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. Abstract

.Htppocampal spreadtng depresston (HSD).was‘tnduced in groups
of rats during the precondtttonwng condttioning, or‘testing
phases of a 1atent inhibition paradigm 1nvolv1ng a
Acondtttoned emottonal response (CER) On Test One, alt three
‘expertmental groups prev1ousd§ gtven HSD showed a marKed
1mpa1rment in acquisition qﬁ the CER. .In contrast, two
control groups not-g1ven.HSD showed a relatively htgh degree
of CER acquisitton These resu]ts suggest important
1nvo]vment of the htppocampus in the process of cond1t10n1ng
a CER. A dtsrupted htppocampus pos51b1y leads to 1mpa1red
' conso]1datwon processes durtng tearn1ng trials. -

In addition, the two contro] groups which showed good
acguisition on the first test, were markKedly impatred when
- given HSD'on Test Two, and then showed good recovery on Test
:Three, by which time the effects of HSD had worn off, This
demonstratton of - 1mpa1rment suggests that the HSD 1nterfered
w1th normal h1ppocampa1 function, necessary for performance
The subsequent demonstrat1on of recovery eltmtnates the
alternative explanat1ons of faulty. consolidation and fau]ty

e

that the obtatned impairment is due to either faulty-

retent1on of the aSSOCIatton once siored. It is proposed

retrieval processes caused by the HSD, or to intact
'retrteval processes coupled with faulty behaviour - sequenc1ng,

‘and switching mechanisms.
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I. Introduction
In recent.years the elucidation of thekfunctibn of the
,‘hippocampus has become an tncreasingty.popular target
research, There fs-a‘growing list of hypofheses th%h
implicate the h1ppocampus 1n a wide range of funct1ons.
according to the type of research techn1ques whwch have been
applied. Several approachesvhave been used>ip the attempt tov
discern hippocampal'functton. ranginé frdm gross lesion and
stimblation techniques, to stngte unit recording. From the
.applicationvof'these and cher techniques~has ahisenta
wealth:of data which supports a number of widely divergent
'COnclusions, Such a sitbatiOn is hardly surprising in light
~of the anatomically central pdsition in'the 1imbtc System
wh1ch the h1ppocampus occuples and'the fact that it
receives direct cort1ca1 1nput vta the perfprantwpathWayv

-

from the entorhinal cortex. However in sp1te .of the w1de1y
d1vergent f1nd1ngs, and the breadth of behav1ourat ‘
situations studied, most of the ev1dence to date can be used-
" to support severa] pr1mary hypotheses concerning h1ppocampal
-xiﬁnction; each focussing on a different element of ther
Qlearntng-performance sequence . The exper1ments to be
_descr1bed represent an attempt to prov1de ev1dence wh1ch
supports one or other of these hypotheses, while el1m1nat1ng :
- the rema1nder In ‘order to clea;ly deflne the currently he ld
_Qiews.bn thehfunct1on of the’h1ppocampus, a review of the
pertinent literaturelis proytaed,‘beginning with a~

‘discussion of the hippbeampal electroencephalogram (EEG)



literature.

A. Hippocampal EEG

Much of the injtipl evidence for’the major theories
édhéefning hippocampal functioh has been provided by
attempts to correlafe specific hippocampal EEG patterns wifh
distinct categories of overt behaviour. Perhaps one of the
most ubiquitous and easily obtained smeasure of hippoéampa]
aétivity is the hippocampaT’theta #hythm (Hereafter té be
referred to as simply'theia}L Theta coﬁsists of,slow(
synchronoué,.high-amplitude waves 1n the raﬁge of four to
seven cycles‘per second, and usually'fair1y pré?onged

(Bennett, 19751 According to a review by Kemp and Kaadd -

11975) theta has been thought to correlate with the

fo]lo@ing four ﬁistinct behavioural functions and

act{Vities:

Arousal - Green and'ArdJini (1954) have reported that theta

( was mqst'reliabjy corrg]ated with'cortical ahd
behavioural sjgns of alerting and aréusa].

Orienting response - Grasiyan; LissaK,‘Madarasz, ana_
Donhoffer (1959) measured theta durﬁng the development
of condjtiohed reflexes and reported that theta was
related to movements assbciated with Ihe tonic orienting
behaviour which accompanied the initial stages of

'_ learning.
Discriminatﬁon learning and attention - Adey, Dunlop, and

Hendrix (1960) disagreed with Grastyan et al (1959) and

‘ o



;
maintained fhat‘theta was always accompanied by a state
of alert attentiveness, not spécifica]ly related to
overt orienting movements. Instead, Adey et al (1960)
viewed f?@ha as signifying focussed attention and
concluded.that theta indicated hippocampal involvement
in attention. | ‘

Voluntary movement - Vanderwolf (1369) looked at iheta in
the rat and concluded that theta was not related to |
a1eﬁting or attentive behaviours, but instead was best
corre]atedeith "voluntary’ movements, classified by
Vanderwb]f'to'mean such activities as walking, running,

- sniffing, and rearing, as opposed to ’involuntary’
~movements such as shivering and groohing.

These four conflicting viéwpoints invite the question
of whether they can be resolvéd. The main qUestion‘is
whéther fheté is truly associated wi th attentive behaviOQrs.
and if so do these behavioural stétes of.attentiveness
require concomitant somato-mdfor vojunfary movements in
order to appear correlated with theta?

~This question was addressed by the Kemp and Kaada
review (1975) which looked at behaviour in unrestrained cats.
while recording theta. The categories of behaviour examined
were (1) spontaneous and induced changes in level of arousal
due to sleep and wakefulness and the transition between the
two, (2) 6rient1ng responses in a novel environment, and (3)
motor acts such as wélking, running, drinking, and gﬁooming.'

Increases in arousal, measured by pupil response, degree of



eye openiog, and cortical EEGvdesynchronﬁzation, were
_1nvar1ab1y correlated with increases in, theta In a
' comp]ementary f1nd1ng habituation of arousa] led to
decreased theta. In wak1ng behav1our theta occurred
pr1mar11y durlng tonic orienting responses In contrast,,.
locomotor act1v1ty‘wh1ch was not accompanied by focdssed:
attention was correlated with a marked decrease of theta.
Thus the main conClustpn reached-by Kemp and Kaada1(1975).
was that in catsbtheta_was primarily‘dependent on a state of
alertness. Also'the'fact that theta'was.high for tonic
orienting resoonses provided sdpport for»the Grastyan
hypothesis mentioned above. (
| The conclosion concerning the Vanderwolf h?pothesis was
that it was not supportedt Simple vo]untar& movements Which
were»uoaccompanied'by high arousal or‘attenticeness did not
correlate with theta. Also animals which freeze tn an
attentive'response show theta, indicating that movement 1s

unnecessary for theta to appear. These findings led Kemp and

‘. Kaada (1975) to the fo]low1ng conclusion:

"the underlying factor common to all behaviours
correlated with an increase in htppocampal theta
act1v1ty is arousal and its contro] by attent1ona]
‘ processes involved in ma1nta1n1ng behav1our
‘on-line’ with environmental contingencies. " (p.
’339) | |
- Another attempt to resolve this conflict was reported

by Bennett {1975). He concentrated primarily ubon the



Adey-Grastyan controversy. Both agreed that theta>OCCUPPed
“with attentionallactivities, but Adey also implicated
htppocampal theta in theéfunction of information processing
and memory consolidatian during learniné. As’has been
mentioned{jtnis.disagreement stemmed from the fact that
Grastyan found theta only during the early bart of learning

~ tasks, while Adey found theta throughout training and .
ovef] arning' Bennett (1975) maintained that tne differences
in electrode placeqent by the two research teams were not
l]kely to account for the contrad1ct1ng results. Instead
Bennett concluded that the source ofvthe differences.waebin
the learning tasks emp]eyed by the two groups.and'he set out
to analyse these..Bennett’s’results revealed that the
modality and mode of presentation ef'tne positive stimu]usw
made no difference. However during a complex task, the

‘ appearance of an alerting stimulus prior to the onset of the
. positive stimulus was conre]ated with an increase in theta, ///

/

once aga1n providing evidence that h1ppocampa] theta is //
integrally 1nvo]ved with attent1ona] processes. Bennett a]so
obtained some other qu1te interesting f1nd1ngs in these
injtial 1nvest1gattons, A substantial level of theta was
also found dur1ng non-reinforced or 1ncorrect responses 1n a
d1scr1m1nat1on task Also theta 1ncreased as the sub ject
began to perform better on theatask, stgnified by the
deCrease of incorrect responses;Van-event which presumably

1s correlated with a decreased need to pay as close

attention to the task to perform it well.



These results make a va]uab]e contribution towards
resotv1ng the Adey- Grastyan controversy in that task
' complex1ty accounts for theta appearing only at the
‘,fbegtnn1ng of s1mple ‘tasks, which require only initial l,
- focussed attent]on and throughout more complex tasks, which
requ1re%nore or 1ess continuous attention to st1mu11 |
Bennett’'s conclusion (1975) agrees with that of Kemp and
Kaada (19757} | |

Theta is related to specific processes of attentjon

to’ environmental st1mu11 processes wh1ch the |

hippocampus presumably medtates."f(p. 79)

'Thus-the general conclusion suggested by the research}
reviewed above isﬁthat tasKs requiring attentton to
environmental stimuli are accompanied by theta, wh1]e
well-Tearned tasks, or. those dependent response- produced
cues (propr1ocept1ve) are accompan1ed by h1ppocampal
desynchron1zat1on

Bennett (13975) goes on to specutate that perhaps
species differences are the reason, or, at any rate, one of
the factors, under]y1ng confl1cting results in the
1jterature. He mentions that.theta is normally the dominant
pattern of rats which Vanderwo]f used in his reasearch
while tn cats, used by Adey, Grastyan, and Bennett, theta
and desynchronization appear to be balanced equally,‘and |
‘theta is much more difficult to record; Thisvsuggestion‘of
species differences was originally proposed by Winson (1372)

and has received much support from Bennett’s subsequent



tests, which showed that rat h1ppocampal theta d1d not
reflect attentional processes. This species specific pattern
- of theta correlations is even more strikingly demonstrated
‘tn.prtmates Crowhe and Radcliffe 1975) report 1nterest1ng
results concern1ng the appearance of theta in monkeys
Typ1ca]]y monkeys differ from rats and cats in that they
exh1b1t theta much less frequent]y Furthermore the
happearance of theta 1n,monKeys could not be\correlated to
any of the experimentat‘situations they were able to devise.
These 1nc1uded such thtngs as . alarm1ng the monkey by
'threatentng it w1th an extended pot , and expos1ng the
‘monkey to novel stimuli in var1ous tasK sett1ngs all of
Wthh most likely produced or1ent1ng and attent1onal
'responses. The single 31tuatjon in which theta did appear
was discovered serehdipttously,hin the first few trials of
extinctiohl The strikthg‘thing’about the Crowne and
Radcliffe (1975) results,»though,,is that they supply strong
support for the contention .that species differences must be
taken into account when ana]ys1ng theta correlat1on
ev1dence | |
This then is a brief summary of reported research

‘attempt1ng to correlate theta w1th behavioural events. As
has been.ment1oned, the prime factor in. h1ppocampal theta
appearance is the arousal or attent1on component of
behaviour . The quest1on wh1ch must now be asked concerns the
va]ue of the theta evidence in prov1d1ng further elucidation

of h1ppocampa1 function. The evidence discussed above has

4



‘the major drawback'of‘being only corre]a&ionat and, wh1le
it is anatom1ca11y and phys1olog1cally a2 remote poss1b1l1ty
it is concetvable that (theta is complete]y\spur1ous and does
~ hot relate to h1ppocampal funct1on except pn ‘the most
indirect of ways.'é rrelations cannot d1st1ngu1sh'between‘
cause and effect) hence it is difficult to arrive at
conclusions as to whether theta causes a hippocampal
fuhction to occur, or is merely concom1tant neura] act1v1ty
One way. to attempt to answer th1s problem is to see
what happens to the behav1ours which have been corre]ated to
theta if theta is abo]1shed The last part of Bennett’s
study (1975) deals with this po1nt H1ppocampa1 theta was
abolished by 1ntraper1tonea1 1nJect1on of sc0polam1ne an
‘ant1chol1nergtc drug which has been shown to block : e
hippocampal theta. Stumpf (1965) has shown that scopolamine
hydrobromide blocks theta through its action'on the
pacemaker cells in the med1a1 septal nuc]eus Bennett (1975}
| tested cats and found them behav1ourally un1mpa1red even at
the‘strongest doses of scopolam1ne In add1tton very smal]
doses were shown to have complete]y e]1m1nated theta, yet
per formance rema1ned 1ntact One p01nt which may be stressed
about this study Jds that 1t only prov1des 1nformat1on about
‘the effects of abo]tsh1ng theta on performance not 1earn1ng
. Also scopolamine produces per1phera1 side effect5wwh1ch may:
have confounded the résu]ts.obtained The;e slde effects

1nc1ude pup111ary dilation and blockage of visual

accommodat ion (Goodman & Gilman, 1965), hence the cats”



-impaired performance on visual tasks at high dosages'may
have reflected these perceptuat side effects ‘To control for
“this, Bennett then 1njected scopolamine d]PeCt]y 1nto the |
med1al septal nuc1e1 through cannulae. The an1mals ‘were then
,mon1tored throughout 1earn1ng and performance a11Ke This
techn1que clearly blocked theta and resutts showed that for
. acqu1s1tton and performance drugged animals did not differ
- from contro]s Th1s suggests the rather interesting
conclusion that perhaps theta is unnecessary in the
‘ processes of learnwng and memory. and that it is most likely
not a man1festat1on of an ongoing under]ywng/causal process,
To brtef]y mentton some additional f]nd1ngs bear1ng on
this p01nt severat other researchers have looked at the
necessity of-theta for behaviour Thetr methods include
lesion of the septa] pacemaker site as well as leaving the
ttssue intact. B11atera1 h1ppocampal lesion stud1es (Douglas
& Pribram, 1966: Kimble & Pribram, 1963) found no impairment
of acqu151tton rate on a s1mple two- chotce d1scr1m1nat1on
task. Comptementary»f1nd1ngs tThompson; 1969 showedrno~

retentton deficits for this type of task. Studies oF:this
nature involving the intact hippocampus by Adey et al (1962)
yielded inconclusive results. They reported theta- corre]ated

1mpa1red performance in d1scr1m1nat1on after sub thalam1c

<

‘1e51ons sparing the h1ppocampus but. the general consensus
is that this correlation was spurious, due to motor deficits
resu1t1ng from damag7 to the extrapyram1dal tract, which is

in the area they 1es1oned Thus}tt seems that there is some



support at least for the hypothesis that theta is nOt
essential for tasks requiring attention and brienting.

» One final pertinent area of research to be reviewed
concerns the'wiscovery of which parts of the brain can be
'stimulated”to produce hippocampal theta, and the behav1ouralh
correlates exhibited by subJects exposed: to such
st1mu1at1on L1ndsley and W1]son {1975) prov1ded an account_
of several related studies wh1ch looked at brain stem and
hprtha]ammc systems which could influence hippocampal EEG
acttvity‘anq.overt behaviour. In%tia]ly they reviewed
findings by Anchel and Lindsley (1972 of two distinct
“hypothalamic pathways which, when stimulated, produced
aoppos1te patterns of act1V1ty in the h1ppocampus |
St1mulat10n at 100<Hz in the medial poster1or hypotha]amus
elicited h1ppocampa1 theta, while st1mutat1on in the lateral

°posterlor hypothalamus prodhced h1ppocampa1 desynchrony.
Cryogenic b]ockade_was used to demonstrate that these paths
were anatomically distinct.. | )
A variety of evidence}.inctudihg single unit recording‘
in the septum: led to the cohclusion thatvthese inf]uences
. on the hippocampus are mediated by the septal fornical
afferents. Anchel and Lindsley ceneluded ‘é conclusion.which
has been well supported, that the lateral hypothalam1c
desynchronization system was med1ated by the medial
- forebrain bund]e 'whlle the media] theta produc1ng system
was mediated by the dorsal long1tud1nal fasciculus of

Schutz. Both of these pathways innervate the septum, whtch

ﬂgt
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has been'shown to be the site ot hippocampal theta paCemaRer
influence (Petschef>5tump£, &VGogolaK, 1962 Vinogradova,
18751 . Additional suppor t COmes;from Anchel and. Lindsley’s
own work (1872) on septal s1ngle untt response to e1ther
: lateral or- medtal hypothalamtc stlmulatlon
The d1scoVery/of these two. distinct systems enabled

some qu1te elegant research 1nvolv1ng observat1on of the
| behav1oural correlates accompanytng oppos1te hrppocampal
‘act1v1ty in a var1ety of task. s1tuat1ons (Ltndsley &vWilson,
1975) . WO'pegin with spon(aneous hippocampal.actlvlty was

~correlated with spontaneous and task-orlented béhavtourl :
‘; alike, ahd’then'stimulatedfchangesin hlppocampal activity
Were correlated with overt changes in behaviour In general,
regardtng spontaneous h1ppocampal act1v1ty, it was found
that theta accompanted behav1ours which could be class1f1ed
as alertlng and or1ent1ng behav1ours. which appeared to
' 1nvolve attention-shifting processes wh1le desynchrony
correlated with f1xatlon of posture and gaze 1nd1cat1ng a
process of focussed attent1on Similar fvnd1ngs were
obta1ned when sttmulat1on induced ‘hippocampal rhythms were
studied. Lateral stlmulat1on produced desynchrony which was
accompanied by an abrupt‘assdmption of aﬁffxed}posture and
.rigid gaze straight ahead An COntrast medial st1mulat1on
produced theta and also alerting and orienting: responses
This pattern was even more striking during. an operant tasK
since the animals would suddenly cease to respond when

stimulation was applled and either orlent or become rigid,



_depending on the,system acttvated.'

The implications of these findtngs are quite important.
This preparatidn,vwhich allows the‘re]iable'eticttation of.
either,theta_or deSynchrony in the hippocampus, revealed
‘that theta is specifieati;_correlated‘with hehaViours
s volying attention-shifttng»prpcesses, while desynchrony "
correlates with fecuseed'attention. Re]attng this to the
research'descrﬁhed earlier en thevsignificance ofrtheta} it
provides goddbsupbort for‘those‘studtes‘advocattng an
4 attentton sh1ft1ng role of theta most notably Green ‘and
Ardu;nj (1854) and Grastyan et al ( 959) An 1mportant po1ntﬂ
"must-be emphas1zed here;. however. All af the evidence \
presented still does not preclude therpossibi1ity‘suggested
by Bennett"s‘research (18751, that hippocampal theta iet
simply ‘@ concomitant eQent accompanying behavioural changes,
and not. a causal one.'Certainty theﬁprevious'discusSton df?'
Bennett’s work strongty sdggeste that this is the case.h
‘Unfortunately the”information regarding.the h]ockade of the
hypotha]amwc systems by coo]tng reported by L1nds]ey and
W1lson (1975) does not 1nc1ude any behavioural data so it
s 1mposs1ble to tell whether th1s method of e11m1nat1ng
‘theta reveals a causal nature of theta in behavioural
’change 1t is 1nterest1ng, though that systems which
produce rec1proca1 effects are so well‘elabdrated.

Further indication of the importance of theta comes
from the discerry'of other brain\sites Whieh, when

stimulated, produce hippocampal theta. Green and Arduini
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(1959) prov1ded the basis for this work by report1ng that N
”h1gh frequency st1mulatlon of the brain stem ret1cu1ar
format1on,‘hypotha1amus, 1ntra1am1nar thalam1c nuc]el,
preoptic area, and septum.produeed hippocampa] theta. Other
‘,studieS'have'fotlowed thisiup.and»have.reported areas th.thef
ventromedial midbraih'reticular‘formation, lateral and
antefior hypothatamus,ulaterat preepticwrég1ons amygdala
and 1atehal‘septum which, when stimulated, produce
‘hippocampaﬁ desynchrony. Itpishinteresting,'in light of- the
?tndings of Anchel and'Lindsley (1972), to note. that the
’media]-laterat'distinction found in_the'posterior
hypotha]amus seemslto obtaih for the other areas of the
“brain mos t notably the septum preoptic reglons, and the
thalamus
From theﬁpreceding it can be seen‘that'contfoversy

t.ex1sts concern1ng the 1mpertance of htppocampal theta. On
“hthe one hand behaviour seems to be re]at1ve1y un1mpa1red
when theta is e]1m1hated wh1lé on the other compelling

,evwdence that theta is 1nvo]ved in attention- sh1ft1ng also

‘exists. For th1s reason, no strong conejus1on about theta is
. “possible. Neverthe]ess the’majortty of the evidence |
presentea Tndieates that theta is a neural manifeStafion of
“ongoing funct1ons med1ated by the h1ppocampus Furthermore,
it is 11Ke1y that these funct1ons 1nvo]ve attent1on sh1ft1ng.n
. processes’. . R |

Thus‘far it can be seen that most of the evidence

'concehhing hippocampal theta suggests a role of the
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- hippOCampus in attentional processes 1nclud1ng ortenttng
‘Studtes have also been done in an attempt to provide support
for other theordyes of h1ppocampal funct1on Bennetté:nd
Gottfried (t970v spectftca]]y 1nvest1gated whether theta was
: reltabty correlated with 1nh1b1tton of a previously
reinforced response. Thetr results were negattve however
forcing them to conclude that h1ppocampa1:theta does not
reflect a role of the htppocampus in response 1nh1b1t\o
- These findings are 1nterest1ng and relevant in that .
:st1mu1at1on 1nduced theta has been shown to produce a marked
inhibition of ongoing act1v1ty (L1nds]ey & W1lson 1975). |
| The tact that natural occlrrences of response 1nh1b1t1on
'were not accompan1ed by theta prov1des some addlttonat
support for the hypothes1s that st1mu1at1on wh1ch 1nduced
theta. may also produce the resulttng behavxour sh1fts o
through the act1vat1on of separate processes -not = )
specifically related to theta. However it sttll appears that™
for the most part the h1ppocampal theta . l1térature po1nts to

e

an atténtion- shifting funct1on of - the htppocampus whlle

. 11ttle ev1dence has been found concern1ng spontaneous theta

and response ;ﬁh1b1tton or memory consol1dat1on processes

B Currént Theorles Of Hlppocampal Functlbn

From the precedlng dtscuss1on it can be seen that there
are a‘var1ety of suggesttons as.to the funotion,of the |
.hippocampus,arising,from the\hippooampal EEG literature

Aa]one.’Furthervspeculations concern a]l'aspects of the
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1earning-performan¢e continuum and a}J-havé varying degrees
of support. The'following'is.a summary of the'moét important
of:these theories. B

The Résponse Inhibition Hypothesis

Evidence that .the hippocampus-is involved in a'reSponsg;)/'

¥

inhibitioh’function;is provided by two qute extehgfve’u#
réviéws (Douglas, 1972; lzquierdé, 1975) of the feSU1ts'bf'
;hippocambél desion studies. Hippocémpally lesioned animals'
haVe'been.fand to be‘markédly impaired’in a longllistidf
tasks and abilities fncluding habituation (Leaton, 1965;
Leaton, 1967), extinction ﬁn Cperant conditioning (Isaacsoh, |
| Dopg]aé, &,Moore; 1961;«Niki, 1962; Jarrard, Isaéésonu‘@_-
Wickelgren, 1964; Jarrard & .Isaacson, 1965; Raphe]sdn;"
Isaécson,'&’Douglas; 1966 ; qunson & Isaacson, 1967;.Kimble.
1968) and “in classical conditioning (Niki, 1965), initfa]
| sféges‘of EeversalltasKS, succeSéive'diéCrimihation (Stein &
Kimble, 1966;‘Jarhard'& Lewis, 1967; Hoétetter,& Thomas, "
1967, spohtanééds aftérnation (Roberts, Dembeh: & Brodwick,
1962; Douglas & Isaacson, 1964; Douglas, Pete;son. &7* |
Doug]as; 1973), and other-téSKs‘invbTving active error
reghctioh. Typically hippoCampaf anfmals tend to\peréeyerate
(Peretz, 1965; Niki, 1965; Douglas & Pribram, 1966; Brown, o
Kaufman, &’Maréo, 1969;‘Frénchina_& quwn;}1970) 5ndvbe
 qui§e indi;fraétib]e LWickelgreﬁ\&vIsaacson, 1963;
Hendr ickson & Kimble;‘1957). This.rather-lengthy list of
findings contains a Commbﬁ denominator , naméjybthat 1esipnéd

anima]s seem to be'unab]e to adéqUately change their
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of some ongoing resporse in order for different more
appropr1ate responses to replace them. An important
Complementary finding which supports this pOS1tIOD is that
few studies with lesioned animals have reported much
impairment in performance if the relevant task is one
requiring a simple active response. Kimble (1968) agreed
with this Hypothe;is\epd suggested that instead of being
categorized 2as having a memory deficit, 1esioned animals
typically appear unable to forget earlier responses when
chang1ng contingencies necessitate -such forgetting.

The results of pre-operation tratntng studies are also
relevant to the response inhibition hypothes1s If
h]ppocampal ablatton produces 1mpa1rment in performance-of

tasks ‘learned DFTOP to the ab]at16'fésuch results would

~provide strong support for a performance ro]e,vsuch as

response inhibition, as opposed to a 1earntn§rrole mediated -
by the hippocampus. In fact, such results have been reported
(Jarrard, 1965; Schma Itz & lsaacson, 1966 Isaacson &

Schmaltz, 1968: Schmaltz' & Theios, 1972), suggestmg that

d after learning hss occurred damage to the htppocampus

- produces dramatic performance deficits.

Mediation Of Attention And Orienting Hypothesis}
This approach regards the demonstrated lack of abi]jty

cf lesioned animals to change their behaviour as due to an



inability to attend to the envirqﬁmental changes which
necessitate the behavioural changes Thus an attentional
deficit is postulated, rather than one of response
inhibition. It should be noted that a result of impaired
performance does not allow one'to>distinguish between these
two alternatives, since either would §8ffice to impairoz

performance.

The origins of this approach are found in the work ofN\“/

Douglas (1972) who suggested that the hippocampus played an
attentional role in tuning out non- reinforCing stimulation
According to this hypothesis lesioned animals would be
unable to distinguish between reinforCing and |
non-reinforcing stimulation which impinged upon them hence
| they would not exhibit behaVioural changes when previously
reinfOrcing stimuli lost their reinforcing. properties. This

would provide an explanation couched in attentiOhal terms

for the lack of extinction and habituation, and also for the

presence of other characteristics which demonstrate impaired
' performance, such as perseveration and indistractibility

| This early hypotheSis has been recently reViewed and
reVised by Solomon and Moore (1975) and their assoc1ates
Basgcally they agree with Douglas (1972) except that they

prefer to divide the category of non- reinforCing stimulation

into sub- categories of,redundant and irrelevant stimulation.

Two experimental paradigms, blocking and latent inhibition,
were then studied by Solomon (1977) and Solomon and Moore

(1975l which ‘test both these sub- categories

j

l
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Latent inhibition refers to the phenomenon in which
noh-reinforced pre-exposure to the conditioned stimulus (CS)
retards subsequent conditioning to the CS when it becomes
paired to the unconditioped stimulus (UCS). (For a 'more
extensive review ot latent inhibition findings see Weiss and
Brown (1973).) In this case the stimulus is irrelevant to
the subject during the pre-eXposurel(or pre-conditioning)
phase eince it signelq Nno consequence. However when les1oned
animals are tested in a latent inhibition parad1gm they do
not show ‘any latent inhibition effect (Ack1l Me]]gren,

“Halgren, & Frommer, 1969' McFarland, Kostas & Drew 1978) .
In-other words, it is as if the pre- cond1t1on1ng had never.
ocCurred. ,

The blocking paradigm neatly tests the category of
redundant stimuli. B]oeking refers to the fact that when
given a rewarded compound stimulus (AX), consisting of a
novel element (X) and a prev1ous]y condi tioned e]ement (A),
(preferably matched for sal1ence) learning about the novel
stimulus is inhibited. In this case, the association formed

with the familiar stimulus is said to block the formation of

1

‘an association with the novel stimulus. (For a review on

Q

blocking and some theoretical models of blocking see.

Mackintosh (1975).) Thus the novel element of the rewarded

/QmeHHd stTmuTUs is redundant, in that it-si Is no new

— / | .
1nformat1on since the subject is already achieving optimal
reward. As with latent inhibition, lesioned animals do hot_ o

i

show the same results as normals. In blocking lesioned
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animals show no impairment ih learning about the novel, or
redundant, stimulus, ie. they do not show bi;cking (Solomon,
1977;-Rickert, Bennett, Lane & French, 1978). Ahbintereétjng
complementary study was'also‘reported,by Solomon (1977);H
Conditioned inhibition‘anO]ves Iearning’to respoﬁd to a
single stimulus (A), but to stpress responses whenfgiven a
compound StimU]us (AX). In thisgtask, which; although it
involves response suppréssjon, does not rquirehahy tuning
out of tﬁe stimuli toAproduée a normal résulf, lesioned
animaTs~and nérmals do hot_differ.Thié direct test between
response'inhibition and atténtiona] deficits provides
additional subport for the attention.theory} |
Thus in these specific paradigms it appears thaf
f1'1oned animals lack an adequate mechan1sm for determ1n1ng
‘whether a st1mu1us is s1gn1f1cant to its wel] being, or
whether it can safely ignore it. More support for this
_'attent1ona1 hypothesis comes from the previously discussed °
hippocampal EEG literature, for it will be remembered that
the bgbrently accepted conc1ﬁsion is that theta manifests an
'atténtive_state, although it sth]d beﬁremembered that a
final conclusiﬁn as to the significance of theta itself is
j" still not évai]éble.
Learhing Hypothesis
A variety of other types of studies, support the
contention that the hippocampus’is involved in the learning
aspect. of the learning-performance continuu%, épécifica]]y

in the initial attention to the stimulus contingencies.

\\\¥\\\\ - .
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Chemical changes, particularly those involving RNA synthési§
and protein synthesis increases, have been shown to occur in
the hippécampus during 1earniﬁg (Hyden & Lange, 1968: Hyden
& Lande, 1970). Nasello and Izquierdo (1969) fand.that RNA
syntﬁesis increased exciusive]y'in tﬁe hfppocampUS'after 05
minutes of two-way avoidance conditioning. Bowman_and
Strobel (1969) found a similar:ﬁncrease following spétia]
maze discrimination tasks in rats. In follow-up studfeﬁ, the
.question of whether inhibition of RNA synthesi§ by drug |
ihjection caused impaired learning was eXamined! Initial
results (Naﬁéjima, 1969).§uggested that this:was the'case,'
but further research (Nakajima, 1973; Gattoni & Izquierdo,
1973) 1edvio the conclusion that caution fs necessary,in.
altributing these results to RNA effects and hot drugﬂ'
effects.

The recent work on longftérm potentiation (LTP) (Bliss
&‘Loho, 1973, Bliss & Gardner-Medwin, 1873, Alger & Teyler,
1976, Douglas, 1977; McNaughton, Douglas, & Goddardl 1978)
in hfppocampa] neurons may also apply to_ihis learning
hypbthesis, although indirectly. TheSe findings are |
particulér]y interesting iﬁ that long-term changes, like
those wHicﬁ presumably must uhder1y the process of leérning;
have been shown to occur in the hippocampus but have not
been located elsewhere to nearly the same extent. |

Two studies looking at conditioning-induced responses
in hiprcampal single unité are also relevant. Hirsch (1973)

used a'latent ihhibition_paradigm and found that responses
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of eing]e uhits in CAt1, CA2, and CA3, most 11Ke1y pyram1da1
- cells, to the CS were established more slowly for groups
which exper1enced ]ong_pre-cond1t1on1ng sessions, a finding
whtch parallels the behavioural evidence ter.normal anima]s:
Thus the latent inhibition effeét ié‘foundkﬁn\single units
within the hippocampus. A sihitar study was reported by
Segal and 01ds (1972), who looked at initial _
pseudo-eondftioning of CAJ[ bAZ, and CA3 units with two
tdnes follewed by eUbsequeht’feod pe]let cohditienipg‘to
ehﬂy one of the tones. During peeudo-conditionihg few
hippocampal units responded.'During condttioning a
conditioned response. to the CS+ was established, while units
showed no conditiohtng.to the other tohel Fina]]y Hirano,A
Best and Olds (1970) Tookgd at unit responses of CA1 and CA3
pyramtda] cells during novel;stimUIUS'habituation4
discrimihat%on cond{tioning, and extinction, and found no
| releted unit reeponses during habituation, marked
.conditiontng of unit responsee durihg cenditioning, and é
response’ decline durihg extihction Interest1ng1y the final
response leve] after extinction had been completed was
h1gher than or1g1na1 baseline rates before cond1t1on1ng,
wh1ch suggests that the or1g1na1 assoc1at1ons remain in 2
latent form . ;

These three studies, along with the‘LTP.éhd RNA ‘
evidence, clearly point to a learning roleutor the
hippoeampus, sbeéifica]ly one concerned-with true

.conditioning, as opposed to pseudoconditioning. This is



'puéz]ing in 1ight of the eVidence-cited earlier which
Cimplicates the hippocampus in a systeh dealiné'with
hon—reinforeing.stimuletien.
Memory Funct1on Hypothe31s

The eV1dence concern1ng h1ppocampa1 1nvolvement in
‘memory functions can mos t conven1ent1y be d1v1ded 1nto two‘
‘main areds. Since a memory problem is 1nferhed from an
obtained‘result ofbihpéired-perfoﬁﬁaﬁCe it is impossibie to
distinguish between under]ying problems with consolidation
(ie. the.ihfermatidn no longer exists), or retrieVal (ie.
the iﬁﬁpﬁmation still exists but cannot bé thained from its
place of stohage).'ThUS'tHe evidence to bé reviewed aeplies
to one or the other, or both of these a]ternat1ves within’
the broad rubr1c of memory function.

- Some theta evidence is relevant at this point.
Landfield, McGaugh, and Tusa (1972) found that the amount of
- theta correiated highly with the degree-of retention of a
passive?avoidance task. Animals which showed good}retention.
a]so-showed high levels of-fheta_during performanee. As
well, they showed the ﬁoet theta suggeSting that- ﬂ
consolidation processes and hlppocampal theta were re]ated

It is with the memory consol1datlon hypothes1s that the
human cJ1n1ea] evidence is mos t close]y aligned. Scoville
and Milner (1957) ard Penfield and Milner (1958) reported
that pat1ents with h1ppocampa1 damage were 1ncapable of

reta1n1ng 1nformat1on past the span of the1r short term

- memory. These fwndungs led them to make two conclusions:
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1. Consoiidation or storage ocours in the hippocampus .
?. Consolidation of information strengthens_over time;‘and
the consolidation process 1is highly vulnerable to
. distuption_immedia{eiy'foilowing learning.

I't should be pointed out,,however, that these
conclusions are subject to. serious criticism As\Izquiefdo
(1975) pOinted out, .the results ‘upon which these conc1u5ions
were based were obtained from patients with ieSions which |
‘were, first, not large enough to constitute true"hippocampai
abiation,'and second, associated uith other brain )
structures. These facts suggest therefore, that to
attribute these impairments of consolidation soie]y to
damage of the hippocampus is not Justified

Subsequent studies deSigned to test this proposal of
time- dependent disruption of consoiidation have been
corducted. Avis and Carlton (1968) and Hughes (1968) |
-‘emoioyed retnograde amnesia designs using hippocampal
. 'spreading depression as the disruoting adenti,Both studies
employed a design reported by Carlton and Vogel (1967)
invoiVing a conditioned emotional response (CER), and tound
that when hippocampal spreading depreSSion was -induced 24
hours after a learning trial and subjects were tested four
days hence, amnesia resulted. Tests at 21 days following
depression, though, demonstrated bartiai,retention, ’
suggesting‘that retrieval mechanisms, not consolidation
problems, might be at fault. Further study, (Kapp, 1971)

showed that rats given hippocampal spreading depreSsion”teni
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seconds after conditibning showed permanently impaired
retention, indicating a consolidation problem.vHowever rats
given hippocampaH spreeding depression at 24 or 72 hours
after learning were'amnestcbwhenttested four days later but
‘showed recovery if.tested 21 days later. Kapp (1971) °
interpreted these results aS‘indicattng that initial
disruption of hippocanbal'activity immediately fotlowing
]earning; impaired consolidation proceSses‘ while disruption
occurring at a longer post-]earntng 1nterval caused on]y a
temporary 1mpa1rment of retrieval processes.

Finally, as menttoned prev1ou§1y,(the pre-operation
]earntng evidence also suggests:e‘retrievat deficit, as
opposed - to one' of censolidation, since ‘learning has been
given amp]e.time\toibecome consolidatee in these

experiments.

c. Spreading_Depression As A Means Of Produeing Reversible
Lesions

One means of produc1ng a rellable temporary dlsrupt1on ‘
of the act1v1ty of the neurons W1th1n an area is to induce
spread1ng depress1on (D). This phenomenon was first
reported by Leao (1944) whe_stUQied‘itsvoccur[ence in the
cerebra] cortex, as have most of the reeearchers who nave
subsequently studied the effectt (For exee1lent reviews of
the phenomenon of SD see Marshall (1959) and Ochs (1962).)
The(presence of Certicel SD (CSD} is manifested in-a |

sequential depression of spontaneous EEG activity recorded
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from electrodes located at %ncreasing distances from the
site of SD ihitiatjon (Ochs; 1962 Leeo, 1944) . The typical
rate of spread is quite elow, about two ‘to sfx.millimeters
per mindte. Stimuldtien can be‘achieved by a'variety of
agehts; meehanical.(Zachabd&-Zacharova, 1961), heat and
ultrasonic radiation (Ueda,‘Bures,-& Fisher, 1976), cooling,;
" (Zacharova & Zechar}}1961)} electrieal stimutation (Van
‘Harreveld &'Stdhm, 1851, Marehal], 18959), and app]jcefion of
chemical agents inc]udfng ammon i um chloride and calcium
chloride (Ochs, 1962),'g1utamine.'asparagihe, and aspaftjc
acid (Van Harreveld, 1966; DoCarmo & Leao, 1972; Fifkova &
_‘.Van Harreveld, 1974), and G-strdphantine'(danebovq, 1968) .
Typically . though, MOst researchers use pdtaSSium chloride
(KC11), e1ther crysta]s or in so]ut1on, to elicit SD. After
stimulation the EEG record d1m1n1shes in amplitude and
remains depressed for a per1od wh1ch depends on the
intensity and type of eliciting agent employed.'ln ‘most
‘cases this'period.fs‘on the order of one half hour to one
hdur:'a]thdugh much 1onger durations have been reported‘
(Leae,‘1944; Van Harreveid & Stamm, 1951). Othef~change&
accdmpanying SD include a drastic increase'in tissue
impedance }Van Harreveld & Ochs, 1957; Hoffman & Clark,
1973), marked vasodilation in the affected area (Leao,
_1944b; Buresova, 1957), a‘significant_swe1]ing ef the apical
dendrites (Van Harreveld, 1958; Van Harreveld & Khattab,
1967), and 1nh1b1t1on of protein synthes1s (RuseéK,'1964;
Bennett & Edelman, 1969) |
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SD has been demonstrated in a number of dtfferent
tissue areas, in vivo and in VItPo alike. Subcort1cal‘
structures 1n which it has been d1scovered lnclude rat
: hipoOCampus (Wetss}& FifKkova, 1960l rat caudate nucleus

‘(Bures; Hartman, & Lukyanova,v1967)¢ and catf1sh cerebellum
-(Nicholson & Craig, 1975). It has also been found ln other
areas such as the retina of var1ous vertebrate spec1es
(Gouras, '1858; Van Harreveld & Fifkova, 1970; Ramos 1975)
and brain tissue cultures ofvneuronal and glial cells
together and glial cells alone (Walker, 1972).

It should b%lnent1oned that h1ppocampal SD (HSD)'tends
to reliably 1nduce seizure-1like, high- amplltude synchronous
sptke d1scharge, e1ther singly or in bursts, as well as
periods of depressed h1opocampal EEG act1v1tyv(Grossman &
Mount ford, 1964; Kapp,‘197l).'Hence HSD is perhaps more
proper ly referred to as non-specific hippocampal disruptton_
in some_cases,’since,depression and sptke trains seem to be
1ncompat1ble N

Although there has been a large.amount of. speculatlon
on the physjologlcal mechanism underlying SD, currently two
major variants of the same theory are most common ly
accepted. The basic hypothesis.upon which these two variants
are based is that the initial st1mulus causes intense local
neuronal act1v1ty Wthh leads to the release of some
cellular agent in large quantlttes Th1s agent then d1ffuses
to ne1ghbour1ng cells and excites them causing them to. flre

in turn and release further amounts of this agent, thus
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. continuing the cycle. The two variants differ only in the
candidate which they phopose-for the released e]ement.

o ;I 1956 Grafstein proposed that potassium ions (K+)
were the re]eased substance, since K+ is known to be
released by 1ntense neuronalafihtng (Brinley, Kandet, &
Mabsha]t, 1960) and also Known to have a depolarizing effect
of its own. Thts'hypothesis hae reoeiQed a 1ahge meaSUre.of
suppohttng evidence from subsequentffeseafch,»phimari]y
' concerned with measurino extracellular K+ levels during CSD.

A large proportion of these experiments have-confirmed that

y‘gr K+ levels rise dur1ng CSD (Pr1nce Lux,'&

j Mayevsky, Zeuthen & Chance 1974 H]gash1da
;Watanabe 1974, Sugaya Takato & Noda, 1875),
f;econd varlant proposes glutamate as the d1ffus1ng
;ﬁe chief. proponent of the glutamate hypothee1s 1s ;
§>ve1d (1959 1966 ) . The propertles of glutamate,b
flfhat it is a depolar1z1ng transmitter, and can
'depotkfize pre-synaptic and post-synaptiC’membranes alike
(Free:J , 1976, provide support for the glutamate
hypothesﬁs. So does the fact that g]utamate can re]1ab]y
elicit}SD (- an Harreveld 1959; Trury & Feher 1971; Ramos,
1975). Also g]utamate has been shown to be released during
SD (Van Harreveld & Kooiman, 1965; Van Harreveld & Fifkova,
1970). The resolUtion of these two hypotheses reouires

fur ther earch, but it is generally conc luded that the

‘mechanisiilinvolved is one of diffusion of a released "

depolarr - agent .
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Elucidation of the under1y1ng mechan1sm
notwithstanding, SD provides qu1te an elegant means\ef
produc1ng a reversible 1es1on or ablat1on\1n the
hippocampus. Recoyery-of the EEG record can be re]tab]y o
-’demonstrated (Kabp,'t971).'For‘thts reason it is empleyed‘ih
the current experiment, since-it'affords two main
advantages The first is that it 1s temporary, al]ow1ng
subjects to be depressed at certa1n times, yet_norma].at
othersr The second is that it allows recoveryvof impaired

berformance to be demonstrated'wighin relatively short

periods of time.

D. Statement Of The Problem

One can vtew the latent inhibition’paradigm as
‘,cohststtngvof three phases, a pre-eonditiohing,
eenditioning, and testing phase. Thus the differencelbetween |
norma | ahima]s, which show.]atent ihhibition and 1esioned‘
antmals, wh1ch do not, must lie in the fact that during one
of these three phases an intact h1ppocampus is cruc1a] for A
latent inhibition to‘occur. Of course it is also Poss1b1e
" that an ihtact hippocampus mdStvbe.present during two or .
even all three of theseaphases;‘bht it is certain that
t_during'at least one bhase an intact hippocampds‘is
,'hecessary ) t |
. Pr1or to th1s t1me, the maJortty of attempts to spe01fy
- the ro]e of the htppocampus have treated the :

- learning-performance sequence as a unified process. For
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example lesion studies inuo]ve an experimentai manipulation
prior to the learning- performance sequence, while |
consoiidation disruption’ experiments 1ook'at~processeS”uhich,
- occur after 1earning; This experiment regarded the
| ]earning~performance sequencepas three separate phasesf The
first two phases, the preconditioningvand the conditioning
 phase, formed the,learning eiement, while the last phase,
the testing phase formed the performance’eiement HSD ‘was
employed to produce rever51b1e disruptions of hippocampal
activity in different groups during different phases of the
latent inhibition paradigm The temporary nature of the
ydisruption then ai]owed the groups to be run through |
subsequent phases with unimpaired hippocampal function. In
‘lthis way the effect of a disrupted hippocampus during a
_Single phase could be studied since the hippocampus was
norma 1 during the remaining phase or phases

One of the va]uabie consequences of this approach was
| -that it allowed conc]u51ons to be drawn regarding the need
for .an intact hippocampus to be presenb during 1earn1ng or
,performance or both and hence regarding the attention,
learning, ‘and response 1nh1b1t10n hypotheses of hippocampal‘
functton. For example if a normal latent inhibition result
were obtained for subJects which had been given HSD during
the preconditioning phase,’it could be concluded, that the
hippocampus being'intact iS"not_ainecessary condition for
~ the subject to pay attention'to the irreieVant

preconditioning stimulus. Such a. finding would seriously
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ﬂndermine the attention hypothesis. Similarly a f1nd1ng that

d1srupt1ng the h]ppocampus during testing had no effect on

performance levels obtained from earlier tests without HSD
would seriously undermine the response inhibition theory. -

Thus the experiment presented here was designéd to discover

when in the latent inhibition paradigm an, intact hippocampus

is most necessary to produce thgénorma] result of latent

inhibition.

E. Exper1menta1 Des1gn And Resu1t1ng Pred1ct1ons

The exper1ment to be descr ibed 1nvotved five groups
Two standard latent inhibition experiment groups, 'the first,
a latent inhibition group (L1), which received
pre-cond1tioning, and" the second, a latent inhibition
control (LIC), '‘which did not, were run to ascertain Whether
the experiment was effective in producing‘thef%ateht
inhibition effect. In addition, three mora grdbég were run.

One (PSD) received HSD during the pre- conditioning phase 1n

order to test the effect of a disrupted hippocampus during:

pre- cond1t1on1ng. The,second (LSD) received HSD during only

the condi ts phase to test for the effect of a disrupted

'hlppocampus durtng 1earn1ng The last group (PLSD) received

HSD during pre-conditioning and‘conditioning alike. This
group was 1nc1uded to emulate the 1es1on groud§ in the

literature, to prov1de a control whlch wou]d allow the

) conc]us1on that HSD and lesions were qual1tat1ve1y similar.

Tab]e la provides a summary of the experiménta} design.



TABLE 1a. Summary of Experimental Design.
This table provides a summary of the trials
- on which a given group or subgroup is
exposed to HSD. Note that results for Test
One are based on a group size of 8 subjects,
since there is no difference. between the
subgroups on this test. However, Test Two
and Test Three results are based on a group
N of 4. A more elaborate description of this
design is provided in the introduction
under Section E.

SYMBOLS

- Trial consists of no tone and no HSD.
-0 Trial consists of tone but no HSD.

XK Trial consists of tone and HSD.

'
o

A

TABLE .1b. Expected Pattern of Results
According to the Attention, Learning, and
Response Inhibition Hypotheses. _
Note for the first two hypotheses no change
is expected over the three tests, although
the pattern for Test One is different
between groups.

SYMBOLS

L - Low Suppression Expected.

H - High Suppression Expected.
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A1l groups; then, were al]owed‘to pérform during the
first test w{thout the influence of HSD. Following Test One,
all groups were divided in half, and‘hal; were then
subjected to HSD for Test Two. On Test Three the same»
Conditfons‘as TeSt:dne prevailed, that ié, hd'subjects were
under the influence of HSD. This paft ofithe deéign allowed
the study of the effects of a disrupfed hippocampus .during
- performance. If subjects, which demonstrated good
pérformance on'Test One, subsequent]y were impaired on Test
Two under HSD, this would strqngiy 5uggést important_
hippocampal jnvolvement during performance. |

It can be seen that the groups described above allowed
some specific predictions to be made. Group LIC was expected
to show the highest level of performance on Test One. Group
PLSD was also expected po’show a high ]evel'of perfﬁrmance,'
since this group was expected to show results similar to
lesion groups 1nathe literature, ie. no latent inhibition.
Groub LI was expected to show a low 1eve1vof perfofmanCe on
Test Ohe,.indicating that latent ihhibition had occurred.

According‘to the various hypOtheses-of hippocampal
function butlined above,'different pfedicfions could be made
for the results for groups PSD, LSD, and PLSD. -For each of
these hypotheses, a different pattern of results for each
group}woulq be predicted. To clarify the application of
theée preéﬁctions,-they;were made on the'assumption that
each hypothesis would app]yAto only one phése of the

e;periment. Thus, for example, where the attention to
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irrelevant stimuli hypothesis is concerned, HSD given‘during
the conditionrng,phase, in which the stimulus is no 1ongee
irrelevant, is assumed to have no effect. Similarly any HSD
given before Test Two wou]d be assumed to have no effect
where Hszesponse 1nh1b1t1on hypothesis is concerned.

The attent1on hypothesis would predict that any group
- subjected to HSD dur1ng the precond1t1on1ng phase would be
unable to properly mon1tor the irrelevant st1mu1us hence
they would be expected to show no latent inhibition, as 1f
precond1t1on1ng had never occurred Such an expectat1on
app]1es to groups PSD and PLSD, while group LSD would be
expected to exhibit ]atent 1nh1b1t1on _s1nce attent1on to |
the 1rrelevant st1mulus would be un1mpa1red for this group.

In contrast the Iearn1ng hypothes1s of h1ppocampa]
funct1on would predict that any group given HSD during
cond1t1on1ng would be impaired in the CER cond1t10n1ng and
hence would exhibit little suppre551on of ]1CK1ng HSD
dur1ng preconditioning should then have no effect. Therefore
the prediction is that groups LSD and PLSD would show little
1earn1ng due to impaired CER conditioning, while PSD wou 1d
also show little learning, presumably due to the occurrence
of normal latent. inhibition. ‘

Lastly, the response inhibition hypothesis‘would
predict that any administration of HSD prior to actual
testing would have no effect on performance levels Thus
this hypothesis would predict that normal latent 1nh1b1t1on

would occur on Test One for all groups except LIC the
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‘1atent'inhibition control group. HQweQer, as far as Test Two
~is concerned, the hypothesisAwou]d predict that every
sgbject which did show a high level of lick suppreééfon on
Tegt One, and was subsequent 1y given HSD on Test Two, wou]d
show a dramatic 1mpairment of Iick'sUppreséionR which woﬁ]d
recover.when,tested‘when the effecté of HSD had worn off, on
vTeSt Three. Table 1b;provides a summary of?these pfedictions

according to each hypothesis.



1I. Method
'
A. Subjécts
« w _ .

The subjects were 40 ma]e'a]bino rats, of the
SpragueidaWIey strain; weighing apprbximate]y 450 grams when
surgery began. The subjects were obtained‘from the
UniVerstty of Alberta Experfmental‘Animal Co]ony at
E]]erslie, Alberta,.and were naive at the start of the
experiment.

‘All subjects-were housed individually on a 12 hour
Tight dark cycie inda temperature controlled room adjacent
to the room in wh1ch the exper1ment was performed SubJects
were perm1tted ad libitum food and water until the
experiment began at which time the water ‘was remdved from'
the home cages and was only ava11ab1e in a segarate cage
1mmed1ate1y after each trial. After the first 51x days water.
was also ava11able in the test1ng chamber to allow the
dependent measure of time taKen to lick to be obtained.

Subjects were randomly divided into five groups of
- eight subjects after all had recetved 1denticaljh1ppo¢ampal
eurgical imblants.vNo‘subjects died prematuretywduring the

experiment.
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B.. Apparatus

dThe trainingnand testing apparatus consisted:of two
ideniical 11 inch squareiplexig]as boxes, 11 -inches wide, 11
inches deep, and 11 inches high with no ceilings. Each box
contained a h1nged section of the front wall, and a grid
floor of sta1n1ess steel rods 1/4 inch in d1ameter placed
. o:e centqmeter apart. The boxes also contained a hole for a
removable drinking tube in the. lower 1eft7wa]1. The 1ackbof
oeiiﬁngs uas to allow maximum movement of the cables and
: tubes, to}which the subject was attatohed.
| Each Plexiglas boxv(test1ng box) was housed§1n a
sound- attenuat1ng chamber 3 1/2 feet on a side, wh1ch
opened from the front ‘and contalned a small one-way. glass?
w1ndow 1nset in ‘the door to a]low observation of a subJect
dur1ng a tr1al Each chamber was illuminated by a single 40
watt 1ight bulb situated in the upper right front corner.
Each chamber also oontainedua'small loudspeaker in the upper
'right rear corner. The roof of each chamber conta1ned a
small hole to accommodate the EEG cab]e and injection tubes
whlch were attatched- to the subJect )

A1 st1mulus presentat1ons and measurements of number
of licks per tr1a} and licking time were accomplished with'
electromechanical devices. The chamber loudspeakers were
~connected to timers and.two Hew]etf-Packard osoillators to
allow a 1000 Hz tone with an 1ntens1ty of 75 dB, measured

inside the testlng boxes, to be del1vered at the appropr1ate

time. The tone could be ma1nta1ned for any 1ength of time,
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a]though until the testlng phase of the exper1ment all tone
presentations were ten seconds long. A series of_reTays and
| ‘a 16 mm film drive apparatus were employed to deliver the
initfal pre-condition}ng stimulus at random intervals.
| A 1ickometer.consi$ting of evcapacitance-operafed,
switch connected via relaye to mechanical counters was used
obtaih'licking rate measurements.

A.ohe milliampere footshock, one second in duration,
was delivehed via the grid floor of the testing box, using a
constant-curreht’shocK generator of the type despribed by
Bintz (1970} . |

A Beckman Type R Dynograph equ1pped w1th four pens,v
one for each record and a Grass AC Preamp11f1er (PS11
Seriee) Using a‘hélf-amp11tude bandwidth of 10 Hz to 100 .
Hz, were emp]oyed to obta1n cqrt1ca1 and h1ppocampa1 EEG

X <
i . .
’( .

'records

C. Training And Testing Procedures .

- Training involved cond1t1on1ng a CER using a modi f ied
vers1on of the procedures emp loyed by Carlton and Vogel
(1967). | -

PPeconditionfhg - Daysr1-6. Eech day all subjeéts
received a ten minute trial in the testing box. During_these'
tria]s. all subjects, wifh fhe eXceptien of greup LIC,
received ten presentations of the preconditioning stimulus
which were non-reinforced. The prése”tatiO”S.OCCUffed-at

random intervals, so that a VI-1 min. schedule was achieved.
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'Thus only group LIC received No preconditioning, although it
did receive identical.treatment otherwise. ”.

“Water Tube FamiliariZation‘— Day 7-8. On days seven and
eight drinking tubes were placed in the testing boxes and
each subJect was given one daily trial to fam1l1ar1ze 1tself‘
w1th the dr1nK1ng tube and to prOV1de a base11ne measurement‘
 of dr1nk1ng rate. For each subject the time taken to make
110 licks at the tube was measured on both days. Times for .
the 1ast ten licks were also taken separately Thus the
‘amount of time each . subJect spent in the test1ng box on each
;day was determ1ned by the 11ck1ng rate for that sub ject.
| Condltlon/ng - Day 9. 0On day nine each subject
;underwent one-trial CER cond1tioning in the test box. After
an'inttial 30 seconds of»]iCKing at the drinkihg tube the
tone was preeented’tor ten eéconds. At the completion of -the
tone a one milliampere footshock was.delivered through the
grid floor of the testing hox. Eo]lowihg this the éubjeCt
.'was nemoved |

Testlng - Days 10'14 Days ‘ten to 15 were the Test
days, Each subject was tested Oonce a day.- Tests con51sted of
‘the‘follow1ng procedure Each subJect was placed in the - -
testing box and a]]owed to lick at the dran1ng tube. After
100 Ticks had been’ completed the tone was ‘presented and
remained on until the subJect had completed ten add1t1ona1
_l1cks The time taken to complete the ten licks was
measured, up to a maximum of 300 seconds. If the ten licks -

had not been completed by 300 seconds the subject was



removed from,the testing box and the tone was turned off.

Wafeh Trafning. For all subjects cn all days,
~immediately fo]lowing“the déi]y trial in the testing bcﬁ
.the subJect was removed from the testing box and given a ten
minute period in a dr1nklng cage with a water tube at the
'syde tc fam111ar1ze the subJects.w1th drinking from the side '
of a cage; and also to prov1de da11y water in a restr1cted \
time period: Follow1ng this each subJect was then we1ghed |
and replaced in its home cage Hence water was, only
ava1]ab1eﬁ&h the,test box and/oh drinking cage throughout
the experiment. |

HSD ScheduleliAn account cf‘which groups received HSD
during the experiment hae elready been crovided (see Tab1e ‘
1), but will be briefly reviewed. Duringjdays one to six
groups PSD and PLSD received HSD prich to and during the
trial. On daysveeven‘and eightAnQne of‘the grdups received
HSD. On day nine groups LSD and PLSD receiVed HSD prior to
and during the trial. On day 11, Test Two, ha]f,of'eech
-ghoup receiyed HZ%. On day j4, Test Fddr,‘subgboup'LIC wi th
HSD received HSD prior to the fest Continuous EEG records
of bilateral cort1ca1 and. h1ppocampal act1v1ty were takén

dur1ng any tr1a1 in wh1ch the subJect was given HSD.

D. Preparation Of Electrodes
Cortical Electrodes
- The cortical EEG electrodes were slot-head stainless -

steel screws with a diameter of one millimeter. An insulated-

-
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Ted,'using stainless steel soner to the side
;SF each screw, taking care to avo1d 1ntroduc1ng

the sTot of the screw The other end of the lead'

{aTastic AmphenoT plug strip. To avoid conflusion:
birgery, Teads,of diffefent colours were used. .

i}] Outer Cannulae : | ’ .
: ?ippocampaT'outer cannulae, which also served to‘

‘record h ,pocampaT EEG'activtty, were constructed from 21

guage stainless steel tub1ng cut to Tengths of approx1mately

‘20 milli ‘krs. The ends were then smoothed and cTeaned out

to aTTow;':atftructed 1nsert1on of the inner cannulae. An
| insulatedyTead was then soldered to ‘the. m1ddTe of each outer
- cannula barreT The ends of the leads were then . soldered to
' tfema]e Ampheno p1ns | |
, InsuTat1on of each cannula was accompT1shed by sTowTy
~ lowering it 1nto Insu]ex 1nsulat1ng material to a depth of
about ten m11]1meters and then sTowTy remov1ﬁ/\%t Each |
cannuTa was then left to dry overn1ght The next day the
1nsu1at1on was scraped from the tip to a dlstance of 1/2
m1111meter with a scalpel. The 1nsuTat1on rema1n1ng was then
tested for breaks by pa551ng the barrel through a wire loop
conta1n1ng a film of sa11ne solution wh1ch'was connected to
~an ohmmeter.‘DefTections of the ohmmeter needle indicated a
break in the insulation and the faulty barrel was then

redipped and retested. Electrodes were then Stored_untiT

just prior to surgery at Which time they were placed, in a
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,bath of Savlon Germ1c1da1 so]ut1on
'Inner Cannu]ae o |

The inner cannulae were made from 27 guage sta1nless
steel tub1ng, obtained from 27 guage sta1n1ess steel syringe
| needles wh1ch were 1 1/4° 1nphes in length. 27 guage tubtng
fits snugly inside the 21 guage outer cannulae. The}inner
cannulae were cut to 25vmillimeters’and placed inside the
outer cannu]ae so that they protruded 1/2 millimeter from
the insulated end. ‘The inner cannulae were then‘sl1ghtly
bent to ensUre»that when inserted they would always extend
’1/2 mi]]ineter from the outer'eahnula tip.
J. E. SUPgicaI:Pr0cedures
,Fo]Towing weighing SUbjecte'Were anaesthetizediwithl
- sodium pentobarbitale(DiabutaT)‘admintstered via
‘intraperitoneal 1nJect1on When suff1c1ently anaesthet1zed
‘they were placed in the stereotax1c 1nstrument with the
1nc1sor bar adJusted at '3 0 mm. Next the scalp was shaved
- and swabbed with a]cohol |

A’mid]ine incision extend1ng from approx1mately Six

._m11]1meters anterior to’ bregma to the poster1or crest of the

occ1p1ta1 bone ‘was made and the skln was drawn back
exposing ‘the skull and clamped w1th hemostats The
_periosteum was scraped away and the skull surface was dried.
Following th1s bregma coord1nates were taken and the skull
~was marked b1latera11y over ‘the site. of the outer: cannulae

o placement which was 51tuated 5 0 mm poster1or to bregma and
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-;S.O‘mm latetal to the-mldllne, In addttionldrlll sites for
the three cortical ecrew holes were narked (Figure 1at
prov1des a d1agram of the- electrode placements )

Lo The holes in the skull were produced us1ng a hand- held
Dremel drlllrw1th a drtll bit 0.9 mm in dlameter.vCare was
taken.to apoid'penetratfng the dura during drilling. |
Following‘drilling the reference cohtlcallelectrode was -
First implanted followed by the two lateral cortical
'electhOdesl Finally the-fihstzhippocampallouter cannUla{
| ~which had been‘fixed in the stereotaxic electrode holder
since the beglnnjnngf the‘operationj was slowly lmplanted
to a depth.of 4.5 mm and held, rigid in the electrode holder}
A small quantlty of commerc1ally ava1lable 5- m1nute epoxy |
glue was mixed and spread around the dr1ed sKull and cannula

<barrel This was done to anchor the electrode f1rmly and to

© .avoid the problem of the dental acrylic: solvent d1ssolv1ng

‘the cannuja 1nsulatlon. Whentthe epoxy was?setJ thet’
electrode was thenffixed,in place°Using.the Sihhdatd method"
of‘coatlng it with Tayers of dental acrylic.*The %ipndla Was
released from the holder when the dental acrylic wa;.get
(about 10-15 minutesl.“lhé»remaining outeh_cannula was then
h placed in the vacantVelectrode holder and’ihplanted using

1dentlcal techn1qUes ' - | c R .

¢ .7

Following 1mplantat1on each electrode lead was 1nserted»;‘>n

into the appropriate hole in the Amphenol plug str1p, which'
had been cut.in-flve.hole.strips.with each hole colour-coded'

- to match the lead colours. The plug was thenlcentered along

-~
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Figure 1a. Diagram of Exposeéi%at SKull
Showing Implantation .Site of* Hippocampa |
Outer Cannulae and Cortical Etectrodes.
Hippocampal outer cannulae coordinates:
5.0 nm posterior to .bregma, + or - 5.0 mm
lateral “to the midline, and 4.5 mm vertical.
Cortical electrode coordinates: 2.0 mm
posterior to bregma, 2.0 mm lateral to the
midline. -

The reference electrodes was implanted
between the eyes, approximately 8-10 mm
anterior to bregma.

figure Ib. Diagram Showing Cross-Section of
Cannulae Arrangement Il1lustrating the
Polythene Tube Leading to the 10 Microlitre
Syringe. :

This figure also shows the outer cannula
lead and the layers of epoxy cement and
dental acrylic. ‘
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FIGURE LEGEND
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ELECTRODE

LEFT CORTICAL ELECTRODE
RIGHT CORTICAL ELECTRODE
LEFT HIPPOCAMPAL CANNULA
RIGHT HIPPOCAMPAL CANNULA
LAMBDA |

SKULL SUTURE LINES

5-PIN HEAD PLUGC ASSEMBLY

FIGURE LEGEND

POLYTHENE TUBING

27 GUAGE INNER CANNULA
SOLDER -JOINT AND OUTER
CANNULA LEAD WIRE
DENTAL ACRYLIC CAP
EPOXY CEMENT LAYER
SURFACE OF SKULL -
INSULATED 22 GUAGE
OUTER CANNULA
PROTRUDING TIP OF INNER
CANNULA



46

. the midline of thé skull and anchored with dental acrylic.
~ When the acrylic was set two or three interrupted stitches,
using 3:0 or 4-0 silk, were placed at efther end of the
incision, thus ensUriﬁg that the skin closed snugly around
the dental acfylic heédpiug. Finally the Qound edges were
swabbed with Neosporiﬁlantibiotfc ointment.

The subjects were then rehoved from the stereotaxic and
attatched to ‘the EEG cable to ensure that all electrodes
were functioning properly. SubJects were then rep]aced in
thelr home cages and allowed three or four days to recover
from the operation.

F. Initiatipn Of HSD

HSD was produced by injecting a precisely controlled
amount of KCI solution (conéi 25%uby weight) into the
hippocampus via the inner cannula while the-subjectAwas in
the tésting box. '

Two ten microlitre syringes, one for each cannula, were
attatched to polythene fubes which were in_turn attatched to
the bent end of the inner cannula. The poiythéne tubing fit
snugly over the inner cannula and the syringe needle so that
an airtight and watertight seal was achieved. The polythene

tubes were approximate]y‘five to six feet in length to allow

‘a maximum of movement. The tUbe and syringe were filled with

KC1 solution immediately prior to each trial.
After the'subject had been introduced to the testing

box and attatched to the EEG cable via the héadp]ug, a

e e il
14{%.‘1:-:‘:’7‘.9&:‘:!9&'&74' Bl
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baseline record consisting of act1v1ty in both cortices and
h1ppocamp1 was obtained. Fo]]ow1ng th1s the inner cannutae
were gently inserted, one at a time, into the outer cannulae
to}the full extent. (Figure 1b illustrates the cannulae
'arrangement.)-This usually appeared as an artifagt ih the
hippocampal EEG record. Fol]ow1ng this, enough KCI solut1on
{range 0.2 to 1 8 m1crol1tres per trial) to produce a
visible dlsrupt1on of hippocampal act1v1ty was slowly
injected into each h1ppocampus More KC1 was 1nJected during
the trial if s1gns of recovery occurred This resulted in a
guarantee that the HSD lasted throughout the trial, althoughA
prec1se measurements of the absolute duration of HSD after
the trial were not poss1b1e, given the trial ‘schedule. Pilot
work completed previous to the exper1ment showed that the
"HSD lasted from two to six hours, although no- subJects
showed altered base]1nes when tested 24 hours later. At the

‘end of the tr1al both tubes and the cable were removed and

the subject was removed from'the testing box.



III. Results

A. Histological‘Results

Following completion of the experiment all 40 subJects
were deeply anaesthetized with Diabutal and perfused through
‘the heart with a saline solution followed by a 10% buffered
formalln solution. The brains were then removed and standard
histological fixing, embeddirg, sectlontng, and‘staining
'procedures were employed Ser1al frontal secttons, each 20
microns thick, were taken through the cannula 1mplant area
of each brain. Every tenth section was then mounted and |
stained using a Cresyl violet stain.loutlines of sections
contalnlng the maximum extent of damage to each side wene
then sketched, and electrode tip placements were checkedlfor
vall subjects . "‘ "-l | 'p ‘ ‘ \.

]
&‘3_-

bAll of the electrode placements were verified to be 1h
\

\

‘hippocampus. In no case was a tip placement located in the \

‘either the dorso- lateral or superlor ventro- lateral

“diencephalon. Figures 2-6 present some-representative
section reconstrUCtions for each group. These flgures
illustrate the damage produced by . the cannula tract, *and the
location of_the,electrode tip (area outlined with broken
line) . The broken-line in all diagrams.also encompasses an
area of gliosis at the tip of each cannula.

In addition to the usual extent of cannula tract
damage, sections were also found with damaged areas’
displaced from the‘immedlate tip‘of the electrode, most

1
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Figure 2. Reconstructions of Maximum
Bilateral Cannulae-Induced Lesions for 3
Subjects in Group LI.

Cannulae tracts are outlined “in broken
lines. Note that the tip of the tract is
inside the hippocampus in all cases.
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Figure 3. Reconstructions of Maximum
Bilateral Cannulae-Induced Lesions for 3
Subjects in Group LIC,

Cannulae tracts are outlined in broken

‘lines. Note that the tip of the tract is

- inside the hippocampus in all cases.
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Figure 4. Reconstructions of Maximum
Bilateral Cannulae-Induced Lesions in 3
Subjects in Group PSD. -

Cannulae tracts are outlined in broken
lines. Note that the tip of the tract is
inside the hippocampus in all cases. Also

- note some irregularly shaped damage around
‘the tip (particulary in subjects 4 and 5),
possibly infection-induced.
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Figure 5. Reconstructions of Maximum

~ Bilateral Cannulae-Induced Les1ons in 3
Subjects in Group LSD. ‘ ‘

Cannulae tracts are outlined in broken'

- lines. Note that the tip of the.tract is

inside the hippocampus in all cases.
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Figure 6. Reconstructions of Maximum . ./
Bilateral Cannulae-Induced lLesjions in 3 ‘
Subjects ‘in Group PLSD.
- Cannulae’ tracts areout!ined in ‘broken
lines. Note the the tip of the tract is
inside the hippocampus in all cases. Also .
. note the irregularly shaped. damage, possibly

-infection’jnduced“fin subjects 2 and 5.
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likely due to the presence of infection; or’possibly to the
effects of the KC1 solution. Examples of these sections
showing infection-induced damage are given in Figure 7. If
can be seen from this figure that in some ‘cases the damage
is well away from the electrode tip and alé’ is not
symmetr1ca] suggest1ng that it was not caused by an agent

diffusing from the cannula.

B. E]ectrOphysfologicaJ Results

Baseline EEG Records

Examples of various"baseline and KC1-injected EEG
! records are presented in F1gures 8 through 19 presented
be]ow For the purposes of clarity, a]l figuresvare
presented together. 1t should be noted that ngures 8 to 15
are organized in pairs, such that the first figure is a
baseline record, while the second is the correspondung
record obtained after the 1ntroduct1on of KC1 for that
trial. The remaining figures, Figures 16 to 19, are further
examples of KCI-injected records which show particular
characteristics of HSD.

Figures 8, 10, 121 14, and 16,'present some
representative baseline EEG records for all four channels
taken on.different experimenfa] days. Baseline hippocampal
recorde were characterized by relatively low freduency
waves, in the three to six Hz range, of medium amplitude
(see Figures’ 8, 10 12). Other base11nes showed slightly

faster act1v1ty, as Figure 14 11]Lstrates Although there



Figure 7. Reconstruction of Maximum
Bilateral Cannulae Induced Lesions in
Subjects Which Exhibited Massive
Infection-Induced Damage.

Damage and cannulae tracts are outlined in
broken lines. Note that in subject PLSD~3-
the entire left dorsal and ventral
hippocampus is destroyed. In subject LSD-1
massive bilateral damage inside the
diencephalon has occurred, while in subject
PSD-5 the lesioned area is the hippocampus.
In fact the entire ventral hippocampus is
non-existent, and no tissue was present at
the time of perfusion. Note also the
distortion of the diencephalon in ‘this
subject, caused by the large areas of damage
immediately beside it. , '
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Figure 8. 4-Channel Base]1ne EEG Records for
Subject PLSD-1 on Trial 3.

Note that hippocampal records show waves of
larger amplitude. Note also that frequent
~bursts of theta (3-6 Hz) occur in the
hippocampal records, and that cortical and
hippocampal frequencies are similar.

LC - Left Cortex, LH - Left Hippocampus

RC - Right Cortex RH - Right Hippocampus
Calibration: 1 sec and 200 microvolts.
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Figure 9. 4-Channel KC1-Injected EEG Records
for Subject PLSD-1 on Trial 3: Example of :
decreased frequency. A ;

Record obtained after bilateral injection of
1.0 microlitre of KC1. Compare with Figure 8
to see marked decrease in frequency"
following KC1 injection. Note cortical
following of hippocampal frequency.

LC - Left Cortex, LH - Left Hippocampus

RC - Right Cortex, RH - Right Hippocampus
Calibration: 1 sec and 200 microvolts.
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Figure 10. 4-Channel Baseline EEG for
Subject PLSD-2 on Trial 6. , -

Note similarity of this record with Figures
8 and 12. Record shows bursts of hippocampal
theta with following in the cortex. '
'LC - Left Cortex, LH - Left Hippocampus .
RC - Right Cortex, RH - Right Hippocampus
‘Calibration: 1 sec and 200 microvolts,
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Figure 11. 4-Channel KC1-Injected EEG for
Subject PLSD-2 on Trial 6: Example of
spiking in only one hippotampus, as well as
4-channel decreased frequency.

‘Record obtained 1 minute following bilateral

injection of 0.3 microlitres of KC1. Note

- the frequency similarities with Figure 9,
and also the presence of spikes in only one

‘hippocampus. = o .
LC - Left Cortex,; LH - Left Hippocampus

RC - Right Cortex, RH - Right Hippocampus

Calibration: 1 sec and 200 microvolts.
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Figure 12. 4-Channel Baseline EEG for

Subject PLSD-6 on Trial 3. -

- Note overall theta bursts, with some fast
‘activity superimposed on theta waves. Also

frequencies are similar for hippocampi- and

cortices. : ’ : o S

LC- - Left Cortex, LH -.Left Hippocampus

RC - Right Cortex, RH - Right Hippocampus

Calibration: 1 sec and 200 microvolts.
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Figure 13. 4-Channel KC1-Injected Record for
Subject PLSD-6 on Trial 3. . :

Record obtained 20 seconds following
bilateral injection of 0.3 microlitres of
KC1. Note dramatic 4 channel EEG depression,
as compared with Figure 12.

LC - Left Cortex, LH - Left Hippocampus
"RC - Right Cortex, RH - Right Hippocampus
Calibration: 1 sec and 200 microvolts.

|
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. 3 .
Figure 14, 4-Channel Baseline EEG Record for
Subject LSD-4 on Trial 7 (Shock Trial).
Note high amplitude hippocampa I activity in
.theta'range. Cortical activity shows more
desynchrony. ‘
LC - Left Cortex, LH - Left.Hippocampus
RC - Right Cortex, RH - Right Hippocampus
Calibration: 1 sec and 200 microvolts.
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Figure 15. 4-Channel KCI1-Injected EEG for
Subject LSD-4 on Trial 7' Example of
4-Channel spiking.

Record obtained 1mmed1ately after footshock

following bilateral injection of 0.9
microlitres of KC1. Note violent spiKing,
particularly in the RH, and cortical .
spiking. Also note h1gh frequency of the
spike trains. Record provides good evidence
of hippocampal disruption immediately

following footshock during the cond1t1on1ng‘

trial.

LC - Left Cortex, LH 5gteft Hippocampus
RC - Right Cortex RH - Right Hippocampus
Calibration: 1 sec and 200 microvolts.
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Figure 16. Comparmgon of Base11ne and

KCT1-Injected Hippotampal EEG Records for
Subject PSD-1 during Test Two: Example of

classic HSD.

Top two traces are baselxne ‘hippogampal EEG
records showing high amplitude waves, with
some theta bursts. -

Bottom two traces are KC1-1nJected

hippocampal records obtained 150 seconds
after bilateral injection of 0.3 microlitres

of KC1. Note dramatic prolonged depression
in both channels, with 1nfrequent Tow
amplitude spikes.

"LH - Left Hippocampus

RH - Right Hippocampus, '

Cal1brat1on 1 sec and 200 microvolts.
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'F1gure 17 KC1- InJected Hlppocampal EEG
Showing Depression in One Trace and Spiking.
in the Other. ‘
‘Record obtained from subJect PLSD-1 after
bilateral injection of 0.5 microlitres of .
KC1. Note that’ spiking activity in the RH is
not ‘'seen in the LH Wthh shows consistent
depression.. :

LH - Left H1ppocampus

RH - Right Hippocampus

Calibration: | sec and 200 m1crovolts



J ' -t

o ":'-—~_L- ———

81




82

" Figure 18. 4-Channel KCl-Injected EEG Record
for Subject PSD-3 on Trial'5: Example of =
4-channel spiKing. o ' R
Record obtained after bilateral injection of
0.5 microlitres of KC1. Note ‘that although
all traces show spiking activity, the

- - cortical records are not as consistent énd

do not follow all hippocampal spiking.

LC -.Left Cortéx, LH - Left Hippocampus

RC - Right- Cortex, RH - Right Hippocampus

- -Calibration: 1 sec and 200 microvolts. i
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Figure 19. 4-Channel KC1-Injected EEG Record
for Subject PSD-38: Example of hippocampal
spiking without cortical following. , *
- Record obtained after. bilateral injec&4on of
- 1.3 microlitres of KC1,. 450.secongs after
the beginning of trial 3. Note there is-no
cortical following, and that the frequency
~of spikes is quite low when compared with

those in Figures 18 and 15, = ‘
LC - Left Cortex, LH - Left Hippocampus
RC - Right Cortex, ;RH - Right Hippocampus
Calibration: 1 sec'and 200 microvolts.
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was a fair amount of variation in the records, no baseline
\

record showed‘the_typical hightamplitude.spinng,“either'
singly or in bd;sts,‘which was seen after the KC1 injection.
(It appears that the hippbcampal records in Figure 14
contradict this statement, but comparison with the KCI
induced spikes shown in Figufes 18 and 19 shows that' the
basetine spikes érejnot nearly as violent.) It can be seen
from the baseline records that fb‘équént tfheta-'likeﬁ activity
ocgurred, %;dicating furthgr that the electﬁodes Jgke |
located in the hippocampus. Cortical baseli;é re66rds can
also bé seen to exhibif begiods of .low frequency synchronous
waves as.well as cortical desynchrony. |
KC1 injection Records |

KCl-indUced changes of the hippocampal activjtyiusuél]y
affectedlub!to three features of the EEG record. Examp}gé'of .
KC1-injected record% are gfven in Figures 9, 11, 13, 15, 17,
18, and 19. Most coﬁmon]y,ﬁhe records showed high-amplitude .,
spikes (see Figures 18 .and 181, either sing?y or in trains
' which were quite prolonged. Also visible décrease§ of
émplitude and also frequency Qere often exhibited. Figure 9
provides a good example of markedly decreased fréduehcy in-
all fourbchannels following inject%on of a total of one
microlitre of KC1 solution. Figure 11 shows a similar change
after only 0:3 microlitres. Dramatic décreases in amplitude
after only‘O.B microlitres are fllustrated in FigUres 13 and

16.

On the basis of these changes each record was
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érbitrarily scored for the presehce of visible disruption of
no:mal hfppoCampé] dctivit&. Fach record was assignéd a
vaiue rangihg from oné, meaning éxce]]ent evidénce of
disruption, to five, meaﬁing very poor evidenCe of
disruption. A[l&the figures presented above Which were
‘obtained under the inf]uence of KCJ>(Fégurbs g, 11, 13, 15,
17, 18, 19) are examéiés‘of records which were assigned a
score of one. Comparison of all these figures with their
resbective‘baselines, where .possible, showé a dramatic ,Eg
change uﬁBer’KCl..Tab]e 2 presents the summarized |
evaluations of all records. It can bevseen from this table
that subjects exhibited_?e]iab]e evidence of hippocampal |
disrgpti;n on a]l trials. One other }ﬁPortént result‘is
hrésented in Table 3. This Table showsﬁtﬁe summar ized. data
'concerning‘émount of KCI {njected ber trial..A fairly nérrow.
range of total amount fnjécted was obtained. It is important
to note a]sQ fhat the‘maxiﬁum amount on any trial was on]x
1.é microlitrgs Qelivered over é teh minut% trial. .
The cortical KC1-induced fécords were also examined'for
the presence’of cortical spikes océurrihg'simultaneously
with hippoéampa1 spikesf_ln general, cortical following.was
found, nbt only with spikes but also wi th changes of |
'hippdéampal frequency and amplitude, Figurés 9 and 11 show
cértiCal following of hippocampal 1ow.frequency waves, while
ngure 13 shows ambl{tude foTloWingJ Figure 17} in contﬁast,
shqws'cortiCalifollowing,of spikes.AIt should be pointed

outl though, that this was not always the case. In Faét,
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DAYS c :
PRECOND COND  TESTS  MEAN
t2 3 4 5 6 9 11 13

L1 o3 .3
LIC “ 1.4 1.3 1.3
PSD 1.8, 1.3 1.4 1.8 1.6 2.2 1.2 1.6
LSD o 1.6 2.0 1.8
PLSD 2.1 1.9/ 1.6 2.1 1.5 2.1 1.6 ‘1.3 9

/

. i
TABLE 2. Summary Of Arbitrary Scoring Of Hippocampal
Disruption'Over Days '
Each value is the mean arbitrary score for
all subjects per group on each day they
received HSD. Note that the range of values
is from 1.2 to 2.2. Since a value of 1 was
signified excellent evidence of hippocampal
disruption, it can be seen that the KCI
injections produced reliable hippocampal
disruptions on all trials.



DAYS

: PRECOND COND  TESTS  MEAN

12 3 4 5 & 9 11 13
IR R R 6 .6
LIC 4 8 .5
PSOD .5 .9 .6 .7 .6 .8 5 7
.LS.D | . - . .'7.\ .6 7
PLSD .6 .9 .7- 13 -7 .7 .8 .5

TABLE 3. Summary of Amount of KCI1 Injected Per Trial
For A11 ‘Groups And Subgroups. -
Values represent the mean amount 1n3ected

per group, based on amounts for left and

right cannulae for each subject.- The range

of the amounts upon which these scores are

based was from 0.2 to 1.8, so it can be seen

that a fairly small’ amount of KC1 was all

that was regquired to produce re11able

hippocampal disruption.
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often the two h1ppocamp1 would show contrastlng EEG records‘

as F1gures ]1 and 15 show. In thts case sp1kes in one swde B

are not present contralaterally. Figure 17/prov1des‘another o

example of this. Finally Figure 19 shows‘hippocampat

agreement for the hoét part, with no cOrtical’spiKihg to
match. Thus 1t can be seen that a]though it s clear that
disruption has occurred the pattern andiform‘of the;' |
ldmsrupted act1v1ty var1es é:greét deal even‘within'a sthgle\
record. Flnally, as mentmoned prev1ously, HSD was* present

throughout each tr1a1 but no records were taken of 1ts

i
4

absolute.duration. fo]]ow1ng a tr1a1

'C. Retention Tests h
Licking Rates On Day Eight And Weight Loss Data

Since al] subJects rece1ved two tr1als to become :
fam111ar1zed with the dr1nk1ng tube pr1or to the
cond1t1on1ng trial, a measure of base11ne drlnk1ng}rate'for’
each subject was obtained froh the eighth_experimedtal'dey.'
Tab]e-4 presents the range, meah,-stendard'deviation; and g
standard‘error‘of,the mean for‘eech Of.the five‘groups for
the'time‘takeh to take ten additiorial licks after the first
100 1icks on this day. The table shows that the groups
“initial dr1nkﬁng rates ;ere not s1gn1f1cantly d1fferent and
that the rate is qu1te fast

‘Also the total we1ght loss data for. all groups is ‘
similarly summarized and bresented in Table 5. Also an

i

independent t-test between the highest and lowest means for

®



GROUPS
L1
LIC
PSD
LSD
ELSD‘

Table 4.

CTOTAL
14.8
14,6

13.9

6.3
25.6

Summary of Baseline Dr1nK1ng Rate 1

MEAN
1.9

1.8

1.7 |
2.0 ¥
S 3.2

- Seconds for All Groups

£

" GROUPS
,L%

LIC
PSD
LSD
PLSDit

Table 5:-

"TOTAL

746,
747

649
610

533

MEAN

193.0
93.0
81.1
6.3

S.D.

19,
3.
27,
24,
20.

W U - O

W U O W W

S,

-S.

E.

E.

~3 [0 0] «© E= e}

@ (&) [\ w W =

Summary of Weight Loss Data in Grams
Over A1l Experimental Days For A1l Groups.

91~
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N any group revealed no sugn1flcant dtfferences
Overa]] Retentton Tests e " : ‘
Table 6 presents the summar1zed mean 1tck1ng tlmes over‘
J.all_tests for groups and subgroups (In F1gures 20 through
25 and in the Append1x the ordtnate represents the mean t ime
taken to complete ten add1t1onal ltcks after the f1rst tOd‘
‘Ticks. Thus the ord1nate may also be v1ewed as - represent1ng
a measure of suppress1on of lwcklng w1th the ]evel of
suppresston 1ncreas1ng as average time 1ncreases J Figures
020 and 21 present the suppress1on funct1ons for the _
subgroups w1thout HSD and with HSD respecttvely Figure 20
presents the initial suppresston level and'rate of decay
over “the three tests for all no HSD subgroups A h1gh1y
s1gn1f1cant Groups x Tests 1nteract1on was obta1ned
(P<.001), but 1nd1v1dua1 analyses on the functions of ‘
subgroups LI-N. and LIC N 1nd1cated that the decay rates for

these two subgroups d1d ‘ differ, The ‘significant

,1nteractton is therefore most 1ikely due to the floor effect
imposed by the poor suppre s1on of the subgroups PSD-N,

- LSD- N, and PLSD N

_ {

A highly stgnrf1cant Subgroups X Tests 1nteract1on was
also obtained (P<.001). It can be easily seen from Figure 21
that this result is due to the marked dec]1ne in suppression
- whichS3ccurred for ‘most subgroups with HSD on Test Two. |
Certa1n1y the functtons for subgroups LIC-SD and LSD SD show
a str1k1ng decllne on Test Two foltowed by an equally

. str1k1ng reestablishment of high suppression levels on Test



GROUPS DAY 8  TESTY  TEST2

LI-N = ) 148
LI-SD S -3 196
LIC-N 2 299
LIC-SD y) 1300
PSD-N - .2 33
PSD-SD 2
LSD-N %1 2
LSD-SD 37+ 151
PLSD-N 2 4
5 15

. PLSD-SD

47 .

55

16

270
22
.25
4

2
3

3
81

TEST3

11
52
205,

296

12
8

3
151

11

93

LEST4 TESTS

6 285 . .

A
¥

Table ‘6. Mean Licking Times for- Subgroyps Over
Familiarization Day 8 and Tests One to Five.



Figure 20. Mean Licking Time For All
Subgroups Which Did Not Receive HSD On Test
Two Over Tests One To Three.

This figure presents the 1n1t1a1ﬁd1fferences
on Test One and also the.rate of~“decay of
suppression over the three tests for all
subgroups with no HSD (- N) -
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Figure 21. Mean Licking Time For All
Subgroups Receiving HSD On Test Two Over
Tests One To Three. . ‘
Note the dramatic decrease in licking times
for groups LIC-SD, LI-SD, and LSD-SD, on
Test Two. Also note the striking recovery
exhibited by these subgroups, and the
paradoxical result -for subgroup PLSD-SD.
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Three. |
F1na]1y cons1der the function shown in F1gure 21 for
B subgroup PLSD SD which showed low suppression on. Test One,
1ncreased\ uppress1on on Test Two while under the 1nfluence
of HSD and Tow suppression onCe'again‘on TeSt‘Three iThese:
f1nd1ngs are somewhat paradox1ca1 1n light of the pattern'
seen with the other subgroups given HSD on Test Two.
Test One | [
Figure 22 providesvmean SUppresstOn levels for all

v

groups on Test One. This figure (as well as Figures 23 and
24) is prov1ded to al]ow a convenient compar1son between the
HSD and no HSD subgroups for each test |

| Duncan s multiple range test revea]ed that group LIC
showed a s1gn1f1cant1y h1gher leve] of suppress1on than dtd
group LI (P<. 05) wh1ch 1n turn showed a s1gn1f1cantly
greater suppress1on }evel than the rema1n1ng three groups
PSD, LSD, and PLSD (P<. 05) There were no 51gn1f1cant
differences within these ‘three 1atter groups, wh1ch'showed'}
an overall lTow level of suppre551on | |

. The h1stograms which present the raw data (see

o ApPEndwx) are 1nstruct1ve at this po1nt since it can be

seen that the elevated mean ‘for group LSD is due to two

+ subjects (1 and 2} which, for some reason, -obviously

:demonstrated a CER. The rest of the subjects in.the}group‘
equally obv1ously showed no ev1dence of a CER. In addition,
it is important to note that subJects in group LIC showed

little variation, ach1ev1ng a con51stently h1gh level of
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Figure 22. Mean Licking Time For Al]
Subgroups 0On Test One. _ ,

Note that the subgroups are identical in
terms of treatment, since the HSD occursyon
the next test. Also note the consistently
high suppression of subjects in Group LIC.
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Figure 23. Mean L10K1ng Time For A]]
Subgroups 0On Test Two.

Note that all -SD subgroups show 11ttle
suppression, except PLSD-SD. Also note that
subgroup LIC-N maintains a high level of
suppression. +
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!
Figure 24, Mean L1ck1ng Time For AT
Subgroups On Test Three.
Note the striking recovery of subgroups
LIC- and LSD-SD. Also note that the
suppression level of subgroup LI-N is very
low, indicating that near comp]ete decay has
occurred. ‘
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supphession o ‘ | y

| Ta summarlze then group LIC had the, h1ghest level of
suppression, followed by group LI, followed by the subset of
‘gPOUpS PSD, LSD, ~and PLSD whlch showed no ev1dence of a

CE R. " o \( i ) . \

CTest Two L,
H The results for the Duncan:s multiple range test‘For
lTest»Two revealed that subgroup LIC-N showed a significahtly'
“higher level of suppression than any of the remainlng |
‘subgroups (P<.05). There were no diffehenoes on lest Two
between.any‘of the remalning'subgroups, Thus it was jouhd
that on Test Two only subohoup LIC-N, which was not exposed
to HSD;‘maintalned a high level of suppression, as Figure 23
illustrates. | v
'Examination of the lndividual data lsee Appendix) for
Test Two indicates that regardless of _subgroup, any subJect
~in an HSD subgroup whlch showed a high leve] of suppression
on Test One, was mar;edly impaired on Test Two, while under
the influence of HSD. ﬁ‘ | |
Finélly it can be seen from;fhe individual data for
subgroup PLSD-SD that the suppression level of some .
1nd1v1duals rises on Test Two accounting for the rise seen
in the function for this subgroup in Figure 21.
Test Three |
» $he results of Duncan’ s multlple rangeptest for Test

'Three revealed that a subset of three subgroups, LIC N,

- LIC-SD, and LSD-SD, showed significantly higher suppression
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levels than the remaining subgroups (P<.05). There were no
d]fferences within either of the two subsets of subgroups'

produced by this 1n1t1al division. Figure 24 presents the

‘subgroup means for Test Three. It can be seen from this

y
figure that subgroup LIC SD reestab11shed 1ts former high

suppression 1eve1 when no 1onger under the 1nf1uence of HSD.

This elso is the case for subgroup LSD;SD which contained
two‘subjects which showed-maximum suppression on Test One .
(see Appendix),'F{nalTy‘it rs importént to note that bofh'LI
subgroups noslonger showed high leyels‘of suppression on
Test Three. L v | ,
Tests Four And Five For Subgroup LI1C-SD N

Since such a dramatic impairment of sUppressfon
resulted from the effects of HSD on Test Two for'subgroup_

LIC-SD, and such a dramatic recovery occurred on Test Three,

this subgroup was run for two additional tests, under HSD on %

Test Four and normal on Test Five, to see if a similar'
pattern of impa?rment Fo]]owedcby recovery was obtained.

The results of these additional tests are provided in
Figure.25,}from which it can be seen that such‘a pattern did -
reoccur. In fact, it should also be noted_fhet the recovery |

level obtained on Test Five was surprisingly high.



Figure 25. Mean Licking Time For Subgroup
LIC-SD Over Tests One To Five. 0
Note the repeated pattern of impairment
followed the next test by recovery to very
high suppression levels. Also note that
appreciable decay has occurred in_subgroup
LIC-N by Test Three. '
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IV. Discussion

A. E]ectrophys1o]ogy And Histology |
It is clear from the samp]e records provided that the
1nJect1on of KC1 so]ut1on into the hippocampus produced
dramatic impairment of ongoing norma] h1ppocampat act1v1ty
during the trial. Ittcan also be seen from the records
presented that the hippocampal activity prior to each‘tria]
was normal and~had recovered from any previous KC] _
-injections Thus it can be concluded that the techn1que of

(-

. inducing HSD w1th KC1 was effective 1n producing a temporary
disruption of h1ppocampal -activity, since the effects- AN
probabty spread throughout the hippocampus.,Another‘
‘.important‘fjnding'wae that of cortical fot]owing of

hipp0campa1 activity of all Kinds. This may perhaps be

[

| expla1ned by the fact that v1smbWe cort1ca1 electrode marks '
could be seen in the brain sect1ons hence the cort1ca1
electrodes were perhaps too near the hippocampus-and were
actually record1ng the same hippocampal activity as the
cannu]ae Cortical electrode 1mpress1ons of this. type
extending into the middle layers of the cortex, were found
on a number‘of subjects and were also clearly visible when
the brath was initially remoVed after‘perfusion.'There are
alternatives, however. A Study by Macadar, Chalupa, and
Lindsley (1974) reported that inducing hippocampal theta
rhythms}throogh.stimuTation of brain stem loci sometimes

produced cortical following of the dominant hippocampal
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rhythm, although usually hippocampal theta was accompanied
. by cortiCal desynchronization. This discovery of cortical
following of hippocampalactiyity suggests that the similar
findings in the present study'nay be due to the same

. pbenomenon' ln other’words perhaps the cortical following
is not an artifact due to exper1mental error in electrode'
‘placement, but is 1nstead produced by ascend1ng 1nfluences
from tne septal pacemaker area and other brainstem loci. The
fact that this cortical folldwing was not always present~'
even in the same subject' suggests that this flnd1ng cannot
be accounted for solely by placement error although this
factor probably does play a m1nor role.

There is also the problem of attr1but1ng the obtalned
results in th1s study to the disruption of hlppocampal
actlvttyionly.‘Unfortunately.an isolated area in the brain
does not exlst. Obxiously’each area within the,brain‘exerts
a strong influence on the other areas with which it is
connected, both dlrectly:and indirectly. Consequently it is
extremely difficultlto precisely locallze:the effect of a.
given intervention in normal funCtionlng. | |

Certainly‘the hippocampus is no exception to this
problem. In factﬂ the problem is probably more severe in the
case of limbic system structures since’ they are all ma jor
_structures, inter- connected with each other ‘Hence o
d1srupt1on of h1ppocampal act1v1ty must produce marked
‘changes in the act1v1ty of ne1ghbour1ng l1mb1c system

structures and in the cortex. Each of these chandes then

©



'becomes a p0551b1e candidate for the agent producxng the'

T ef

obtained behavioural 1mpa1rment and the-quest1on of how to
»etiminate the atternat1ves must be dtscussed ' &%

Some ear11er f1nd1ngs are relevant at th]S point. Kapo
(1971) compared the effects of HSD and CSD in CER
cond1t10n1ng in a des1gn s1m1lar to “the preSent one, and
found that neoconttcal SD alone was not stf1c1ent to.
produce retention impairmehts inaﬁatsf Kapp (1971)7a1so
repor ted similar‘cortjcal following of hippocampal actibii:.

He conc luded that the'neocorticat'effects of HSD :were not

i
|

respons1b1e for the retention deffc1ts he "found.
" More d1rect ev1dence1comes from Kesner and Doty | 1968),
 who reported the results of an exper1ment des1gned to
determ1ne whether post- trwa] neuro-électrical d1srupt1on of
other limbic areas would produce retention deficits. They
found that retent1on deficits were produced by post-trial
stimu]ation of'the dorsal hippocampus and the amygdala, hut
not of the ventral hippocampUS,,mesencepha]ﬁc reticutar |
formation, and septum.. | N / |
A‘variatiOn on,the.problem of the effects of actiVity
changes in netghbourihg Structures is also relevantf In
addition to these changes being due to the changed L
hippocampaltactivity'itself the, posswb1]1ty that d1ffus1ng
KC1 m1ght have d1rect]y altered the act1v1ty of surround1ng
areas must also be considered. However several Pactors make

" this unTikety ‘First it has alreddy been reported that HSD

does not spread beyond the boundar1es of the h1ppocampus

v [%
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(Bures, Buresova, &’Weiss: 1960). Second the quantity of’KCl
~injected was very small, and was 1nJected %ylte slowly
Previous studies have shown that the spread of agents 1nto
surround1ng tissue in the brain bears a dlrect relationship
to the volume injected (Myers, 1966) . anected volumes of
1.0, 3.0, and 4.0 d1crolitres of Evans’ blue dye produceda
,\average spreadsvof40.9f 2.9,.and 3.7 mm respeotively.,éince
in the presemt‘studyvthe maximum volume injected in any
trial was only 1.8 microlitres over tenJmlnutes,'it is
relatively safe to assume that the‘injected KC1 remained in
the hippocampus; Furthermore the‘method employed to injeCt
the KC1 makes it possible that. the actual f1gures glven may
be sl1ghtly 1nflated Undetected air bubbles in the
polythene tubing may have been compnessed when the plunger; -
on the syr1nge was depressed resulting. in less KC1 ‘actually
"belng injected. Also some of the KC1 which was "injected may
have entered the space between the inner and outer cannulae,
1nstead of enterlng hippocampal tissue. This combtnat1on of |
faofors strongly suggests that the KC1 1nvolved in th1s
study was, in fact local1zed w1th1n the h1ppocampus \\

Al though th1s ev1dence is hlghly suggestive that the
‘maJor area responsible for the present results is the
‘ h1ppocampus it is impossible to- Just1fy a firm conclu ion
‘to this effect More stud1es conoernlng local1zat1on of the
effectS'of‘neural intervention must be}added to the

relatively meagre current number, and def1n1te conclusvons

regard1ng this problem must await these add1ttons
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Unfortunately,;there are some qdite seriou5‘problems
relevant to the 1nterpretat1on of the histological results.
Due to time constraints, and occasional lack of facilities,
the sacrificing of the subjects did not commence/until
appr$x1mately three weeks after the end of the- exper1ment

and the subsequent perfusions were not completed for another

three weeks. This allowed ample time for the development of

‘les1ons and infection-induced damage 'wh1ch has been shown

to have occurred (see Figure 7). The prob]em which this
1ntroduces is that it 1s 1mposs1ble to tell directly whetherJ
these ]e51ons occurred before. during, or after the

exper1ment, However when the data foq,those subjects which

obviously had suffered this Kind of damage was removed the

corrected overall analysis and the mu]t]ple range tests were
no different from the 1n1t1a1 analyses based on all the

subjects. This raises two encouraging alternatives. First

.”xper1ment and could

the'lesions were not present during ’}

not have affected the data,.or second, the lesions were
present and didknot.affect the data. Given the size and
extentkof the damage (notice‘that the sections shown in
Figure 7 for subjects PSD 5 and LSD 1 show extensive damage
of the dlencephalon) it 1s d1ff1cult to conclude that such

a lesion, if present durtng the experiment, would have no

" effect. For this reason the results presented have been

based on the analys1s of data for a]l subjects.
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B. Test Results )
. v

The first finding to be discussed is the data for Test

One for all subjecfs. As expected a latent inhibition effect
was obtained for the LI group since it showed s1gn1f1cant1y
poorer suppression than the control group LIC. Also, =
although the rate of the decay for the functions of these
two groups do not diffef, by Test Three groUp LI showed very.
poor suppression, while group LIC remained at a fairly high
suppression - level. Thus it can be concluded that fairly
strong evidence of a latent inhibition effect was obtained.
However it if wor th mentionfng at this point that the latent
inhibition effect was subtantially weaKer than that obtained
by Carlton and Voge ! (1967) who found virtually no
subpressionvin rats exposed to a simi]af procedure. A‘*
possible, but uﬁfike]y, eXp]anafion for the,difference is
that in this study subjeq}s had uﬁdergohe sham operations,
which may have caused sukficient hippocampal damage to

- interfere with the establfshment of the']afent inhibition
effect. Perﬁaps more likely is the fact that the training
procedures were differeht, particularly with respect to the
drinking regimen employed by the two studies. To be
specific, Carlton and Vogel (1967) gave ohly a single water
tube fémi]iarization trial, and no drﬁnking‘cagé training.

It.caﬁ also be concluded that good CER condftioning
31aﬁi)ccurred in group LIC, in aéreement with initial
o predictibns. However it is equally clear that grqup PLSD diq

not produce the expected result of high levels of
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suppreésion. It will be remembered that this group was
intended to emulate irreversibly lesioned groups by inducing
HéD during preconditioning and conditioningu Contrary to
prediétions,.this group showed severe impairment of
acquisitioh of a CER, as did groups PSD and LSD overall,
even though two subjects of the latter group did show
maximum performance.

The most parsimonfous explanation of the results for
these three groups is that'HSD‘induced during |
preconditioning and/or ﬁonditioning prdauces.impaired
acquisition ofpthe CER. Unfortunéte]y the fact that no
sﬁgnificant differencesﬂexist among these three gréubs means
that no conclusions may be dbawn‘concerhing the-fe]ative
impor tance of an ‘intact hippocampus during the
preconditioning or conditioning phases in pfoducing the
latent inhibition effect which characteriZes'nqrma1 animals.

Several alternative explanations for thesé resufts"
present themSelvés, but the oyera]]lpattern‘of the results
“introduces difficU]ties'for each of them. For examp]e} one
ihay wish to attribute thé lower suppression‘1eve1 to.a
latent inhibition effect in all three cases. In other wbrds,
perhaps the low suppressioﬁ :s due to a normal |
preconditioning interference effect, and disrupting
higpocampal'activity had no effect during these phases. If
this is to be seriously considered two concerns must be
dealt with. First, damage to the Hippocampus would be

expected to block a latent inhibition effect and raise
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suppressioh levels, according to all reports in the
literature and according to the attentional hygethesis. This
is so because presumably the hippocampal mechanism which
underlies the normal occurrence of interference result1ng
from a prev1ous 1rh§]evant a35001at1on is non- funct1onal
during the-pre-cond1t1on1ng phase. However,ethe present data
suggest that, in fact, the proposed latent inhibition effecf
is faeilitated, ie. ihterference‘is increased, inuany group
recei§1ng HSD,‘to the point where it is substantially
stronger than that shewn.by the LI group.‘Unfortunately‘no
control wes run‘to‘directly fest whether a result of failure
to suppress licking was due to a latent inhibitioh effeet or
to s1mp1e 1mpa1rment of CER conditioning, since there Was‘no
a pF‘FPI reasoh to‘suspect that CER conditionihg might be
impaired. 'In hindsight, it can be seen thafva sixth group of
subjects given no preconditioning, and HSD during CER
conditioning would have been most fnstructivetand valuable
in determining Whether impairment of CER conditioning was
produced by'HSD during the conditioning phase. ‘
Thé second concern relates to the effect of HSD. It
seems highly un11ke1y that HSD and lesions. should produce
.such d1fferent effects Les1ons have been shown to block
/latent inhibition (Ackil et al, 1969; McFarland et.al,’
1978), hence it is unlikely that HSD should produce the
opeosite effect of apparentTy fecilitating latent
inhibition. For these two reasons, a‘latent inhibition

1nterpretation of the low suppression exhibited by groups



.PSD, LSD, and PLSD is untenable, although tempting at first
cons1derat1on

A second alternative explanation involves the
phenomenon of state-dependent 1eafn1ng..According"to this
approach performance would be impaired in those animals
which forned the initia] association under one internal
state and were subsequently requihed'to perform under a
different internal state. In the preéent case this.would
imply that subjects which learned under HSD would be
expected to show the highest level of suppression when once
again under the 1nf1uence of HSD. This a]ternat1ve is
tempt1ng in that it prov1des a feas1b1e explanation for the
| paradoxical result obtained for those few subjects in
subgroup PLSD-SD which showed low suppression on Test One
and Teet Three, but showedtincreased suppression on Test Two.
when once again under the influence of HSD; A difficulty |
'withrth{s intefpnetation arises, though, when one examines -
the reselts for subgroup LSD-SD, which also formed the
original association while under the influence of HSD. Not
only were the results for this subgroup obbesite those for
subgroup PLSD-SD, but they were also in good agreement with
the remaining’ subJects which showed high- suppress1on on Test-
One, and impairment on Test Two, when affected by HSD. Also
since subgroup.PSD-SD did not learn under HSD the '
state-dependent learning prediction would be that this

conditions, a f1nd1ng.wh1ch c]early d1d not resu]t. Hence a
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state-dependent learhing‘abproach runs into a substantial
amount of difficulty, although it does fit soﬁe_of the
results, | . - = & |
It seems then that the only remaining alternat1ve ) |

which will sat1sfy all the resu]ts is the one f1rst
ment ioned, name]y that HSD durlng any of the 1n1t1a1
learntng phases impairs simple’ acquisition of the CER in the‘
rat. Unfortunately it is no easy task to postu]ate why‘thls
might be, or even te state whether such a findinglagrees
with the. 11terature since it is extreme]y}sparse on this
subJect Those reports.which have appeared complicate
matters.more, since the conclusions they contain are
contradiétory.’

" In a distantly relatedyparadigm, for.example Isaacson,
Douglas, and Moore (1961) Peported fa0111tated acquisition
of a cond1t1oned av01dance response in .lesioned rats In
their report they cited, in support. of their own |
conclusions, a s tudy by’Brady ahd Hunt {1955) which reported
no impairment of CER acquisition fo]]owing/htppocampal
ablation in rats. However the actual review article by Brady
and Hunt (1955) reported. the f1nd1ng that btlateral injury
of the h1ppocampus attenuated the anx1ety response in
several animals and apparently made itAimpo$Siple or.
unusually difficult to recondition (Brady & Hant, 1955, p.
318). Clearly this implies a finding of impairment, both in
initial recall and in faci]ityfof‘recondttionihgt It is also

interesting to note that the data referred to by Brady and
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Hunt (1955) were never published.

The picture is further complicated by a repoft by Nadel
(1968) who found’tﬁét'dorsal and ventral'hippbcampal lesions .
in rats had a differentia]-effect on CER acquisition. His . |
study is perhaps morevre1evant‘to the present one in that it
involved a simiiar'task of 1ick;suppressibn fo]]owing
+ footshock. In‘any'case he found that‘dprsal iesions
: féci]itafed CER acqujsitioh,}whi1e ventral lesions were
found to be no different from control subjects asvfar as CER
‘acquisitiOn waé cbﬁcerned. Howéyer fhese results are in
sharp contrast to'fhose'of'Mo}inoi(1975) wHo‘fbund that
lesions of fhe postéré-ventral hippocampUs‘in‘Fats
sfgnificahtly retarded CER acquisitioh in adult rats but ndt
in infants. On the basis of such conflicting evidence it is
‘extbemely diffiéult to jnterpret the present findings. It is
'_ worthwhile mentioning that the Nadel (1968) study>did not
réport findings for subjects with the entire hippocampus
lesioned. §ihce‘HSD pr6bab1y spreads but fo affect the |
entire hjppocampus,'itA{sléoﬁEeivablé that ]oss,of both -
dorsal and véntra] hipgocampus might prdduce results which‘
are more compatibie with‘thoée_presénted here. |

Two more experiméhté are relevant to this issue.
Schma]tz.and TheiOs (1972) concluded that the typical
findings, for lesioned animals, of fastér acquisition and.
slower extinction for a variety of operant taéks; also holds
true for classicallcohditioning baradighs. Similar evidence

of no acquisition impairment in taste aversion was reported
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by:Kimble, Bremiller, Schroeder, and Smotherman {1979}.
| Thus, although the literature is nof extensive and is
fraught with discrepancies, it apears that the general
consensus 1s that h1ppocampa] damage does not seem to
marked]y 1mpa1r CER acqu1s1t1on This conclusion is clearly
at odds with the present f]hd]hgs “and the heed arises to
prov1de some k1nd of reconc1]1at1on of the f1nd1ngs

Perhaps one»fru1tfu1 avenue of speculation is to
examine results of studies which involve a different kind of
interference‘with hippocampa ] funcfion. In shahp contrast to »
1esion study results, studies employing post4tria]
stimulation of the hippocampus heport‘a oommon finding of
CER acquisition. impairment, a]though once aga1n the
11terature is fa1r1y sparse | |

To begin with, Salafia, Romano, Tynan, ahd’Host (1977)
»repobfed that simple acqujsjtibn of a nictitating membrane
response was‘markedly,deléyed by post-trail stimulation of
the hippocampus. When conditioned responses eventually began‘
to appear, fhough, they were unaffected by further
stimu]ation Although this was not a CER acquis{fion study,
it does serve to 1nd1cate an effect on simple cond1t1on1ng
from stimulation. Shinkman and Kaufman (1972) reported more
relevant findings in rats exposed to post-trial stimulatfon
which was strong enough to produce selzure like act1v1ty‘1n
the hippocampus. An ear11er report by Shinkman and Kaufman
(1970). had suggested-that the'effectivenesseof such

post-trial'seizure-inducing stimulation was time dependent,
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in other words, CER acduisttion impairment decreased as the
triat-stimulation interval increased. This'finding of
acduisition impairment has been reported for a number of
qualitetively simitar tasks, including passive avoidance in
rats (Brunner, Rossi, Stutz, & Roth, 1970; L1dsky &
S1otnick,’197o: Vardaris & Schwartz, 1970; Kesner & Conner,
1974), and also a finding of-tmpairment due to perseveratton
in a T-maze (Leaton 1968, although this latter report was
’based on a very small number of subJects McDonough and
Kesner (1971) have also reported impaired acqu1s1tlon_
following brief e]eotr1ca1 st1mu1at1on of the h1ppocampus in
cats. Of course, this area of the ]1terature also conta1ns
conflicting evidence. Erickson and Patel (1969) found.
faoilitated,acquisition of a diScriminated lever press
avo1dance task fo]low1ng h1ppocampa] st1mu1at1on although
the st1mulat1on used in the1r study was of a low 1nten51ty
Nevertheless the consensus seems to be that post-trial
h1ppocampa1‘stjmu1at1on can produce impaired acquisition of
a CER. | | | |
It'will be remembered thatyin’the previous discussion,
findings of seizure-inducing stimulation prodUcing CER
écquisition impairment (Shinkman & Kaufman, 1972) were
'Amentioned._inspection of the records presented.in this study
of ‘hippocampal activity during HSD}aTso shows that_distinct
seizure-like activity often occurredhduring?trials. Sinde
electrical and cheﬁical stimulation have both been shown to

produce large amplitude synchronous spikes or spike trains,
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it is proposed that the effeots of post-trialystimulation
and HSD are qoa]itatively similar. Hence it is further
proposed that the'fmpaired CER.acquisition'obtained in the
vphesent etudy is due to a similar mechanism to that
onderlying the impairment'produced by e]ectrical
stimulation Certa1n1y the effects of HSD were long 1ast1ng
enough to be st1ll present 1mmed1ate]y after the 51ng]e
cond1t1on1ng tr1a1 as F1gure 18 111ustrates therefohe HSD
does qualify as a post- tr1a1 st1mu1at1ng agent. Of course,
"HSD is clear]y a more rad1ca1 man1pu1at1on since its
effects ‘are also present during tr1als

One approach to which this explanat1on seems to be
relevant_1s the ‘memory consolldat1on literature mentioned in
the introductory'review The ftndtngs whichrpertain‘to this
approach all report that learning is h1gh]y vulnerable to
disruption of norma } funct1on wh1ch occurs 1mmed1ate1y after -
the learning ep1sode. It_seems clear that the disrupting |
.agentrHSD can.produce-conso]idation defects (Avis & Car]ton,
1968;‘Hoghes;'1969; Kapp, 1971). So too, it*seems, can
‘post-triat electrical stimulation. Since this is the case-
the present use of HSD during learning trials may also haye
produced a consolidat ion 1mpa1rment as the effects of HSD
have been clear]y demonstrated to be present after the shock
was del1vered,_and.are mos t l1ke1y still present until
several minutes after eaoh trial. . |

| It should be noted that a oonso]idation impaihment‘

explanation satisfies the results for groups LSD and PLSD,



123

which were conditiOned under HSD, but %svinadequate for the
Test One results for group-PSD which were normal for . the
‘conditioning phase. It is unl1ke1y that th1s result was due
to post-learn1ng interference since the basel1ne records,
appear normal on each successive tr1a1 day for the SUbJeCLS
The poss1b11ty remains that HSD produced some changes wh1ch
were not manlfested in subsequent records but the
limitations of the present study do not allow further
speculat]on as to what cytoarchltectural or b1ochem1ca1
changes may have resulted from HSD. It shou]d be‘exp11c1t]y
pointed out, though, that group PSD received HSD for six
successive tria?&,vwhichmay also suggest that some unseen
change occurred. It is true that group PLSD'receiyed HSD‘oh
Seven_trials, bui presumab1y:the consolidation hypothesis is
a more powérfu] exp1anation for the result for th{s group;
There still remaihs a problem, however. The
conso]idatiop_hypothesis,lae originally out 1ined by Duncan
(1949) and McGaugh (1966), is insurficient te account for
two types‘of evidence reported in the literature pertaining
to another»disrupting agent, electroconvulsive shocK (ECS)
F1nd1ngs that ECS given 72 hours prior to 1earn1ng produced
| prograde amneSIa(Posche], 1857, Adams & Lewis, 1962), and
that long learning-ECS intervals of 24 hours (Miéanrh,
Mi]ler;'& Lewis}v1968), three days (Geller, Sidman, & Brady,
3955),-and eveh 63 days (Braun, Patton, & Barnes, 1952),
-also produced amnesia have been reported. The consolidafioh

hypothesis is particularly hard-pressed to account for these
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f1nd1ngs of prograde amnesia resu1t1ng from ECS g1ven prtor

to the learning tr1a1 It is also stretch1ng the imag\nation

days, let alone 63 days.

In order to account for these d]screpanc1es Ada
Lew15’(1962) suggest that ECS itself is a very strong UCS
~ the response to wh1ch becomes cond1t1oned to various cu
associated w1th the exper1menta1 apparatus and tra1n1ng

swtuat1on in which the. exper1ment 1s run. They proposed th t

the neural disruption which js- produced by ECS becomes

conditionadedo the various environmentai cues present at the

forma 1 pattern of prain activity, similar to that
' the original ECS, which could then interfere
:1 functionino. Such a theory would then account
for thet ;nes1c effects resulting from del1very of the ECS
E;:;"’learmng and also wou]d account for the 'long
'learnin?;ECS 1nterval results of retrograde amnesia, since
Tt s imﬁatg ‘al when'the conditioning of this abnormal'
_neural activity occurs. | p |
'Adams and Lewis (1962b) performed an etegant direct
test of the ECS cond1t1on1ng hypothesis versus the
:'conSOIIdat1on 1ypothe51s Identical amounts of ECS were
given to two groups at the same learning-ECS interval. The

groups di

e only in that one group was given ECS in an-’

differenti ':ronment from the one it was later tested in,
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wh1le the other group was g1ven ECS in the same apparatus in
which performance was later tested. The rat1onale behind
th1s experiment was_ as follows Slnceathe consolidation
hypothes1s is concerned pr1maﬁ1ly with the length of‘the
learning- ECS interval, the two groups wou Id not be expected
to differ in the amount . of retrograde amnes1a they
exh1b1ted On the other hand, if the amne51a was produced by
'ECS cond1tlon1ng to- the tra1n1ng env1ronment Cues, wtﬁe'éy
'resultlng expectatlon would be that the group sted in the
unfam1l1ar test apparatus, would eXhlblt less retrograde
'amne51a since there would be fewer cues ava1lable to evoke
the ECS cond1t1oned response. The results of th1s experiment
supported the ECS condlttonlng pred]ctlons

The relevance of this hypothes1s to the present
exper1ment 1s easily demonstrated 51nce 1t has already been
shown (hat setzure 1ndu01ng st1mulat1on and HSD are l
qualltatlvely 31m1lar dlsrupt1ve agents. ECS perhaps |
represents a more 1ntense and certa1nly more global
,d1srupt1ng agent lbut 1t too produces synchronous sp1ke :
‘dtscharges. In add1t1on it has already been reported that
.%gD produced retrograde amne51a at the - fa1rly long -
learn1ng HSD interval of 24 hours (Avis & Carlton 1967'
Hughes 1968 Kapp, 1971), therefore inclusion of HSD in the
list of dlsrupt1ve agents wh1ch could act as UCS's is -
perm1ss1ble

It is the ev1dence concerning ECS pr1or to learnlng

whtch is most interesting from the present point of view.
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Since it has been ment1oned prev1ously that ECS and HSD have
s1m11ahxpropert1es it is proposed that a stmt]ar type of

conditioning of abnorma] activity to environmental cues
. _. ;

L

- could have occurred'in the present. case, and would be.
expected to have a s1mtlar disruptive effect onanormal
funct1on1ng. If this is SO, then perhaps an explanat1on for
the low suppression level of all three experimentat groups
may-be provided. Cuerinduced’disruption would oécur. during
~any trial in any group follow1ng ‘the 1n1t1a1 adm1n1strat1on
of HSD In the case of group PSD this wou]d mean that
a]though they d1d not actual]y undergo HSD dur1ng the
cond1tlon4ng phase, the test1ng box cues woyld have e11c1ted:'
- a conditioned type of neural act1v1ty wh1ch would 1nterfere
with normal condtt]on1ng of the CER. Thus the‘same |
gmechanism induced'abnormat activity,interfering with
-cond1t1on1ng, can, be proposed\{o Underty thebresults'for'atl
‘three’ groups on Test One. N | -

There may also be a further factor underly1ng the Test
One results “Since by Test One all three exper1menta1 ‘groups
had rece1ved HSD th1s cue- 1nduced d1srupt1on of act1v1ty
would be expected to be present during any test without HSD.
Thus for all intents and purposes tests w1thout HSD could
1n rea]1ty have been affected by th1s cond1t1oned |
.dlsruptton resu1t1ng in a similar 1nterference effect to
" that shown by groups LI-SD and LIC- SD on Test Two. In other -
words, perhaps the same 1nterference in performance which

resulted from HSD dur1ng Test Two in those subjects which
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fdid show previous suppression on Test One, occurred for the

experimental groups on Test One. This would provide two

possible reasons for the lack of CER performance shown on

. Test Ore for these groups. First initial conditioning could

~ have been interfered with, due to cue-induced disruption of

normal functioning during conditioning, and second, since
HSD undeniably fnterferes with suppression, perhaps the
cue-induced disruption during tesfing in the experimental =
Qroups had. a similar interfering effect. It is interesting
to speculate that interference‘during conditioning could
resu]f’in the disruption of ongoing consolidation processes.
Similarly one process which could beaaffected by the
d1srupted neural act1v1ty durlng per formance is that of
retr1eva] This 1atter subject of per formance prob]ems is

elaborated upon 1ater in the subsequent d1scuss1on of ,the

»Test Two results but for now it should be stressed that a

retrieval problem is only one of the a]ternat1ves relevant
to the effect of HSD on performance However " the present
po1nt is that an initial interference with CER conditioning,
plus an additional interference with perfOrmance; all due toJ

A

a cue-induced abnormél HSD-1ike brain state, can account for

-gihe Tow suppression shown by groups PSD/ LSD, and PLSD
throughout the tests.,

‘However, 1t remains to be explained wh§ th# CER should
be interfered.with, and not other»behavioqrs/which are

presumably vulnerable. ThHe question of exactly which

_iessoc1at1ons @nd responses would be expected to be subject
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to interference from this cue-ihduced abnormal brain state
is therefore relevant. In terms of associative strength, it
is assumed}that the response ‘of drinking has a high |
strength,Adue to its obvious necessity to the animal, and
its prolonged degree of practice. In contrast, the response
of ceasing an Qngoing behaviour, such as drinking, following
é noxious sfimu]us, while undeniably important to the
animal, has had only a single trial, and hence, is presumed
to have afsubstantially lower associative strength. This
should make it much more vulnerable to abnormal brain
activity dccurring when the low association strength
' respon;e wa; required. In sﬁpport of this the results of
group LIC-SD on Test Two show that true HSD produées‘a‘
marked disruption of the suppression response which wag
strongly exhibited on Rhggpﬁevibus test. If’such is ﬁhe case
for a grodp which was intact during 1earning,lthen it is
likely that the associative strength of -the suﬁpression
respoﬁse_is even less in the three experimental groups which
were interféred with during_thé CER conditioning.
Consequently the presumably "milder" disruption effect of
the cue-induced HSD-1ike state would be all that was
fequired to interfere with thé even more fragile 'suppression .
response. |
It is clear then that any conclusions'concerning the
reasons for the low level of performance on Test One for

'groups PSD, LSD, and PLSD mustAbe general at best. The

-
g

hypdthesis proposed immediately above is attractive and-

\
‘. oy
-

%
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~intriguing allke but unfortunately it is distinctly a
pOSfeFIOFI and hence must await further corroborative
emp1r1cal support.

Although’the Test QOne results allow only tentative
conclusions, the same does not hold true for the rest of the
tests, which were designed to investigate the effects of HSD
on performance rather than learning. The most important
result concerning Tests TWo and Three, is that‘every
subject, regardless of group, Which showed high performance
- on Test One, showed a striking decrease while under the
1nfluence of HSD on Test Two, fol]owed by an equally
striking recovery on Test Three, when no - longer under the
influence of HsD. | |

The validity of this pattern 1S even, more forcibly
demonstrated by the results for subgroup LIC-SD on
additional Tests Four and Five. It is also_interesting to
note that if the decay function tor subgroup LIC-N (see
FigurZ;QS) is extrapolated ma1nta1n1ng the same rate of
decay, the performance levels which would result on Tests
Four and F1ve would be well below those for subgroup
LIC-SD. In fact this high recovery levei suggests that it is
as if Tests Two and Four had never occurred for th1s |
subgroup. This is further supported if one compares the
level reached by subgroup LIC- SD on Test Three with that of
subgroup LIC-N on Test Two and similarly for Tests Five and
Four It can be seen that the performance levels are more

similar for the two subgroups viewed in this way. Howeverv
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the main point about the LIC-SD subgroup resuTts is that
they show that the pettern of impaired performance followed
by recovery was replicated. This pafbtern of impaired
performance when the hipoocampus is disrupted fo]]oWed by
recoVery provides compelling evidence'in support of the
response inhibition hypothesis of hippocampai function.
However,‘in general, a behavioural result consisting of
impaired performance on a retention test could be due 2
varfety of alternatives. Faulty under lying processes could
exist in a) initial learning'and‘conso]idation of the
N_assoofation, b) retention of the association in storage, c)
retrieving the association, and d) motoric capacity. |
“In the present case, the fact that un{mpaired
per formance was demonstrated on Test Three, effectﬁvelx
%\e11m1nates a fau]t in 1earn1ng, consol1dat1on and
retent1on »as the cause of’ the 1mpa1red performance on Test
Two, although 1t has been suggested that consolidation
problems might undequ the initial poor performance of
subjectsvon Test One.\?hexalternative of motor dysfuncfion
is also effectively elimine%ed\since subjecfs were often
noticed to drink intérmittently while under HSD, thus
demonstrating that they were motor1ca11y capable of Ceas1ng
to drink while under HSD. The elimination of these
alternatives appears to point to a simple conclusion, sinoe
only one alternative remains; that of retrieval problems.
However it is possible to further divide this alternatiYe.

One can to conceive of a situation in which retrieval
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processes functfon,norma]ly yet performance is stil]
impaired. If one of the functions of the hippocampus is to
act as a response sequenc1ng mechan1sm or in other words
to evaluate current c1rcumstances and allow on]y the most
appropr1aﬂe response to be expressed by 1nh1b1t1ng ongo1ng
competing responses, disruption of the hippocampus could
then impair the 1nh1b1t1on of responses~ which would
effect1vely prevent the express1on of the more appropr1ate
response y1e1d1ng a behavioural result of 1mpa1red
'performance. In this case unimpaired retnieva] processes
could be fonctioning noEma11y, resulting in fhebappropriate
response pattern being summoned yet not being expressed
since the response switching meohan1sm has been d1srupted
and on901ng behav1our perseveres, although it is c]early
inappropriate. | | |

The results obtained in the present experiment"do‘not
“allow a furfher choice between these two alternatives of
retrieva] processes or response inhibition and behaviour
switching processes. However other‘evidence suggest sfrong
support for the response inhibition hypothesis. For example
the findings concerning extinction in lesioned animels are
relevant. In this case it clear that subjects are not
impaired in retrieval processes, since:their behaviour is
characterized by an apparent inabi]ity to forget (Kimble,
1968). It is likely, then, that these results are due to a
problem in response inhibition a function wh1ch is proposed‘

to be medlated by the h1ppocampus A similar interpretation
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may'be applied fo the findings of_perseveration}
indistractibility, end lack of habituation'in animals with
hippocampel damage or disruption. In addition the other
tasks whichvinvo]Qe response inhibition mentioned in the
Introduction are similarly relevant. This body of evidence,
“seems to decrease the attractiveness ef1fhe hetrieval
deficit hypofhesis, since in each case eome goal-oriented
response is clearly all too we]].retrieved.' ;

' The hesults of the present experjment lead to tWo(’
conc1usions.'First_it appears thatkhippocampaT'dierption
-achieved by HSD produdges a severe impairment in CER
acquisition, possibly dQe to.interference with ohgoing '
consolidation pfocesses feTlowing’the 1eerning trialf Second"
hippocampal‘disruption duringbperformance produces drastic
impairment of performance, which recovers‘when,the effects
oF HSD are no 1ohger present: This second finding serious]y'
lunderminesvthe theefy that the hippoeampus mediates_

retention.of infofmation, while strongly supporting that

-

whﬁch attributes a response inhibition role to the
hippocampue. In addition it is also possible.that en'
HSD-1ike pattern of neural activity, Which‘is‘Conditiened to
the apparatus cues, can account for the impairmenf of CER
condjtionipg and subsequent performance aIiKe, during trials
in which no HSD is administered, although this hypothesis is
clearly posf»hoc and requires independeﬁt testing.

&
Y
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