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ABSTRACY

Rats were used in two experiments where recovery of
en otherwise "unretrievadle™ menory for a passive avoide-
ence step~down tacgk was demcnstrated, The restlts indicate
that animals rendered “emnestic” with ECS treatment are
capable of reversing that smnesia when kinesthetic feede
back 1s glven duriné retenticn testings The-seéond ex-
periment showeq that the kinestiretic feeddack also incrcas-
ed the latenclies of foot shock only animals;' Results
suggest that recov&rﬁ of memory from Ebs occurs glivea a
step=-down "reminder® at the time of testing and that the
effects of ECS are probably ocn the retrieval rather than

the storage or consolidation processes,
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A "dual trace® model of momory (e.ge Hebb, 1949)
malntains that recently recelved information iz uniquely
encoded in shorteterm memory in the Torm of electrochemi-
c2lly sctive, neural reverbratery circults that are ultie
mately terminated by decsy and or interference prosecsess
Tae eontinued.action of these clrcults is belisved to give
rise to a more permaneat, gtabie long=term memory of &n
energetically passive, chotical-structurzl format.

Support for this molel came frem early experimental
evidenco provided by Duncan (1949), Thompson and Dean (19%5)
Tnompson and Pryor (1956) and Thompson (1957)¢ Using elec-
troconvulsive shock (ECS) these investigators ﬁere able to
demenstrate rotrograde smnesia (BA) for previously lecrned
informations Interpretation of these results posited that
the amnestic effect was due to a consolidation fallure,

The length of time that a memory trace existed in a
lebile state then became an issue. If consolidation time
could be measured, then soms clue as to the physical identity
cf the trace might be founde However the results of subsce
quent experiments preduced smbiguous findings (e.ge Chorover
and Schille;. 1965; Kopp, Bohdanecky and Jarvik, 1966)s Tae

inconsistency of the results may, in part be & function of



task, specles, and treatuent parameter differencos. Nover-
thelesz, the overall disagreement contributed heavily fo
the Tormation of other explanations for tha RA effect
(Coons ard Miller, 1930; Lewls onl Naher, 1655; Pinel and
Cooper, 1956),

Even though fLhese alternative views failed to explain
all of the RA phononmona (MNeGaugh and Madsen, 1954; Herz,
1969; Spevack and Suboski, 1969), they have led to cztrome=-
ly useful experimcntal technigques (e.ge., one-trial tasks
for appetitive g3 well as aversive sltuatiocns and single
ECS treatments)e

_Amnesia irndueced by ECS, hypothermia, hypoxia, metabole
ic innhibitors and other various trecatments have been attri-
buted to eénsolidation fellures (Glickman, 1981; McGaugh,
19663 Barondes end Cohen, 1958), 4nd RA does arpear to be
a product of interfercnce with mcmory processes. However,
as roted in Miller and Springer's review article (1973),
disruption of eithexr the consclidation or the retrieval
stage will result in apparent memory faillure. Therefore the
lack of nmemory on any one retention test does not necessar-

i1y support a consolidation fallure hypothesls.

Rotrlieval Failuws Eynmothesis

Tewis (1969), Miller and Springer (1972a, 1972b),
Springer ani Miller (1972), Chute and Wright (1973) and

nany other investigators have rocently argued that the cb-

served amnesia might ve accountable in terms of the diz-
ruptlion of a memory sejucnce subsequent to consolidaticn,



The avallability of previocusly acguired informstion for
short perliods following an zmnestic treatment (lMcGauzh

and Lsndfield, 1970; NMiller and Springer, 1971; Geller

end Jarvik, 1968a) and the spparent spontaneous rocovery
from amnesia (Zinkin ard Miller, 1967; Young and Galluscio,
1971), suggest that the offect of an smnestic treatmont

ray bs on retrieval prccecses,

The asgumptlion in the consoclidation model is that
disruption of the "active stoerage phase® will precduce an
&nimal dev&id of any mezsory for the previcus event, in
whlech case the amnesgia would necessarlily be permanents Cn
the other hand, o rotrieval fsllure notion would imply
that the information 1s preseat but unavailable at the time:x
of testing, Thus, the issue ¢f pormansnce becomes the prie
naxry distlnction between the two explanations of retrograde

anneslae.

Pormeanence of Amnecia

The peramcnence of induced amnesia is typleally measuraed
through behavioral analysis and as such, 1t is poorly suited
for determining tﬁe exigtonce ¢f a monory traée. Evidence
fron humen end sninal stulies show that even when eimple
retontion tests give little indication of memory, other tests
such as reoognition erd rolearring often reveal consideradble
savinges Mondosa and Adams (1969) and Hine and Faulino
(1970) present evidence that ECS-irduced amnesia is effective

for only certain types ¢f rosponses, (eeze skelatal motor

vz, autonomic)e



The 1ssue ¢f recovery froz amnesia (l.¢. rermenence)
was first ralscd by Zinkin et a1l (1967) and later oxterde
¢d by Keppenzal, Jagcda, snd Cruce (1967), Geller and
Jarvik (1958b), Quartermain, NeLwen and Aziritia (1970)
and Niller et gl (19722, 1972b)s The net result of those
studies denonstrated that, given certaln “remindor® treate
ments, recovery from auneclia ccourreld. However the effects
rroduced by the various remhinders were subject to other
interpretations (Choriin, 1972; Gold; MeGauzh, Hayecoclk,
and Macri, 1973). If these treatments constitute sddttion=-
al tralning sessicas, then recovery may be expialined by

the ®partial sonsolildation®™ notiorn.

The Rale of Cortaxinusl Cues

The importance of contextual cues to the retention
of imformation is implied by any model of mcmory retrieval
which accunes that all attribules of memory, wnen arouscd,
have the capacity to retricve other attributes. Then
potentially eny contextual cue may serve as an effestive
egent of memory retrievale Underwood (1969) indlcated that
contextual stinuli may pley e role in retentlon as lower
enimals are proberly quite dependent upon this type of
infermation to identify what mus? be remembereld, - -

If menoxry is viewed a3 o ccllection of attributes ro-
precenting the events notliceld during learning, then thero

is reascn to expect that "arcusal of a sufficlent number,

proportion or kind of other attributes belonging to the



pame menory 13 both necessary end sufficient for retriéval
of a particular target behavior® (Spear, 1973). Althoush
refering to simple retentlon decrerxents due to forgettinz
end/or interfercace, a similer view may also apply to the
RA peradigme

A texernomy cf the various recovery egonts used in the
retregrade anncsia literature alds in the aualysis of the
studies reporting roecoverye Tiae various reactivation
troatuents are orgainized wilder two general healinzss Overt
Induced Recovery and Covert Induced Rocovery. Cvort refera
to those “reminders” wnich ars exfernally supplied by the
experimenter whereas covert implies reninder cues supplied

by the subject,

Overt-Irdused Recovery

Overt treatmonts refer to those "reminders™ walca are
externally supplicd, in known quantities, by the expcri-
mentere This catezory would include such recovery agents
as a weak and/or non-contingent foot shock, injections of
psycropharmacologlcal agents, and the readministration of

ECS.

Reinforcer Cuzg 39 Bocovary Axcnts: When appetitive

conditioning is tested, response decrements-(warm;up
effects) disappear 1f the organism is re-exposed to the
reinforcer associated with original learning (Spear, 1967).
Warm up effects may not be typical of the decrements pro-

duced by ECS, but a second presentatica of the reinforcer



has been effective in producing recovery within the
RA paradigm (Koppenaal, et al 1957; Geller ot al 1958b),

Ofher investigators were able to attenuate memory loss
using a non-contingent foot shkock (lewis, Misanin, and
Miller, 1968; Quartermain, MeEwen and Azmitia, 1970;
Iiller et al 1972a, 1972b; Young and Fuseller, 1973).
Miller, Springer and Vega (1972) have choun that in appe-
titive tasks, reccovery could be accomplished through a
second, non=-contingent presentaticn of the appestitive re-
inforcer,

Readnminlstration of the primary reinforcer appears to
be a sufficlent recovery egent but "reminder® treatments
nay not relcase a memory from an ECS-prciucéd retrieval
blociks Instend, application of a second fool shock may
provide an extra learnling experience that adds to the per-
formance of animals who would otherwise have poor retention
of avoidance traininz. Gold et al (1973) present data

suggesting such an effect for a second foot shock,

Intawnal Fhveiologisal Cuos: Perhaps the critical memory

attribute aroused by the reactlvation operation, the ggent
for recovery, 1s the animals internal physliological response
to any severe stress, Tather than the specific reinforcer,

If physiologlical consequences of the stress were represent-
ed as attributes of the mcmory thelr presence during test-
could serve as agents for recover 'even when slicited by .
quite different aversive stimuli, Springer and Miller (1972)

have shown recovery when ice water omersion was the rein-



forcer and foo%Bhock was the recovery agent,

By administering amphetamine, corticosteriods or
foot shock, Barondes and Cohen (1968) were able to block
the amnestic effect of ECS. One dommon feature of these
treatments 1s physiological arousal.,

Davis, Thomas and Adams (1971) showed that memory
could be largely restored with scopolamine injections just
prior to testing. Simlilarly, Duncan and Hunt (1972) were
able to reduce the effects of ECS with strychnine.

In a related study, Robdbins and Meyer (1970) trained
rats.on a series of appetitive and aversive discrimination
tasks. Interference with memory wes seen with subsequent
ECS treatment, dbut the amnesla was restristed to those
earlier prodlems that had bteen lecrned under the same moti-
vational state asg the problem immediately preceding the ECS.

In conclusion, the evidence implicates internal physio-
logical cues as effective "reminders”, However the theo-~
retical constructs representing such underlying processes

are too vague for exact menipulation,

ECS Induced State Cues: Internal cues associated with the

state of the animzal at the time of learning, do have re-
trieval value. One interpretation is that the use of ECS
to produce RA.simply functions within a state dependent
learning paradlgm. t present, there are two lines of evi-
dence dealing wita tals notion, the first assumes that the
ECS treatment has anterograde influcnces on memnory ond the

second implies that the properties of this treatment pri-



marily involve retrograde effects.

Anterozrade Effocts eg sn Induced State Cue: Nlelson
(1968) and later DeVietti and ILarson (1971) end DeVietti
and Hopfer (1974a) prescat evidence suggesting that the
interaction of foot shock and ECS serve as an agent to
produce a dissociation from the normal brain state that
exlsted during the acquisition/consolidation phase. A3
the dissoclative effects of the treatment wear off with
the passage of time, retentionlis observed, in as much
a8 a 96 hour post-treatment test (enough time to recover)
yields some partial return of nemorye.

Cogent arguments have beean ralsed against thetintero-
grade dissocliativs learalng interpretation of RA effects
on the grounds that it prediets sponrtaneous recovery end
dissociative states lasting up to 96 hours (Iuttges and

¥eGaugh, 1957; Miller, Malinouski, Puk and Springer, 1572).

Retroarade Fffecte 23 en Induced Stats Cue: A second

approach to the dissociative effects of ECS assumes that
the physiological state necessary for effectlive retrieval
is the state present during the consoclidation rhase of
mémory. Consequently, the memory 1s stored in an altered
state produced by the amnestic treatment (Thompson and Neely,
19703 Thompson and Grossman, 1972; Wright, Chute and Weber,
1973). By deliverirng a second ECS Just prior to retentlion
testing, amnesia was partially reversed.

There are problems with ECS treatment as a recovery

agent due to its debilitative effect on the animals moter



performance; Recent work by Manthel, Wright and Xenny
(1973) suggests that the effective state produced by ICS
may not last longer then 10 or 15 minutes and any re-
tentlon testing during this period would probadly be
confounded. Nevertheless, the ECS~induced state ol the
organism does sceem to be a gignificant attridbute of mem-
ory capable of attenuating amnestic affects,

Each trestrent considered thus far may be saild to
serve as a signiflcant attributé of nerory with the
capacity to partially attenuate memory loss. DBut by
thelr very nature, these types of recovery agents are
subject to other interpretaticons (McGaugh and Herz,
1972; Gold et al, 1973)s If a distinction betweson the
consolidation and retrieval fallure view is to be clearly
end unsmbigiously made, then recovery must occur as a
function of the endogenous cues supplied by the subjeet

(eegs covert=-induced recovery).

Covert-Induced Recovery

Covert induced recovery deals with those reactiva-
tion treatments whose exact values are generally unknown
snd are endogenous cues supplied by the subject., Examples
of this type of recovery tresatment would include pre-
training exﬁosure in the form of multiple, non-reinforced
test trisls or simple placement in the test chamber prior
to retention testing. Kinesthetic cues assocliated with
the task as well as other kinds of sensory information

night also be categzorized under this heading.
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Apperatus Cues as Acents for Rocovery: Pre-treatment

exposure to the apparatus (familiarization/habituation)
appears to be a common feature in many of the studiez re-
rorting recovery; presumably the net effect is an increase
in the probabllity of arcusing & sufficlient number or kind
6f memory attridbutes, Familiarizatlon may be snalozous to
stacking the "deck" in favor of recovery. More likely,
exposure is a necesaary component of the "optimal condie-
tions" for recovery.

Keppel (1972) discusses evidence that retention of
verbal’materials may decline as a consequence of changes
in surprisingly nundaene features of the environment, such
a8 the nature of the expcrimental rooa and the color of
the irk used to print the words. Although the response
decrements in Keppel's study were not due to an amnestic
agent, clearly the passive features of the external environe
ment defined in the context of learning make themselves
evident as attributes of memory.

Several other studies have found related results withe-
in the ECS-induced amnesla paradigme. Essentially any study
reporting sponteneous recovery from amnesia is subject to
the interprctation that the piresence of apparatus cues is
sufficient to induce recovery (Zinkin et al, 1968;
Quarternzain et al, 1970; Young ¢t &l, 1971). Also, within
the "implicit reactivation® paradigm (see Spear, 1973), it
is assuned that mere re-cxzposurse to the gpparatus iz suffi=-
clent to activate a memory (Lewls, Bregman end Mshan, 1972).

Quartermain et al (1970) report results which showed
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recovery from amnesia with a foot shock. The interesting
aspect of this study 1is that foot shock alone was ineffec-
tive unless precceded by exposure to the apparatus ( a re-
tention test). Tae authors indicate that, although the
first test had not been considered by otherzs to be a
crucial factor in reactivating a memory it was in fact
included ia the experimental prccedures of two other
reports of memory recovory after a& "reaminder” foot chock,
(Koppenaal, et al 1967; Geller et 21.1968),

Other investigators have observed that simple ro-
expogure to the apparatus was sufficlient in producing
recovery (DeVietti and Fopfer, 1974b; Sara, 1973).
Azmitia, McEwen and Quartermain (1972) found that simply
allowing the animal to recover in the apparatus after the
adninistration of ECS proved to be sufficlent in reversing
the ugual amncetic effect. Moreover, Miller, Springer and
Vega (1972) present data showing that memories may dbe re-
covered with brief exposure to the punishment compartment
or sonawhat longer exposure to the start compartment. Eow-
ever, the data suggested that overexposure to either con-
partment not only falled to further improve retention bdbut
could actually impalr it. Seemingly, a restored memory is
vulnerable to extinction like any other memoxry.

The evidence overwnelmingly implicates the apparatus
as a valuable source of cues that serve as potent atiri- .
butes of a memory. The fact that simple re-cxposure to
the apparatus, in the absence of any other treatment, 1s

effective in alleviating emnesia supports a retrieval fail-



ure lnterpretation of RA,

Kinesthetic Cues 28 Amants for Posoverv: Kiresthoe

tic fecdback could serve a3 &n important attribute of
nemory for some tasks. As Borieg (1950) stated "the dog
who remembers & location by pointinge o « carries come of
his meomory in his posture.” Sizilarly, Plaget (1970)
sugsested that young children carry memory in their
actions. BRand and Vapner (1967) found & retention daficit
in humans whea the subjects® physical position during
learning differed fron ths’t éuring the retention test
(standing versus laying down).

Isolated conditions for accessing the effect of
kinecazthetlc cuces on retrieval do not at present exist
within the RA literature. Provlexms are inherent with the
availabllity of kinesthetio infermation at the time of
testing because the gubject must first produce the re-
sponse used to access memory loss before the cue is
presents.

To determine the potency of kinesthetic cues as
attributes capable of an "aunestic” memory reversal, the
notor information must be made available without prcduc-
ing the target behavior. By converting a single platform
to & double pliatform in a passivé avoldance step-down
task, the subject chould have access to kinesthetic feeld-
vack prior to reaching the grid. If kinesthetlic cues are
effective recovery agents then one would expect to seoa

typical "amnestic" effect for the first step-down response



followed by longer latencies to a second response., I
RA is truly a retrieval problem, conslderadble reccvery

should be evident.
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EXPERINENT 1
METHOD

Subjects: Ninety Holtzman strain rats between 100 and 120
gite in weight were housed 2 per cage a&nd allowed free access
to water and lab ciiows Upcn &arrivel, all animals were
anesthethitized with ether and implanted with stainless
steel "pigtail" electrodes inserted immediately behind the

ears,

Avparatus: The training-testing apparatus is similar to
ono first described by Jarvik and Essman (1960). This
version of the apparatus consisted of a 40'cm square com-
partment with 30 cm high walls made of translucent plexi-
glas, The floor was constructed of .64 cm dia. stainless
steel rods placed 1,90 cm apart. Ilocated in the conter of
the compartment was an electrically lnsulated double p¢ul-
form (Fig. 1) consisting of a 11 cm dia. top platform which
stood 5.5 cm above the second platform (22 c¢m dia.). The
second platform was 5.5 cm sabove the grid. Both platforms
operated independontly and were removable, For the single
platforn condition, another platform, the size of the first
(11 cm dia.) was constructed to stand 5.5 cm above the grid.

Insert Figure # 1 here

The grid was connected te a Iafayette Operant Control
cysten set to deliver a 200 V at 2,0 ma foot shock (Fs) for

a duration of 2 seconds. Following the<offset of the foot



-

shock, some S's were glven an Electroconvulsive Shock
(ECs).

A Lehigh Lectronics electro shock therapy unit was
set to deliver a 200 V, 200 msec. charge through alliga-
tor clips attached to the pigtall electrocdes. All aninmals
displayed full clcenle=tonic convulsions after an ECS treate
mente.

Group 1 end 2: Subjects in these groups were trained

and tested using the single platform (SP). Group 1 animals
(F$+ ECS, SP) recelved foot shock and ECS on training day
wnile Group 2 subjects woere given no foot shock followed

by no ECS (NFS4NECS, SP).

Grouo 3, b ewd 5: These groupa were trained and test-

ed using the doudble platform (DP). Group 3 S's were given
foot shock upon completion of the double step-~down response
and returned to their home cages (FS+NECS, DP), Group &4
animals received ECS 2 sec, after stepping off the second
platform and returned to their cages (NFS+ECS,DP) and Group
5 S's were rcnoved from the grid 2 ssc. after responding
without the administration of any treatment (NFS+NECS,DP).

Training for all other groups consisted of foot shock
followed by ECS, Application of differential recovery
treatments made up the remaining conditions,

Group 6 end 7: In an attempt teJisolate the effects

of kinesthetic and apraratus feedback, these S's were given
only one source of informatioan on test day. Group 6 animals
were trained and tested onthe double platform (FS+ECS,DP)

end thus received kinesthetic cues on test day.
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Tine rats in Group 7 were trained and tested using
the single platfors (FS+ECS,A,SP), but were placed on the
grid for a 30 sec. "exposure"” period just 5 minutes prior
to testing, providing Apparatus cues (4A).

Groun 8 end 9: Animals in Group 8 were trained and

tested on the double platform (Kinesthetic Cue) and were
gliven tho apparatus "ezposurs® priocr to retention test-
ing (FS<ICS,A,DP)s. Group 9 S's were treated in the same
nanner &8 Group 8 except they were tested 96 hours-after
training (96) in an effort to provide the "internal state”
cues assoclated with ECS amnesia, (FS+ECS,A,S,DP). The

various treatment conditions are shown in Table 1.
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RESULTS

Training day latency scores were analyzed with &
Kruskal=-Wallis One-Way ANOVA, with Groups as the factor.
The results indicated no significant dlfferences betwecn
groups implying eguality across samples (H=1.36, p>.05).

Test 4oy scoros were separated into latencies to the
first step-down response and total latency scores. For
Groups 1,2.8nd 7, the latency to the first step~-down ro-
sponse was the same as the total latency score., For each
subject tested on the double platform, the total latency
score on test day was corrected by subtracting the amocunt
cf time spent on the second platform during traininz.

Test day latencles to the first step-down response
(Figure 2) were anslyzed with a Xruskal Wallis One-Way
ANOVA using Groups as the factor. A signifilcant difference
between groups (H=16.12, P <.05) indicated the nced for
inter group comparisons. Since thers are problcms with
using multiple paried comparison tests, further analysils
was attempted only when observed differences were large
enough to indicate the need for individual testing.

Ingert Figure 2 Here
For the first platform latencles shown in Figure 2,
there were only small observed differences between the
groupa except for the foot shock only snimals (FS<NECS,DP),
and they differed significantly from every other group.




Comparison of the foot shock only group (FS+NECS,DP), with
tue foot shock group givean ECS and tested on the single
platform (FS+ECS,SP) yielded a significant difference
(U=13,p <+01). This FS<ECS,SP group in turn did not diffor
from the non-treated controls (NFS+NECS,SP or NFS-+NECS,DP),
suggesting & rather large aunestic effects The zame rosult
ocoured when the FS+NECS.DP Group was compared with the
FS+ECS animals tested onthe double platform (FS+ECS,DP).
Since all FS+ECS groups porformed essentlally the scme as
the NFS4NECS anlmals, no mére conparisons were nade on the
first step-dowm latency scores,

Group perfermance on the total latenoy scores are
presented in Flgure 3. A Kruskal Wallis ANOVA indicated
overall group differences (B=20,63, p <.01), Fowever,
upon subsequent analysis, no significant differences be-
tween the foot shock only animzls (FS+NECS,DP) and the
foot shock plug ECS S's given cnly the Kinesthetic cue
(FS+ECS,DP) were evident (U=33, p >.05). This impliles
that reversal from an "amnestic effect”™ did occur and
nore importantly, that recovery was due to kinesthetic
feedback providad by the first step-dcwn regponse, Further

Incert Figure 3 Here

- o4 e» m AR B P S5 T A W W W T o

analysis showed that the FS+ECS,DP animals (Kinesthetic
Cue) were significantly differcnt from the non-treated
controls {(NFS+NVECS, SP and NFS#+NECS,DP) as well as having

significantly longer latencies (U=23, p <.05) than the
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FS+ECS group tested on the single platform (FS+ECS,SP).
Only small observed Alfferences were evident between the

rest of the groups and enalysis of the data was halted,



DISCUSSION

Kinesthetic feedback supplied by the firat step~down
response significantly alters behavior on the second plat-
form such that the total latency scores of the group glven
only kinesthetic feedbeck (FS+ECS3,DP) are statistically
indistingulshable from the group given only foot shock
(FS+NECS,DP). EKowever, this recovery was not evident on
the first step-down response in which the FS+ECS,DP ani-
mals showed the typical "amnestic effect®. These findings
lend much support to the 1dea that recovery is possible
undexr appropriate conditions, and that the "amnesia”
evidenced con the flrst response represents a true retri-
eval fallure,

When S's are given exposurs to the apparatus (Appara-
tus Cues, prior to retontion testing thelr performance
is apprareatly unalterad, The lack of significant recovery
due to apparatus exposure (4) is supported by the small
latency scores seen In the animals who were gilven oaly
the apparatus cue (FS+ECS,A,SP). This treatment seems to
reverse the effect of the kinesthetic information as indd-
cated by the poor retention of the animals treated with
both retrieval cues (FS+ECS,DP,A). Exposure to the appzra-
tus may alzo account for the small latenciles of the anlmals
tested at 96 hours (FS+ECS,DP,A~96).

Although Sara (1973) reported recovery with exposure
to the apparatus, her results are actually based on the

use of two test trials. How exposure by means of an extra



testing session is stlill unrssolved. Perhaps direct place~
ment has a stronger extingulching effect, or perhaps 30

seconds allowsd for "overexposure®” as indicated by Miller,

Springer and Vega, (1972).



EXPERIMENT 2

in a second exporiment, we declded to take a closer
look at the "reversal" effect of kinesthetic information,
Rather than concern ourselves with the interactlions of
multiple cues all other recovery agents were eliminated

from the study.

Subjestss TFifty Sprague Dawley rats (300-350 gm) pre-
viously used in an appetative task were housed and inm-

planted as before.

Apparstus: The same apparatus was used except that the
single platform was present on training day for all sub-
Jects and the foot shock parameters were changed to 250 V
at 2.0 ma. All other tresatment parameters and criterion

were the same,

Procedura: On the first day of the experiment, the snimals
were brought to the experimental chamber and given 2 minutes
of handling followed by 1 minute of exposure to the appara=
tus with the electrodes attached. The same procedura was
repeated on the second day of the experiment. OCn Day 3,

the subjects were randomly divided into 5 equal groups of

10 S*'s each and differentlial trecatments were adminlstered.

All groups were tested 24 hours later.

. Group 1 end 2: These S°'s were given foot shock upon

completion of the single step~down response and immediately

returned to their home cage. Group 1 (FS,SP) was tested
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24 nours later with the single platform in place and Group
2 (Fs,DP) with the double platform.

Group 3 end b: After recponding these animals recsived

foot shock followed immediately by ECS. Group 3 S's (FS4=CS,

S?) were tested on the single platform and Group &4 animals

(FS?ECS.DP) were tested with the double platform in position.
Groun 9: To serve a3 a baseline control from which

to correct the double platform scores, thess animals were

gilven no treatment on the single platform and tested on

the double platfora (NFS,NECS,DP). All latencles wore

autonmatically recorded as in experiment 1.
RESULTS

Acquisition latencles were gathered and analyzed by
meend of a Kruskal Wallls One-~Way ANOVA with Groups belng
the factor. The results indicate that all groups had
essentially the same latenclies on training day (H=1.19,
P>.05).

Latency data from retention testing was separated into
the response time on platform 1 (first step~down response)
and the total platform latencies for the groups tested on
the double platform. Each double platlorm latency was
corrected by subtracting the mean latency on platform two
of the untreated controls (NFS4NECS,DP) from every response
time.

Using the latencles to the first step dewn response,

a Krusdel Wallis test ylelded significant differences be=-
tween groups (H=17.28, p <.01) as shown in Figure 4. Inde-
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rendent Hann-Whitner U tests showed significant differences
betwsen the foot shock only (FS) and the FS+ECS anilumals

for both the single and double platforms (U=13, U=il ro=- .
spectively, p<+01i). There were no significant differcnces
between the FS+ECS,SP and FS+ICS,DP S's when ccmpared to
the non treated controls (NFS+NECS,D?P), suggesting a rather
large “amnestlc” effect.

Insert Figure 4 Here

When the total platform data was subjected to the sanmc
analysis, the Kruskal Wallis was again significant (H=26.36,
p <.001) for an overall group difference, Independent HManne-
Whitney U tests veriflied the overall effect dus to ECS but
also pointed out signiflcant differences due to the platform
type (l.e. single vs. double)., As Figure 5 shows, there
was a significant differeance between the FS,SP and the
FS,DP groups (U=26, p<.05) as well as for the FS<+ECS,SP
snd FS+ECS,DP groups (U=24,p<.05), The only non-significant
difference was between the “amnestic control group” tested
on the single platform (FS+ECS,SP) and the non-treated
controls (NFS+NECS,DP) as indicated by the analysls on-the
first step-down response latencies,.

Insert Flgure 5 Here

The "amnestic" effect was again reversed when kines-

thetlc feedback was made avallable prior to exltting the



target behavior. TFurthermore, the observed recovery occurcd
only when the anirals were allowed the motor cue asscciated

with the first step-down response.



DISCUSSION

Kinesthetic cues at the time of testing are effective
in retrieving an otherwlse "amnestic” memory, for a step-
down task. Furthermore, the recovery doesn't occur until
after the S has already produced the first step-down re-
sponses Thls 1ls supported by the fact that first step
down latencies for the FS+ECS animals tested on the doubdble
platform (FS+ECS,DP) are indistinguishable from the non
treated controls (NFS+NECS,DP) and the FS+ECS group tested
on the single platform (FS¢ZCS,SP). .However, the FS#ECS.DP
group shows significant lncreases in response latencies on
the total platform scores. Also, the effect of kinesthe-
tic feedback appears to be effective in increasing laton-
cies whether the msmory 1s "amnestic” or not, as evidenced
by the performance of the FS,DP group who avolided signifi-
cantly longer than thelr single platform counterparts (FS,SP).

The recovery effect of kinesthetic information appears
to be a generalized phenomenon as 9 of the 10 S's in Group 4
end 6 of the Group 2 sample-had higher second platform
scores. Two more animals in Group 2 might have produced
the same result but thelr tiime on the first platform limited
the amount they could spend on the second platform before
reaching coriterion.

In conclusion, bthe perumanence of RA is the primary
1ssue at hand. If recovery from apparent "amnesia™ can be
demonstrated, then the consolidation fallure posltion as

well aé the notion of a liable, perseverative lirst stage



of memory looses much support.

Recovery from ECS~induced amnesia hasd been shown to
occur (Lewis, 1969; Miller et al; 1972a, 1972b; Springer
et al, 1972; Chute et al, 1973), but these results must
be carefully interpreted. It is possible that the re-
covery agents used in these experiments provided extra
learning trials (Gold et al, 1973). At least these
examples of recovery are subject to other interpretations.,
However, as experiment 1 and 2 demonstrate, reversal of an
otherwise "amnestic® memory was accompolished through the
use of a recovery agent not succeptabvle to the interpretat-
lons proposed by Gold and his assoclates,

Cherkin (1972) proposed snother way to save the con-
solidation hypothesis from the "recovery" data. Cherkin
argues that recovery will occur when moderate amnestic
agents are used and that stronger ammestic treatments fail
to yield & recovery of memory. At present, there are no
suidelines'for gpecifying “strong” amnestic treatments,
however, using essentlally the same ECS intensity that
Cherkin used for "strong ECS" we were able to obtain recovery.,

Finally, when complete recovery occurs, as it did in
experiment 1 and with othgr studies, there is no basis for
denial of the retrieval fallure notlon. Partial recovery,
implies the lack of sufficient number, kind, or proportion
of attributes or irreversable damage due to ECS., In any
casa, the significant return of an "amnestic" memory can i.

only support a retrieval fallure interpretation of retrograde

amnesia,
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Table 1

-Treatment Conditions
Experiment 1

PIATFORM .APP. KIN.. TEST

GROUP - FS 'ECS TYPE ~ CUES CUES TIME
1. FS+ECS,SP "x  x SP . = T 24
2. NFS+#NECS,SP SP ) 24
3. FSANECS,DP x DP | 24
4, NFS+ECS,DP x DP 24
5. NFS-HNECS,DP DP 24
6. FS+EC3,DP X x DP x 24
7. TFS+ECS,A,SP x X SP x 24
8, FS+ECS,A,DP X x DP X X 24
9, FS+ECS,A,S,DP X X DP x X 96

KEY: FS or NFS indicates the presence or absence of foot
.shock during training; ECS or NECS indicates the presence
or absence of ECS; SP means that the animals were trained
and tested on the single platform; DP dehotes the use of
the double platform (Kinesphetic Cue); A indicates the

Apparatue Cue and S means the Appératus cue was applied at

96 hours post-tralining.



F |g. 1. Tllustration of the experimental chamber used in
Experiment 1 and 2, (The double platform is shown in
"~ position).
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Flg. Z. Mean latency scores to the first step-dowm response in Experiment 1,
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Flg. 3. Mean "Total® latency scores for each group after correct‘i.on ef double

platform response time, from Experiment 1,
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Flg- 4-' Medlan response latencies to the first step-~down for

the groups in Experiment 2.
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Flg. 5. Group medlans for the total latency scores in

Experiment 2, Double platform scores have been

corrected,



