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could be explained by a "conflict hypothesis” emphasizing the punish-
ing effecta of BCS rather than its memory-disruptive effects. They
were able to show enhanced lsarning when s5 was appropriately
comblned with foot shock. Thelr objections have been met, however,
by procedures which provide tor lsarning ot a passive avoidance re-
sponse in one trial follwed by a singie ©(5. In one such procedure,
the step-down, S 1s placed on a safe platform from which it readily
descende onto a shock grid (Jarvik and kseman, 1960}. In the step-
through procedure { Esaman and alpern, 1964), 8 15 placed in the amall,
l1ght compartemsnt o! a two-compartment apparatus. J readlly steps
through a hole into a larwe, dark, grid-:loored chamber. A aingle
“pot shock 1s suttvicient to produce passive avoldance as evidenced
by significantly increased step-down or step-through latencles when
5 18 tested 24 hrs. al'ter tralning. It a single o5 is administered
shortly af'ter tralning, 5s enter upon the grid floor on the second
[ test ) day with latencles comparable to those seen on the tralning
day. [hus, 1n order to demonstrate amnesia, 5 must work against the
punishment gradlent. o must perform the very response that just pre-
ceded ECS during training.

Whils these ome-trial results cannot be explalpned in terms of
foons and Miller's punishment hypothesis, rhudspeth et al. ( 1964)
have lnlicated that multiple administrations of KC5 produce a measure-
able punlshing e!fect. The tollowing treatment wlil thsreiore be

contfined to studles employing single ECS procedures.
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The CLonditioned Inhlibition Hypothesls

While the passlve avoldance procedures outlined above seem to
obviate a punishment interpretation, attempts have been made tc ex-
plain passive avoldance results in terms o! mechanlams other than
disruption of the memory trace. Lewia and Maher ( 1965, 1Y606) have
caretully difterentiated between the pertormance deticlt seen at ter
Wi administration and the underlylng causes of that deticit. They
conc lude thats "These studles do demonstrate a per!ormance impalr-
ment, but are not conclusive to the more preclse issue o! whether
peri ormance impalrment (retrograde amnesia) is a comsequence ot dis-
ruption ol the enyram, or whether it 1s due to interierence by some
coepeting response.’” | Lewls and Maher, 1966,;. The nature ot this
competing response is most preclsely summed up by McGaugh amd Fetrin-
oviteh (1966

Wil 1s assumed to be am unconditioned stimulus which produces

an uncomdltioned response consistling ot loss o! conscliousness,

A weak version of loss of consclousneas, that 18, relaxation,

becomes comditioned to the cues present at the time of pL5 ad-

ministration. Apparent amnesia results, according to thls view,

because the relaxation response (or conditioned lnhibltion)
competes wlith other responses

lewls and Maher \1900) explain the behavioral consequences of condl-

tioned inhibition:

inhibltory avoldance learring--ot which ! reezling in the cop-
ditiomned emoticnal responmse is the exemplar--involves the
maintenaince o!f a considerable amount o! muscular tenslon in

a highly aroused arimal. !Inder conditions where tear is
gradually reduced--as by normal extinction processes--the re-
duction in arousal is evidenced by an increase in the general
locomotor activity. Thus, the animal that is in a lowered state
of arousal should be less likely to “"freeze"--more likely to
macve around--than one that is in a highly !earful state.
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This is to say that the "lowered state of arousal” presumabley pro-
duced by BGC3 wlili result in the same passive avoildance behavior as
diaruption of the memnry trace--shorter step-through/step-down laten-
cles than those seen in nou-convulsed ccontrols, One 18 thmas unable to
separate the disruptive ef’ects of ml trom its comditioned imhibition
at:ects on the baasls of passlve avoliance behavior.

'he {ollowlng pararraphs constitute a review of relevant ¥l -
behavior varlables in an attempt to determine the et't'icacy ot the
cnnsolidation and ronaitioned inhibition hypotneses.

s and Actlvity Level

"he comiltioned inhibition hypothesis leads to the predictlion
that .8 will show more activity { less inhibition u! movement) after
w5 admimistration. 3everal studies have found results consonant with
this prediction. douttenberg and Kay ( 1965) report that pretreatment
with X1, alone | without !oot ahock) decreases step-down latencles in
rats. Lecreased step-down latencies may indicate a high level o' ac-
tivity. schnelder et al. were unable to replicate this !indling but
J1d {ind an interaction betwsen !oot shock and BG5S . sats pretreated
with aoncontippent !oot shock 'ollowed .9 sec. later by rils showed
decreased step-down latencies. lilelson ( 1Ybb) reported increasea in
open-:leli ambulation when rats were tested 24 hrs. after !oot shock-
&, treatment. sopp et ai. (1Yn7) obtained decreased step-through
latencles when i was administered 1 hr. betore a training trial
or l-% hrs. belore a subssquent retest. No sffect was obsarved it
), was given i2 hrs. betore retest and "...retest latencies were

Jea-reased signiticantly less by a slnugle i administered | hr.
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betore retest { proactive disinhibitive effect) than by a single EC3
administered 1 hr. after punishing shock (retroactive disruptive et -
tect)."” Zornetzer and Mcgaugh ( 1969} found signiticant lncreases in
cpen-t'leld activity at 48 and 72 hrs, atter treatment with oot shock
and 5 1in the step-through procedure, but not after 24 hrs. Since
the passive avoidance procedures usually test tor HA 24 hra. after
225 adminlstration, the time course during which tha gECS -f'oot shock
combination increases activity bacomes a critical consideration. Kopp
et al, and Zornetzer amd Mciaugh seema to agree that mo activity in-
creasas can be seen at 24 hrs, but the ditlerences in thelr !iadings
and the increses ln open-{leld aatmiation atter 24 hrs. reported by
Nielson cast doubt on the et!icilency of the passive avoldance pro-
cedure f{or discriminating between HA and increased activity.

The Trainipng-2i Intarval

Duncan { 1944} reported that, as the time interval belween each
training trial and the adminlstratlion of W5 increassd, tha amount ot
lsarning impairment decreased. These results are quite consistent with
both the comditioned inhibitlon and consolidation hypothases. There is,
however, conaiderabls disagreement as to the length of the eltective
tralolng-£C5 lnterval. some studles report HA only when KIS 1s ad-
ministered within a {ew seconds after training. Others have obtalned
A efltects when 2.5 was administered ] or more hra. atter tralnimg.

Heriot amd Coleman { 1362) produced one-trial passive avoidance
of an established bar pressing responss by shocklag rats at the bar.
225 eliminated the subsequent suppreasion of bar pressing when ad-

minlstersed as much asa i hr. atter punishing shock. The amount of
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annesia varied imverssly with the length of the training-2CS imter-
val, Kopp et al. (1966} obtaimed aimilar training-ECS interval gradi-
ents using the step-through procedure. Bures and Buresova (1963}
found that rata which were allowed to explore a two-compartment box
spent most of their time in the smallsr compartment, but most 5a
refused to re-enter the smeller compartment atter receiving 1 min.
of 1nescapable shock therin. XC5 delivered more than 2 hrs. after
toot shock attenuated avoldance of the amallsr compartment. the
amount of attenuation varied inversely with the interval between
training aod wCo.

In contradistinction to the relatively loag tralning-ECs in-
tervals reported above, Chorover amd Schiller ( 1965) and Sprott ( 1966)
were unable to show any ilmpalrment with intervals longer than 10 and
20 sec. respectively. In order to recomciie thess disparate results,
‘horover and Schiller { 1966) performed a series of tour experiments
in which they 1) essentially replicated the results of Bures and
purescva 2) showed that rats recelving B35 1 aln. at'ter training
shock ard coafinement in the amaller compartment at the HSures-
Hureaovs apparatus exhibited more locomoter activity tham nom-con-
vulsed controlas whea allowed to explore the larger coapartment on
the tollowing day j) obttalned no impairment with H.5 adminiastered
i min. a’ter shock training when Ss were ailowed to escape the saalier
compartment rather thamn belng contined for the duration af shock amd
4) obtalmed impatrment at training-w£C5S intervals longer than 10 sec.

in the step-down proocsdure when 58 were confined to the apparatus
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prior to BC5. They were thus able to increase of decrease the length
of the eficuiive Lralning-235 interval in both the step-down amd two-
compartment apparatus by confining or not continling 5s after toot
shock. They concluded that conflinement in the shock apparatus produced
a xeneralized conditioned emotional response (UER) rather than a
discriminated avoldance. 'he CKEH blocks exploratory behavior, 1. e.,
causes treezing behavior which reduces the probabllity of entering
the msmaller compartment or stepping down onto the shock grid. "The
eftect of w'S ie to suppress this inhibltory aspect of the ChH and
to thereby produce 2 relative increase in locomotor actiwity...’
dihile they agree that ks can intertere with the consolldation o
the memury trace, they hypothesime that "...HA may be responsible
‘or impaired retention test performanos omly when the comvulsive
treatmant 15 givien a tew seconds miter the learning trial.” Hobu-
stelll and Jarvik ( lyst] also showed that detention in the apparatus
 step-through) at'ter foot shock lengthenad the effective training-
W5 gradient. However, detention alone, without ECS, causesd decreased
step-through latenclies.

Thess studies all con!irm that the degree of impalrment caused
by 45 does increase as the training-ECS interval decreases. sut the
length of time witer tralning during which 555 1s capable of causing
annesla 1s still in question, Uhorover amd Lchiller have ralsed the
poesibllity that impalrment observed with ghort tralning-ECS5 intervals
may be due to 1A, but that impalrment !ollowing long intervals may be

Jue to a ‘orm of commiitionsad inhibition.
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U5 [ntensity, Duration, and Mode of Lelivery

Some of the dlsparate results reported above might be reconct lad
it it could be shown that the aeftective trainiag-mCS ilnterval varles
wit intensity, duration, ard mode of administration of EC5. In thelr
1965 experiment, Chorover and 5Schlller were unabie to show imapairment
with training-RUS intervals longer than 10 sec. They used a trans-
pinnate =3 o! 30-50 ma intemsity passed tor U.2 sec. A. J. Miller
{1'408) obtained siyniticant impalrment in the step-doen up to U sec.
al'ter tralning with a !5 ma, transpinnate EXi. When intensity was in-
creased to LOU ma, he obtained impalrment up to 50 min. Hay and darrett
. 1769 showed tnat the eifective training-49., interva! lncreased whan
2L, 1ntensity was varied between S and U ma. ln !act, lmpalrment was
sean whan [X.i intenaity was too low to cause convulsions. This latter
*inding was contirmed by McLaugh and Alperm ( ly6b) and zasman ( 1Y68)
who alse produced lapalrment af'ter bilocking convulsions with sther
am} xylocalne reapectively. raolino et al., however, were unable to
demonstrate increases 1in impairment whea w5 intensity was increased
trom L0000 to 200 ma. They used a tranepinnate <5 adminlstered U sec.
a’ter step-through tralning.

Alpern and Mcuaugh ( 1968) also ! ound increases in ‘mpairment
as a Punction o 2.5 duration. The ef‘sctive tralning--L5 interval
wA3 only a ‘ew seconds :or obriet =, durations 195 ma passed 1or 0.2
sec.) but lncreased to j hrs. with long BUS durations (3 ma passed
tor O.tf sec, ). However, Paolino et al. (1969) and A. J. Miller (1968)

tound no dif:erences ln impalrment with increased w5 duration. T'hey
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used 200-800 msec. amd 200-500C masec. respectively. [t should be nroted
that Alpern and Mciaugh administered ECS transcorneally while the latter
investigators used the transpinnate technique. Transcorneal WG5S has been
shown to cause greater impairment than the transpinnate techmnique
.Hay and sarrett, 1964: Dortman and Jarvik, 1968).

Although the litorature appemzs somewhat equlvocal, it is evident
that statementaconcerning the effectlive training-&ls interval musat
take into account the variables o! intensity, duration, and mode of

administration.

The comsolidation hypothesis stipulmtes that the memory trace
is coasolildated in at lsast two stages. The {lrast stage 1s eperation-
ally detined by 1ts susceptabllity to diasruption by s and other
annestic agents. The sacond phase i3 defined by its resistance to
such dlaruption. The conaolldation hypothesis 1s theretore sharply
questioned by studles which show apparent diasruption of the wmemory
trace long atter the firast atages should have been termimated as well
as a return of a presumably disrupted trace.

sthneider and sherman ( ly66) tralned rats in a step-down pro-
cedure and delivered a second, non-contingeat focot shock either 29.5
sac, or 6 hrs. atter initial tralning. 25 adminlstered 0.5 sec.

a ter the second, mon-contingent toot shock produced impalrment in
both groups although the aecond group had been trained mcre than 6 bra.
prior to €£C5 administration. Furthermore, subsequent rtesting showed
a return of avoldance behavior for the 29.95 aec. conditlon although

ne return was seen ia the ¢ hr. comiition. The authors attribute the
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return of avoldance to an increase in condlitioning strength caused
by the mon-coatingent shock when administered at 29.5 sec. after train-
ing shock. They conclude that EIS doss not disrupt the memory trace
but that apparent amnesls results from some interaction between f{oot
shock and RS ( perhapa the reduction of t{reezing bshavior suggested
by Lewls and Maher). Misanin et al. (1968) showed similar results when
they suppressed lick rate in rats with a esingle foot shock paired
with an 80-db white nolse C5, when the S was presented 24 hrs. later
and followed immediately by EC5, 58 fallesd to show suppreasion of lick
rate {amnesia). Thus an appareat aaneaia was produced when ECS was
administered many hours a!ter the memory trace was presumed consolida-
ted. Controla given BCS without the white noise 23 showed lick rate
suppression (retention). Apparently, (S presentation mads the con-
solidated trace diaruptable onoce again.

Attempts to replicate ichmelder and Sherman (Banker et al.,
1964 ) and Misanin et al. ( Dawaon and Mcuaugh, in press) have obtalned
nsgative results. Interestingly, Davis and Klinger ( 1969} also ob-
tainai negative results with goldtish, They were unable to obtain
ispatreent when <5 was given atter re-iniroduction into a ahuttle-
box savironment in which the {iah had previously beem trained with
shock. Yst, they were able to show impairment whem re-introduction
was ! ollowed by other amnestic agents {( intracereiral injections of
puromycln, acetoxycycloheximide, or KC1).

The ability to disrupt the memory trace long safter the first,

Maruptible stage of consolidation should e over creates grave dif -
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ficulties, particularly for those who hold that the second stage of
conaolidation represents real anatomical changes within the organisa.
At best, one must posit that the f'lrst stage has in some way been
reactivated (the physical changes reversed?) by the experimental
procedures thus exposimg the previocusly impervious sngram to disrup-
tion. The phenomencn might be readlly explained by the conditiomed
inhibition hypothesis, but its very existence must be questioned in
view of lack of replication.

The Permanence of Amnesia

The production ot an incomplete ammesia ( partial behavioral
deficit) following X35 18 not inconsistent with the consolidation
hypothasls. iiowever, tha consclidation hypothesls would seem to re-
quire that any det'icit which 1s produced by LS must remaln permanent
in the absénce of f‘urther tralning. Several studles, inclwuliag Schneider
and sherman clted above, have indicated that deflcits need mot bve
permansent. The impllcation {s& that &5 does not destroy the memory
trace (amnesia) but rather blocka its expression (retrieval).

Zinkin and Miller (1967) administered a 35 ma, 200 msec., trans-
pinnate G5 to rats after atep-down tralnimg. Iupalirmsent of retentian
was present when 353 were tested 24 hrs. later; but when 5s were tested

again at & and 72 hrs., impalrwment disappeared. Lewis et al. (1968)

reported that a "reminder shock™ delivered outaide the step-down
apparatus atter training therein greatly reduced ismpairment caused
by S . I'hey concluded that: “This indicates that at lesast part of

the msmory reamalned, but that its retrieval was prevented by ECS.*™
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Oiiwi workers have beea unable to demonstrate this return of the
disrupted masmory trace. Herz and Peeke (1967) tound uno dimimution of
impalrment caused by transpinnate BCS delivered within 15 sec. after
training. 8s were tested once at 24, 48, or 72 hrs. and repeatedly
at 24, 48, and 72 hrs. They used a head-poks apparatus consisting of
"+.:.a chamber with a cul-de-sac into which a mouse could poke its
head amd receive either water or foot-shock trom a cup.” Luttges ami
McLaugh (1967 ) were umable to replicate Zinkin and Mlller's results.
88 were given one retention trial each at 24, 4, or 72 nra. after
training. No diminution in impaisment was observed. They apsculate
that .inkin and Miller's results were contaminated by repeated ex-
posure Lo the test apparstus.
report that the permanence oif amnesla is a function of ECS intensity.
Hats receiving a 99 ma, transpinnate KC5 (.5 sec. al'ter toot shock
tralniog showed deticits when testad atter 48 hrs.,; but a 55 ma K5
produced deticits lasting less tham 24 hrs. Unfortunately, ¥CS im-
‘enaitieas in the above studlies cannot be compared due to diff{erencas
in species, training procedures, and mode ot adainistration,
Uther ractors

segldes the variables already mentioned, other !actors have
bean shown to int lusnce post -85 bshavior am! may altect the inter-
pretation of the studies above. 'he atralmr aof animal, as well as the
specles may atfect results. sovet et al. and wimer et al. report

di: ferences in active ami passlve learning performance among ditier-
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ent straina of inbred mice. Sprott (1966), however, foumd no difter-
ences in the sffective tralnimng-w’S interval whem two inbred stralns
o!f mice wers compared. The time of day during which 3s are trained
or tested has been shown teo al'tect the training-aC3 lnterval (Lstevens
and McocGaugh, lybba, 196Bb),. ~urthermore, some studies have obtained
passive avoldance by interrupting an ongoing resporss such as bar
pressing. Mhelir results may not be comparabls to thosa obtainad by
procedures such as the step-through whlch require only ons exposure

to the apparatus during tralning.
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The Present study

Both the consolidation and conditiomed inhibition hypotheses
have bDesn invoked to explain the performance deficit seen after ECS
in the passive avcocldance procedures described above. slnce both hy-
potheses predict the same behavior in the passive avoldanmce sltuation,
it ia impossible to differemtiate betwsen them om the basis of the
passive avoldance paradigm. In the present study, a testing sltuation
is enployesd whereis opposite behavioral outcomes may be predicted
by the coasclidation and comditioned inhlbitiom hypotheses.

Maatsch { 1959 ) reported that rats could be tralmed to juap
trom a shock box in order to avold shock atter omly one tralaiag
trial. whlie the present lnveatigator has been unable to replicate
these tindinga, he has shown |(see below) that a single, ineacapable
tooct shock delivered 1mn the shock compartmeat of a step-through
apparatus 1s sutficlent to tacllitate the acquisitioa of a multipls
trial active avoldance response. Thls reaponse consiata o! jump-out
{rom that same shock compartment belore shock onaset. Thus a single
toot shock cam be used in the trainlog of both a passive and active
avoidance response in the same apparatus.

1t B diarupts the memory trace left by tralniag shock (con-
solidatiom hypothesis;, comvulsed 3 should not caly show passive
avoidance de!iclits when tested 24 hrs. after toot ahock-HU: but ahould
alao show ponrer acquisition of active avoldance when compared to
aoR-comvulsed controls. The conditicmed imhibition hypothesls, how-

ever, holds that EB(S does not dlsrupt the aemory trace. The imtormation
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conscolidated after toot shock on the previous day should still be
available to facilitate the acquisition of active avoidance 2k hrs.
later. The comditioned inhibltion hypothesla further posits that
convulsed 58 will be more active in the apparatus during testing than
nom-convulsed controls. This greater activity may im fact potentiate
the jump-out responss soc that comvulsed 55 may learn the active avoid-
ance respomnse more readily than controls.

Thua, two opposite predictions are generated 1n regard to active
avoidance pertormance. The consolidation hypothesis predicts a deticit
in active avoldance pertformance atter 5. The conditionad inhibition
hypothesls predicts nc deticlit, perhaps a potentiation of performance,

Al ter nil..
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CHAPTER TI
EXPEHIMKNT 1

subjects. One hundred and twenty males, alblno mice o! the Lr-l
strain, welighing 15-21 g., were obtalned from Carworth -arms Labora-
tories (New Clty, N, Y.) several wks. before the experiment. 38 were
housed 10 per cage 1n stamdard, 12 x 12 x }O0 cm clear plastic cages
ami glven Purina Lab Chow and tresh water ad llbitum.

Apparatus and procedures., The two-coapartment step-through
apparatus used 1n this study was simllar to that described by Essaan
and Alperm ( 1964). Un the first {(tralmning) day of the experiment, 5s
were housed 5 per cage and thelr talls marked tor identification.
Training was begun at approximately 1l('tQ0 AM by placing each 3 1ndl-
viduslly into the vestivuls of the step-through, a 5 x 4 x 6.5 cm
compartment constructed o! clear plexiglass with a hardware cloth
tloor. rach . was placed with lts nead ! acing a & cm dlameter hole
which communicated with the shock boxgy a 20.95 x 22 x lU.5 cm, unlighted,
black, plexixlmss box with a nimged lid amd grid ! loor. 'he t ioor waa
composed o 2U stalnless steel rods approxlmately 2 mm in diameter
which were wired in serles through a cam operated grioc scrambisr to
a ‘5 ¥ power supply providing a current of approximately j ma when
the circuit was rompleted by oot contact acress the grids.

The time interval between placeaent 1n the vestibuls amd entry
wlth all tour t'eet lnto the mshock compartment { step-through latency)

was tiued with a stopwatch; a gullletine dour was closed behind .
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and an inescapable, 3ma, scrambled training shock was delivered to
the r'eet. Shock duration was timed with an industrial timer.
Prior to the trelning procedure described above, Sa were di-
vided into % groups ot 30 sach:
aroup | ('ralning Only) was trained as above. step-through
latencies were taken, training shock was delivered, and 3s
were returned to thelr home cages withcout recelving sC5.
sroup 2 (Training + Immedlate 5 ) was tralned as above and
ther, xiven a 22U ma, /U0 ¥V, W) maec., transcorneal k(35 as soon
al'ter tearminatioo ot toot shock aa possible (usually & sec.
tut never more than U sec., alter tralalng shock) and returned

to their home .cages.

sroup 3 {No Traloimg, No m5 ) was given no astep-through training.
28 were amarked !or ldentlification and returaed to home cages.
;roup 4 (BUS QOnly) was glven no step-through tralning but re-
celved S5 outside the atep-thorough apparatus.
On the sescond (testing, day, all groups were given ldentical
treatnent. Teating was begun U hrs. aftter training by placing each
3 individually inte the vestibule as on day | and timing step-through
latencias. Any 5 tailipy teo step through within Lol sec. was !orced
into the shock compartment. Al'ter step-through, tne guilletine Adoor
was lowered snxi the hinuged lii o! the shock compartmeat was raised.
5 then had 10U sec. to jump trom the grid floor of the shock compart -
mant onto the tables upoa which the apparatus rested. allure to jump

within 10 sec. was fcllowed by & 3 ma, scrambled toot shock whlch
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was delivered uantil the jump-out response was performed. Most Ss jumped
out before ) mia. of contimuous foot shock was delivered on the first
trial. After jump-out, S was allowed to explore the table top for
20 sec. (rest period) and was thenm placed directly onto the grid
floor of ths shock apparatus through the open lid. Agalm, toot ahock
could be avoldad by psrformirg the jump-out responss withia iU mec.
at'ter placement on the grid t loor. This procedure was repeated for
10 masaed trials. Jump-out occuring lesas tham lU sec. af ter placement
on the shock grid {betore shock onset) was scored as an active avoild-
ance.
Hesults

Passlve avoldance. Table | imdicates the number of 58 1in each

wroup of 30 which showed passive avoldance on the secomd (teatling)
day. Fasslve avoldance 1s defined as {allure to step through 1into
the shock compartment within 150 sec. after placement 1n the vestl-
ile. The chl-square test indicated that roup | (Traiming Only)
showed significantly more passive avoldance than the other Zroups
b < ,U0Ul) while these latter groups did not ditfter.

AcCtive avoldance. Table 2 indlicates the resultsa obtained from
a Nruskai-wWallis one-way analysis of varilamce based on the number ot
active avoldances in sach group of juU. Active avoldance is defined
as a jump-out latency of less than lU sec. recorded !or any of ithe
10 jump-out trials adminlstered to each 3. Each 3 thus had a possible
naximum of 10 active avoldances. EZach group of 30 had a possible

naximum of 300 active avoldamces. Group 1 ( Tralning Omly} showed
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significantly more active avoldance than the other groups (F < .0l).
uroup 2 (Trailaiag + [mmediate KCS) did not differ from Group 3 (No
Training, No KCS) but showed more active avoidance tham Greup & ( ECS
Only.

Uiscusaion

Passive avoidance. The supsrior passive avoldance preiormancs

of aroup 1 (Training Oaly) compared to the other groupas ic comsistent
with results obtained in previcua experimeats and may be explalned

by both the consolidation and conditioned inhibition hypotheses. The
consolidation hypothesls posits that 2C5 adalnistered to Uroup 2
{Training + Immediate #C5) eradicated the meamaory trace lef't by foot
shock tralaing. The comditioned ilnhibition hypothesls that K5 1is a
Js tor uacomscilouspess. 'he apparatus cueeg then becoae a 5 for re-
laxation \a weak form af umconsciousness, which disinhibits the

t reezling response ia the vestibule.

AcCtive avoidance. [t 1s apparent troa a comparisoa of uroup |

i Tralning Omly) with uroup j (No Tralnimg. No BUS; that a slngle toot
shock delivered on the first (training) day sigaificamtly facllitatee
the aguisition of active avolidanos on the second { temting) day. slnce
sroup 2 (Training + [mmediate B(S ) recelved {oot ahock tralning, any
active avoldance deficlt in (roup 2, whan compared to tGroup |l (Traialng
Urly) should be due to the etfects o! HK.5. I'he consolldation hypothe-
sls would posit that the imterior active avoidance per! ormance o:

sroup 2 is due to BlS-induced disrxupticn of the memory trace left

by oot shock on the first (training) day.
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The conditlioned inhibition hypothesis, on the other hand, holds
that the memory trace left oy training toot shock is not eradicated
by #CS. 3ince a single foot shock doas facilitate the acquiasition of
active avoldance 24 hra, af'ter training, proponents at the comdltioned
inhibition hypothesis must explaln why the trace lett by tralming
ahock did mot facilitate the psrtormance ot Lroup 2 (I'raiming +
Immediate HCS).

These resulta can be irterpreted in a manner consisteat with
the comditiomed imhibition hypothesia. ]t has veen assumed that kS
causes relaxation in convulsed 58. Apparatus cues become a S for
re laxation. [t is sherefore possible that convulsed 55 are 80 relaxed
in the shock box that they are not amenable to lurther tralning im
that box. .n other words, EUS (or the combination ot foot shock amd
2(l% ) has produced a depressive effect which inhibits the jump-out
response or, in eflect, ralses shock threshold im convulsed Ss. ['his
relaxation may overcome lacreases 1in actlvity when an sftertiul active
avoldance responses 18 required. uxpearimant 1]l wiii explore thease

posslbllities.



-21_
CHAPTER TII
EXPEHIMENT 11

Expariment L] explores the nature of the etfective tralaing-
w5 interval, particularly in regard to the active avoldance responss.
kvidence cited above lndicatas that passive avoidance parforuance
det'icits in comnvulsed is are attemuated as the trailning-ECS interval
is increased. zxperiment | showed that 2US administered immediately
at ter training caused dl:iclite in active avoldance acquisition.
Active avoidance de:icits should also be attenuated in a systematic
tashlon parallelling passive avoldance as the tralnimg-plsS interval
is increased.

shorover and Schillier { 1966) concluwled that performance deficits
induced by gmhort tralnliag-i3 imtervals ( lU sec. or lesa) were pro-
bably due to RA whils thase seen al ter long training-sECS intervals
were dus to aome other mechaniasm. Lengthening the training kCS inter-
val and comparing the results ot active and passive avoldance may
throw some light upon thnla contention.

The coasolidation-conditionad inhibition controversy will also
ba subjected to rurther study. [he predictions ot the consolidation
hypotheals need no slaboration here. The predictions o! the condliticned
innibition hypotheslis, hosever, are more complex. [t might be assumed
that £33 induces condlitioned relaxation--conditlonad lmcreases in
activity level. As the training-BCS interval is ilncreased, the [S-

IS interval is also incressed. The amoumt of activity ahould thea

decrease as the tyaining-wli latervai: is lacreasad. 58 tralned with
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long trailaing-HCS intervals might actually do more poorly in active
avoidance than those traimed with short imtsrvala. The results ot
Expariment I imdicate that this 1s an unliely outcome since it would
require that sroup 2 \raiming + Immedlate B3 ) would show superior
active avoldance peri ormance.

AltesrRatively, 1t might be assumed that WG3 causes s0 much
relaxation An the ashock box that convulsed Ss are not amenable to
lurther learming there. In that case, as the tralning-BLS (CZ-Us)
interval is lncreased, there should be less conditiomed relaxation
and beitter isarming. Fertormance should lmprove in a systematic ta-
shion paralleling that of pasalve avoldance as the interval is &n-
creased. Again, there would be ro way to discrimimate between the
consclidation amd comditioned inhibltlon hypotheses.

uxperiment Il wlll show that, coatrary tc both hypotheses,
increasses 1R the trainimg-g.5 interval does mot result in systeaatic
improvement in active avoidance pert! ormance paralleling that seem in
passive avoidance.

Methods

subjects, Two hundred and ten of tne mice described 1in kxperiment
I were obtained several weeks tmtore the experimant and housed in the
same RARRSTI .

Apparatus and procedure. he same apparatus was used as that
described im Experiment I except that a hole was cuv in the table
top upon which the step-through rested and the emntire apparatus waas
lowered so that the top of the shock compartment became level with

the table top. The lid o! the shock compartment was unhinged so that
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the entire 1lid could be resoved from the apparstus. These modifications
were introduced ia order to reduce variabllity im jump-out performamos.
The gemeral procedure was the same as that described in Experiment
[. 58 were imtroduced imtc the vestibule om the first (tralsing) day
and step-through latencies were recorded. Af'ter 24 hrs., step-through
latencies were again recorded (testiag) and Ss were given 10 jump-out
trials as described above.
Prior to this general traimiag procedure, 58 were divided imto
7 groups of 30 each:
Group 1 (Training Omly) was a replication of Lroup 1 in Kxper-
imeat ]. 3= were removed to their home cages immediately after
training shock without recelving KCS.
wroup 2 {(Tralming + Immediate BCS) was a replication of Group 2
in Experimsnt 1. S5a ware given iC3 immediately after foot shock
traiming.
aroup 3 (No Traiaing, No H.3 ;) was a replicatiom of uroup J ia
Experimeat 1. 58 were glvem mo ECS or step-through experlence.
LGroup 4 (BWCS Omly,) was a replication of Group 4 in Experimmat
i. 38 received BECS outside the apperatus but no step-through
sxperieace.
Group 5 (Froactive) was designed to test whether the foot shock-
ECS combianation could aftect learming or performance without
causing RA amd without causing comditioring. BCS was therefore

delivered outside the apparatus 15 min. before foot shock traiming

in the step-through.
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hibition. The conditioning interpretation would require a backward
conditlioning paradigm with a US-CS interval of 15 min. This indicatses
that ECS, or the comblnation of KC3-foot shock, is capable of impair-
ing pasaive avoidance by mechanisms othar than those proposed by
either the coasolidation or coaditionsd imhibition hypotheses.

Active avoldance. The results of Experiment I were succesaiully

replicated. A single oot shock was shown to facilitate active avoidance
acquisition 24 hrs. later as evidence by the signi!icant ditference
petween Lroup 1l which recelved toot shock but no ECS and Group 3 which
reacelved no foot ahock nor BUS. Agaln, & singles RCS admlolstered
impediately at ter t oot shock {.roup Z) was shown to slgnificantily

impair the acqulisition ot active avoldance.

The results of uroup 5 { Proactive), Lroup 6 (20 sec. E.5), and
aroup 7 (1 mia, BUCS) require careful coanslderation. Each of these
groups received both toot shock and EC5. E5 ilmpaired the passive
avoidance peri:ormance o! each of these groups. Howsver, oC; had mo
slgniticant effect om active avoldance pertormance in any of these
groupa. Thay did mot ditfer statistically from Group 1 (Tralming
Omly). This suggesats that the lntermedlate amount ot passive avoidance
impalrment ssen in these groups was not due to HA but to some other
mchanlisa. rurthermore, tiwm greater (though nonsigniticant) auaber
o: active avoldances !ouml 1lu these groups as compared to ;roup !
\Training Only) might be explalned if it were assumed that the 58 in
Troups 5, 6, and 7 were more active than normal--more ready to Jjump

in response to toot shock. It would then appear that .l has a dual
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action. At short tralnimg-RCS imtervals as im Croup 2 (Tralming +
Immediate BC3), ECS diarupts the memory trace. At longer intervals,
A5, or the KCS-foot sheck combimation, simply ilncreases activity
leveis. The impaired passive avoldamaos pertormance in uroups 5, 6,
and 7 would then be dus to increased activity. This iaterpretation
is quite similar to that put torward by Chorover and Schiller cited

above .,
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