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The Effect of ”emﬁnder Stimuli on WOac Memories
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Electrocon vulslve shock (ECo) was once thought bv most
researchers to disrupt memory by preventing storage of
information when learning was followed closely by ECS.
lany recent studies have indicated that retrieval processes
may be disrupted rather than storage. The major reason for
alternative interpretation is the finding of recovery of.
memory after administration of a non—tralnln treatment
known as a reminder.

It is not now known whether reminders facilitate mem=~
ory recovery by somehow promoting better retrieval or in- .
stead summating with subthreshold memories to improve re-
tention. If summation is occurring, memories that are
weak because of less efficient training should also be
improved by reminders. This experiment tests that hypoth-
esis.. '

Forty-six rats were either glven ECS or trained to a
criterion less strict than those given ECS on a two-way
active,avoidancc task. This less strict training consti~-
tuted a "weak training" group. All animals were then given
either no 7"emlnder,,ewbosure to the conditional stlmulug
and training apparatus, or this exposure followed by
strychnlae_lnjection;, Since utrvchnlne improves retentlon
after acguisition, it should'serve to improve recovery
after a reminder. '

Vis L

much greater in groups given ECS than in weakly trained

groups. This indicates that these traces, although similar
3ﬁ strength, are not really the same in nature and that
retrieval promotlon is the stronger 1nterpretatlon of these
results.

Improvement with reminder and 1“emlnder«mtrycnrmne was -
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CHAPTER I

Experimenters attemptihg to study memory by its dis—
ruption have typically used eléétroconvulsive'shbck (ECSD
or various drugs administered soon after learning and ob-
served their effects on.retentiqn some: time later. 'Thé
deficits observed'wefe originaily'inferpreted in‘terms of -
Vdisruption of a consolidation process, .which involves
transfer of a trace from a short-term "holding" process to .
a more permaﬁent form (e.g.;wJohﬁ,'lQ67). ‘This would con-
sequently iead to loss'of the memory trace. Unforfuﬁately
for this point of view;ISpontaneous recovery of the'memory_
was found in a few cases (Zinkin and Millér, 1667). Promp-
ted by this development; researcheré'began to checlt for
savings at various time. intervals past the initial‘test;and_
after the animal was exposed to certain "reminder" stimuii.
Reminders, also known a$ reactivation treatmenté'(Spearg
1673%), are presumably some subset of theAstimuii impinging
on the organism during acquisition of the trace and include
both external and internal stimuli. They. are most often
'given in a form not sufficient for training to occur. Com-
mon reminders include'pon—coﬁtingent footshock (e;g., Miller
and Springer, 1972); presentation of the training cﬁes'(Kes_
ner and Conner, 1974), injection of ACTH or the fragment
ACTH@Q@ (Klein, 1972; Keyes, 1974 Rigter;'Van_Riezen and
'déWied, 1674-), and confinément in the experihental.appara+
tus (Davis and Hirtzel, 1970), Confinement, or detention,

has been found to facilitate retrieval by Davis and Hirtzel,
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as well as others, but instead was additive to the effects
of the_amnesic agént ih experiments by Gellér,‘Robustelli
and Jarvik (1971),‘ Sincé the'experimental manipdlations
of détention are the same as thése for extinction, it.is”
‘possible that this procedure works both‘fo‘récali'weak
memories and to also decrease their strength.“ Some chem-
ical agents which fadilitate acquisition,vsuch as.strYCh-'
nine, have been tried as reminders, but have not been
able to imprové retention when not administered at a time
the trace is presumably activated, such as during acquis~
ition or after a reminder (Gordpn‘and Spear, 1973; Sprinf
ger and Miller, 1972; Dﬁncan and Hunt, 1972).

‘Results such as these have caused eXamination of a
number of subissues not previously considered in_detéi1
in mémOry research; Thé two méjqr questions in this cat-.
egory would be: in what form is a memory t:ace'left after
an ECS, and how does a reminder serve to improve retention?
A great deal of attention has been‘devoted.to the possiblé
effecté of ECS-apart‘from1the.originally assumed amnesﬁo
effect. “Many researchers (e.g., Coons and Miller, 1960)
have suggested that'an'fEcs; if felt, could serve as a
punishing stimulus that would aécount for many:appafént
findings of amnesia,-?érticuiaﬂly in active avoidance
tasks,»where an ECS-delivered upon successful,escape to
the "safe" side of a shuttle box codld, if felt, prove

more aversive than the shocl used as{thcvtrainiﬂm stimulus
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for that task. This interpretation does not account for
a large range of studies‘findihg amnesia in other tasks,
particularly whére a passive ayoidénce;paradigm is used..
Here;iés Madsen and McGéugh (1964)»point out;,a puﬁishing
'ECS should act additivelyAto the punishing stimulus to
vield an even stronger avoidahce,tendency, rather than
the amnesia usually fdund,;

The apparent amnesia found after passive avoidance
'tasks-hasvbeen otherwise explained as'simply a decrease in
response latency after ECS (Routtenberg and Kay, 1965). |
Any such effect, while indicating caution in using létency
measures, still failé to explain why small differences in
time:of'ECS.éfter learning are critical in amount. of am~
nesié'producéd or why amnesia is found when-nonflatency
measures are used (Deutsch, 4975). |

A further attempt to weaken the retrograde amnesia
interpretation comes‘from researchers Who propose that
ECS diérupts an incubation process wherein an avoidance
response increases in strength (ihcubates) over time
(Spevack ‘and Suboski, 1969; ?inel and Cooper, 1966;. Chor-
over and Schiller, 1965). 1In the normal avoidance para—
digm,-little retention is shdwn_after tréiningp but pro-
gressively increases, as is dembnstrated when diffefent’
groupé are tested atvvarious intervals after acquisition.
IT ECS disruptsAthis'incﬁbatioﬁ process, then appérent

amnesia will result.  Spevack and Suboski (1969) review
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the. relevant literature and conclude that three separate
effects of ECS are demonstrable. The first is a punishing
effect, found after many adminiStrations,‘but not usually
‘demqnstrable after a single applicafion of ECS;, The sec-
ond is the incubation disruption process and the third
the usual retrograde amnesia interpretation.A;Dawson
(1974) points out, however, that similar and very long
.gradients of amnesia can be found in tasks with no demon-
‘strable»incubation_gradients'and in“general little vari-
ance can be attributed to this sort of interpretation.

In particular, appetetive tasks have no incubation gradi-
ents at‘all.. It'eeeme that the similarity of the incuba-
tion curve to the ECS gradient is merely a'property»of,a
few isolated cases and is not generally successful as an
‘explanatory device. Buckhelti and. RBowman (1972)‘found a
clear disjunction befween the retrogfade amnesia'ahd in-
cubation curves, suggesting that_even all évoidaneejtasks
do not produce incubation eur?es like those produced by
ECS_gradients.

Otﬁer experimenters have attempted to explain the
eradients obtained with TCS-produced emnesia_by resorting
to a-state—dependent-learning interpreﬁation. This line
of reasoning stems largely from the finding that a pre-
acQuisition ECS attenuates the emnesia produced by an ECS
following acquisition. ECS mayﬂthen ppoduce an aitered

state that lasts for days, such that learning in the nor-
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mal state,»usually,prior to ECS, is not easily recovered
(béVietti and.Larson, 1971a,b). If this were the impor-
“tant variablé, nevertheless, then this would predict far
nore SpontaneouS-recovery of the task after the ECS- |
iﬁduéed state has worn off than is actuélly found. Fur-
ther, retention would_be befter.in the pre-acquiéition.
_Ecs; post-acquisition ECS paradigm than normally.found,
since the state is identical in both cases. A modifica-
tion of this position suggests that good retrieval must
occur in the présepce of the same state in thch’consol—
idation.bccurs; i;e;;.thatfpresentjiﬁmediatély after aé—
quisition. Good,evidénce for this is that retention tests.
giveh soon after an. ECS do yield gobd retentioﬁ'(Thompson_
and Grossmdn, 1072). This:theory,'however, would prediCt‘
that when the animal once again returns to the‘normal
state retrieval failure would‘occur'and amnesia would
again result. Although retention is improved after a -
second ECS, which'preSumabiy could_alsovfunction as a
reminder stimulus, memories ?egained at this time dd not
fade after theAnérmal vhysiological state is regained
(Miller, Malinowski, Puk and Springer, 1972). This
theory further does not account well for improved reten=
tion found after reminders less -likely to involve any -
state changes, such as'apparatus exposure.

It seems likely tha% any experimental paradigm

employing ECS will have certain alternatives to a strict



6
retrograde amnesia interpretation that are not’qnly Just-
ifiable, but even perhaps indistinguishable in prediction
from the amnesic viewpoint. ‘Nevertheless, aAgreét‘lack
of generality for all such ihterpretations seems to be
the rule for all such alternatives; only the fetrdgrade
amnesia interpretation seems 1Tobust across.a great variety
of reinforcers, tasks, and other procedural variables.
Perhaps the best pdiht to be derived from these studies is
that a gross manipulaﬁionfsuch as ECS is certain to have
a wide variety of:effectS'and care must be taken’to choose
a task that will not'exploit unintended variables.

While a retrograde amnesia interpretation of the
effects of ECS seems still preferable to the alternétivés,
the consolidation disruption hypothesis has come under
somewhat heavier attack‘as the specific mechanismkinvolved
in the memory loss. ' The reminder studies have caused many -
researchers to suggest that no loss of information is
caused-ﬁy,an'ECS, but ihsteé@ retrieval failure is induced
in some manner (e.g., Spear; 1973; Miller'and‘Spfinger,
1973). Retrievai might be defined as that set of neural
traces that is necessary to recall and express a trace
which has been formed, while the trace itself is the sét
of iﬁformational attributés otherwiée required-for‘per—'
formance of the Iearned response (Miller and Springer,
1973), such as the CS-UCS association. Hiller and

o

Springer suggest that memories may be very quickly encoded
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and thus’iﬁmune ﬁo present manipulations, but that access
to this engram can be lost. Logically, therefore, consol-
idation theory must suffer from any comparison with re-
trieval theory, as any savings shown by the'orgénism démon-
stratés’that some Stprége’haé'occurred,'while failure to-
find savings cannot rule but rétrievél failure, as the
memory might still beVacgessible under a}differenf set of
manipulations.

Since tetrieval dﬁés aré'algo a form. of mémory and
pfesumably must also be encoded and consolidated, some un—;
certainty must exist‘as.tp why one trace and not the other
should be disrupted by'Ecsg édditionally, the separability
of the two ﬁay not élways be'éasy. Consolidation, as stat-
ed earlier, refers to the transfer of information from a
temporary to a longer-lasting form."While conéblidation~
theorists may speak of "interruption" and ll‘rest;'~1rting‘,‘ of
consolidation,under éertain circumstances (Albért,'4966),
still, at some interval. any information not conéolidated
nust necessarily be loét; thevohly way of regaining it
'should Be through a training-experiencé confaining.at least
that lost information. If é test shows information is pre-
sent not found with a prior test, and no training inter-
venes, then the prior deficit must be attributed. to a
retrieval failﬁré at that time. To refer to a restarting

of consolidation after a long interval would imply that



the information to be consqlidated-is still available;
this wquld_imply that this information is already in some
form of long‘term storage. A common example of such a-
deficit, independent of any experimental manipulations,
is the Kamin effeét.(Spear,~1973). Animals trained on an
avoidance tésk show deficits at 24_hours with respect to
animals‘tested at 3. 48, or 96 hours. ‘Since consolidation
is not interrupted by an amnesic agent and the information
is'available at longef intervals, dbviously the deficit
at 24 hours must be attributed to some form of retrieval
or motivational failure. Perhaps a similar soft.of pro-
‘cess is. occurring ih paradigms»ihvolvingvexperimentélly
indﬁced,amnesia.. |
In trying to diStinguish‘the retrieval theory'from
the consolidation interpretation, perhaps the first.
consideration coﬁéérns the permanence of the memory
deficit séen aftér ECS. If information is lost, then
amnesia should: be perﬁénent barring replacement.Of.the
lost information. Zinkin and Miller (1967), as noted
previouSly; found "spontaneous fecovery” of,thé memory’
trace in animals repeatedly tested at varioﬁs,iﬂtefvals
after the ECS. Most researchefs have found permanence of
amnesia when the repeated testing proceduré is replaéed
by groups tested sepératély a2t only one interval per
group (Luttges and McGauéh, 1967; Herz and Peeke, 1968).

King and Glasser (1970) found permanence with separate
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sroups up to four weeks, but gradﬁal recovery was seen
when the groups, éfter their initial test, were given
repeated fests. It seems certain that the reexposure .

to the training apparatus is the causative agent in re-
covery of the memory. .Nevertheless, this ré00very seems
to speak againstva'strict loss of information interpretaf
tion 6f the retrograde amnesia efféct. Apparatus cues are
not normally Considefed'inférmation eritical to the per-
formance of an avoidance:task. It could be that certain
secondary. reinforcing propertiéS’of the apparafus sur-
vives the ECS and could serve as an additional training
experience upon reexposure to the training environment.
Schneider et al. (4974)'sﬁggést that this is occurring
and find that the repeateditrials proqedure‘is ineffective
when the conditioning propefties'of,the test trials are

" reduced, as by eliminating the response, altering the
apparatus cues or exfinguishing the'conditipned feér by
cbnfining the animals to the apparétus-in the first test
trial. It should be noted, hoWever,_that secondary rein-
fordement is typicaiiyva weak, if reliable, phenomehon,
whereas reminder studies show'dramatic increases in " |
.response strength probably unparalleled irn any higher
ordervconditioning stﬁdies, with the reminder being almostv
any fractional portion of the training situation (Spear,
1973). Furthermore, éinée severity of amnesia tends to

vary directly with complexity of the trainihg situatibn'
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and inversely with intensity of the reinforcer, one Would
ekpecf the weak and less easily formed secondary associ-
ations to be the most]subsceptible to the amnesic agent,
“rather than the onés'whibh'survive‘the treatmént. Also,
aimOst all responses show decrements prOportional'to the
similéfities between training and testing cues. The man-—
ipulations of Schneider et al. would seem to oﬁly‘prove‘
that retrieved memories are subject to the same rules of
extinétion and genefaliéation decrement as normal memories
and‘that effective retrieval depends upon similarity be-
tween training and testing cues.

The reminder efféét,vwhich‘perhaps appeared a little
tenuous when it first appeared, has ndw:been replicated
" to suckl an extent that its ex1stence now seems unques
tlonable. Further, the return of memory seems relatlvely
permanent (Mlller and Sprlnger, 1072), lastlng at least
five days after the_reactlvatlon treatment. Addltlonally,
-many . different types of'remindérs have beenffound_effec— 
tiveliﬂ produciﬁg recovery from retrograde amnesia. Re-~
exposure to the tréining apparatus is, of courée, one of
those commonly used, both for averolve studies (Zlnkln
and Mlller; 1967) and appetetlve taoku (Ill]er, Ott, Berk
and Springer, 1974). Importantly, this reminder is effec-
tive for both‘active avoidance (Lewis and'Nicthas, 1973)
and passive avoidance taéks (Saré; 1973), unlike mahy

physiolorical manipulations. The reinforcer used in
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“tréiniﬁg is also an effective reminder. Miller et al.,
(1974) found the sucrose reinforcer returned the memory
‘of an appetetive task, while non-éontingent footshOck is
etfective in avoidance tasks (Miller and Springer, 1972;
DeVietti and Bucy, 1975). DeVietti and Hopfer (19743)
compared the effects of apparatus cues and non-contingent
footshock and their interaction and found their level of
footshock somewhat more effective than training cues,
with énimalé receivingAboth typeS’or reminder showing the
most improvement in‘retenticn. In another study, these:
authors found recovery after a second ECS,’delivered with-
out additional training (DeVietti andedpfer, 1974p).
Although they interpret fheir results from a state depen-
dency framework, it may be that the ECS itse1f or its
persisting physiblogicai'effecté‘can serve as a reminder;
the two in%erprétations~are not very different. Amnesia
produced by hypokia, cydloﬁeximide,‘flurothyl, and puro-
mycin have been shown to parallel the effects of ECS
closely (Saré,A1975; Quartermain, MCEQen and Azmitia,
1972; Cherkin, 1972).

Much of the interpretational problems'with'recovery
phenomena hinge on_whéthér reminders replace new informa-~
tion lost after the amnesic treatment (c.f., Gold and
King, 1974; Miller and-ﬁpringer, 1974) . 'ﬁetrieval theor~
_ists'aésume'fhat because'réminders are given non-contin-

mently or resemble extinction trials that no information
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is transmitted to the animal. In any case, a series of
reminders alone would not',bé,-éufficient to produce
learning resemblihg the original training task in most
studies. Nevertheiess; therékis.some evidence that this
isort of experience'can summate with a weakened memory
trace to produce a significant attenuatipn of retrogfade'
amnesia. Cherlkin (1972), using‘flﬁrothyl amnesia in
chicks, £0und that reminder treatments only imprbvé re~
tention in those animals that received mild doses of
flurothyl; if amnesia~was greater, the reminder was“inef-
fective. Gold and his coworkers have produced evidence
that aﬁimals rendered amnesic by t:anécorneal ECS tHay—
cock, Gold, Macri and McGaugh, 1973), cortical stimulation
(Géld, Haycock, Macri and MéGaugh,,4975), and amygdala
stimulation (Gold, Macri apd‘McGaugh, 1973) show feminder
effects that can be.iﬁterpreted in a summation framework.
DeVietti and.Haynes (1975), however, found much less sum-
mation in a paradignm éimilar'to the Haycock et al. (4975)
study. These>studies once again seem to focus upon the
exact naureiof the trade left affer ECS. Mah and Albert‘
(4975) examine studies employing ECS and suggesﬁ that the
variance found is related to two basic variables. The
first concerns the characteristics of the task itself.
One reliably finds that when task compléxity is paramet-.

rically increased, a corresponding increase in the sever-
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itybof the amnesia produced by a given_levei of ECS is
obtained. A correspondingly increasing amount of famil-
iarity with the training apparatus, a variable that de-r
'creases-amnesia, is necessary to offset the retrogréde
arinesia developed by.those increasingly compléx environ-
:ments._ A second task characteristic affecting retrograde
'émnesia pradients is the streﬁgth of reinforcement used
during training. Increasing either the intensity or
duration of footshock used in acquisition will attenuate
the amount of ahhesia found.(Chorover and Schiller, 4965;‘
Ray ahd Bivens, 1963). These variations caﬁ be_fitted in-
to a consolidation theory.if it is assumed that.the rate
of consolidation is affected by léarning conditions.
Evidence that conSolidatiQn rates can vary is that hypo-
thermia after training can prolong the length of time
-that an ECS is disruptive. This implies that consolida~b
tion, like othér'bodily prbcesSes, may be slowed bj tem-~
perature changes. Siﬁiiarly, a long latency Ecs; given
five minutes aftér acquisitibn, prolongs the period of
time a second ECS can intérfere with memory (Mah, Albert
and Jamieson, 1972). Other procedures, includiﬂg anodal
polarization (Albert, 1966), strychnine injection ( Dun~
can and Hunt, 1972), and reticular.formation stimulation
(Bloch,-DeWeer and Hennevin, 1970) seem to decrease this
period, as well as attenuating amnesia when applied

before the FCS or drup administration.
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Thée other parameter affecting variationgﬂin retention
is the severity of the amnesic treatmenf. As one might
“expect, the extent of_amnéSia increases with the severity
of the amnesic agent, whether‘duration or intensityuof
ECS or dosage level of an amnesic drug is used as the
independent»vériabie (Haycock and. McGaugh, 1973; Bﬁckholtz
and Bowman, 1972; Chefkin, 1969). These findingé'hold
true, of course, for either a consolidation or retrieval
intefpretation if one assumes that either can be affécted.
by these variable; it_can therefore not be determined
from this type of evidence which theory is more acceptéble.

If both consblidation and fetrievai processes can be -
considered‘to show similar lability to tfaining charactef-
isticé, one-. muét turn to other manipulations to help
discriminate betwgen the two positions. A number of
unusual recovery procedures may bear upon this point.
Azmitia, Efrain, McEwen and_Qﬁartermainv(1972) found -
that'allowing the animals to recover in the:exberimental
apparatus instead bf the home cage preventéd the develop—
‘ment of amnesia, a finding repligéted by Mah and Albert
'(ﬂ974). Similarly, allowing the animals to recover in a
sensory restriéted environment seems to decrease the.
}severity of the retrogfade ammesia found (Peters, Douglas,
_Calhoun and Adams, 1973; Calhoun, Prewett, Peters, Douglas
and Adams, 1975; But c,f; Adams, Calhoun, Davis and'Peters

1974). Retrieval theorists suggest that since memory
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still survives a short time after ECS (McGaugh and Land-
field, 1970; Miller and_Springef, 1971); pefhaps these
'prépedures allow incorporation of the training cues into
“retrieval systems in a manner not possible where the aﬁbar*-
atus cues are not available. The.effect of the sensory
_restricféd environment is_somewhat‘harder to uhderstand,
but may be related to the distracting effects of a change‘ 
in environment in a manner similar to the effeéts of
disrupting ”rehearsal“_process‘in human memory reserrch
(Peterson and Peterson, 1959). |

Exactly what remains after ECS is stillvuncertain.
Even after amnesia develops, it appears some}remnant'of
the traininé éxperience_remains. ”AmnéSia for autonomic
indices such as heart fate increases in~a chamber once B
associated with shock'have proved tb be fairly resistanﬁ
to aﬁnesic treatments_(Mendoza and Adams, 1969; Hine and
Paolino, 1669; but c.f., Springer, 1975). Everett and
CoréOn'(ﬂ@?B) présent evidence they suggest indicates that
the memory of a novel experiéngefsurvives an ECS.although~
the exact nature O£ the reinforcer does not. Incubation
studies also imply that some portion of the training exper—
ience survives LECS. All of these are taken as evidencé
for some mneronic foundation that may.summate with a remin-
der to produce improved retgntion;

‘Other studies involﬁing‘mahipulations at timQS'other'

than training nay Support the retrieval position somewhat
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more than fhe consolidation interpretation. Reaoti#ation
ofﬁthe training eiperience with a reminder stimulus occurs
upon overy access to the trace, whilo consolidation'should
only be occurring after vaﬁisition. If no amnesic.
treatment was given originally, and consolidation is given
“time to complete, then any amnesia ooservéd,after én‘ECS
following reactivation must be attributed to disruptions
of the retrieval process, ﬁot consolidation. Davis - and
" Klinger (1269) found disruptioh after réactivation with
ECS, puromycin, acetoxycycloheximide and potassium chlor-
~ide each used és‘amnesic agents. Others have replicated
this finding (Lewis and'Bre@man, ¢975§ Tewis, Bregman'and_
Hahan,»1972). DeVietti,'Holliday'and‘Larson.(1975) com-
pared amnesia from an ECS givenvimmediately~after acquisi-
tion with a similar ECSvgiven.after reactivation ahd found
‘the latter to be weak and transient relative to the ECS
given after'fraining. It would appear that aomemopy'is
somewhat subsceptiblé'tokdisruption‘at any time it is
active'and not mereiy during consolidation. ParSimony
would sugpest that it is retrieval that.is also disrupted
by ECS at the original time of training. -Two further
stodies deserve mention in relation to the reactivation
phenomenon. Iloward, Glendenning and Meyer (1974) found
that ECS alter a‘hobit 1earned third in a sequence would
disrupt,a previously learned habit only if the two had

-gimilar reinforcing conditions. Totts (1971) gave ECS
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at various intervals»following passive avoidance training,
_either in the goal box or the home cage. The latter con-
dition proveded muchAless amnesia at all intervals than
ECS in the goal box. Intervals at which home cage ECS
was totally ineffective still produced a great deal of
annesia with goal box ECS. These studies all-Strongly
indicate that a memory‘is-subsceptibie to disruption at
any time it is active, aﬁd apparently degree of disruption
is proportional té dégree of activation.

Another grouﬁ of experiments perhaps weakening the
summation‘argument involve the administration of drugs
prior to reactivation treatments, or as. rTeminders them-
selves. It is.difficult,to see how a drug reminder,
administered outside the training situation; can provide
inforﬁation'for summation in the manner usually considered
applicable.for'noncontingent footshock or apparatus cues.
AdrendcorticotrOpid hormone (ACTH),;ACTH4_9 (Rigter, Van
‘RieZenband deWied, 1974; Rigter and Van Riezén, 1975) .
and vaéobressin have all .been shown to be effectiVe remin-
ders. EFEach of these is an arousal-increasing dfug; pre-
'éumably they Work.by restoring a degree of arousal to the
animal similar to that present during acquisition. It is
interesting to note, with respect to.this hypotheéis that
not all reminders are equally effective in retrieving all
types of memory. Miller; Springer and Vega (1972, cited

in Miller and'Springer3'1975) found that a footshock
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 was ineffective in restoring the memory of an appetetive
task that had Been followed by ECS. Exposure to the
reinforcer or training‘apparatus wouldAreétofe this type
of'meﬁory,‘ This series of exberiments indicates that
the arousal level increase produced by ACTH or its
shorter analegues’serves as a reminder of an aversive
experience and should prove ineffecfive in an appetetive
situation. |

Other drugs used to interact with weak memories in-
~ciude"scopolamine, which is thought to enhance'Weakltraces
in at least some experimental paradigms.(DeutSch,‘1975).

It has been found to greatly enhance retention when admin-‘
istered before retesting in anime1e with retrograde amnesia
(Adams, Hoblit and Sutker,'4969); Eseriﬁe; an antichol-
inesterase, augments amnesia in similar‘paradigms; This
 imp1ies.that there still exists a weak memory that 1is
strengthened, as summation theorists would suggest,ibuf
without any information with which to summate.. In any
case, all the information muSt be there in the weak memory.
Any increase in strength is strictly a non—training phe~
nomenon. This clearly fits the retrieval interpretation
better than the storage model. |

Most drugs injected at time of reactivation teﬁd.to
disPIay effects similar fo‘those they show Af acquisition..
Strychnine, a powerful learning ageﬁt during acquisition

(Duhcan and Hunt, 1972; Dawson and MeGaugh, -1972), sini-
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>1arly strengthens the specific components of a trace after
‘a reminder (Gordon and Spear, 1973). Névertheless, unlike
'ACTH, it is ineffective as a reminder when admihistered
alone (Springer and Miller, 1972; Gordon and Spear, 1973).
This is presumébly becadse its effects do not sufficiently
resemble those of acquisition to induce reactivation of
the memory trace.

A procédure similar to reminder phenomena and that
may have some beéring on the retrieval vs. consolidation
issue involves prior familiarization with the training
apparatus (FAM).  Jensen and Riccio (1970) gave three
types of such experience, habituation to the apparatus,
traiﬁing followed by extinction and training followéd by
hypothermia. Furthér training, followed byvhypothermia
in-all.three;groups, failed.to produce the amnesia nor;
mdlly seen after hyﬁothermia when priof experience 1s not
given. Hinderliter, Smith and Misanin (1E73) found a
great reduction of amnesia by either noncontingent foot-
shock or ECS given prior to acquisition. Sara and Lefevre
(1973) found three minutes of apparatus expioration‘by
rats attenuated amnesia from hypoxia or~ECS. ‘ItAappears
that memories are not formed in any sort of manner that
is independént of prior experience; but rather are incor~
porated into already existing syStéms."If a memory can
ve added to a system already functional, perhaps this aids

in the development of retrieval cues such that their
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disruption by ECS or other amnesic:agents is rendered less
-1ike1y.

| Since the major item. of support for summation theory
involves the nature of the improVemeﬁt‘affer a reminder
treatmenf, perhaps theée expefiments should be considered
in more detail. Gold, Macri and McGaugh (19758)'usedlsub-
seizure amygdala'stimulation‘to produce retfograde amnesia:
for a passive.&véidance responsé 24 hours-later. When
given a second training trialvfollowed by amygdala stim-
ulation, onlyAthose‘animals shqwing'partial annesia show
show a decreasé,in-amnesia; those demoﬁstrating total
annesia at the 24 hour test are still Subscéptiblé‘to the
second amnesic treatmént. All animals used in the retrain-
ing portion of the experiment had received four days of"
extinetion prior to the retest and performed ﬁot signif-
icantly differént from nalve animals. Gold, Haycdck,
Macri and McGaugh (197%b) ran a'similar'experimept'émploy—
ing either strong footshock with ECS or weak foofshock,
alsb followed by ECS, along with severai control groups.
‘As iﬁ.their previous experiment, animals were tested and.
classified as totally amnesié or'parﬁiaily,amnesic by a
test session. Noncdntingentlfootshock only produced re=-
covery in those animals judged partially émhesic by the
test. Those receiving weak footshock (2.0 ma, 4 sec) and
no ECS showed improvement similar in magnitude to those

receiving a high footshock (2.0 ma, 1 sec) followed by
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ECS when both groups recelve a noncontingent footshdck
(2.0 ma, 1 sep)-delivéred in a different apparatus. The
two main implications'here are.that a significant trace
must remain before a remihder‘is given to allow improve-
menﬁ, ah& that this trace may be similar to that of animals
trained less well.-'Schneider (1874) points 6ut some of the
'difficulties with these interbretationé. When the animals
~are separated into totally or partially amnesic gfoups by
avpost—hoc'tést, they may be so divided by a number of fac-
tors not necessarily related directly to.trace strength,
e.g., motivational level, differential subsceptiblility ﬁo
the amnesic agept, and elec trode placement. The éffecfs
of Lbe popcontlnﬁent loobvhoc are then not necessarily?
related to the trace strength. It is the-responsibility
of the experimenter fo vary'streng%h‘of amnesia directly,
by changing currant 1nten51tu, for example, and to_leﬁ
these;other-factors.average~out across groups rather than
potentially become the main variable in group selection.
Similarly, in Gold etvél. (1S73a), the samé.design'flaws
hold true. The fact fhat the second training and stimul-
~ation is éffective may reflect merely the more effective
e]ectrode placements, which are aligned ihto’the same
group: by the nature of thc sorting procedure.

A related problem 1n Gold et al. (1973a) involves the
choice of weak footshock as an analogy to amnesia in terms

of trace strength., It may be that these animals have
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trace strengths similar to the high shock animals, but are
oniy more poorly nmotivated. ~Westbrook and McGaugh (1964);
for example, have shown that learning appears to be about
equal in groups of ratsileérningva méze»with and without
réinforcement; upon receipt'of reinforcement, the previ-
ously unreinforced groupé immédiately improﬁe to the level
'Qf the continually reinforced groups. The implication is
that they have learned as muchvand only the motivational
levels differ. Additionally, extinction rates are not
reiated well to magnitude of reward (Mackintosh, 1974),
which shows again that, insofar as strenth of a trace'ié'
reflected by extinction rates, varying reinforcer mag-
nitude is rot a reliable way df‘varying trace strength.
‘In any case, if these animals are givénla noncontingent
footshock equallin intensity and duration td that received
by the high footshock group in training, it'may ihcreasé
the fear propertiés of the shock and increase performance
independently of any of the mnemonic.changeé usuallj con—A
sidefed operable.

Haycock et al. (1973) solved most of these problems
.by eliminating group selection through a post—acqﬁisition
‘test and-instead administered two level of ECS to differ-
ent grouvs to obtéin different levels of amnesia. Non-
contingent‘fOOtshock was given either one hour before
training, one hour éftef; or one hour after the first

test. In comparing the himh'footshock~hiﬁh ECS proup
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high footshock-low ECS gfoupg the low ECS animals showedA
approximately 78% amnesia, compared with about 100% am-
nesia for the high ECS groups. - When given a remiﬁdér one
hour aftef:the first test, resﬁlts~on the second test
indicated about 71% amnesia, or 29% recovery for the.
high ECS group, and‘45% éhnesia, or about 33% recovery
for the low LECS group. This seems to indicate that»reminQ
;der-stihulated.recovery ié not critically related to the
strength of the trace left after ECS. The low footshock
group that received no ECS showed a 41% recovery with non-—.
contingent footshock after-the4first test,_impro?ing from
41% amnesia to no amnesia at all. Thié~is roughly compar-
‘able to the approkimately 30% recovery>showh by the above
grouns. It should be nofed; however, that the no reminder
and low footshockvgroup also.showed a large increase in
latency. Since they also received no ECS, perhaps this
indicates an_incubafion-like effect that cbmplicgtes in-.
terpretation. The initial amnesia fbr low footshock
groups were also much less than for high footshock and
improved to a mﬁchrhigher latency than any of the amnesic
‘groups. Additionally, it is clear from other control
groups that at least two»proceSses were occurring here
withvrepeated testing; one is a recovery phénomendn and
the other an apparent extinction of the fear response
where little amne$ia.is seen in the early test.. These

problems make interpretation‘moré difficult; nevertheless,
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some support for the analogy of improvement by reminder
of both amnesic and poorly trained gfbups can be derived
subject to the criticisms and reéinterpretations outlined
aboye. 7 |

- DeVietti and Haynes (1975) performed a similar éﬁpérQ
iment to those of Gold and his coworkers. They matched a
group trained with weak footshock and given.no amnesic
treatment with one given stronger footshock‘in training,
but followed by ECS. Their task was a pasSive avoidance
where‘latency_to drink in a box where shock was recéived
was recorded. As in the Gold et al. (197§a,'1975b) stud-
ies, hétching was on the basis of an initial test; hence‘
it is subject to the same cfiticisms; .Otherfgrqups also
included were a nonConfingent footshocic group which never
received training and oné'receiving strbng,footshock with-
out ECS. ~Since the-noncontingentvfootéhock'groups shdﬁéd'
no‘learning, they are 6f no further interest;' Ali of the
other groups were'further divided'intovgroups receiving
a strong_reminder footshock, no footshock.remindérg or
‘a weak reminder footshock. dn the second'test, the groups
trained wit strong footshock and ECS showed a net in-
creaSe:in latency to drink, indicéting attenuation of
amnesia. The weak‘footshock groups all showed a decrease
in latency. The divergency of these matched grbups is
taken by‘BeVietti and Haynes to show“thaf the groups,

dlthough matched well, were -not really similar at all and
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hence summation of remindersvwith weakly trained animals is
at bhest a weak analoﬁy with the process occurringvafter ECS.
Fipure 1, a graph extracted from’DeViétti and Haynes (1975),
1llustrates some interestinﬁ comparisons between groups.

The IR grOupé received neither the first test nor noncon-
tihgént footshock as a remindexr. The‘prqximity of groups
receiving. low shock and né“remindér (TWFS/HR),.and those

with high shock followed by ECS ahd no reminder (TSFS/ECS/NR)
.indicates that these groups probably were matched'fairly_well
by the test sortings, i.e., noh—memorial factors seem less
likely to have been exploited byAﬁhese sortings since animals
“not sorted'by this procedure>still appear similar at the

time théy are first tested. As in Héycock'ét Hal.'s
(1973) study, both recovery and extinction seem to be
covarying, naking the results more nedbulocus. All groups
lowered their latency from test one to test two, indicat-
ing'-xtinction'of'the fear response, ekcept for the TSFS/

ECS/SR group, that group trained with strong footshock,

miven ECS, ’hen riven a strong'footshock-rehindef aftér
the first Sest. Since Haycocl et al. (1973) used strong
footshock as a re&inder for grdups trained with weax  -foot-
shocl:- and rotrieval‘is presumabiy related to the similar-
ity,betWeen training and test or reminder, it is notable
thaﬁ‘only the TSFS/ECS/SR groﬁb shode an increase in
latency, indicating pfomotion ol rétriovél. ‘In all casecs,
ﬁreate:_cxtinction of the avoidance reépdnse was shown by

Dk ]
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application of a reminder shock dissimilar to that given
in training. It would seem that tle conjunction of a
test without footshock and a later noncontingent foot-
shock wouid degrade the original éorrelation more than
the test and a less similar footshock, thereby promoting
more extinction in the prior case. Instead the opposite
was found. .It seems, then, that‘similarity of fbotshéck
reminder'to training footshock serves to operate primar-
ily to retrieve and Strengthen'the memory of the a&ersive
experience and thereby weaken the_éxtinction (and fdrget-
ting) process. Amounf of strengthening or weakening
would appear to be proportional to the amountvof retrieval .
promoted, which depends upop»the'similarity‘of reminder
and traihing'COnditiohs.

Another point to be derived from this design arises
from the fact that a strong footshock rémiﬁder does not
.ihcreqse'the fear properties'of_ﬁhe shock in animalé
traihed with weak footshock and thén'given a strong remin-
:der. These animals, which never received'ECS, decfeased'
their latency to enter the shock compartment with avstrong'
remiﬁdef,'rather than increase it as would be predicted
if their fear was indreased; This is, of course, imposed
upon the extinction of the first test, but it is neverthe-
less at least téntative evidence armainst this alternative
interpfetation;

In o prior cxperiment,. also reported in DeVietti and
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Haynes. (4975), groups had-been oiven a weak remihder or
no'reminder rather than a test,on'day 5. Veakly 'tiained
groups as well as amnesic groupsAimﬁroved with weak remin-
der, which led to the'secbnd study._ It appears that there.
is about a 50% reduction in the strengfh of the avoidance
response attributable to the first test, which presumably
acts through extinction. This figure is obﬁained by com=—
paring their'first and second experiments where thé treat-
ments are indentical except for the first test. :It is
against,thislbackground that the increase in latency of
animals tfainedeith strong footshock, given ECS, theh a
strong footshock reminder'bécomes most striking. Since
the strong reminder gréups provided the greatest drop in
latency for the matched group trained with weak footshock,
but not given ECS, it appears this disparity must be at-
tributed to improved retrieval rather than some other
hypothesis. Certainly the decrease in latency of the
weak footshock_group with strong reminder would argue
against a motivational hypofhésis. So long as one con="
éedes the analogy implicit in fhe matching scheme, ret-
rieval promotion seems to be the best intefpretétion_of
fheir'data
Rationale

Almost all of the studies cited have employed some
-form of passive avoidance response, often with -a drink

latency measure. Gordon and Spear (1973%) used a procedure
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6f training on a paséive avoidance response and testiﬁg
on a conflicting active avdidanCQ, while Lewis and.Niché-,
las- (197%) ran the reverse procedure. The latter'study.
deﬁonstrated that this was a more sensitive procedure than
strict relearning of the same task. Almost all ofher
aversive procedures have ihvolved the latency measure,
usually in passive avoidance tasks. Using ECS with this
type of training paradigm has a number of advéntages., It

allows a control for punishing effects of ECS, since this
should add to the effect of the footshock. Additionally,

training and ECS is usually conveniently localized over

0]

short pefiod of time, so that differential ECS gradients.
effects for different sﬁbjects are minimized. Kihg_and
Glasser (1973%), howe?er, have demonstrated that preexpos-
ure-factors which varyvconsiderablyAfrom study to study
critically affecf thé latency measufe,common to passive
aVOiéancé tasks. Adams and Calhoun (4972) showed‘that a
latency résponse meaSuré can fail to show redove:y from
amnesia while a retention ratio measure for the.éame7
animals did indicate recovery; DeVietti'and HopferA(1974@
found that different results can be obtained by the use
of different latency measufes,_e.g.,‘latency’fo drink
initially contrasted with latency to drink for 50 seconds.
It-seems.possiblé, therefore, fhat the‘study of recbvery
phenomena may have suffered éoﬁewhat from a narrowness of

-approaches, and that other tasks_should be investigated.



50

‘The two way active avoidance response, where an animal
must respond tbAa simnal-by repeacedly fleeing from the
side éf the bdk where he is to the other side, has advant~
agés and disadvantases almost opposite to those of the simple
paséive avoidance. It originally réquires a large number of
tfials, thereby spreadihg the learning over a large time
period compared td that of the passive avoidance task. It is
much less sénsitive, however, to the alternative interpreta-
tions that compliéate interpretation of the latter, ng.,

freezing behavior, changes in latencies, and punishing ef-

‘ 1

fects of ECS; since neither gide is

"safe

, the animal is
“routinely recuired to enter the gide whereé ECS was given
originally. Disruption of incubation gradients, if present,

should have a minimal effect, since shock follows unsuc—f

ce

0]

sful respdnses, This cuarantees that any complex secon-
dary fespdnses based on‘fear;will_be niminized in the pres-
ence of the primary reinforcer. As this task further rep-
'resents a‘different degrée,of COmplexity‘than.that normally
vsed., it seems that it would,serve'as a2 worthwhile exten-~
‘sion of present rémihder paradig@s.

As previouslyznoted, a major problem with some designs
comparing wealt training with amnesic animals'(é.g;, Gold
et al,. 1¢7%a,b; DeVietti anﬂ Haynes, 1975) is the post-
acquiéition‘test that.matches animéls by perfofmance, as

well as the assumption that animals trained with weak
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Shock are less well trained than those trained with high
shoclz, rather than nore poorly'motivated. To'attémpt to
replicate these'findings.with'a different procedure, other
matching schemes and criterion for “weak” training were
used. TFor the latter, fewer trainiﬁg trials were.used to
lower trace strenﬁth,Aand‘to.match'groups, a pi1ot study was
run to measure the number of frials fequired to provide
retention equivaient to animals ﬁrained'to a more stringent
criterion, then miven ECS. 'Additional4y;'changes in trace
strength by arfificial agents after a reminder deserve more
study. To :ep1icatQ Gordon and Spear's (4975) obseration of
'enhancement of trace strength by strychhihe-injecfibn after
a reminder‘and to extend it to the summation_framewofk, drug
groups were added. Since strychhine is reported to enhance
the stréngth of a trace after both acquisition gnd feminder,
it should serve as a sort of extrapotent reminder.

.The Problem of the Study

This stﬁdy prdposed to compare the effects_df pafamet—-
ric variation im reminder, either nO'reminéer;vfraining cue
remindér,'or training cue reminder followed by Strychnine
injection, upoﬁ aniﬁals either trained well, then given
Co or animals tfained to a less stringent»criterion and.
not given contingent,ECS.t If matching hés beeh.efféctive,

then these latter animals should be about equivalent in
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. performance to the animals given ECS before a reminder is
gi&en. The response was a two-way shuttle avdidancé‘re-
sponse, where rats were required tb alﬁernatelavdidance
respohses from one'side_to another in a two compartment
shuttle box. Exposure to the CS5, a tone presented five
seconds before onset of shock was used as the reminder,
as it seemed less likely to aiter either activity levels
or motivational variables than non-contingenﬁ footshock,
since secondary reinforcers are reduced considerably in
effectiveness when compared to the primary reinforcer.
Further, the tone is meaniﬁgful only in the cbntext_of the
memory and seems less likely in all ways to provide a
fraining-experience. It should be noted that the test
apvaratus and handling cues can also serve as reminders;'
and that exposure to the CS in the appafatus serves as an
extinction trial mush as the commonly used}first test
trial may in other pafadigms. Nevertheless, the extinc-
tion effects are bound to be less for a task learned over
50-100 trials thén'ror a'sihgle trial paradigm. Also,
there is no'“unsafe" side to be extinguished and reintro-
duction of the shock on the first retraining trial shouid
abolish any small effects of extinction thgtvmight persist
from the reminder treatment.

Retesting was done 96 hours after training, since
studies.(DéVietti:and-Larsdn;1971b; DeVietti, Mayse and

Morris, 1974) had found testing 24 hours- after acquisition
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or remindér to often be atypical cf the retentibn curve. as
"a whole and that_residuél effects of an ECS may perist that
could complicate interpretation.

Animals were divided into a 2 ¥ 3 factorial design
with training exvperience Varying'wifh tvpe of reminder.
Half Qf-the animals were trained to Criterion,'then siven
BCS immediately after the anf reSponse;jthe other half
were trained to the less stringent criterion and given
ECS when consolidation had presumablj ceased. A comparison
of the two groupé recelving each training treatment with
no reminder“shouid help establiSh the‘validity of the
ratching procedure, but the méjor éomparisonsvare between
the other'groups, Table I identifies all groups and the
'treatment.each receivcd.

Retrieval theoryfpredicts thatvmore recovery should bé
found in the amnesic groups than in the partially trained
groups, since a fu11y e1aborated menory has been rendered
less accessible by ECS.,3Therefor, each group should im-
prove to a degree proportionaﬁe to the strength of the
reminder it receives. The strychnine plus reminder;grOup
(A-St) shouid.show the most improvement, followed by-fhe
reminder only group (A;R). The partially trained groups
and those'receiving no'rémindér should all show little

improvement by comparison.



TABLE I

Individual Group Treatments, Means, and Sample Sizes

injection only— reminder + reminder +
Ringer's solution Ringer®*s inj. strychnine inj.
~ained to
~iterion- A-NR  n=5 A-R  n=8 A-St n=9
mmediate X=47,6 x=25.1 x=18.6
P!
wtially PT-NR n=5 PT-R n=8 PT-St n=8
*ained- o o _
\layed x=48.8 : X=%9.9 X=34.3
>3




CHAPTER II
METHOD

Subjects

Fifty-one male Long-Evané hooded rats obtained from
Simonsenvlaboratories and welphing an'average of'485 grams
were trained as described below. Two were discardéd due
to'traiﬁing abnormalitieé induced by equipnment malfunctioﬁ;
1six,showed'severe motor deficits after ECS and were also
omitted. TForty-three animals arelinclﬁded in the final

data.

. Apparatus

Training occurred in a two chambered box, withveéch
chamber 3%2.2 cm X 18 cm X 26.6 cm. The left chambér was
paintéd_whiﬁe on ail sides, excepting one wall which was -
slass; this wall faced the‘experimenfer.‘ The other cham-
Ber was identical; but black. The two chambéfs were éep—x
arated by a ruillotine door with eacb side painted to
match the chamber it faced. The floor was a series of
electrifiabie.bars through which .5 na shock was delivered..
The shoclk source was a CJA Model 250‘shock_éource§ a Grid
Shock Scrambler, model,255, from-Davis Scientific Instru-
ments scrambled'the shock. ECS was delivered at 55 ma for
.5 seconds by connecting in series a variable éuﬁotrans-
former, type-2PF 101O-from~StacoAInc. and a Full Wave
power transformer, model R-110A from Triad—Utrad‘DistriD—

‘utors. A decade interval timer, model 100C, series D,

55
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from Hunter Mfg. Co., Inc. was used to time theéECS; a
second timer'of'the same type was used to initiate the
tone and‘footshock. ECS_was.delivered through Propoer
nickel-silver Michel wound clips (11mm), from Propper

Mlg

[

Co., Inc. which were attached_to the ears of the
animals. The transformers-wefe connecfed_to the ear
clips by wires intertwined through a swivel mounted above
~the guillotine door ahd’termihating in alligator clips.
The swivel allowed the wire to be trailed from one cham-
ber to the other without catching on edges of the box
and thereﬁy'pulling loose the clips. A pulley abdve the
boﬁ and a counterweight~éttaohed to the wire allowedxcon_
stant tensibn'fo‘be kept on the wire, so that it remained
above the'énimal.‘ Strychnine.sulphate.érystals were ob?
tained from Sigma Chémicals. A 2kHz tone was delivered
by an audio frequency osciliétor manufactured by Hewlitt-

Packard Co.

Procedure

All animals wepe<rahdom1y sebarated into two groups'
and had ear clips attached about 18 héurs'prior to train-
ing. A1l training was initiated by placing the animal in
the white compartment whefeAhe remained'undisturbed for
two mihutes, followed by the first training trial. All
trials consisted of the simultaneous opening of the door

and initiation of the 2kliz tone, followecd five seconds.
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Jater by a .5 ma footshoék; Tone and shock were termiﬁated'
when the animal moved to the opposiﬁe compartment; the door
was also closed behind him at this time. Bhuttle responses
from black to white alternated with white to black with an
intertrial interval of thirty seconds.

.The amnesic group was trained‘to a criterion of five
consecutive successful avoidénces,-i.e;? the animal suc-
cessfully avoided shock each trial. Im@ediaﬁélyiupon com-
pletion -of the fifth anidaﬂce each rat was removed from
the chamber, alligator clipsiattached to the wound clips
on his ears, and returned ﬁo the same chamber. Another
trial was initiated‘thirtyAseconds-léter‘and 55 ma ECS
déliyéred for .5 seconds just aslhe stepped into the op- -
posite chamber. He was then returned tb his home cage to
recover.

The partialiy trained animals (PT) wefe trained ih‘a
manner identical to the amnesic (A)-animals-ébove except
that théy were removed after compietion of their first
successful.avoidahce response and_returned to their home
ZCage. Eight hours later they received noncontingent ECS.
in a different room from that'of training. This gbﬁtfolled:
for the effects of ECS”ﬁot related to amnesia that may
peréist 2t. later times.

,Seventy~two'hours after the initial training, animals
in both groﬁps werevweighéd and randomlyAassigned to one

" of three subgroups. .Groups A-St and PT-St were replaced
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in the white compartmént of the training apparatus, with
the door open. After fifteen seconds the CS tone'was
presented for two minutes. Each rat was then removed and
given 1.5 mg/kg stryéhnine sulphate‘diSsolved in mammal-
idn‘Ringer'é‘solution injeétéd intraperitonéally. -He was
then replaced in his hone cage. The A-R and PT-R groups
received identical-treaﬁment, but were ihjected only with-
the Ringer's carrier in a volume identical to that they
would have received had they been in the strychnine group.
The A-NR and PT-IR groups also received this tybe of in-
-jection,_bdt had no ekposﬁre to the tréihing apparatus at
-this time.

Twenty-four hours after this tfeatment, all groups
were returﬁed to the apparatus and'retfainéd to the five
consecutive avoidances criterion,.using a procedure iden~

tical to that of training. This concluded the test phase.



CHAPTER III
RESULTS

Figure IT shows the mean trials to criterion for each
of the six groups on the tesf trials. Also included}ié,
the mean for the three émnesic'groups that.had.received
identical-training orior to ECS. Theée groups are com-
bined for the best estimate'of.tﬁe mean. A two~way'ana1§—.
-sis of variance (ANOVA) was performed by repéramaterizing
the data into a least squares natrix form as‘in'Overall
and Spiegel (1969) suéh:that a harmonic mean need not be
used. Both méih-effécts reached'statistical»significance
bv this method while the interacfion did nqt. Despite
_ the fact that the A-IR and PI-NR groups were virtually
identical, the other groups differed sufficiehtlytthaﬁ
statistical sighificanbéi(F(ﬂ,57)=6.52, p£.05) .was reach-
ed. The reminder effect'was'élsq sipgnificant (F(2,57)=
7.73, p<.0%) ét a high level. Despite the apparent-bias
toward an interabtion by having the two NR groups equal
and having sighifi¢ant main-effects, the interaction fac-
tor nevertheless did not reach statistical .significance
(F(2,57)=0.98, p5.05).

A Newman-Keuls procedure revealed that the A-St group
differed from the PT—NR_and'A-NR groups’at the ;Oﬂ_level
and from the PT-R group at the .05 level. Additionally,
the A-R group“differedAfrom'the PT-NR and A-NR group at

29
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the .05 level. All other comparisons were noh—Signific—
ant.

A second ANOVA was performed by similarly reparamat-
erizing the number of trialé to the first,successfu1
avoidance as the independent measure. The subjects within
reminders by training tréatment.error,term’was estimated
by subtracting total subject (row) variance from the
variance attributable to reminders, training treatment,
and their interaction, as described for trend analysis in
'vSnedeCOI and Cochran[(5967). The’resuiting ANOVA contains
the‘same 2 X > independént measures of the previous test
<with a repeatéd measures test-retest in addition. Using
the tfial of the {first Succeésful avoidance as the.depen4
dent measure, neither_the_remindersreffect (F(2,37)=0.15,
D .05), the training treatment (F(ﬂ,B?)#0.00,'p..OS), nof
their interaction (F(2,%7)=0.25, p .on was significant.
The trials effoét of the differénce'between training'and
retraining was highly significant (F(1,37)=17.41, p .01),
but-the trials by training treatment (F(4;37)=0.0C, p .05).
trials by reminder (F(2,37)=0.08, p .05),and'trials by
reminder,by,remihder‘by'training_treatment.(F(2,57)=0.05,‘
o) .05) were all non-significant. Figures iII, IV, and V
~illustrate the mean trial of the first criterion response
for all subgroups, oollapsedvacross‘training_treatment;

and collapsed across reminder treatments, respectively.
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FIGURE 1II

frial of first successful avoidance for all subgrbups
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FIGURE 1V

Trial of first successful avoidance for_ali subgroups
collapsed across training treatment
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FIGURE . V

Trial of first successful avoidance for all subgroups
collapsed across reminder treatments
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CHAPTER TV

DISCUSSTON.

-

The consolidation bosition suggeéts that the trace
_remaining after ECS is merely one reduced in strength and
therefore similar to that of partially'tfaihed'animals;
This posifion must therefore predict no,sigoificont main
effect of the training variéble'if animals éré matohed
well. A conparison cof tho tWO‘NRogroups would suggest
that they are indeed matched well. ‘No significant iﬁter—
action should be fouhd since Similaf traces should'reﬁ
spond éimilarly'to identical manipulations.

'Tho outcome of this experimeﬁt seems to unequivocally
favor the predictions made by the retrieval position
rather than that of summation theorists. Rather than
reSpOndinglsimilarly to reminder stimuli, amnesic animals
and partially trained animals differ greatly inrmagnitude.
of.response to reminder or reminder.with,strychnihé;v
AlthoUgh-the.direction of reéponse-io both groups is in
the same.diréction, the effect in partially trainod S
animals is small and non—signifioant. The improvement
of the animalé given ECS 1is muoh greater by contrast, and
Qery great indeed where_stfyohnine was olso'given.. Siﬁoé.
the A-NR and FT-ET groupé were virtually identical, the
size of this-effect is even underestimated by the test
used. The best explanation of these‘reSults.seems to Dbe

45
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.an enhanéement of retrieval. The size of the strychnine

'effect, if not.significantly different from the reminder

alone, still tended to replicate the findings of Gordon

énd Spear:(1975)‘and indicate that the memory strengthen-~
ing properties of this drug are effective after reactiv-

ation as well as affer‘acquisition.

The lack of a significant intéraction,'oh?thé other
hand, is surprising. It would appear that_thé tesf is
biased in favor of an interaction, since the two NR gfbups
are the same and the main~effects are Significant;»-The
absence of such an interaction may only reflect the small
sample size of the HR groups and thelr large variance
respective to the other treatments.

Since memories may not be single, unitary traces, it
is of interest to aftempt'to see if ﬁhere is some differ-
ential amnesia for diffefeht;components of the trace.

Some data suggést that perhaps there is. ZILong latency
responses, where a rat.failed.to:escape to'the'other.COm_
partment wifhiﬁ fivé_seconds of shoék onset, were recorded
during training and ﬁest;ng; While every animal made at
leas%,one such response inlinitial training and the 46
animals made a combined total of about 140 such responses,
a total of only one was‘maQe by all animals combined in
the retraining phase. Thesé responses,. which were'alwajs
in the first few trials, seemed to indicate that the

proper escape response of fleeing to the other compartment
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was learned.at this time;>VThe lack of éuch responses in
both A and PT groups on retesting seemed to indicate.that
this memory surviVed'ECS. This may be attributable to the
penerally long interval between the last such rééponse and
the time ECS was usually deiivered, but'in anj'case indi-
cates that this phase of thé‘memofy‘of the complete task
is séparate from some pbrtibh that is required for com-.
plete performance. |

| Addifional evidence for this interpretation comes
from‘the number of trials required for the first success-
ful avoidance on the original leérning when compéfed'to
the'relearning. Although the trials variable was highly:
significant, the training treatmenf variable was negli-V
gible. This indicates that the groups'@iven'ECS'retained
this memory as well as the PT animéls. If the long laten-
cy responses.iﬁdicate that.a'fleeing response to. shock
:is learned during the first few trials, this latter data
probably reflects the learning of a fleeing responsé in
response to the CSﬂduring the subsequent trials; and thét
it is equally insubsceptible’to ECS at the latencies it
is given With_respect’tp these trials.  This memory com-
ponent must also be independént of the "final solution”
memory. The lack of a reminders effect or any significant
interactions in the trial of first avoidance data probably
indicatgs that the memories -arc necar full strenpth and

further retrieval enhancenent of these portions is unlikely.
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A related point of intérest is that some savings is
demonstrable in even the no-bgminderugroups. It is pos—‘
sible that the héndling, weighing ahd injection these - .
animals received was sufficiently stressful. to servé as
a reminder in the manner éf ACTH injections. Pilot anim-
"als not given injections tended to show.more complete
amnesia, indicating that the partial amnesiaJWasknot mere-=
1y a failure of the ECS level to cause compiete amnesié,-
but a rigorous’comparison is not possible.

The recovery shown by the amnesic groups was, as is
normally found, not complete. Nevertheless, the A—St~
groups compared fdvorably with pilot animals mot given
ECS and experimental animals retested 96 hours after the
completion of their retraining trials. The A-St animals
averaged eighteeh‘trials to criterion; COmparéd to about
nine trials for the lattér groups of animals. ‘While not
Complete, the recovery is sufficient'to'indicatelthaﬁ the
limits on improvement are not S0 sreat as often sfated.

The concept of a unita:y trace varying only in
strength with trainiﬁ@ or ECS and summating with reminders
'is an. attfactively‘simple hypbthesiSQ, Unfortunétely it
séems to have proved'inadquate both in the:simple fear
‘conditioning task of DeVietti and Haynes (1975) and the
more complex task used here. ft is difficult to see how
‘any fear properties aséoéiated with the CS and'training

apparatus would have a great effect on trials required to
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relearn a two-way shuttle avoidance where the number of
relearning trials if fairly large and the primary rein-
forcer is reinstated in full at the beginning of these-
trials. Consequently,llittle effect of the reminder
shbuid»be expected if summation is the'only'factof oper-
ating in reminder treafments; The small amount,éf improve-
ment seen in PT animaISZmay‘reflect thiS effect or merely
the improved retrieval of a taslk never altered_by ECS, but
perhaps forgotten siighﬁly over time. In any caée,'the
great difference'befween‘the A and DT groups given remin-
der treatments'indicates'ﬁhat*summatiqn cannot be the only
factor operating.'lThe hypothesis that best accounts for
the most data séems‘to.be thét advanced by retrieval.

theorists.

Tvpes .of Information

Thé mechanisms.of_memory‘ére éo_poorly understooa it
seems that any attempt at definition or ébservation must
nake at least some assumptiOns'beforehaﬁd. For example,
the fractionation of the mhémonic pfdcess into storage
and retrieval componénts seems to assumevseparate mech-
anisms that can be manipulated ihdependently, when a con-
fent adressible menmory may as'well apply. . The simplest
such SystemAwould be a Unitaﬁy'trage bf.varying strength.
Since retrieval and storage'seém toAvary ihdependentlyy

ingofar as amnesic animals have trace strengths similar
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to wéakly trained animals, this study_would argue against
this interpetatiqn.‘ It_does not excludejlhowever, all
content-addressible models.

Since both retrieval and training cues are‘forms of
information, it 1is pefhaps misleading to refer~tb-ECS‘aé
failing to cause a loss of infdrmation, which reminders
do not replace. A disfinction between envifonmentally
producéd information, such as the learning of the paraé
“digm contingencies, dnd intrinsic'informaﬁion rQqUifed-
forbstorage and retrieval night be usefui. In this
light, the thrust of this and recent studies is that am-
nesic agents fail te cause loss of external information, .
-since no new traininguis needed. Reminders may serve to
-somehow‘alter paﬁterns of information present in thé_syé—
tem and somehow make them again available. This then |
méy be'the'basis of the distinction between.ret:ieval énd
storage pqsitions;‘ This:study would then Support neither

idea so much as a redefinition of terms.



CHAPTER V
SUMMARY

Electroconvulsive shock (BECS) was once thought by
most researchers to disrupt meméry by preventing sﬁorage
éf infdrmation when learning Waslfollowed oloéely by ECS,A
Many recent studies have indiéated that retrieval pro-
cesses may;bé disrupted rather than storage.. The‘majbr‘
reasonAfdr this alternative interpretation is the finding
of recovery of meméry_after administration of a'non—train-

ing treatment known as a reminder.

Tt is not now known whether reminders facilitate mem-~
ory reéovcry by somehow promoﬁing better retriéval or din-
stead summating with subthreshold.memories to improve re-
'tention; If summation is océurring, memories that are
.weak because of less efficient trainihg should also be im;
proved by-remjndefs.. This experiment tésts_that hypothesis.

Forty-siz rats were either given ECS br’trained»to a

strict criterion thard those given ECS . This less

2
]
5]

strict criterion represented a - "weak training" group. All

(&%)

animals were given either no reminder, ekposure to the
conditional stimulus and training apparatus, or this ex-
,posure'followed by Strychnine_injection. Since strychnine
‘improves retehtion'aftervacquiSitioh; it should serve
'improve recovery after a remindef,

51
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Improvement with reminder and reminder+sfrychniné
was much greater in groups given ECS than in weakly train-
ed groups. This indicates that theéé fraces, élthough
similar in sfrength, are not really the same in nature
and”that rétfieval promotioh.is'the stronger interpreta-

tion of these results.
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