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ABSTRACT

State-dependent learning hés Beén studied in cases
where differential résponses are required undef §arying
drug conditions and where some unitary response must be per-
formed under Qarying conditions of drug and nbh-drug° Ini
the former case, response dissociation is considered to be
a result of the cue properties of drugs while in the latter
case it is believed to be a consequence of CNS modification
of neural circuits representing coded résponses° The pres--
- ent study was designed to determine if the S£imulus'proper—
_ tiés of a drug without direct CNS activity could produce
._sﬁate—dependen_tldiééqciation° Resulﬁs indicated that only
with'the'cehtrally aéti%e agents pentobarbiﬁél and chlor-
.,'promazine cduld*any,appreciable dissociation be obtained,

~ while the ANS stimuiant,»l¥épinepherine, could not produce
dissoCiatiOn; It‘iS»arguéd that responses are coded under .
'speéific CNS»conditioné7 and'that) in order torréporduce.

a response, those or similar conditions must be reinstated.

vii



INTRODUCTION

State—dependent learning constitutes a procedure
whereby the effects of drugs on a previously learned re-
sponse may. be assessed in two ways: 1) effects resulting
'from_direct action of drugs on 1earned respoﬁSes and 2) ef-
fects resulting from state-change (drug to non-drug, or vice
versa)wt It is this latter class of effects with which the
field of state—depehdent learning is most cencerned° The
inability-to transfer response performanee from one state
to another is termed the "dissociation" of leerning‘and this
dlssoc1atlon is generally taken to represent the result of
changed chemlcal env1ronments within the organism, when
fatlgue, motlvatlonal'changes, retentlon, and so forth can,
be ruled out. |

| TWobproceduree have'commonly been used to assess
the state—dependent‘properties of drugs. In the'first case,
:sﬁbjects are required to make spatial discriminatiens in
order to eseape shock, with discriminative‘cues.for the
COrrect,requnse.being internal, state- (drug-) preaueed
o stimuli._ One particular adrantaée in using this approach is
that it makes_possible the claesification of related pharma-
coiogical eempounds by use_ef vet another behavioral proce~ :
dure. For example,»the experimenrer'using an elecrrified

1
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'Z.T—maze'may require the,sﬁbject to make a right turn escape
- response while drugged with'phénobarbital and a left turn

response while undrugged.  Following these initial proce-

: dures; various other depressant drugs, related to pheno-
barbital Structurally and pharmacologically, may be

_administered'and the.similarity of their behavioral effects
(in this case, fesponse control) assessed.

- A more satisfactory meﬁhod for obtaining stateé
depéndency ié to.systematically-alter'central states in
 successive testing phases. The most efficient design with
rthis approach1is a simplé switchback, transfer—of;training
paradigm in which two groups are trained on a particular
task in.aéquiSition, oﬁe urider drug conditions and the other; 
under nonfdrug conditions. ‘During testing, both groups are
split with half performing under conditions identical to
- . those dﬁring acquisition (no staté—change groups) and half
performing in the condition not present during acquisitibn
(state~change Qrdups)o- This design thus yields four baéic =
~groups (drugfdrugf.hon—drug—noh—drug; drug—noanrug} and
_non—drugédrug) whichléildws for the simulténeous measurement -
-of simple,drué effeéts dﬁ behavior as Well as state-change
effecté,~;It‘is necessary to understand‘that state~dependent
'learning} as typically defined, involves a dissociative ef-
‘_Yfect; and, thus, performahce during_testing must be dramat-
ically reduced or;.iaéally,,éompletely abolished. Such
:dissociation is necessary reQardleés of whether a stimulant

~



or depresSant’drug is used ana whether drug effects on
acqguisition are faéilitative or disruptive.

Although a wide variety of drugs have been used in
the study of state—dependent learning, a larger number of
étudies'have_been>concerned with the barbiturates and phéno—'
thiazine tranquilizers. Results with the barbitﬁratés
have been very consistent, indicating that state-dependent
iearning is a stable énd reliable effect and that, for most
members of the bérbiturate class, this dissociation repre-—
sents a very‘large and often total inability to transfer
responses. Overton (1964) reports response control of
learning with sodium'pentobarbital (25 mg/kg) in avoidance
~learning in the T-maze. These effects were shown to be.
direcﬁly proportibnal to the size of the drug dosage and
would seem to indicate that_any degree of dissociafion
‘;desifed could be experimentally produced.

3 Barry,‘theredge;,and~Miller (1965) using a barpress
taskbto produce conditioned suppression have also reported
1argg_responéé decrements after state-change with amoﬁérbi—~
* tal in dése; of 20 and 3Q mg/kg. In sﬁbsequent research,
Overtoﬁ (1966} demonsfrated_that phenobarbital (80 mg/kg), -
viupentobarbital (20 mg/kg), ethanol (2f4.mg/kg) aﬁd a host of
éthgr_dgpressant drugs could all be discriminated suffi-
ciehﬁly from‘saline-étates as‘tokprovide forféfficieht and
rapid acquisition.of'differentiél“éscape résponées° More-—

over, no differential response control could be obtained



. }
with states'based on phenobarbital vs. pentobarbital or

in cases where doses Qf the samevpharmacologiCal agenf were .
not sufficiently different (e.g., 5 vs. 7.5 mg/kg of pento-
barbital).

 That'Staté—dépehdent learning . is not, ét lease in
the case of the barbiturates, a result in changes in sensory
appératus ér their_prbcessing abilities has been supported
by research by Overton (1964, 1968). 1In the first experi-
ment, subjects:wére trained to perform-differéntial escape
';esponses in a Timazé based on pentobarbital (20 mg/kg) vs.
saliné, gallamine (a curare-form drug causing muscle flac-
‘cidity) vs. saline, tetfaethylammonium (an ANS blocker) vs.
saline, and using a single external stimulus vs. no signal
, stimuius'br multiple ekfernal stimuli vs. no signal'stimulﬁs,
Only,in the cases of pentobarbital administration and use of
multiple stimuli could thé subjects efficiently leatn the
 dis§rimina£ion,‘indicéting that’the formétion of the S
responsé—controiled'discrimination was not dependent on-the -
’rOle-§f:external cues or chahges in their nature or auto-
nomic responses which might serve as cues. 1In the latter
) research,_after differential résponding-had been learned
'-between’pentobarbital and'saliné étates, subjects were
" blinded or subjected to wiae variations‘in.shock intensity.
”Such:manipulations aia ndt affect the learnedidiscrimination,f

indicating that it was relatively independent of tactile



and'visual éfimuli,. Moreover, subjects blinded prior to
acquisition were able to léarn the differential responses
and.others given a discrimination based on shock 1évels as
cués for responding were not --- again indicating that drug
effeéfsfon visioﬁ or shockisensitivity could not be responsi-
ble for the state—dependent effect.

‘In‘an attempt to discover. the nature of barbiturate-
inducéd dissociation; Bindra and his associates have coh—
ducted a sefies‘of-experiments which employ a variety of
rtaSks,: In. the first experiment, Bindra, Nyman and Wise
(1965) tested fér state-dependent dissociation in transfer
erom acquisition to extinction and extinction to recovery
using>escape and immobiiity responseso. They found dissoci-
ative effects during,extinction of the eéscape response and:
»: during rechery_of the immbbility response. .Subsequent iné"
vestigations (Bindra and Reichert; 1966, 1967), agéin using
phenqbarbital,'demonstrated dissociative effects on an ayoid—
"~ ance rééponée_only‘whén thé'meaSure.used was start-time
| lafency‘and dissociation of an habituation response. TakenA'
togethér, Bindra and his co-workers consider the foregoing
jr'in.:'esu-lts_which'inc_ilic':a;'téfthat dissociation occurs only in_
'-insfancés whefe’responseérmust bé iﬁitiated or in instances
i_Where_a measure'liké latency ié used to indicate that disso—
;vciétién may consist more.bf an inabiliﬁy to transfer response;f

" initiation than of response choice.
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Of the expériments_on‘state—dependent learning car-
ried out withitranquilizérs, most have been concerned with
the phenothiazine, chlorpromazine (CPZ).VVResults with this
drug howevef‘have been equivocal, making any final,conélu—
sions impossible. ~Stéwartr(l962) has demonstrated that sub-
jects can acquire a differential spatial escape response
whenithe discriminative_stimﬁli were drug—prdduced cues with
4, 5, or 6 mg/kg CPZ fér one response.and séline—prbduced
Vstimuli-for the other. Later, testing with other tranguil-~
izers-of_the'phenothiéziné cléss indicated that administra-
tion of acepromazine (4-8 m§/kg),;perphenaziné (4-6 mg/kg),.
and prothipendyl (12 mg/kg) produced internal.stimuli suffi---
'ZCiently similar to CPZ so.as to produce transfer of the
escape response. . |
Otis (1964)‘usingAé pole-climbing conditioned avoid-
" ance fespbnse (CAR) and 1.25 mg/kg and Lal (1969) using a
.shuttlebox CAR and 3 mg/kg CPZ have both obtained evidence
for'stéte—dependént dissociation. InAthe-experimen£ by,
Otis, the dissdéiation decrements amounted to from 20-50
pefcent in the condition‘change'from drug to non—drlig° How~
éver;.testing'wés conducted:three weeks aftef acquisition,
therebybconfounding retehtion with state—change_effécts and
| making.evaluation‘bf Ehe‘fesdlts_diffiéulte' The'study by'
Lal on the other hand ié:Stfaightforwardnand dissociation_.
- in this caée amounts‘to}a 6—28 percent decrement .in respond-

.. ing. The results of both of thése studies are in contrast



to the above reviewea experimenﬁé with barbiturates where
respénse decrement estimates after stafe—change range from
80-90 pércent to several ﬁundred percent depending on- the
measure used. | |
Contrary to the abovevevidencé for staterdependent»V

learning with CPZ are a number of invéstigations which have
failed to produce the effect. rMillerb(i961) has attempted
to obtain state—dependent.dissoéiation with 2 ﬁg/kg CPZ on
the conditioned-suppression of a lever-press response. His
results indicatgd that on the first day of testing after
staté—change (drug to non-drug) a noﬁ—signifiéant decrement
of 12 percent of animals suppressing responding occurfed
which was followed by performances identical or nearly ident-
ical to pre-change performanCe»for the remaining seven testA
days,% Grossmah‘énd Miller,(l96l) likewise have demonstrated'
that CPZ in doses of 2 ﬁg/kg does not produce state-
dependéht dissociation in fear tests withoutIShogk or in
fear—plus—paiﬁ»tests with shock. | |

A 'Othervinvéstigati6ns with CPZ have attempted to ob-
tain state~dependent learning while testing'during response
‘extinction. Denenberg,'Rst,-and Ellsworth (1959) using
mice and the extinction of a éhuftlebox CAR*féund that CPZ
in doses of lf5 and 4,5 mg/kg did not produce dissociation
‘as evfaénced by greater resistance to extinction in state-

chang‘e'_groups° Similarly, Ader and Clink (1957) have shown



| :
that_doses of 1.5 mg/kg CPZ in‘rats does not produce state-
depehdent_effects during the extinction .of a shuttlebox CAR.

This occasional inabilify to obtain state-dependent
dissoéiation does not élways occur in experiments with other
types of tranquilizers. Using the benzodiazepine, chlor-
diazepoxide (CDP), Brown, Feldman, and Moore (1968) have
disco&ered thatvdoses of715 mng/kg produceistétes suffi-
cie#tly different from saline to make possible a brightness
discrimination.based on the cue properties of the two cen-
tral states. Séchs, Weihgarten and Klein‘(l966)_have further
demonstrated state—dependent-learning with 15 mg/kg CDP
which dissociates with changes to .25 and .5 mg/kg CPZ and
to injections of amphetamine. " In addition to these studies
with CDP, there are‘repofted observafions‘of dissociation
Qith theiphenothiazine, thioridazine.(Heistad and Torres,
1959) and the propanediol, meprobamate (Bloch and Silva,
1959) . | |

Although no general thebry regarding the neural re-
quirements for the acquisition of learned responses has
evolved from the many studies in the field of state-
dependent learning, a number of theoreticél_models have
' beeniproposed_to explain dissociative éffecfs; These models
may be»divided’into two ‘general groups: {l)vdiscfiminative
stimulﬁs or drug-cue hypdtheses and 2)-céntral state or

"chemical milieu" hypotheses.



;Theidrugéege hypothesis was born of those studies

'which'required subjects’tb demonstrate the»learning of
3 differential responses based on the presence er absence of
' infernal, drug—produced stimuli;. In this case,.therassump—'
tion_is:made that subjects'can utilize the peripheral ef-
fects of'pharmacologicai agents such as dilation of the
pupils and ehanges in bleod pressure and heart rate as dis—
criminative cues,' These cues are information bearing in
that they "tell“ the subject what response is cor:ect'for
that testing session or what reinforcement contingencies
are in opefation°

o _If one considers the training procedures used for
the differential responding paradigm, the drug-cue hypoth-
esis is quite tenable. In the sitUafion where a subject
must make a fight turn eédape response when,drugged.with a
"barbiturate versus a left turn response when dfugged with
a stimulant, the only possible cues for making the eqrrect:
responée afe»aﬁtdhomic, physiological stimuli. The reqqire—
ment for producing the effect is'that ability to make these
differential responses must be specifically trained to two
diseriminableedrug states. Thus; the drug-cue hypothesis
is a by-product of the Way in‘which the environment is ex-
perimentally strucﬁﬁred; that"is, one forces the subject
perhaps to take,advaﬁtage of the cue properties of drugs in

order to learn the effective behaviors.
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Some investigators sughias'ﬁelleville (1964) and
Otis (1964) have attempted to apply the drug-cue hYpothesis.
to cases in which state-dependent dissociation occurs but
in wﬁich differential responding is not réQuired? In other
wqrds, these authors believe fhat the inability to transfer
_ something like a CAR is also a result of changes in internal.
cues. The application of the drug-cue hypothesis»in such
cases .is perhaps inappropriate and, since the same response
is aiwaYs required, seems to be born of speculation réther
thgn experimental‘evidence. .

In éxperiments where no differential respohding is .
required, the discriminétive s£imuli which cue the response
are'external'stimgli which do not change from training to
testing‘sessions (e.g., bell or buzzér CS in signaled ac-
tiVevavoidanée);' For'ﬁhe drug-cue hypothesis to hold then,
- it is eséential that the states in question modify the re-
iception‘or ?rddessing Qf external sensory stimuli (the Cs
or'SD)'or that the.theofist propose that the seemingly-un—'
impbrfant autonomic stimuli really do cue the response.

| In oppoéitionrfo this point of view, the central
staﬁe or "chemical milieu" hypothesis has been proposed
which considers state—depéndeht'dissociation to be the ef-
- fect: of the-éction;of'drugS'principallyvén the central as
disfinguished from the peripheral nervous system.v The
.assumptidn is:that the CNS céding,of a learned response,

,whétever it may constitute, depends on the physiological
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condition of the brain at the time at which it is laid
down.' Thus, any change in the cenfral conditions will mod-
ify or disfupt theﬂéoded nervous system repreéentafion of
.the'response and make its evdcation'leSS probable.

| The nature of the "chemical milieu" hypothesis“has
taken tWo-major férms to date. Bindra and Reichert (1967)
propose that state—dependency is a result of the breakdown
of neural connections between the sensory consequences of
environmental stimuli and the motivational mechanisms of
response performance. This presumably would entail disf
~rupti6n of the neurai coding mechanisms responsible for
transfer-betweeh affector and effectbr systems. This form
‘of the "chemical milieu" hypothesis is proposed by Bindrar
and Reicheft as part of a previously mentioned theory that
| dissociation with the barbiturates is a resﬁlt of changes
'Ain'respohéé initiation and not in response choice mechanisms.
Thus, it may.be a fairly specific hypothesis and may ohly
apply to the mechahism of dissociation of the barbiturate
drugs.' - ' | | |
The model bfoposed by Cverton (1§64), from whence
the:designation Wchemiéal milieu“_was»borrowed, is a -more
§eheral hypéfhésié and it attributéé state-dependent:learn—'
ing t¢ an interféfence with_cdﬁplex mediational procésses
whiéh normally route and modify neural impulses in such a
- way that a previously learned response may bé’“reselééteda"

This would mean that dissociation involves disruption of
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the transfer capabilities of the brein linking sensory
events to motor responses. | |

Attention should be directed to two important
aspects of the Overton model. First, in a given neural
circuit which is the Central representation of an S-R con?
nection, the theory only states that some dieruption of the
circuit need occur to produce dissociation. There is no
requirement that the transrer of cell A to B or of cells C
to D.and D to E be totally abolished, for in thisrcase the
response'could never be reproduced and perhaps some‘phenom—
enon such as forgetting would be more appropriate as an ex-~’
planation° What the theory does require is that these
'transfer capabilities be in some way actively disrupted or
'unable to be actualized in,the'changed chemical stete,A
Secondly, one should note that the model ie»Very generel
with respect to the'exact process affected by the state-
changea.7Thns,lthe:aissociation may result from‘disruption
of Sensory processing ability, attention mechanisms,.asso—
eiative processing;'response initiation mechanisms).or'any
other central nervous system components which are involved
inrthe-selection of.a‘response.< The particular level,at
whieh'drugieffeets»providing for diseociation would'be found_i
would be speeifie‘to the indiVidual'drug being considered.

In Qrder-tb determine;ifAthe drug—cue'hypothesis iSE]
snfficient to explain state-dependent dissociation it is‘

necessary to obtain such dissociation in a task which does
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hot-involve diffefential reépondihg and using a drug which
maximizes peripheral nervous system activity alone. The
present study employs the sympathetic stimulant l—.
epinepherine and a.conditioned avoidance response. I1f the
. periphefal effects_of.a drunghich_serve as. discriminative
cues are important iﬁ the production of the dissociation -
phenomenon, then state~dependent learning should be obtained°
- However, if central state modification by direct drug ac-
tion-on the CNS is necessary for dissociation, then no dis-
,sodiétion should be observed with epinepherine since it
does not cross the blood brain barrier to any appreciable,
extent (Weil-Malherbe, Axelrod, and Tomchick, 1959). 1In
éddition to the sympathetic stimulant, the present study
_ufiiizes twd centrally.aCtin nervous system depressants,
'pentobarbital and.ch;orpromazine, because of their known
productibn of dissociation and as references against which

‘to‘compare the effects of l-epinepherine.



METHOD -

Supjects
,Sixtyrmale'rats (Holtzman strain) weighing from 350 -
| te 4OQ grams throughout the experiment were used as subjects;~
 The animals were hdused in wire mesh cages;'two subjects |
'per cage, prior to the beginning of training; -During train-—
ing and testing, subjects were hqused_singly-in individual
uwire cages;. F00d~anddwater_were available'ad-libitum'

throughout the entire experiment.

pApparatus

A.two—compartment shuttlebox measuring approximate—s
ly 62 x 25 x l7 5 mm. was used in the present study. ‘The
frame of the apparatus was constructed out of dark grey
wood with the two end sides composed of wood and the back
'facing of brde-:eiuterced fibefboard; The top andvffont
| panels of the shuttlebex were clear piexiglass in COmposi-
‘tien, with:the gtid floor being composed of .5 mm. in diamf,
‘eter ~copper rods placed ..... ‘approximately 2 mm. apart. The two
'compartments of the apparatus were separated’by a 7.5 mm.
high woodeﬁ»hurdle'en Wﬁich‘tWO’copper rods had been. placed
in erder«to provide shock to the hurdle and to prevent sub-
jectstfrom sittingvondthe hurdle to avoid shock.

14
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Shock as the UCS Was.provided'by a scrambler-shock
-'generator which contained variable>§oltage controls so that
the experimenter could adjust shock levels-duringdtraining
for individuai_subjectsg The'location of the shock was reg-
ulated by an“automaticaliy programmed microswitch apparatus
which was attached to the grid floors of the compartments.
The only 1llum1natlon prov1ded durlng the experlment was
~via a 25 watt cyllndrlcal light bulb located approx1mately
37.5 mm. “above the top of the apparatus°

. Intertrial intervals as well as shock and CS dura-
tions were regulated by two Hunter Decade interﬁal‘counters
(Modei‘lll—c), whiie_latency data was recorded automatically
by a Multi—Activity Printout Counter (Layfayette Instrument
= co., Model'5711). DatakwaSgrecorded'as time in seconds
-between 1) cs onset and ﬁCS onset-or between.CS onset and
the response;'and 2) between UCS onset and the occurrence of

the response. .

Procedure
Subjects were ‘randomly assigned to one of 12 groups,”
5 subjects,per group. - The experlmental des1gn 1nvolved use
' of_a‘simple_switchback, transfer—of—tralnlng'paradlgm in
which all four possible combinations of drug (D) and non-

drug (ND) states were represented This yielded a total of

' four groups (ND-ND, D-D, ND-D, D-ND) for each of three drugs,

for a total of 12 experimental groups. Drug states were
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‘.prcduced by injection of chlorpromazine hydrochloride (CPZ,
2 mg/kg), sodium pentobarbital (SPe, 20 mg/kg), or 1-
epinepherine (Epi, .125 mg/kg), while non-drug_statee were
érovided by injections of normal saline (0.9% NaCl) in
amounts edual tc those of drug volumes for each individual
subject. Saline, CPZ and SPe were obtained as commercially
pfepared liquid injectiblesiand wene administered intra-
peritoneally (i.p.) in injectionrvolumes of .25 - .35 cc.
Epi'was cbtained as,fhe.granular cathecolamine and was sus-
pended in peanut oil and injected into the nape of the neck
sub-cutaneously in volumes of .05 - .15 cc.

The particular dosage levels for each drug were
chosen on the baeie'of past research which has shown them
co be effective'invalteringcthe course of CAR acquisition,
- while at the same time allowing sufficient learning.fc ob-
‘serve possible experimental effects. 1In addition, the dcse
levels were chosen because of their aemonstrated ability to
'prcducefdissociation3to some'extentQ In the case of epi-
nepherine, subjeccé were tested 1.5 hours after injecticn‘
while for CPZ'ana SPe tesfing'was conducted 45 minutes_afte:
_injecticn,of the'drug, In the lafter.case( it was necessary
tcVWait for the animal to recover sufficiently from the
ataxic motor effects of~theedrng before any training or
'tesﬁing was initiated, Thie took from 30 to 45 minutes de- |
pending on the particular snbjects,_ When saiine injections -

were given;nthe;delay between injection and training or
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testlng was. the same as that on‘drug days for the part1cular>~
subject°

Phase I (tralnlng) for all subjects consisted of
six daily sessions, 20 trlals per day, one sess1on per day,:
‘on consecutive days° A trlal was defined as either a single
V.av01dance Oor escape response . and conS1sted of CS- (damped
house buzzer) presentatlon for 7 seconds, followed by UCS
(.6 mA foot. shock) with the CS-terminating_prior to UCs onf
set?in‘allfcasesb- If the response was made prior to UCS |
onset, the CS was terminated'and the_UCS eliminated for
‘that triai,f_The intertrial interval was 15 seconds in
length and responses’during this interval were neither ef-
fectine in'delaying-onset,ofgthe next CS presentation nor
were they punlshed, »

In Phase II (testlng), subjects were given a chance
" to perform the CAR under the same procedures descrlbed abovee
for Phase I,pexcept that approprlate change or no state— '
change were now in operatlon° The;test phase consisted of
20-trials per session, for twolsessions on two consecutive
days, one sess1on per day. Thus, for Subjects performing
under condltlons identical. to those of training (no state-
change groupsy or for subjects not demonstrating thevdls—
sociation.effect -Phase i1 should serve as additional
'tralnlng ‘time. On. the other hand for subjects in state-~

change groups demonstratlng state~dependent d135001at10n in
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testing, Phase II performance should deérease and testing
phases should act as'a'period'of "reacquisition,f

| TheAdata from both tréining and testing phases were
collected in a numbér ofIWays,rthe following two measures
"being used: -percenfagé of avoidance responses in-each 20

“trial session and the latency of responding in each session.



'RESULTS

Figures_l and 2 show & clear difference in avoid- .
‘ance acguisition between experimental groups and over peri;
6ds of aéQuisition for percentage CAR and latencyrdata'
respectively. Since the thirty saline=injected subjects
. were run in groups of ten and since there were no differ—
ences between the acgquisition performance of these groups
éf'subjects, énly the first ten saline subjects were in- -
cluded in analysés of acquisition performance. Analyses of
variance (4 gfoups X 6 days of ttaining, mixed design) re-
véaled a significant effect of days of acquisition, groups,
_and the interaction using both response measures.

Using percentage CAR as a measufe, group differences
" were found to be éignificant (F = 13.39, 4f =.3, 16, p% |
>70001) as were the‘daYS éffect (F = 110.08, 4f = 5, 180,
k7p i°00l)>and their interaction (F =‘l;94; af = 5, 180, p<«
70025),' For both main éffects, multible t-tests were per-
formed. VIn the casé of group effects, these tests revealed
':that the CPZ'group'differed signifiéantly from both saline
and Epi grdups (p £ .025 for each), with the comparison be-
‘tween CPZ and SPé grdups barely missingvstatistical signif-
:icénce'at the“.OS ié&élg The éaline,.SPe and Epi groups did
- not differ among theﬁselves,v Post-hoc testing with the N
trials effect revealed significant differencesAbetween days-i
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Figure 1. Acquisition curves for drug and saline control
subjects showing the relatively poorer performance of CPZ
subjects and the slightly better performance for epineph-
erine subjects. -- Note: numbers in the legend refer to
number of subjects on which the acquisition curves are
based for each group.
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Figure 2. Acquisition curves for drug and saline control
subjects showing the relative decrement in performance for
CPZ subjects and close correspondence in scores for the
other groups. -- Note: numbers in the legend refer to
number of subjects on which the acquisition curves are
based for each group.
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1 and 2 (p<.005), 2 and 3 (p €.05) and 3 and 4 (p< .0l)
only.. The interaction effect was analyzed by use of the
Cochran and Cox test with comparisons being made between
each drﬁg group and saline controls at each day of acquisi—:
tibn. These_testS‘revealed'no differences between'SPe or |
,Epi groups when cempared with centrels at any of the acqui-
sition days. However, differences were observed between |
CPZ subjeets and controls of days 2 (mean of 8 and 39.5%
resteétively) ahd 3 (20% and 56% respectively) with p < .05
and on deys 4 (29.5% and 73%),_5‘(37,5% and 84%) and 6
(44.5% and 90%) with p<- .0Ll. |

| The results presented above for percentage CAR data-
are almost exactly paralleled_by the latency data. As above,
,enalysis.of varience revealed a significant groups effect
(F = 6.62, df = 3,_" 36, p < .005), deys effect (F = 103.64,
- af = 5, '186; p €.001) and »the interaction (F = 7.88, df =
75,.180;’§“<.0015a T—tests demonstrated that CPZ group dif-
feted significantly fromfseiine ana Epi groups (p< .05 for
" each) bﬁt not‘Whet_compated to SPe subjects. As above, SPe?
E@i, and sallne subjects did not differ among themselves.
Analysis of the days effect shOWed 51gn1f1cant 1mprovement
between daye 1 and 2 (p<5.005) and days 2 and 3 and 3 and 4
(p'cé.,OSVfor'_each)-konly° vIntetactions were again analyzed =
-by”comparing eachtdrug greupvto controls at each day of ac-
quisition. - No dlfferences were obtained between Epl and

-_sallne controls or between SPe and control subjects on days -
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2 threugh 6; however, SPe subjects were significantly high-
er than controls on day 1 (means are 11.86 and 9,28 seconds
respecti&ely; pgffOS), Cemparieons between CPZ and ealine
subjects demonstrated significantly-lower latehcies for con-
tfols only.on deys 2 (8.89 and 6.35 éeconds respectively), |
5 (6,70Aand'3,70‘seconds) and 6 (6.20 and 3.4l seconds)
“with pj‘}OS for each; |
The.state—depenaenf-learning effect is assessed by
using a 2 x 2 analeis of variance (drug or non-drug in
training vs. state-change or no-state-change in testing)
_ with sighificant‘effects,on the latter factor suggesting :
dissociation. Iﬁ;order to conclusively demonstrate state-
dependency, poSchocvcomparisons,should be made between
ND-D and D-ND groups and their respeetive_controls (ND-ND
“and D-D respe_ctively)° _Tﬁis should reveal to what-extent
7the‘state—dependeht.effect'relies on thercontribttion of
each state—change group. Eor example,vpostfhoe tests-may.
reveal the ehangeeto ND ih testiné does not depreSS perfor—,
~ mance beiow'thatfef sﬁbjects trained and tested with D.
rThﬁs; the_change-ND—D must be contributing the majority of -
. the effeet; In this ease,ithe resu1t'may be interpreted as
a simple”drug effeet, iHowever, it may be~re§ealed>the£
- -change erm ND to D does hot'deprese:perfbrmence below that
 of.su5jeets.trainedeaﬁd ﬁested with ND. Thus, the change
D-ND must be contribpting maximaily to the dissociation ef-

fect. 'This has been termed "asymmetrical" dissociation, the
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significance ofﬂwnich is not clear (Overton, l97la)°_ In the
,_present,study, this typelof,analeis was carried outvsinglyip
for each of the drugs and on each day of testing'and‘is
‘presented below in that manner. |

Figurei3,depicts the behavior of SPe SubjectS‘and
shows that on state-change days groups. ND-D and D—ND show
large decrements in responding (indicating dissociation),
while groups D-D and ND—Nb both show smallbincrements in
responding° Tables 1 and. 2 yield further evidence by show--
;iing.the amount of response decrements for each individual
'subject in the two state—change groups, there being an 82
: percent average decrease in the ND-D group and a 48 percent
:faverage decrease.in the.D—ND group for day one of‘testing,f
" Analysis of variance of the_data showingvpercentage CAR on
' day one indicates significant state—change.effectsv(F = |
- 47.38, df = 1, 16, p‘<;061)'and post—hoc testing indicates
“that both*state—change conditions contribute to the overall
effects (D-ND vs. D-D comparison significant with péf,Ol
H-and ND—D vs. ND-ND comparison with p<§,001) Analysis of
day one latency data 1ndicates a 81gn1f1cant state —-change
. effect (F = 33023,_df = 1L>16, p<35001) and post-hoc com- .
'i'parisons indicate again that both conditions contribute to-

rthe dissociative effecto_; e

With 1nspection of»Figure 3, one may note that.in

both the ND~D and D-ND groups, there is 1mprovement in per-

. formance on the second day of testing° In ‘these cases,
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average percentage decrements are reduced to 45 percent for
,the.ND—b-group and 24 percent in the D-ND group: that is,
almost a 50 percent reduction in both cases. Analysis of
variance using percentage CAR'data for day two demonstrates
no significant differences for the state-change effect (F =
3.13, 4af =1, 1e, pfﬂ,lo), nor is the analysis of latency
' data indicative of sﬁate:ghange effects (F = 4.03, df = 1,
16, p<.10). The lack of statistical significance is prob-
ably due;to the decrements on day two of testing in fhe
D-D group which made comparisons between state-change and-
‘'no change groups smaller.

Figure 4 presente the data for all CPZ-treated
groups in'the experiment‘ueing percentage CAR data, demone
stfating rather lerge differences in the rate and.fihal_per—
formance ievel between CPZ and saline subjects and that no
etete—chaﬁge groups show little chenge in responding, while
_ beth state—chenge‘groups demonsﬁrete,decrements. Iﬁspection
of Tablee‘l'and 2 ihdicates that this dissociative effect
| ameuntslto an avefage ?ercenfage change of 37 pefcent in
_'the ND—D'group and an'll'percent change in_the D-ND group.
Aneiysis ef variaﬁce showe_e siénif;cant statefchange ef-

fect for the percentage CAR data (F = 7.93, df = 1, 16,

p<f,025) es well as for the_day one latency data (F = 9.98, . ..

df = l;'l6; p(<;01)ﬁ ' In both cases, however, post—hoc
tests indicate that the ND-ND vs. ND-D comparisons are sig-

7nifican£,(p<:,01),whereaS'the D-D vs. D-ND comparisons are
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»not. Thus,.the majority of the state-dependent effect is
duerto the‘dissociation of the ND—ﬁ group and may reflect
for the most partca simple drug effect. |

Inspection of Figure 4 indicates that on day two of
rtesting while no state-change groups continue to improve,
the ND—D,grcup showsrincreasingly greater decrements where-=
as the D-ND group shows a dramatic increase in performance;
Tabies 1l and 2 indicate that the decrement in the ND-D
" group is 63 percent.(26 percent greater than on day 1) and
the increment in the D-ND groupsis 44 percent abcvelthat of
maximal responding in that group dnring acquisition, Anal-
yses of variance demonstrate significant state-change ef—
fects for both percentage CAR data (F = 10.74, df = 1, 16,
p 4 .005) and latency data (F = 21.05, df =1, 16, p< ,001);
however, once again, post-hoc testing indicates'that the
D-D vs. D—ND comparison is. not significant in both cases°
;_Therefore, tne statefchanée represented by the ND~D group-
:is most inflnential in producing the statistical result.

As can be seen from Figure 5, there is little dif-
ference betWeen state—change and no state—change groups on
“elther day of testlng,_ Tables l and 2 indicate that with
percentage CAR data the ND-D- group had 3 percent and 0 per-
-cent average decrements on days 1 and 2 of testing whlle
the D-ND group had 6 percent and 3 percent average decre-

ments on testlng dayso_ Analyses of variance using CAR and
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TABLE 1

Percentage CAR change in drug grouped subjects in state change from
drug to non-drug (D-ND) =~- Minus sign indicates decrements and plus
sign increments in responding.

Ss GROUPS
Pentobarbital Chlorpromazine Epinepherine
Day 1 Day 2 Day 1 Day 2 Day 1 Day 2
1 -45 -40 -10 +70 0 +5
2 ' -85 -5 -20 +15 -5 -5
3 0 +5 -30 +45 -10 -5
4 -50 =35 -5 +45 0 +5
5 -60 =45 +10 +45 ~-15 -15
AVE. -48 -24 -11 +44 -6 -3

o€



TABLE 2

Percentage CAR change in drug grouped subjects in state change from
non-drug to drug (ND-D) -- Minus sign indicates decrements and plus
sign increments in responding.

Ss GROUPS
Pentobarbital Chlorpromazine Epinepherine
Day 1 Day 2 Day 1 Day 2 Day 1 Day 2
1 -95 ~10 ~95 ~ -90 -15 0
2 ' -70 -70 -30 -40 0 0
3 -85 -90 +5 -35 0 -5
4 -95 -45 -5 -55 -10 0]
5 -65 ~-10 -60 -95 +10 +5
AVE. . -82 =45 =37 -63 -3 0

1€
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latency data for both days failed to evidehce any signifi-
cant effects,'-Thus,;no state-dependent dissociation could

be obtained with the use of the ANS stimulant.



DISCUSSION

As previouély mentibnéd, state—dependéntileérnihg-'
.proéedures allbw:one.to assess both'simple drug effects and
state—éhange effects° In this section, results will be
discussed in termé of theifollowipg catégories:  1) the ef—.
fectskqf'drugs on avoidance acquisition'andv2) state- B
dependeﬁt effééts°

Figuresil-andlz show the effects of SPe on the
course. of avoidanée acqguisition using two different response'
measures as being émall and, as indicated in the Results
7 section,ras being nét significantly different from acquisi-.
‘tion in sélinefinjééted groups. The~inability-of SPe to .
-disruptibf cause decrements in avoidance acquisition has
been shown in the past by Iwasaki,'Iwahara,‘and Nomura
(léGG)‘using bbthia pple—climbing and7ciassic shuttlebox
. avoidance requnsé,. Theée-authors uéed a 19 mg/kg dpée of.
SPe andrreportéd the following effects, both of which are
»_directly'comparabie tb.thoée_of'the present study: 15 there
is no-éignificantrdifferengés in latencies between SPe . and
-control subjects, éxéept on déy one'of>acquisitioﬁ; and
'2) nofdifferenCeS'Were obtainedehenva‘resbonse_measure.

like number of CARs was used.

33
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With a-felated.barbiturate, amobafbital,.it has |
beeh éhown'that CAR acquisition'is facilitéﬁed while ac—
tivity is increased (Powell; Marﬁih‘and Kamano, 1965) and
the incidence of competing fesponses and other_emotionallf—
related'behaviors'reduéed (Kamano, Martin and PbWell,'l966)°
It was'thﬁs originally believed that barbiturates facili-.
tate‘avoidance acquisition by prevenfihg the development
of antagonistic responses; presumably‘as a result of fear
reduction and consequent increase in activity. In a more
réceht éxperiment, Martin, Kaﬁano and Powell (1967)_Qb;
served that avoidance was facilitated in drugged subjects,
but without activity differences either before or after CSi
presentation. ~Because escape latencies weré longer in
‘drugged subjects at thevbeginning of training, these authqfs
‘ ndw suggesf.that aVoidanée is facilitated because drugged"
SubjeCts receive more punishment‘(ioe.(,shock) for-the'oné
 goih§ compéting fespohse than~a6»those sﬁbjecﬁé'wifh.shorter
latencies. - Thus, competihgvresponseS'éhould-be eiiminatedr
“more rapidly in drﬁgged subjects and acquisition according-
‘ly facilitated° | |

In the'present‘study,-quélitative observations did
not reveal any différences between activity levels of SPe
 and cdnﬁrol subjegté;lALikeWisé).SPe?heither facilitated: 
..acquisitipn of thé response ﬁorlprodﬁégd decrements in es-
cape-iaténcies; 'it'is'possible that faCilitatioh-dhiy oc-

~curs in circumstances where differential punishment for
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compéfing responseé occurs,.juSt as Powell,.Martin, ana’
Kamano (1965) suggest. |

The acquisition rates for CPZ_subjécts are shown
in Figures 1 and 2 and are significantly aepressed when
compared>to performances of control subjects. A very large:
body of literature has accumﬁlated regarding the effects of -
CPZ on aversively-motivated behavior and these data show B
felatively good aéreemenf‘forvthe range of effective dos-
agesidespite differénces in strains of subjects, techniques,
environmentél~parameters, type of task and amount and route.;
of drug administration. Chipman (1966)( for example, using 
a 2 mg/kg dose of CPZ has shown that there is.a decrease in
the mean number of CARs during acquisition in drqued sub~
jects and‘thaﬁ increasing Cs'intensity decreasesAthe'drug's-u
effeété'(élthough neVer'to a.leQel comparable to that of
cqntrols)f Simiiarly,‘McMurray and Jacques (1959) have
d;monstrated-that a dose as small aé 1 mg/kg'CPZ“signifi—,
cantly réduces the percentagé’of avoidance'reéponses'and
increases the median Eime of fhose that were made,> Their
sﬁbjects responded effeétively to shock itéelf and escape
responsesAweré preserved, indicéﬁing'that motor effects
were not critical facfors‘ih pfoducihg the results.
| Perhaps.the most popuiér explanétory‘hypothesis of.
the'décremgnts in.anidénce:with CPZ has been the one which *
foédses on -the motivafionalieffédts of the drug. if is .

'often_pbserved that CPZ-treated subjects respond less
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readily to the presumably aversive CS and display many new
types'ofjcompetingiresponses (e.g., immobility) even with
-non-ataxic doses. For example, Posluns (1962) noted that
doses of CPZ that 1mpaired the CAR did so by delaying the
1nitiation of each component of the motor response° Like- =
wise, Bindra (1962) found that 1 to 4 mg/kg CPZ increased
inertia, or the inability of subjects to change from one
activity to another in a lever-press response. Indeed, in
thefpresent study, CPZ—subjects,were often observed to make ..
fragmentary responses to the CS which fell short of the
hurdle-crossing response required of the task. In such
cases, they did not attempt to complete the response even‘
when an appreciable amount of the CS-UCS interval remained.
However,-when shock did begin, subjects escaped quickly
and effectively. Therefore, it seems as if CPZ—treated
subjects were indeed learning aspects of the task, but
could not complete the task requirements in response to
other than primary motivators°

| Data presented in Figure 1 show that the rate of
»acqu151tion of a CAR lS greater in subjects given Epi than
any other group, including;saline controls. 1In the present
study, however, this facilitative.effect'was not found to
be statistically significant and this because of large
betweenesubject variability,‘,Previous research which has
attempted to explicate the role of sympathetic release of -

adrenal cathecolamines has yielded contradictory results.
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Some authors have repor£ed either facilitation or depres—‘ :
sion of'response rates after Epi administration (Stewart-
and Brookshire, i967j_Sines;'i959) while others feport no
' effedts at all fMoyef and Brunnel,4l9587 Sieling and Benson;
“1959); In an excellent study, Latane and Schacter (1962)'
have repofted that weak adrenalin solutions (°125=mg/kg)
do facilitate avoidance' acquisition whenrmeasures»such as
the percent of subjects réaching criterion .and total number
of'CARs are used. These authors: consider such effects to
be'indépendént of changes in activity levels and believe
the drug effect to be ajresult,of increased emoﬁional re-
activity to environmental stimuli. The reasons fpr £he in-
consistent resuits are as yet ﬁncléaf: however, factoré
such as dosage, procedural variations, and phase:during
which»dfug'is administeféd aré likely candidates.
(The major finding of the present study isrthat
.state-dependent lear@ing”is’pfodﬁced_in varying degrees bf )
centrally actiVé drugs and thaﬁ-fhere is a lack of dissoci-
ation with'the non—centrally»active-sympathetic stimulant,
epinepherine. As previously discussed, peﬁtobarbital pro-
' duéed_relatively large Pefformahce decrements in both state-
_change conditions and:on bothfdayS'of teéting, On day one
Qf:testing with chlofbrbmazine;¥s£ateédependent iéarning -
was -also eviaenced:£6 séﬁe eXﬁént;famounting'in“the D-ND
condition to an 11 pétcent éverage.decrement° With epi-

- nepherine, no changes in performance as a result of
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State—change was obserVed and thus the non-centrally active
1'agent was incapable of inducing dissociation.

These results'would argue for a "central milieuf
hypothesis wherein modification of the central-nervous
system. is considered to underlie the state—dependent effect,
Aocording to this,View,-drugs, such as'epinepherine, which
do notvcross the blood brain barrier to any appreciable
extent (Weil—Malherbe et al. 1959) and do not therefore
have direct central activity, are inCapable of producing
dissociation° The discriminative cue hypothesisVWOuld lead
one to believe that any 1nternally produced changes can be
monitored by an organism and utlllzed during acqu1s1tlon
and performance of a task. However, in the present experi-
ment, epinepherine,;despite its internally—produced effects
" which inclnde piioerection, increased cerdiac output,
changes in‘the tone and movement of smooth muscle,_etc,,
did'not produce the state-dependent effect, It would-theree
fore Seem that such internally—produced cues are not suffi-
cient in spec1fy1ng the response to.be emitted. | |

Furthermore, thls 1nab111ty to produce dissociation
| does not_seem to be a result of either epinepherine itself
_characteristicaily ortof the dosage used in the present ex-
perimenltl° Cook et al. (l960)hhave reported that subjects
can’be suocessfully refiex conditioned when the CS was in— 
ternal perlpheral stlmull ‘produced by 1- eplnepherlne

(10 mcg/kg, i.v.), 1 —noreplnepherlne (10 neg/kg, i.v.), . .
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acetylcholine (20 mcg/kg, i.v.), and jejunal loop pressure
(10 cm—Hg)f' Thus, epinepherine and other peripherally—
active. drugs can'produce state~dependent-like effects, but
iny in cases where the'physiologicel_stimuli they produce
are maximized for learning and are the_only cues available
to the subjeet for determining whet response is necessary.

| In order to rule out the possibility that
vpentbbarbital—induced state—dependent-effects are mediated
by changes in muscle fladcidity or by the ANS effects of
the drug,AOvertOn'(l964) attempted to obtain response con-
trol with galiamine (a skeletal muscle relaxant) and tetra-
ethylammonium (an ANS blocking agent). In neither case
could:adequate respbnee control 5e obtained, again a resuit
| in‘snpport of theiﬁchemical milieu" hypothesis. iMoreover,
ﬁanipulationsnOf shock ieVels or the visual capacity of his
eubjects did notﬁaffectfthe state~dependent response control
seen with the barbituretes, thus arguing that changes in |
seneoryireceprion‘were'not,involved,in the state-dependent
effeer (Overten,.l968),'

_’Moreover,.as Overton (l97ia, —bf points out, only
.'anti—muecarinic and anti—nicotinic-drugs‘Which have both
‘centrai and peripneral activiry are associated with}the
.:-acqnisitien of response eontrele“whereas those with only
‘peripheral effects are npt assoeiatedAwith response control
to any appreciable extent. Thus, drugs like atropine

methylinitrate (a'pbstganglionic parasympathetic blocker)
o { ; A
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and phenoxybenzaﬁiné (an alphéeandrenergic blocker)_did
‘not réédilyvprdduce responsle'control° 'All this does not
mean to say that internaily—broduced, peripheral cues can.
vneveriprovide for response control, only that in tasks'noﬁ
makimizinthhe utilizatidh of these effedts, périphéral
cues are relativeiy unimportant.. For cases no£ involving
explicit differential cue responding, the neural basis of
‘stored, learned responses must be modified and this re-
quires a pharmacological agent With direct CNS activity.

The models variously proposed by Overtpnr(l964,
'1966) considervstate—dependeﬁt learning to occdrrbecause of
state—change—induéed alterations in the tfansfer capabil- |
ities of‘neurons,‘7Presumably, the circuits in which such
sfate—change-affectéd cells participate'are rendered less .
likely to functiondin the changed state and consequent vari-
ations.inrbehaviordreéult, What has yet to be’donsidered‘
:din.the state-dependent literature is the particulardeffects
drugs dan:haﬁe onrhéfvous system structures (e.g., reticular
fofmétion) andlindividﬁal componehts (i.e., neurons) which
could reasonably éroduce such state—dependentjtransfer
capabilities° Moreover, what is neéessary is a more précise
description of the operations which prdduce Yresponse char—.
acteristic ciréuité“ Which‘Caﬁ function only under partic-
»ﬁlar ﬁypeé.of.conditiOns of the brain.
It is axiomatic among heurophysiolégists that the

nervous 9ystem works via a pulse coded system in which
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pafticipénts>in some>ﬁégral circuit are involved as.a re-
sult of their respdnse characteristics. Pfaff (1969) has
.proposed-thaﬁ'such neural_coaing is based on‘changes in the
. probabilities of‘fir;ng of a set of neurons which results
from consistent use of-ﬁﬂé circuit being established.
.Thése_changes, he points'ouf, need not be spécific,macro—
molécular alteraﬁions'(as proposed by RNA-DNA theorists),
but instead may result from any number of changes associ-
ated with metabolic alterations_such,as Ehe sﬁpplying of
: heurSns»with mefébOlic substrates, synthesis of transmif—
ter substances,_and so forth. For the pdlseécoded sysfem;
- . this might,inVolvelchanges in'hembrane events Which affect
the electriéal chafacteristics of the cells in a circuit
and would include such propertiQS-as ion conductance, action -
potenﬁial threshold,.and response of the transmitter-
dependent biomoleculér'membranea

In‘additioh;'in~a sysﬁem as complex_aS~thé,brain,
ohershouid not expect these individual circuits répresent-—
ing learned fesponéeé to.fgnction in a vacuum. The activity
dfjthese gifduits shéuld be'dependent,on con&érging systems
suéh»as the'aSCenaing_retiCular system (ARAS) which provides
forvdegrees,of afousal:and reactivity of the nervous sysfem,
the limbic sysﬁem"which would provide affectivevaspects of '-
reséonding;»énd those systems, of an inhibitory nature which
. aéﬁiﬁely'delimit responses antagonistic'to that represénted:,

by the circuit in question. Thus, in delineating the basis
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‘df drug—produééd diéruption; one must consider twovthings:’
1) What sysﬁem is affeéted by thé drug (ARAS, limbic, etc.)
and 2)'which neuronalrchanges are involved (ion conductance,
fransmittet eventé, etc.). | |
This v;eWpoint of neufal ofganization*haévgreat im-
pdrtance for the understanding of state—dependent leérning{ﬂ
‘.Whaf it contends is that'responseé are léarnéd andréoded
under.speéific conditions‘foundvinvthé nervous system;.
modification of that coded'circuit by some physiqlégical
manipulation, éuch as drug administration, will in some way
. disrupt the integrity of the circuit. The extent'to-which
such disruption‘occuré will determine the extent of the
changes observed in behavior. Regardless of the specific
mechanism,réspénsible}fdf response coding, what is true is
that all conétituents‘of the circuit in questidn must be
_ within some ﬁormal limits of functioning before the coded
response can.berreproduded; Thus, if CNS conditions with
_no drug are sﬁfficiently @ifferent from thoSe cbnditions
. when the respdnSe was originally’coded.under the iﬁfluence
- of the drug; thén.staﬁe—dependént dissociation should-be
obﬁainéd;' waever, if states are notisufficiently differ;
_ent,'then responses W6uld-not be differentially coded by
thé_nervous‘system and no diséociation should be obtained.
Théﬁ the centrélly active drugs utilized in the
présent study and in”other'state—dependent Iearning re-

searches haVé_effects on neural systems and on cellular:
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events as proposed by the "differential coding" hypothesisw
has been demonstrated by electrephysiological, biochemical
and pharmacological ihvestigations (Root and Hofmann, 1965).
However, the “differential coding" model does not require ,-
vthar state—dependenr learhing be censidered a result of -
CNS stafes caused only by administration:of pharmacological
agenrsa Indeed, it should bevtrue thar any physiological
manipulation which affects the chemical and electrical
properties of neural circuits is capable of producing
‘stateédependent dissociation. 1In support ef this expecta-
tion, Sachs (1961, 1962) has demonstrated dissociation of a
CAR_ﬁnder conditions of altered central excitability (pro-
ducedsby'raising'the K" or ca’t concentrations of cerebre—
spinal fluid) and Bures has recentiy been reported to
considerlthe;spreading'depression effect to be an exaﬁple
of state—dependent‘learnihgl(Pribram, 1968) . |

In perhaps the most dramatic example of dlssoc1a—
tion W1th spreadlng depre351on, Bures and Buresova (1960)
showed that appllcatlon of KC1l to the cortical surface after
acqu1s1t10n of av01dance or approach responses caused large
.decrements in respondlng, Wlth recovery not occurrlng until
drug effects had dissipated. Next, rats were trained to
make;a:simple»spatial discrimihation and then given revere_
sal tralnlng 24 hours later w1th unllateral spreadlng de-
- pression. Anlmals tested Wlth no spreadlng depre551on or

with the contralateral hemisphere~depressed responded as if .

~
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ﬁo reversal training had been'given) whereas subjects
tested with spreading depression of'the.previously de~
- pressed hemisphere responded in accordance with re&ersal

training; | |

Although the mechanism of action-of spreading de-

pression effécts-aré not entirely clear, it‘is'generallyA
considered to be a result of changes in potassium transfer
of cortical neurons (Grafstein, 1956) such that liberation
of relatively iarge quantities of potassium. depolarizes
‘neighboring neurons as part of a éhain reaction. Thus, tﬁe
above;daté, at least in pért, do indiéate the possibility
of producing stateédependent dissociation by providing
for*chaﬁges in ionic evehts during testing phases.

| | Iﬁ summarf} thé pfesent experiment has provided
’evidence that étatéédepéndent learning was produced only by
‘centrally active drﬁgs when a task wasrusedbwhich does not '
requireudifferehtiai responding, On the basis,of such find-
'rinq5}1a model of'neﬁral coaing isAproposed.which‘asserts‘n
ﬁhét fesponses coded by the CNS are specific to the condi;
tiohs»preﬁailing during the éncoding process; Furthermore,
"itﬁhasjbeen“pointed out that drﬁgs{have both neurophysio-
.;ogigalhana biOChéﬁical effects thch are consistent witﬁ
this médel,and théf other afeés and types of research sup?

poft,a_“differential response. coding" viewpoint.
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