores
were then ranked in order of magnitude and a Friedman
two way analysis of varilance (Siegel, 1956) was used to
test the null hypothesis that each column of deviation
scores came from the same population of values. Table
6 displays the deviation scores for EEG frequencies from
4 to 9 Hz. recorded between anterior and posterior
electrodes on one slde of the brain; Table 7 dlsplays

the same information for EEG recorded between the two

anterior electrodes.



EARLY-LATE

1425
165
609
166
205
434

84
244
180
166
929
301

89
161

TABLE 6
DEVIATION SCORES
ANTERIOR TO POSTERIOR ELECTRODES
4 to 9 Hz.

LATE-HANDLING

2957
127
432
133
255
208
143
284
171
195
297
220
105

98

HANDLING-EARLY

2295
205
224
144
346
315
109

80
182
168

1129

493
98
149

69



TABLE 7
EEG DEVIATION SCORES
ANTERIOR TO ANTERIOR ELECTRODES

4 to 9 Hz.
EARLY-LATE LATE-HANDLING HANDLING-EARLY
334 173 340
104 110 63
184 314 253
210 210 81
301 315 87
140 123 154
269 390 164
214 288 222
179 259 212
113 177 178
490 hoy 762
221 291 202
180 183 130
159 204 182

99
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The columns of deviation scores do not differ
significantly for EEG recorded between anterior and post-
erior electrodes (X°r = l; df = 2; p >.50) or for EEG
recorded between the éwo anterlior electrodes (X2r = U,
df = 2; p > .10) in the frequency band 4 to 9 Hz. Thus
there was no reliable difference in the pattern of theta
frequencies for EEG obtained during training and handling.

The second hypothesis to be tested with the pre-
ECS EEG data concerns the notion of memory reinstatement.
An important assumption for a cue-dependent amnesia 1is
that at the time of ECS the animal is somehow cognizant
of the task for which 1t will be made amnesic. Thus,
such an amnesia does not depend on the disruptlon of a
memory consolidation process. If it could be shown that
animals' EEG patterns immedliately before ECS and seven
days after learning uniquely described the EEG patterns
shown during late learning in the K-maze then the assump-
tion underlying a cue-dependent amnesia might gain support.
Apparently however, the varlability 1n EEG patterns is
such that a K-maze late learning EEG pattern 1s not
reliably different from one taken during the handling
period, a time when the animal is not assoclated wilth the
maze. For thls reason 1t is necessary to test the re-
instatement notlon 1n a relative manner. Thus a deviation

score was computed between the reinstatement EEG and the
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late learning EEG for SB-ECS and NB-ECS animals (Tables
'8 and 9). A Mann Whltney U test was used to determine 1f
the deviation scores of the SB-ECS animals were less than
the deviatlion scores of the NB-ECS animals. Although
strictly speaking the Mann Whitney U test falled to
reach the generally accepted criterion (p = .05) of
significance (N1 = 8; N2 = 8; U = 17; P = .065), it 1is
clear from the results of the test that there is some
effect 1n the data. Because thilis comparison has lmportance
for a theory of how ECS works in animal memory experiments,
the hypothesis should not be rejected simply because the
test lacks statistical power. It was declded to see if it
was at all possible to reach the P = .05 level. Silegal
(1956) has suggested that the randomization test may be
more powerful than the U test in its abllity to reject
the null hypothesis. Thus the data were tested again with
the randomlzation test. Thls comparison showed that the
two groups of deviation scores do differ in the direction
predicted for EEG in the band U4 through 9 Hz. recorded
between the anterior and posterior electrodes (d4df = 14;
t = 2,165 .025> p > .01), but not for EEG recorded
between the two anterior electrodes (df = 14; t = 0.78; p
>.10). Therefore the EEG pattern at the time of rein-
statement 1s statistically similar to the EEG pattern

shown durlng late learning in the K-maze for SB-ECS



TABLE 8
EEG DEVIATION SCORES
REINSTATEMENT EEG - LATE LEARNING EEG
ANTERIOR TO POSTERIOR ELECTRODES
4 to 9 Hz.
EXPERIMENT III

SB-ECS NB-ECS
83 50
1040 1465
367 1601
476 420

158 680
953 2228
710 1003

511 2312

69



-TABLE 9
EEG DEVIATION SCORES
REINSTATEMENT EEG -~ LATE LEARNING EEG
ANTERIOR TO ANTERIOR ELECTRODES
4 to 9 Hz.
EXPERIMENT III

SB-ECS NB-ECS

1212 284

328 3501

367 1922

828 180

928 Ly3

715 422

476 603

1022 857



‘animals, but not for NB-ECS animals.



CHAPTER VII
DISCUSSION

ECS Seizure Pattern

In a manner similar to other authors (Zorneter
and MeGaugh, 1970), the present data appear to support
the notion that ECS intensity can modify the appearance
of the PAD period. Zorneter and McGaugh have shown that
below some ECS intenslty SAD wlll not appear, but above the
apparent threshold SAD 1s reliable. Although the ECS
intensities in the present data are generally larger than
theirs, SAD manifested no appreciable change across a
range from 10 ma. transcortical ECS, to 10 ma. trans-
cortical ECS to 55 ma. transpinnate ECS. Of what relevance
for memory the various elements of the ECS selzure pattern
hold 1s a question of some disagreement in the llterature.
In the present data none of the parameters of the ECS
selzure pattern (Table 5) separated the amnesic from
nonamnesic animals in Experiment III. In fact across a
wlde range of ECS intensity the overall duration of the
ECS selzure appears equivalent. Thus the conclusion is
ilnescapable. The PAD, SAD and lsoelectrlc period are
probably concerned with the brain's response to the ECS;
in any case they hold no obvious relatilonship to the
differentiation of amnesic and nonamnesic anlmals in the

cue dependent amnesla paradigm.
72
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As it was pointed out in Chapter II, most of
the papers reporting correlation of memory with some
‘aspect of the ECS selzure pattern use the passive avold-
‘ance task. Amnesia in this task is inferred from a com-
parison of animals that have received FS with animals that
have recived FS and ECS. Chorover and DeLuca (1969) have
shown that FS causes immediate cortical EEG effects which
‘continue after the FS. An ECS also obviously manlpulates
cortlcal EEG. Perhaps these stimull or an interaction
between them account for the reported correlations between
ECS selzure pattern and memory. If this were true then in
an appetitive task like the K-maze one would not expect
the ECS seizure pattern to show differential effects in
amnesic and nonamnesic animals,

Although the ECS seizure pattern failed to
differentiate amnesic from nonamnesic animals, the
difference 1in the seizure pattern observed in Experiment
I and Experiment II from that observed in Experiment III
suggests that the selzure pattern may have some relevance
for the production of cue dependent amnesia in the K-maze,
although the data are not specifically clear in thils re-
gard. In all the experiments one purpose of handling
during the seven day retention period was to extingulsh
any handling cues which might have become associated with

the K-maze due to the lengthy training period. Since it



T4

was always necessary to plck up the animal during each
trial of pretraining and acquision, the pairing of such
handling and the maze might cause any handling to evoke
memory of the maze. Thus during the retention period the
anlmals were handled and not put in the maze. Following
the procedure of Lewis, Bregman and Mahan (1972) and
Bregman (1972), the animals in Experiments I and II were
all handled in the same room with the K-maze. In Experi-
ment I the ECS Intensity was 20 ma. transcortlcal; in
Experiment II the ECS intensity was 10 ma. transcortical.
In neither of the experiments was cue dependent amnesila
observed (Table 4). The ECS selzure patterns from
Experiments I and II appear quite simllliar; a representa-
tive PAD period from two SB-ECS animals in Experiment II
is presented in Figure 2 (EEG recordings A and B).

In Experiment III, conditions for the produc-
tion of cue dependent amnesia were maximized. The animals
were handled in a room adjoining the K-maze room during
the retentlion Interval and the 55 ma. transpinnate ECS of
Lewis et al. (1972), Lewis and Bregman (1973) and Bregman
(1972) was used. The seizure pattern produced by this ECS
appears markedly different from the patterns produced by
the transcortical ECS. The obvious difference is in the
appearence of the PAD perliod immedlately fbllowing the

ECS. A representative PAD period from two SB-ECS animals
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in Experiment III 1s presented in Figure 2 (EEG recordings
C and D). Only in Experiment III was cue-dependent
amnesla observed. This fact could be due to The handling
‘during the seven day retention period, or it could be due
to the transpinnate ECS.

In view of the fact that Bregman (1972) and
Lewis and Bregman (1973) obtained cue dependent amnesia
when handling took place in the same room as the K-maze,
the ECS intensity 1s more likely implicated. Zornetzer
and McGaugh (1970) have suggested that the total current
delivered to the brain may be the critical variable
in ECS memory disruption. In thelr paper a 3.0 ma.
transcortical ECS produced memory disruption as effective-
1y as a 40 ma. externally applied ECS. Thus the 10 ma.
and 20 ma. transcortlical ECS in Experiments I and II may
well have been much more intense than the 55 ma. trans-
pinnate ECS of Experiment III. If ECS lntensity 1is a
critical variable as Zornetzer and McGaugh (1970) suggest,
then to produce a memory disruption the ECS must be
sufficiently strong. However the present data suggests
that with intensitles above the current ranges they
discuss, cue dependent amneslia may not be produced when the
intensity is too great. Nevertheless, an inspection of
Table 4 shows, an amnesia may well be produced, since

during relearning the SB-ECS animals wlll make several
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‘errors and SB-NECS animals will make only a few errors. A
‘conclusion suggested by thls data is that very high in-
‘tensity ECS treatments may temporarly impalr the animal's
:ability to perform the K-maze task. If thls conclusion 1s
true then lack of a PAD period in the ECS selzure may be
correlated with the postulated impairment.

Post-ECS EEG

The present experliment has demonstrated a
relationshlip between theta recorded in the 30 minute post-
ECS period from electrodes on the cortex and amnesia in
the appetitive K-maze. Landfield et al;, (1972), using a
one-trial PA task, linked post-ECS cortical theta with
consolidation processes. Silnce the procedures which pro-
duce amnesla in the K-maze remove the animal from the time
of acquilsition of the task for a period of seven days
following learning, then consolidatlon processes are assum-
ed to be long completed at the time of ECS. Thus post-ECS
cortical theta appears to have implications for processes
beyond those of consollidation. Evidence that the cortical
theta 1s related to memory processes comes from the find-
ing that theta will differentlate amnesic from non-amnesic
animals when both groups have had an ECS treatment. Thus
post-ECS cortlical theta appears to be related to animal
memory not only in the consolidation paradigm, but in

the retrleval paradigm as well.
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| Moreover in both paradigms the relationship
‘between cortical theta and later behavioral testing 1is
‘similar. In the Landfleld et al., (1972) paper animals
that had only FS showed high amounts of cortical theta.
In addition recovery of memory in FS-ECS animals was
.related to recovery of cortical theta. In the present
paper SB-NECS animals consistantly showed the highest
amount of theta. In contrast both SB-ECS and NB-ECS
animals began the 30 minute post-ECS period with a
simllarly low amount of theta; the NB-ECS animals then
showed recovery of cortical theta while the SB-ECS animals
did not. Twenty-four hours later the SB-ECS animals were
amnesic in the XK-maze while the NB-ECS animals were not.
Often the notlion of retrieval processes in
memory 1s contrasted against the consolidation theory
of memory. The retrieval interpretation polnts out that
many other variables may account for an amnesla, rather
than Jjust a fallure of the memory to flxate or consoll-
date into permanent storage. A cue dependent amnesia, in
particular, is difficult to account for in consolidation
terms. This faect 1s not proof against the existence of
consolidation processes, however; 1t merely polnts out
a deficiency of consolidation theory. In spite of the
fact that PA behavior and appetitive maze behavlor are

radically different, post—-ECS cortical theta 1ls related
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‘to later retention in both tasks. Perhaps there does
exist some common relationship between the PA task which
purports to demonstrate consolidation and the appetitive
maze in which cue dependent amnesla is found.

Cue dependent amnesia has 1n fact been demon-~
strated in PA, although the examples are few. The experi-
ment by Schnelder and Sherman (1968) may be the only ex-
ample of a cue dependent amnesia in the stepdown task.
Misanin et al., (1968) and DeVietti and Holliday (1972)
have shown cue dependent amnesia in the drink suppression
task.

A characteristlc of PA 1s that acquisition takes
place rapidly, typically in one trial. In contrast
acquisition in the appetitive K-maze takes place over
several trials. DBecause the K-maze task and the PA task
differ in the length of acquisition, the K-maze is assumed
to represent a task of increased complexity for the animal
(Lewis, Bregman and Mahan, 1972; Lewis and Bregman, 1973).
If this assertion 1s true, then 1t is reasonable that
a cue dependent amnesla might be more often found in
a complex task than 1n an easy one. Thus a continuum
of complexity could represent a common relatlonship between
memory process in PA and memory processes in the appetitive
maze task. Such a continuum would account for the scarcity

of examples of cue dependent amnesia 1n PA. However if PA
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amnesia and cue dependent amnesia are basically related
then 1t must be an active memory which 1s inhibited in

the PA task. In thils manner one could account for the fact
that post-ECS cortlcal theta 1s related to later behavior
in both PA and K-maze tasks.

Pre-ECS EEG

The amount of theta in the EEG of the thirty
minute period following ECS was shown to differentiate
amnesic from non-amnesia animals in the K-maze task. Thils
data glves electrophyslological support to the notion of
cue dependent amnesia, and 1t shows that simple frequency
information in the post-ECS cortical EEG activity does have
‘relevance for the later behavior of the animal. But EEG
patterns as presented in the present experiment do not
appear to have sufficlent resolution to define the animals'
gross behavior during periods of learning or handling.
Moreover the patterning of frequenciles within the theta
band also do not seem preclse enough to differentiate gross
behavlior during learning or handling. Thus the conclusilon
to be reached is that cortical theta activity (U4~9 Hz.)
was roughly the same among all phases of learning and
handling. This fact may be related to the symmetry of the
K-maze task. Unllke a PA task where different groups of
animals typlcally perform radically different kinds of

behavior, the K-maze task employs similar behaviors
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‘throughout tralining and testing. Even during handling the
"animals are permitted to move about and explore. Thus the
possibility of finding group EEG differences which may be
1inherent in the differential behavior of different groups
of animals is minimized.

However, whether EEG patterns yleld meanilingful
‘information dependsUto a great extent hot only on what
'questions are asked, but also on how those questions are
asked. Althdugh the gross EEG patterns did not reliably
differentitiate behavior during learning and handling, it
was posslble to show that during SB reinstatement the
animal's EEG pattern in the Band, 4 - 9 Hz., does approxi-
mate the pattern of late learning within that frequency
band. Therefore, it appears true that in the K-maze cue
dependent amnesia paradligm the administration of ECS occurs
in contigulty with EEG activity that is more similiar to
the EEG activity of the later periods of learning for
amnesic (SB) aminals, but not for non-amnesic (NB) animals.
The difference in the braln electrical activity of amnesic
and non-amnesic animals after ECS also seems to support
the notion of an l1nhibition of that activity in the period
after ECS. The activity in the theta band, which for the
SB animals 1is simllar to the theta activity during late
learning, 1s the activity which appears suppressed 1in the

30 minute post-ECS period. On the other hand NB animals,
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.whose pre-ECS EEG 18 no similiar to the theta activity of
late learning, significantly increase the amount of theta
frequencies within 30 minutes. Thus the notion that ECS |
is an inhibitor of active memory traces (Lewis, 1969) may
.gain support from this data.

General Memory Model

Landfield, McGaugh, and Tusa (1972) suggested
that cortical theta might be an electrophysiologlcal
correlate of a memory storage process. Earller Elazar and
Adey (1967) had suggested that shifts in the electrical
activity of the hippocampus within the theta range were
correlates of memory consolidation. The present experiment
has shown that the amount of post ECS cortical theta freqg-
uencies 1s correlated with behavior in a task where amne-
sia 1s a retrieval deficlit, not a consolidation fallure.
Moreover there appeared no great difference in the pattern
of theta for EEG taken in early learning or late 1ea?ning
or, for that matter, during handling. Thus a role for
cortical theta speclific to a memory storage process as
Landfield et al., (1972) suggest seems doubtful. If such
a role were assumed one would expect at least a consistent
difference in the EEG of early and later learning. If
theta frequencies have anything to do with memory processes
at all, 1t seems more reasonable to assoclate them with

memory retrieval, rather than with memory storage.
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'In a manner similar to the active memory notion of
‘Lewis (1969), John (1972) has suggested that during the
‘retrieval of a specific memory, & unique pattern of
electrical activity 1ls released throughout the brain.
;According to hls theory, thls unlque pattern reflects the
activation and release of the speclfic memory. In the
context of the present experiment theta activity appears
to be assoclated with the retrieval of a memory of the
‘K-maze. An ECS administered at the time of retrieval did
suppress those frequencies, and later performance of the
K~-maze memory was I1impalred.

The data suggest that ECS did not destroy the
‘K-maze memory, since the amnesic animals relearned the
maze much faster than they originally acqulred it. More
evidence on thls point comes from an experiment by
Thompson and Grossman (1972) in which an ECS-produced
amnesia 1n a sequential maze was removed by the adminis-
tration of a second ECS treatment. Thus performance of a
maze memory was returned, and one must conclude (as 1in
the literature for PA) that ECS does not destroy memory
for a sequentlial maze task. It could conceivably be the
case that ECS does act on a stored, consolldated memory
directly. If this thought 1s true, then the destruction
of the memory is only partial. This would account for

.the savings shown by amnesic animals during relearning.



84

"The evidence agalnst this notion is found in the
'PA literature. It has been shown there that an ECS-
produced amnesia can be returned by exposing the amnesic
animal to a portlon of the cues of original learning.
‘Since relearning of the task 1s thought not to occur
during these reminder treatments (Lewils and Nicholas,
1973), the interpretation is made that ECS does not affect
the completed acquisition. Thus 1t seems reasonable to
assume that the consolidated K-maze memory is also secure
from a direct action of ECS. If ECS acts on memory proc-
esses, those processes are ones which occur long after the
original learning l1ls completed. Such processes cannot be
concerned with memory consolidation.

In an earlier chapter it was suggested that the
amnesia produced by a variety of amnesic agents might
have a unitary mode of operation. If an amnesic agent
1s gilven to an animal shortly after learning it may pre-
vent a proper coding of the memory through elther dis-
traction or by effectively removing the animal from the
situation. A cue dependent amnesia seems difficult to
incorporate into such a notion, however, since 1in the K-
maze task learning is seven days apart from ECS treatment.
Obviously ECS cannot prevent the post-fixation coding
that also took place seven days before.

It 1s true, however, that a clear and revealing
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definition of what memory aztually 1s has remalned elusive.:
‘In gross and intuitive terms memory 1s concerned with the
storage and retrleval of past learning. Contemporary
interpretations of memory retrieval stress the notion of
memory as a dynamlc process. Memory can be further
conceived to be a process where already stored information
is retrieved, reworked, and then stored again. Thus a
process of new combinatlons and assoclations would be
avallable to the inhiblting effects of ECS whenever a
memory is active.

There 1s some evidence to support the notion that
an already stored memory 1s modlfied at the time of rein-
statement. Campbell and Jaynes (1966) showed that expos-~
ing animals to the conditions of original training at
times throughout a retentlon interval caused those animals
to show better retention of the task than animals that
were not reexposed. It 1s thelr interpretation that re-
instatement treatments can produce a memory enhancement
while, in themselves, the reinstatement treatments do
not permit learning of the task.

Thus 1t seems plausable that ECS can be expect-~
ed to produce amnesla for a memory whenever ECS follows
the activation of that memory, regardless of the temporal
interval between original learning and ECS treatment. If

such an interpretation is true then 1t 1is possible that
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Ethe mechanism through which ECS works 1s the same for
;ECS given immedlately after learning or seven days after
‘learning. In both cases ECS inhiblts the dynamic aspects

Eof an active memory.



BIBLIOGRAPHY
Adey, W.R. Hippocampal states and functional relations
wlth corticosubcortical systems in attention
and learning. In W. R. Adey and T. Tokizane

(Eds.) Progress in Brain Research, Volume 27,

Structure and Function of the Limbic System,

Amsterdam: Elsevier, 1967,

Adey, W.R., Dunlop, C.W. and Hendrix, C.E. Hippocampal
slow waves: distribution and phase relationships
in the course of approach learning. Archives
Neurology, 1960, 3, 7i4-90,

Agranoff, B.WQ, Davis, R.E. and Brink, J.J. Memory
fixation in the goldfish., Proceedings, Natl,

Acado SCi.J U'S.A.’ 1965’ 5“, 788-793a

Agranoff, B.W.,, Davis, R.E., Casola, L, and Lim, R,
Actinomycin D blocks formation of memory of
shock-avoidance in goldfish. Science, 1967, 158,
1600-1601.

Alpern, H.P, and Kimble, D,P. Retrograde amnesia effects
of dlethyl ether and bils (trifluoroethyl) ether.

Journal of Comparative and Physiological Psych-

Auerbach, P. and Carlton, P, L. Retention deficit cor-

related with a deficit in the corticold response

87




88

to stress. Science, 1971, 173, 1148-1149,

Avis, H.A. and Carlton, P.L. Retrograde amnesia produced
by hippocampal spreading depression., Science,
1968, 161, 73-75.

Barondes, S. H. and Cohen, H.D. Puromycin effect upon
successive phases of memory storage. Sclence,
1966, 151, 594-594,

Barondes, S.H. and Cohen, H.D. Delayed and sustained
effect of acetoxycloheximide on memory in mice,

Proceedings, Natl., Acad, Sci., U,S.A., 1967,

58, 157-16L.

Barondes, S.H. and Cohen, H.D. Arousal and the conversion
of "short-term" to "long-term" memory. Proceed-
ings, Natl., Acad. Sci., U.S.A., 1968, 61,
923-929.

Beitel, R. and Porter, P. Deflcits in retention and im-

pairments in learning induced by severe hypother-

mla in mlice. Journal of Comparatlve and

Physiological Psychology, 1968, 66, 53-59.

Belluzzi, J.D. Long lasting effects of cholinergic stim-
ulation of the amygdalold complex in the rat.
Journal of Comparative and Physiological Psych-

ology, 1972, 80, 269-282.
Bennett, T. Evidence agalinst the theory that hippocampal

theta 1s a correlate of voluntary movement.



89

Communications in Behavior Biology, 1969, 4,

Bivens, L.W. and Ray, D.S. Memory trace disruption by

cortical spreadlng depression. Psychological

Reports, 1965, 17, 175-178.

Bregman, N.J. Cue dependent active memory and ECS pro-

duced memory occlusion. Unpublished doctoral

dissertation, University of Southern California,
1972.

Bresnahan, E. and Routtenberg, A. Memory distruption by
unilateral low level, sub-selzure stimulation

of the medlal amygdalold nucleus. Physiology

and Behavior, 1972, 9, 513-525.

Brunner, R, Rossi, R., Stutz, R.M., and Roth, T. Memory
loss followlng postrial electrical stimulation

of the hippocampus. Psychonomic Science, 1970,

18, 159-160.
Bures, J. and Buresova, O, The use of Leao's spreading
depression in the study of interhemispheric

transfer of memory traces. Journal of Compara-

tive and Physiological Psychology, 1960, 53,

Bures, J. and Buresova, O, Cortical spreadling depression

as a memory disturbing factor. Journal of

Comparative and Physiological Psychology, 1963,




‘Bures, J.

Bures, J.

90

56, 268-272.
and Buresova, 0. The reunified split brain. In

R. E. Whalen, et al. (Eds.) The neural control

of behavior. New York: Academic Press, 1970.

Buresova, 0., Welss, T., Fifkova, E. and
Bohdanecky, Z. Experimental study of the role
of hippocampus in conditioning and memory

function. In P. Passouant (Ed.) Physlologle

de l'Hippocampe. Paris: Centre Natlonal de

Recherche Scientifique, 1962.

Burnham, W.H. Retroactive amnesla: Illustratlve cases

Campbell,

and tenative explanation. American Journal of

Psychology, 1903, 14, 382-396.

B.A. and Jaynes, J. Reinstatement. Psycho-
logical Review, 1966, 73, 478-480.

Cherkin, A. Retrograde amnesia 1n the chlck: resistance

Chorover,

Chorover,

to the reminder effect. Physiology and Behavior,
1972, 8, 949-955o

S.L. and DeLuca, A.M. Transient change 1in

electro-corticographic reaction to ECS in the

rat- following footshock. Journal of Comparative

and Physiological Psychology, 1969, 69, 141-149,

S.L. and Schiller, P.H. Short-term retrograde

amnesia in rats. Journal of Comparative and

Physiological Psychology, 1965, 59, 73-78.




91

Chorover, S.L. and Schiller, P.H. Re-examination of pro-
longed retrograde amnesia in one trial learning.

Journal of Comparative and Physiologilcal Psycho-

logy, 1966, 61, 34-41,
Chow, K.L. Effect of local electrographic afterdischarge
on visual learning and retention in the monkey.

Journal of Neurophysiology, 1961, 24, 391-400.

Cohen, H.D. and Barondes, S.H. Pruomycin effect on
memory may be due to occult seilzures. Scilence,
1967, 157, 333-334.

Cohen, H.D. and Barondes, S.H. Effect on acetoxycylo=-
heximide on learning and memory of a light-dark
discrimination. Nature, 1968, 218, 271-273.

Cohen, H.D., Ervin, F, and Barondes, S.H. Puromycin
and cycloheximide: Different effects on hlppo=-
campal electrical activity. Science, 1966, 154,
1557-1558.,

Coons, E, and Miller, N. Conflict versus consolldation
of memory traces to explaln "retrograde amnesia"

produced by ECS. Journal of Comparative and

Physiological Psychology, 1960, 53, 524-531,

Daniels, D. Acquision, storage and recall of memory for
brightness discrimination by rats following in-
tracerebral cerebral infusion of acetoxycylo-

heximide. Journal of Comparatlive and Physio-




92

logical Psychology, 1971, 76, 110-118.

Davis, R.E. and Agranoff, B.W. Stages of memory formation
in goldfish: Evidence for an environmental
trigger. Proceedings, Natl, Acad., Scl.,, U.S.A.,
1966, 55, 555-559.

Deutsch, J.A. The physilological basis of memory. Annual

Review of Psychology, 1969, 20, 85-104,

Deutsch, J.A., Hamburg, M.D. and Dahl, H. Anticholines-
terase-induced amneslia and 1its temporal aspects.
Science, 1966, 151, 221-223,

Deutsch, J.A. and Rocklin, K. Antichollnesterase amnesia
as a function of massed or spaced retest.

Journal of Comparative and Physiological Psycho-

logy, 1972, 81, 64-68.

DeVietti, T. and Hollliday, J. Retrograde amnesia produced
by electroconvulslive shock after reactivation
of a consolidated memory trace: A repllcation.

Psychonomic Science, 1972, 29, 137-138.

DeVietti, T. and Hopfer, T. Reinstatement of memory i1n
rats: Dependence upon the interplay of two
forms of retrieval deficit following, ECS.

In preparation.

DeVietti, T.L. and Larson, R.C. ECS effects: Evidence

supporting state~dependent learning 1in rats.

Journal of Comparative and Physiological Psycho-




93

logy, 1971, T4, 407=-415,

Devietti, T.L., Mayse, J.F., and Morris, L.W. FS/ECS
induced dissociation in rats: Parametric evalua-
tion of ECS intensity and time of testing.

Paper presented at the 52nd annual meeting of
the Western Psychological Association, Portland,
Oregon, April, 1972.

Douglas, R.J. The hippocampus and behavior. Psycho-

logical Bulletin, 1967, 67, U416-422,

Elazar, Z. and Adey, W.R. Spectral analysis of low
frequency components in the electrical activity
of the hippocampus during learning. Electro-

encephalography and Clinical Neurophysiology,

1967, 23, 225=240.

Flexner, L.B., Flexner, J.B. and Roberts, R.B. Memory
in mice analyzed with antibilotics. Scilence,
1967, 155, 1377-1383.

Galluscio, E.H. Retrograde amnesia induced by electro-
convulsive shock and carbon dioxlde anesthesila

in rats. Journal of Comparative and Physio-

logical Psychology, 1971, 75, 136-140,

Gold, P., Farrell, W., and King, R. Retrograde amnesia
after localized brain shock 1in passive avoidance

learning. Physiology and Behavior, 1971, 7,




94

Goldrich, S. and Stamm, J. Electrical stimulation of
inferotemporal and occipital cortex in monkeys:
Effects on visual dilscrimination and spatial

reversal performance. Journal of Comparative

and Physiological Psychology, 1971, T4, 448
458,

Gordon, W, and Spear, N. The effects of strychline on re-
cently acquired and reactivated passlve avold-

ance memories, Physiology and Behavior, 1973,

In press.

Green, J.D. and Arduini, A. Hippocampal electrical
activity in arousal. Journal of Neurophysiology,
1954, 17, 533-557.

Greene, E, Comparision of hippocampal depression and

hippocampal lesion. Experimental Neurology,
1971, 31, 313-325.

Grastyan, E., Lissak, J., Madarasz., I., and Donhoffer,

H. Hippocampal electrical activity durilng the
development of conditlioned reflexes. Electro-

encephalography and Clinical Neurophysilology,

1959, 11, 409-430.
Grossman, S.P. Chemically induced epileptiform selzures
in the cat. Science, 1963, 142, 409-411,
Herz, M, and Peeke, H. TImpairment of extinctlon with

caudate nucleus stimulation. Brain Research,




95
1971, 33, 519-522.
Herz, M.J., Spooner, C.E. and Cherkin, A, Effects of the

amnesic agent flurothyl on EEG and multiple-
unit activity 1n the chick. Experimental Neuro-

logy, 1970, 27, 227-237.
Horsten, G.P, Influence of body temperature on the EEG.

Acta. Brev. Neerl., Physiol., 1949, 17, 23-25.

Howard, R.L. and Meyer, D.R. Motivatlonal control of
retrograde amnesia in rats: A replication and

extension, Journal of Comparative and Physio-

logical Psychology, 1971, T4, 37=40.

Hughes, R.A. Retrograde amnesla in rats produced by hip-
pocampal injections of potassium chloride:

Gradient of effect and recovery. Journal of

Comparative and Physiological Psychology, 1969,
68, 637-644,

Jacobs, B,L. and Sorenson, C.A., Memory disruption in
mice by brief posttrial Immersion in hot or

cold water. Journal of Comparative and Physlo=-

logical Psychology, 1969, 68, 239-2il4,

Jensen, R.A. and Riccio, D. Effects of prior experience
upon retrograde amnesia produced by hypothermia.

Physiology and Behavior, 1970, 5, 1291-1294,

John, E.R., Switchboard versus statistical theories of

learning and memory. Sclence, 1972, 177, 850~



96
864,
- Kamp, A., DaSilva, L., and Storm Van Leeuwen, W. Hippo-

campal frequency shifts in different behavioural

situations. Brain Research, 1971, 31, 287=294,

Kane, J. and Jarvik, M.E. Amnesia effects of cooling and
heating in mice. Psychonomic Science, 1970, 18,
7-80

Kapp, B.S. and Schneider, A.M. Selective recovery from
retrograde amnesia produced by hippocampal
spreading depression. Sclence, 1971, 173,
1149-1115,

Kesner, R.P., and Conner, H.S. Independence of shorte-
and long-term memory: A neural system analysis.
Science, 1972, 176, 432-434,

Kesner, R.P. and Doty, R.W. Amnesla produced in cats
by local seilzure actilvity initiated from the
amygdala, Experimental Neurology, 1968, 21,
58«68,

Kesner, R. P., Glbson, W. and LeClair, M. ECS as a

punishing stimulus: Dependency on route of
administration. Physliology and Behavior, 1970,
5, 683-6860

Kesner, R. P., McDonough, Jr., J.H. and Doty, R.W.
Diminished amnestic effect of a second electro-

convulsive selzure. Experlmental Neurology,




97

1970’ 27’ 527-5330
- Klemm, W.R. Ascending and desending excitatory influences
in the brain stem reticulum: A reexaminatilon.

Brain Research, 1972, 36, u4ll-452,(a)

Klemm, W.R. Theta rhythm and memory. Science, 1972,
175, 1449, (b) |

Kluver, H, and Bucy, P, "Psychic blindness" and other
symptoms following bilateral temporal lobetomy

in Rhesus monkeys. American Journal of Physlo-

logy, 1937, 119, 352-353.
Kreschevsky, I. "Hypothesis"™ vs. "chance" in the pre-~
solution of sensory discrimination learning.

University of California Publicatlions in Psy-

chology, 1932, 3, 27-44,
Komlsaruk, B.R. Synchrony between limbic system theta
activity and rhymical behavior in rats. Journal

of Comparative and Physiological Psychology,

1970, 70, 482-492,
Kovner, R, and Stamm, J. Disruption of short term visual
memory by electrical stimulation of infero-

temporal cortex in the monkey. Journal of

Comparative and Physiological Psychology, 1972,

81, 163=172.
Landfield, P., McGaugh, J. and Tusa, R. Theta rhythm: A

temporal correlate of memory storage processes



98

in the rat. Science, 1972, 175, 87-89.

Lee-Teng, E. Retrograde amnesia in relation to subconvul-

sive currents in chicks, Journal of Comparative

and Physiological Psychology, 1969, 67, 135«
139.

Lee=-Teng, E. and Giaquinto, S. Electrocortiograms follow=-

Lewis,

Lewis,

Lewis,

Lewls,

Lewlis,

ing threshold transcranial electroshock for

retrograde amnesia in chicks. Expeirimental

D.J, Sources of experimental amnesia., Psy-

chological Review, 1969, 76, U61-4T72,

D.J. and Bregman, N.J. The source of the cues

for cue-dependent amnesia. Journal of Compara-

tive and Physiological Psychology, 1973, In

press.
D.J., Bregman, N.,J. and Mahan, J.J., Jr. Cue

dependent amneslia in the K-maze., Journal of

Comparative and Physlologlcal Psychology, 1972,

In press.

D.J. and Maher, B.A. Neural consolidation and
electroconvulsive shock. Psychological Revilew,
1965, 72, 225=239.

D,J., Miller, R.R. and Misanin, J.R. Control

of retrograde amnesia, Journal of Comparative

and Physiological Psychology, 1968, 66, 48-52,




99

(a).

Lewis, D.J., Miller, R.R. and Misanin, J.R. Recovery of
memory following amnesia. Nature, 1968, 220,
T04-705. (b)

Lewls, D.J. and Nicholas, T. Amnesia for active avold-
ance produced by a competing response, Physio-
logy and Behavior, 1973, In press.

Lidsky, A. and Slotnick, B.M. Electrical stimulation of
the hippoéampus and electroconvulsive shock pro-
duce simililar amnestic effects in mice, Neuro-
psychologia, 1970, 8, 363-369.

Lidsky, A. and Slotnick, B.M. Effects of posttrial limbic
stimulatlion on retention of a one-trlal passive

avoldance response. Journal of Comparative and

Physiological Psychology, 1971, 76, 337=-348.

Lipp, J. Effect of deep hypothermia on the electrical

activity of the braln, Electroencephalography

and Clinical Neurophysiology, 1964, 17, U6~51.

Lloyd, R. and Gerbrant, L. Origin of the so~called theta
rhythm in rats. Paper presented at the 53rd
Annual Meeting of the Western Psychological
Association, Anaheim, California, April, 1973.

Madsen, M.C, and McGaugh, J.L. The effect of ECS on one-

trial avoldance learning. Journal of Comparative

and Physiological Psychology, 1961, 54, 522-




100

523.
Mahut, H. Effects of subcortical electrical stimulation

on learning in the rat. Journal of Comparatlve

and Physiological Psychology, 1962, 55, U72-477.

McDonough, Jr., J.H. and Kesner, R.P., Amnesia produced
by brief electrical stimulation of amygdala or

dorsal hippocampus Iin cats. Journal of Compara-

tive and Physiologilcal Psychology, 1971, 77,

171-178.

McGaugh, J.L. Time~Dependent processes 1in memory storage.
Science, 1966, 153, 1351-1358.

McGaugh, J.L. and Dawson, R.G. Modification of memory

storage processes. Behavioral Science, 1971,

16, u5-630
McIntyre, D. Differential amnestlc effect of cortical vs.
amygdalold elicited convulsions In rats.

Physiology and Behavior, 1970, 5, T47-753.

Miller, R. and Springer, A. Induced recovery of memory
in rats followlng electroconvulsive shock.

Physiology and Behavior, 1972, 8, 645-651.

Miller and Springer, A. Amnesla consolidation and retrie-

val., Psychological Bulletin, 1973, 80, 69=70.

Misanin, J. and Hoover, M. Recovery rate as a determi-
nate of the amnesic-llike effect of hypothermia.
Physiology and Behavior, 1971, 6, 689-693,




101

Misanin, J.R., Miller, R.P. and Lewls, D.J. Retrograde
amnesia produced by electroconvulsive shock
after reactivation of a consolidated memory
trace. Science, 1968, 160, 554-555,

Nachman, M. and Meinecke, R.O. Lack of retrograde
amnesia effects of repeated electroconvulsive
shock and carbon dloxide treatments. Journal

of Comparative and Physiologlcal Psychology,

1969, 68, 631-636,
Nakajima, S. Interference with relearning in the rat
after hippocampal injection of actinomycin D.

Journal of Comparatlve and Physlologlical Psy=-

ChOlOEE, 19b9’ 67’ u57-4610
Nakajima, S. Proactive effect of actinomycin D on maze

performance in the rat. Physiology and Be-

havior, 1972, 8, 1063-1067.
Nielson, H.C., Evidence that electroconvulsive shock al-
ters memory retrieval rather than memory con-

solidation., Experimental Neurology, 1968, 20,

3"200
Paolino, R.M. and Hine, B. EEG selzure anomalies follow-
ing supramaximal intensitles of cortical

stimulation: Relationships with passive=-

avoidance retention in rats., Journal of Compara-

tive and Physiological Psychology, 1973, 83,




102

285=293,
Parmeggian, P.L. On the functlonal significance of the
hippocampal O«rhythm. In W. R. Adey and T,

Tokizane, (Eds.) Progress in brain research

Volume 27, Structure and function of the limblc

system, Amsterdam: Elsevier Publishing Company;
1967. |

Pearlman, Jr., C. Simllar retrograde amneslia effects of
ether and spreading cortical depression.

Journal of Comparative and Physiological Psy=-

cholocy, 1966, 61, 306-308.
Pearlman, Jr., C. and Jarvik, M.,E. Retrograde amnesia pro-
duced by spreading cortical depression. Feder- |

ation Proceedings, 1961, 20, 340.

Pearlman, Jr., C., Sharpless, S.K. and Jarvik, M.E.
Retrograde amnesia produced by anesthetic and

convulsant agents. Journal of Comparative and

Physiological Psychology, 1961, 54, 109-112,.

Peeke, H, and Herz, M, Caudate nucleus stimulation
retroactively Impalrs complex maze learning in
the rat. Science, 1971, 173, 80-82.

Penrod, W. and Boice, R, Effects of halothane anesthesla
on the retention of a passive avoldance task in

rats. Psychonomlec Science, 1971, 23, 205-207.

Pfingst, B.E. and King, R.A., Effects of posttraining



103

electroconvulsive shock on retention test

performance involving cholce, Journal of

Comparative and Physiological Psychology,
1969, 68, 645-649.

Pickenhain, L. and Klingberg, F. Hippocampal slow wave
actlivity as a correlate of basic behavioral
mechanisms in the rat. In W.,R., Adey and T,

Toklzane (Eds.) Progress in Brain Research,

Volume 27, Structure and Function of the Limbic

System. Amsterdam: Elsevier, 1967.
Posluns, D. and Vanderwolf, C.H. Amnesic and disinhi-
bitory effects of electroconvulslve shock 1in the

rat. Journal of Comparative and Physlological

Psychology, 1970, 73, 291-306.

Quartermain, D., McEwen, B.S. and Azmitia, Jr., E.C.,
Amnesla produced by ECS or cycloexmide: Con-
ditions for recovery, Science,xl970, 169,
683-686,

Quartermain, D,, McEwen, B.S. and Azmitia, Jr., E.C.
Recovery of memory following amnesia in the rat

and mouse, Journal of Comparative and Physio-

logical Psychology, 1972, 78, 360-370.

Quinton, E.E. Retrograde amnesia induced by carbon

dioxide inhalation. Psychonomic Science, 1966,

5, 417-418,



104

Riccio, D. Gaebelin, C., and Cohen, P. Some behavioral
aspects of retrograde amnesla produced by
hypothermia. Physiology and Behavior, 1968,
3, 973-976.

Riecio, D., Hodges, L., and Randall, P, Retrograde

amnesia produced by hypothermia in rats.

Journal of Comparative and Physlclogilcal Psy-

Ricclo, D.C. and Stikes, E.R. Persistent but modlifiable
retrograde amnesia produced by hypothermia.

Physiology and Behavior, 1969, i, 649-652,

Riddell, W.I. Effect of Electroconvulsive shock: Per-
manent or temporary retrograde amnesia. Journal

of Comparative and Physiological Psychology,

1969, 67, 140-143,

Robins, A.B. and Thomas, G. Retrograde amnesia produced
by localized electrical stimulation of brain
through chronically implanted electrodes,
Psychonomic Science, 1968, 12, 291-292,

Robbins, M.J. and Meyer, D.R. Motivational control of

retrograde amnesia. Journal of Experimental

Psychology, 1970, 84, 220-225.

Schnelider, A.M., Kapp, B., Aron, C., and Jarvik, M.
Retroactive effects of transcorneal and transe

pinnate ECS on stepthrough latencies of mice



105

and rats. Journal of Comparative and Physio~

logical Psychology, 1969, 69, 506~509.

Schneider, A. and Sherman, W. Amnesia: A functlon of the
temporal relation of footshock to electro-
convulsive shock, Science, 1968, 159, 219=221,

Routtenberg, A. and Kay, K. Effect of one electrocon-

vulsive selzure on rat behavior. Journal of

Comparative and Physlological Psychology, 1965,

59, 285-288,
Routtenberg, A., Zechmelster, E. and Benton, C, Hippo=-
campal activity during memory disruption of

passive avoldance by electroconvulsive shock,

Life Sciences, 1970, 9, 909-918.

Shinkman, P.G. and Kaufman, K.P. Posttrial hippocampal
stimulation and cer acquisition in the rat.

Journal of Comparatlive and Physiologilcal

Psychology. 1972, 80, 283-292,

Siegel, S. Nonparametric statistics for the behavioral

sciences. New York: McGaw=-Hill, 1956,

Spear, N. Retrieval of memory in animals. Psychological

Review, 1973, 80, 163-194,
Spevack, A. and Suboski, M., Retrograde effects of electro-
convulsive shock on learned responses., Psy=-

chological Bulletin, 1969, 72, 66-76.

Stamm, J.S. Electrical stimulation of monkeys' prefrontal



106

cortex during delayed response performance.

Journal of Comparative and Physiological Psy-
chology, 1969, 67, 535-536. |
‘Taber, R. and Banuazizi, A. CO2-induced retrograde
amneslia in a one trial learning siltuation.

Psychopharmacologia, 1966, 9, 382-391.

Thompson, C.I. and Grossman, L.B, Loss and recovery
of long-term memories after ECS in rats:

Evidence for state-~dependent recall., Journal of:

Comparative and Physiological Psychology, 1972,

78, 248=254,
Thompson, R.W., Enter, R. and Russell, N. Effect of
ECS on retention of a passive avoldance response

in rats. Psychological Reports, 1967, 21, 150~

152,
Towe, A.L. Electrophysiology of the cerebral cortex:

Consciousness. In T.C., Ruch and H.D. Patton

(Eds.) Physiology and Bilophysics. Phlladelphila:
Saunders, 1965.
Vanderwolf, C.H. Limbic-diencephalic mechanisms of

voluntary movement. Psychological Review,

1971, 78, 83~113.
Vardaris, R.M. and Gehres, L.D. Brailn selzure patterns
and ESB-induced amnesia for passive avoldance,

Physiology and Behavior, 1970, 5, 1271=-




107
1275.
Wagner, A., Rudy, J., and Whitlow, J. Rehearsal in animal
conditlioning. Journal of Experimental Psy-

Wyers, E. and Deadwyler, S. Duration and nature of

retrograde amnesia produced by stimulation

of caudate nucleus. Physiology and Behavior,

1971, 6, 97-103.

Wyers, E.J., Peeke, H,, Williston, J.S. and Herz, M.J.
Retroactive impairment of passlve avoidance
learning by stimulation of the caudate nucleus.

Experimental Neurology, 1968, 22, 350-366,

Yamaguchi, Y., Yoshi, N,, Mlyamoto, K., and Itoigawa, N,
A study of the lnvaslve hlippocampal theta-waves
to the cortex. In W.,R. Adey and T. Toklzane

(Eds.) Progress in Brain Research, Volume 27,

Structure and Function of the Limblc System.

Amsterdam: Elsevier, 1967.

Zinken, S. and Miller, A.J. Recovery of memory after
amnesla lnduced by electroconvulsive shock.
Science, 1967, 155, 102-103.

Zornetzer, S.F. Braln stimulation and retrograde amnesia

in rats: A neuroanatomical approach. Physiology

and Behavior, 1972, 8, 239-24l,




108

Zornetzer, S., and McGaugh, J. Effects of frontal brain

‘ electroshock stimulation on EEG activity and
memory in rats: Relationship to ECS produced
retrograde amnesia. Journal of Neurobilology,
1970, 1, 379-394.

Zornetzer, S. and McGaugh, Jr. Retrograde amnesia and

brain seizures in mice. Physiology and Be-

havior, 1971, 7, 401-408. (a)
Zornetzer, S. and McGaugh, J. Retrograde amnesla and
brain seizures in mice: A further analysils.

Physiology and Behavior, 1971, 7, 841-845. (b)

Zornetzer, S. and McGaugh, J. Electrophysiological
correlates of frontal cortex lnduced retrograde

amnesia in rats. Physiology and Behavior,

1972, 8, 233-238.




