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The reinitiation of ﬁrug-ﬁaking behavior,aftef 3 :

drug-free period was studied.in rats. A series of J S
experiments are presented that were designed to examine the '"‘u

effect of non-contingent "priming” drug injeqtioﬁs and
conditiqped stimuli associated with drug injeétioné on the
tendency to reinitiéte reéponding duriﬁg extinction. ' Rats
implagted with intravenous catheters were trained to
self-administer cocaine hydrochloride (1 mg/kg/injectioen),
. T and  then gi&en daily tesé sessiong consisting of a‘pe;iod
of self-administration followed by extinction conditions.
" Test drug injections or conditioned stimuli were presented‘
during e#tinction. The reinstatement of responding was

measured by the latency to the first response and the

. } : ,
total number of responses following the treatment. The

y ' first experiments demonstrated that cocaine injections

( between 0.25 and 4.0 mg/kg effectively restored responding N

. during extinction, and that they did so regardless of the
, * . [ .
' duration of the extinction period (between 10 minutes and
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180 minufes) interbening since drug self-administration.

Further gfperiments showed that amphetamine, apomorphine

- and morphine but not ethanol, heroin or methohexital.

4
¢ . produced reinstatement of previously cocaine-reinforced
’ 3

1
responding. These results with other drugs are

interpretable in terms of the degree of simila}ity of

the stimulus properties of the test drugs to the

o - 3

/ . self-administered drug, bocéine. Neither amphetamine,

. cocaine, nor morphine increased responding in animals

Ld N -
trained to bar press only for food reinforcement,
‘'suggesting that the reinstatement effect is specific to

drug—reinfbrced responses. The final experiment showed ’

that a éone that had bgg@gpaired ith drug infusipns ‘

acquired 'a statistically significant tendency to
S ' , facilitate/respondinq when tegtéd~durihg ext@nctien but

‘this effect disappearéd after the first test
presentation of the £one. These experimen}é show th;\\ s

h * the stimulus properties of drugs can come to influenc

the animals' tendency to respond for theseadrﬁgs”as

reinforcers, and that, toc a lesser extent, conditioned-

. - ‘ stimuli associated witﬁ the drugs can\alsp increase the

likelihood of reinitiation of respching durihg

. . . g
extinction. | .
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Introduction

+

The widespre;d use ofadrugs for non-medical purposes
has created serious social;andigedical problems. qu '
understanding of the factoﬁ%‘involved in the i‘iiiatiqn
and maintenance of drugftakﬁng remain; Pbbr, although
various theoretical accquﬁt% have beén postulated. The
early theories (g.g., Lindegmith, 1947; Wikler, 1948;
Weeks & Collins, 1964) stémed from the fact that

/

narcotic drugs produce avers%ve withdrawal effects upon
f

| s .
discontinuation of use" (Haertzen & Hooks, 196%). The
idea is, that these drugs, once consumed, proddce-pﬁysical

dependence. After the initiél ingestion the person

|

"needs" further drug to relieve or avoid the considerable

discomfort of witharawal. This idea continues to

¢ AY

influence thinking despiie its repeated.failufe to gain
support when submitted to experimerital test (see,* for .
example, a review by Grabowski & O'Brien, Note 1l).

1

While the avoidance of withdrawal may coﬁtribute to

* <

drug use, it fails to actount for important features
of drug-seeking behavior. A major problem for this view
is that physical dependence is not necessary for drugs:

to be sought and ingested (Deneau, Yanagita & Seevers,

¥~ *.1969; Woods & Schuster, 1971; Pickens & Harris, 1968).

- o3 :
One striking example of this is in the phenomenon of o

y




2 . ' Pl
relapseL Ex-drug users frequently revert re.drugétaking
after long periods ef abstinence from the drug when the
physical symptoms brought about by withdrawal are ne
longer present.l Furthermore, while the model was
originally propesed for opiate drugs‘whichldo produce
aversive effects when withdrawn, it has been loosely
'applled to the use of other drugs, 1nclud1ng stimulant .j
drugs, Wthh do not produce any appreC1able w1thdrawal
'symptoms ‘(Kalant, Le%lanc & Gibbins, 1971). Thus the o ) ‘
avoidance of withdrawal model fails to explain both the . '
) relepse to the uEe'egqnarcotics and the use of drugs that 0ot
‘do not breduce aversive withdraual effects. Anéﬂ)
alternative account.for drug- seeklng behav1or is thaE\
it is the euphoric effect of the psychoactlve drugs that .
"controls behavior. This idea is not inconsistent with - E
'cllnlcal data on human drug-taklng behavior, and has B ' o
galned con51derable experlmentaihsupport from the study
of the malntenanqe of" drug self admlnlstratlon by anlmals. . o,
A common‘sense V1ew of thls idea is that drugs, once
experienced, are/sougazjﬁar\:felr remembered pleasurable
effecus and'when';gken can, l;ke\food; act to "whet the . K ' f
appetiteﬁ,for more. In addition it is rhougﬁt that _— .

stimuli that predict the occurrence of druéﬁ would gain

B

positive properties through theirtasqpciation'with them. \' .
These ideas would'eppear to be relevant to the ‘ e 9

o .
v
. . I
' .

'
.
-
‘
.
(
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understanding of the phenomenqA of relapsg and of the . ;

initiation' of craving, but have been neither precisely

formulated nor put to experimental test. . ‘ \.
This thesis represents aﬁ attempt to explore an

aspect, of these ideas by studying the reinit;ation of

drug-taking behavioﬂ'ip animals that have ceased to

A
self-administer drugs. The effectiveness of unexpected

"~ N . . (]
non-response-contingent drug infusions and of unexpected
[ 3

b
J S Sy

, presentations of drug-associated conditioned stimuli in
elicﬂéing the reinitiation of responding for cocaine
hydrochloride was stu&ied in#rats. The data to.be

presented support the view ‘that the stimulus properties

-

produced by the direct pharmacological effect of drugs,

as well as the environmental stimuli associated with L

)

them, have the power to re-instigate drug-seeking

v

- ; " behavior as well as to maintain it in N o~
self-administration-experienced animals. The \ : -

experiments demonstfate that quantitative relations
P , q ;Ons

exist betweeﬁ e dose of drugs and the "priming" , . x

" learne d;ug-seeking behavior. Furthermore, these ' o
ggiming effects'éeneralize to drugs other than the one - S
originally self-administered in a way that might be
pfediéted ‘from what is known of\ﬁheir stimulus and

pharmacological properties. It will be argued that

]
) .
. - . '«.
s SR A IR0 oMUY WW.-&LJ f




- properties of drugs and of the environmental stimuli o

only through the investigation of these instigational
T

'

associated with them wills an understanding of the control
of behavior by drugs be found.

Stimulant Drugs as Positive Reinforcers~\,/i

Laboratory animals, including rats, cats, dogs,

rapbits, rhesus and squirrel monkeys, and baboons ‘ ;-

\ -

self-administer a variety of Stimulant drugs, such as
" d- and f\a@phetamine,-cocaine,‘phenmetrazine, and
-methylphenidate (see reviews by Spealman & Goldberg,
1978; Griffiths, Brady & Bradford, 1979). The
acquisition and maintenance of the se%ﬁ—administr;tion of
these drugs appear to be the result of their positive
lzfeinforcing properties. ‘When stimulant drugs are used
as reinfo;cers the- patterns of responding seen during
apquigitionf extinc£ion} and under complex\schedule
~ .

control closely resemble the patterns of responding seen

when conventional positive reinfor®ets such as food and

water are used (Spealman & Goldb , 1978). Moreover,

‘anjectionS'of stimulant drugs share with conventional
“reinforcers the ability to establish copditioned
reinforcers when they are repeategly pairéd with
initially neutral stimuli (Davis’&\Smith, 1974).
"While the positive réinforcing property of

stiyﬁights does support patterns of behavior closely‘

-

b . v
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~resembling the patterns maintained by conventional

o

reinforcers sﬁch as food and water, there remains an A
apééient difference in the\pre—conditions under which

9 -éhe Ewo types -of reinforcer are éffectivei The ability , {
o% food (brﬁhatef)hto act as a reinforcer is generally

believed to depend on the presence of a specific internal
B & 0

<t state, or ‘condition of deprivation, that can be induced

LR N TOu

.

experimentally by withholding the apbropriate reinforcer

for some period of time. This @eprivation induces a . ;

predic;able cha?ge in the animal's physiological state
- ) over time, which, in turn, produces a specific

predispbsitiqn in the animal.to respond prgferentialiy

to those stimuli associated with the relevant reinforcer.

*, While food‘deprivation is a technique routinely used to . .
I enSufe reliable initiation of food—reinforced rgspondinq
during operant sessioné;‘suéh a simple experimental
manipulation is not available with many other rein}orceré,
, including stihulant drug reinforcement. The question of
what factors\cqntrol éhe initiation of responding in an
animal'in a "hon—deprived" state can 5eaasked in the
context of‘stimuIAnt dfug«ieinforcement. “

Self-Administration of Cocaine by LAboratory Animals

A bfief description of the pattern of responding . !

i\ N ! .
- typically seen when cocaine injections are used as . . "
o : N ' ,
reinforcement will clarify some of the features of ,
' . [}

4
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stimulant drug self-administration. When rats are

presented with a large intravenous dosé (1 mg/kgYinjection)

of cocaine each time they respond on a lever, they

'

typically rdspond at a:very~low rate (6 to 8 responses

per-hour) and at very regglar intervals (Dougherty, 1973).

.At these doses there is an almost linear inverse relation:

be£weeP the dose of the arug self-adminisﬁered“and thé
rate of respond%ng, such thaﬁ, when the dose pet~iﬂj9étion
is increased, the intér-résponse timés are propor?ionatgly
increased, énd’vice vérsa (Pickens.& Thompsoﬁ, 1968¢% Woods
& Schuster, 1968; Dougherty & Pickens, 1976). 'The most
ﬁarsimpnious explanatién for thié.widely spaced responaing
is to consider the animal drug fsatiated"‘while its blood

level of drug is above a certain point (Wilson, Hitomi &

Schuster, 1971). That is, the. high blood levels.of drug

-inhibit respondlng w1thout belng elther aversive or

1ncapac;tat1ng, they 51mply make further drug dellverles

non—relnforclng. When the metabolic breakdown of the
drug brings the blood level below some crmtlcal point,
the animal respdnds, restoring the level of drug in the

N

blood. There is now considerable experimental support.
. - 89

"for this not}on.' Yokel and Pickens (1974) measured bloéd

levels of d-amphetamine at the moment of response in
¢ ' .
self-administering rats, and found that the concentration

of.amphetamihe_in the blood was ‘stable (0.18 ul/ml) at

&

S 4
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the time of response across a range of self-administered

"
doses per injection. When dose per injection is

relatively small, rats typically show an'initia¥ burst
of rgsponding at the beginning of. a session before the
characteristic patterning with a dose-dependent régular_
post-reinforcement pause becomes evident. ‘This initial&
burst is most pronounced with smaller doses per -
injection, as would be.expeéted if a certain éritical'
blood levél of drug was to bé reached and maintained
(Doﬁgherty & Pickens, 1976). Another line of evidence

o

suggpsfing that blood level of drug is a critical factor

¢gomes from the report (Doqgherty, 1973) that pretreatment

with dfugs that inqrgase the rate of metabolic breakdown .
@f amphetamine increases the rate of'requnding, and
conversely,xthat drugs that slow down the catabolism of
amphetamine correspondiﬁély sléﬁ'the.rate of
seif-édministration. Gerber and Wise (Note 2) have

found that when raks are given variableg doses of cocaine
per infusion within‘a self-admipisfration session on a"
continuous reinforcement séheduled their inter-response
times vary directly with the magnitude of the preceding
drug infusion. They also reﬁort that rates of responding:

are slowed proportionally when a continuous, low-dose

infusion of cocaine is given in addition to the

N

‘response-produced injections of cocaine diijhg a !r'

-
) J
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self-administration sessioar.further suggesting that the

7
blogd level of drug détermines the moment of response.
"The long pause. after cocaine infusions mlght alternatively

be attributed to.a direct, debllltatlng egfectrof the drug

~

‘that makes the anlmal unable to respond. This idea can be:,

ruled out on the grounds that rats maintain high rates:

’

of responding ddring the intér—reséonse times between
stimulant drug i@fusions yhen brain §timulation reward is
made évailable cbncufréntly on a second lever. Notrmal
drug-reinforced responding continues on the drug—associated
lever and the animals respond at a high rate on the braln

stlmulatlon lever in the perlods betweeh drug infusions
i A

(Wise, Yokel, Hanssen & Gerber, 1977). t has also been
suggéé%ed (Wilson, Hitomi. & Schuster, 1971) ﬁhat further

k4

responses after a large self-ad@inistered dose of

i

stimulant drug hay be inhibited by an averéive effect of
the dfug.. While it seems reasonable to expect that
sufficiéntly high doses of stimulants would'prodﬁce
aversive”effécts, there is little evidence to suggest
that the doses of cocaine in the range typica;ly

self-admipistered‘prodube appreciable aversive effectsf
If the long inter:response'times were due to
response~suppressant avefsive effects, it ﬁig@t be
éxpected that higher doses, 6 which produce relative

longer inter-response times, would be relatively more -




A
.

There is po -evidence for.

-~

v b\ ’
' aversive than smaller doses$
such a relatlonship within the range of doses used here.

Yokel (Note 3) gave rats a two lever $h01ce of two cCocaine

doses, and found no-preference for lower {or hlgher)\
do es "between 0.5 and 2.0 mg/kg/lnjectlon. In rhesug \
1 .

\ | \J‘
monkegs, relnforcement efficacy has actually been ‘Ehown- Ep
< 3 N

increase with ddse per 1n3ect10n of cocaine between 0.3

A
.

—

0.8 mq/kg/1nst1on as measured by.the animals/’
: Ynterval

-
' . 'an
\ pfefefence on a two-lever concurrent variable
1 \'. \ . '
schedule (Johqbson, 1971; Llewllyn, Iglauér & Woods,
Flnally,\griffiths, Brady and Snell (1978)

< 1976). i
similarly’ found eikher, no difference in reinforcement
doses of cocainhe, or a relative

\ efficac& for differen
superiority for the higher doses when they tested baboons

on a progressive ratio schedule. On this schedule
5 ark required of the ‘animal ‘\\

. \
\ .
progressively more responseé
for each successive reinfor ement, and the point at which ‘
- f

\
the, animal. stops résponding 1s considered a measure of
Thus ‘these alternatlve measures

the re%nfercer efflcacy
of the\felatlve aversive or reinforcing effeots of
] > v ’

9]

'

different doses of stimulant drugs provide no evidence.

.« . . "\‘ ‘
S “  that the\bloqd levels of drug reached during drug
i self-administration are aversive. The long inter-response
as r
E&mes seen durang contlnuously available stlmulant drug

\
I —

self—admlnlstratxon do not appear to be due to either

-
-
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“wfts last meal is an example of the development of a
‘\Z‘ﬂ v -

..Change over time in the motivational state of the animal - ' C

\ . , *
L ’ [ " 10
E \ \V K
A -

physically erilitatln% or aversive effects of the drug.

Rather,’ae has been su&geéted by Yokel and Pickens (1974{

and Yokel and Wlse (1975) it appears to .be due to the Ah .n
satlatlng" effect of hlgh blood levels of.drug.

Reinitiation of Respondlng after Abstxnence

" \The cycle of response suppression during drug o ' .
satiation (lmmedlately after a large dose lnfu516’7/
followed by .response enhancement some time later (as the
blood level of drug falls) is somewhat‘analaggusoto the
‘effects'of food satiation and deprivation 6n reeponding
fcr food reinforcement. However/ this analogy fails to
shed light on the factors controlllng ‘the 1n1t1atlon of
drug-relnforced respondlng in the drug-free anlmal at a
tlme when the effects of the previous drug in]ectlon
cannot reasonably be said to be the controlllng variable. .

2

Ordinary usage' of the term deprivationel state implies a

as a Fenction of time witheut the reinforcer. This change ..
‘in the animal's motivatlonelxstate igﬁcharacte;lzed by an
‘increased tendency to seek the withhelg substance or to
respond to stimuli associated with the reinforcer. It is
partictilarly evident when responding is initiated in the
absegce of any external etimulus changes. Thus 1n1t1at10n

\ '
of\Ibod—relnfogeed bar pre551ng in a rat some time after ¢

-

-
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specific mot;vagional state, and similarly pﬂe
reinitiation 9f drug-reinforced responding after a. period
of no responding during the post—réinforcément-pause also

. indicates a specific disposition to‘respond for the drug
reinforggp. With many traditional reinfo;égrs shch as

food and Qater, continuing deprivation leads to an .

increasingly powerful meotivational state. With other

P

positive reinforcers, however, this relationship does not

[

|
hold - it appears rather that the increased tendency to

respond that is seen ‘some time after the last reinforcement

‘ .
delivery dissipates with time in the absence of further

s

reinforcement. Although experimental evidence for such a
? .

position is lacking, it seems likely that®'deprivation' =~ s

of certain positive reinforcers such as saccharin 'solution i

or stimulant drugs produces only a transient change in the

animal's motivational state, and that the alteration ih

the tendency to respond passes, making the notion of ‘a

( long-term 'saccharin-deprived' or"drug-deprived' animal

\
i
{

meaningless. .In the‘absence of an internal predisposing

D : staﬁe (such as hunger or thirst), it seems“likely.tha; .
external environmental stimuli play the critical role in

- "the control of the behavior. Indeed, tﬁe study of the  L
initiation of responding for stimulant reinforcement

pr;jjfes:a goad model in which to study the control of

behavior by conditioned environmental stimuli associated-
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‘with positive reinforcement, in the absence of a strong
deprivational' state. There is little question that

L3 .
environmental stimuli associated with food reinforcement

can exert a strong influence on food-reinforced behaviors, °

even in apparently satiaﬁgd animals, as documented by -
JMorgan~ﬁ1974)&in his discuséion of "resistance to
satiation". However, certain definitional and
methodological problems rema%n‘unresolved‘regarding the
use of‘the concept of food satiation (Morgan, 1974) and
it is difficult to examine the effects of conditioned
. stimuli independently of -the animal's relative state of
satiation or deprivation. Thus the study of the role of
conditioned stimuli in the‘initiatién of drug-reinforced
ﬁespbnding in laboratory an}malg may further our
understanding of the proce?ses underlying the control of
behavior bf coﬂditi?ned stimhli in general. It may alsé
provide somé insight into the role of environmental
stimuli in the phenomenon of re€lapse to drug use in
human ex;addicts. “

.A variety of informal techniques have been péed inﬁ
" the krug self-a@ministratioq laboratory to faci}itate
initiation of respondiﬁg at the heginning of sessiqns.
Ohe technigue commonly used is to give noﬁ-contingeﬁt
"priming” injectionslof the self-adﬁinistergd drug to

poorly respond{ng rats. These priming injections

/ u | 5

s
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facilitate response initiatidn both during the initial

acquisition of drug self-administration and subsequently

,.at the beginning of daily self-administration sessions.

i} & *,
Some of the parameters of :the faéi}ixation of responding

after priming drug infusions will be examined in the
present investigation. A second techniqueais to provide
xexternal cues correlated wigh the reinforcer, cues that
may either signal the availability of the drug
reinforcement contingent on a response (discriminative
stimuli) or predict reinforcement delivery (Pavlovian
conditioned stimuli). The final experiment reported here

L

was designed to investigate the role of classically
conditioned stimuli associated wi£h reigf;rcement
delivery in the‘reinitiati§n of druq-reinforéed.
.responding. A third technique that is used to facilitate
response initiation -is to food deprive the animals beforé
the self-administration session (Carroll, France &
Meisch, 1978). This efféc; will not be investigated in
this thesis although;it has intg#esting theoretical
implications regarding ‘the specificity of the ¥

responsejenhancing effect of a deprivational state.

Primi¥g Effects with Other Reihforcers
The enhancement of responding after non-contingent
delivery -of a reinforcer has been Feported for several

. b
different reinforcers, including food and brain -

. B ~
B . )
v
RN .
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stimulation rewards. Pavlov (1919) discussedlthé

ol

appetite~stimulating aftereffects of small quantities of
food, pointing to the familié; pﬁenomenon tﬁat "a person
who at first displays indifference to his customary.meal,
afterwards. begins to eat with gusto if his taste has been
stzﬁulated by something‘piquant" (p. 108).. Konorski
{1967) demonstrated the priming effect by offering a
small portion of food to hungry dogs in an environment
where they ha@ never previously received food. While the
dogs were initially impassive and calm before the
presentation of focd, they afterwards displayed a strondg®
"hunger reflex" characterized by motor restlessness and
increased attention to gustatory and olfactory stimuli.
Konorski demonstrated the specificity of this priming ‘ |
effect by training dogs to perform two different
movements, one for food feward and one for water reward. .
When the dogs were subsegquently £ested while both ﬁungry'
and thirsty, a small quantity of food led to the food

movement and water delivery led to the water movement.

He suggested that there was a similar priming effect in

humans, that of the so-called "peanut phenomenon”" in

- which "one nut will arouse a selective appetite for

a

B et bt sk a7

eating another one" (Konorski, 1967, p. 20). Despite the
familiarity of this phenomenon as illustrated by such

anecdotal examples, surprisingly few experimental

q
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studies have been undertaken to study it.

One laboratory example of sﬁch an effect is thi'
iocal rate~enhancing effegt of free food delivery in rats
respondiné for food reinforcement (Deluty, 1976). Rats:
were trained to respond on a random interval (average .
of one minute) schedule for food pelleté, and then
additional food pellets were delivered 'hon-contingently
at fixed or random Eimes. ImTediately after

| N .
non-contingent delivery of food there was an increase

in response rate of 33% to 75% over baseline rates. One

way to interpret these reéﬁlés might he in terms of the-
-(;>iming or response-enhancing afteréf{eqts of free

s-reinforcement delivery. ‘ !

Ancther example of the response-facilitatory efféct
of free food delivery is the reinitiation of responding-
ltHat is seen when-free food pellets are°given-auring
extinction (Skinner, 1938; Reid,.1958; Eiferer, 1978). ¥
In Eiserer's (1978) experiment, rats were trained to
par press for food reinforcement under food deprivation

. conditions and allowed to feed freely before being

tested in the extinction phase of the experiment. The
animals were allowed to extinguish their bar pressing.

. iy .
in the satiated cdndition, and when-a period of two

minutes occurred with no responses a free food pellet

gﬁé delivered. Animals reinitiated iesponding-within

1
" v

°
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“onehmihuﬁe ;ngF the‘pr}minq,fqu delivery with a - B}
pgdbgbilitx of .44 while the baseline probability of a
response, was only .19. ‘Eiserer also scored the

ockurrence, following a freeifqu delivery, of sub- S e

.threshold components of the bar-press response (e.g.,

PUPRE

rearing and orienting to the lever) in ‘addition to

~

counting ‘successfully execdzgd bar presses. Ninety

e we

percent of the priming food deliver}es were followed by :

\either a combleted bar press or by a subthreshold component S : ‘

of the response, whereas the baseline occurrence, of these

' responses was only 42%. It is ndteworthy that the
° v 1

delivery Sﬁ a food pellet retained its effectiveness in

restoring ‘responding.even though the animals were tested
‘ _ o
4 5 . « N

while.in a sated condition. f
In another demonstration of the priming effect of o

free reinfo;cement during eifinction, Pgnksepp and

Trowill (1967) used‘intraorally-deliveréd chocolate mi'lk

as the reihforcer in rats that were either food depréve‘ _

or not. Rats were prepared with fistulas to tge mouth’

- N . N . .
and were then trained to bar press for chocolate milk

s

Y, ,
delivered intraorally. They were subsequently put under

extinction conditions until their responding had ceased L (

. : !

and then tested with two non-contingent reinforcement
‘deliveries. 'Both the deprived and the non-deprived rats

reini%iated'regpohding after the primiﬁg delivery of < . -
D -

N
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choéolate milk (83% and 71% of Bhe animals in each group

respectively responded)..

ot

While in each of these studies free reinforcement

€ e
@ : ]

deliver& resulted in an enhancement of responding, the . 3
basis of this priming effect is not clear. }n both |
3 Eiéerer's and Panksepp’and.Tfowill's experiments, the ’ . ' g
schedule on which the animals had been trained was | !
continuous reinforcement, in which a delivery of the -
s reinfércér usually immediately precedés‘tﬁ: next , : ‘
reinforced refsponse. ft has.been argued (e.g., Reid,
1958) that “inder these circumsfanqes each reinforcement
. delivery constitutes a discriminative stimulus that "sets
the occasion" for the next response. The idea i; that a
§timul£s in the presence of whichlbehaQior hasa?een
‘;einfofced comes to airectly evoké the motér response Coe

4 ¢

- that led to the reinforcement. The existence &f such a

direct connection between stimulus and response has been

P

questioned recently, and alternative conceptions that
emphasize motivational changes in response to a
predictive stimulus have been favoured (e.g., Bindra, "

‘ 1969; Bolles, 1972). Thg-increase in the vigodr of

responding that'is seen éfter non-contingent food
.- delivery may reflect a general phenomaenon of ﬁotivaéiéAal S -
arousal that occurs aftef deliverylof an& reinforcer : "i

(Bindra, 1969). Stiﬁuli that are associated with the l

. .
- . LY -
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‘reinforcer can aisp acquire.some'of‘these mofivafionally
°§rousing properties kéhéﬁfield &‘Campbell, 1954; Bindra

& Palfai, 1967). .The quesé;qn of ;hfther the enhanced

responding seen after free reinforcement deliveryﬂin the

pFeceding exéeriments relates to the signailing function
of the fooé delivery or rather.to motivational changes
following food delivery rem;ins to be resolved by Firect

a

experimental test. (Such a tesgycould ke done, for

v

instance, by training animals u#der conditions where food

g

delivery does not consistgntly precede further reinforéed
‘responses, and hence cannot act as a discriminative ‘
stimulus for responding. Under these circumstances an
enhancement of responding after a free réinforcement ﬂ.
delivery would provide some sﬁppoft for the motivational
inferpretation.)

“One of the most striking and the most thoroughly
studied examples of the‘priming phehomenon is in the
case of brain stimulation reward. Obérant responding
(e.g., bar pressing'and runway rﬁnning)‘for e}ectrical’-
étiﬁulation of the brain is greatly facilitated by
"priming" bra¢n’stimuiation pulses Eelive;ed éhortl§
before the opportunity to respond ﬁGalliséel, l933f.
Both the magnitude of the reﬁponseqfacilitation and the

~ rate of decay of the effect are directly related to the

intensity of the priming.stimulation. The braij//fuf

1
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effect” discussed by Spear (1978) in the context of

vor

stimulation priming effect is so powerful that sdme

theorists (e.g., Deutsch, 1960) have postulated that

" the initiation of self-stimulation behavior actually

LI
depends on the direct electrophysiological activation of
) s
a "drive" pathway by the priming'(orﬂimmediately preceq;ng)

train of stimulation. A considerable amount of research

: hasgbeen undertaken conce¥ning the question of whether the

drive-inducing and reinforcing %ffects of brain stimulation

rgward are mediated by one or more neurophysiological -

-

sYstems: The resolution of this question may have

important consequences for our understanding of the

-

interactions between reward and motivation or drive in
association with naturally-occurring reinforcers. From
. ( . .
a strictly behavioral point of view, however, the data

- 1l ‘ .
regarding the response-enhancing effects of non-contingent

trains of brain stimulation are consistent with the data

7

wifh conventional reinforcers andisupport the notion that

non-contingent reinforcement delivefy specifically

«

enhances the tendency to respond to stimuli associated

with that reinforcer at least for a short period of time.
Another reportid phenomenon that bears a close

resemblance to the priming effect is the "reactivation

N 4

memory pdocessesa‘ This refers to the facilitation of

performance of a previously learned task by presession

L3

¢
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presentation of the ‘unconditioned, stimulus, usually after
a retention interval of at least 24 hours. For example,

, ' »
the decrement in performance that is typically seen at {

the beginning of a daily session of operant responding Lo
("warm-up decrement") carn be‘largeiy eliminated by
prégen£ation of .the reinforcgr immediately prior to the
session. This effect is particularly strong with
aversive conditioning tasks such ad avoidance or escape
(Hoffman, Fleshler & éhorny, 1961), but has also been
reported with appetitive conditidning (Spear, 1967;
Reid, 1958). While it has been suggesfed that the
reinforcer presentatién facilitates performance by
enhancing the animal's motivation (Hoffman, fleshler“&
Chorny, 1961), Spear (1978) favours the view tﬁat tpe
effect is due rather to the facilitation of the memory
retrie&al'of the task, by the cueing properties of - the
reinforcer. A particularly striking eéample of the
reactivation eéfect ’lends'indirect support for this
latter interprétatiOn. Spear ané»Parsons (1976) showed

that one presentation of the reinforcer (foot shock) \

given 24 hours prior to testing allevsﬁted forgetting of

".an avoidance task that had been learned one month

previously. A manipulatién that maintains its
effectiveness  for as long as 24 hours is more likely to

involve memory than motivational processes. Forgetting .

b A 4
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can also be alleviated (or prevented) by occasional

presentations of the stimuli associated with the learning

*

task (conditioned stimuli or discriminative stimuli)
over a long retention interval, despite the fact that
such presentations constitute the pfocedure for extinction

of the conditipned effects (Spear & Parsons, 1976).
‘Whether the facilitation of perfbrmance after unconditiogéd
_(or conditioned stimulus) présentaﬁion can be accounted.
for by memory or igtivational processes alone of'sOme
combination of these factors remains an open question.

' The degree to which the response-enhancing effect
of non-contingené reigforcemenﬁ delivery is séecific to
responses ‘previously established by the same reinforcer
'has not been systematically studied. Konorski (1967)
addreséeg the gquestion in a étudy referred to earlier
in which two distinct operant responsésvwere trained
in dogs, one for food reinforcemen ahd oné for water
reinforcement. He showed that a priming delivery of food.

led to the food-related response and water delivery led

to the water response in animals deprived of both

e

substances. Further studies'of this kind are necessary

to determine the specifidity of the priming effect to

respoﬁding that has been established by the same

reinforcer used as the priming event. A general arousal

effect would be indicated if all re?ponding was

——— = R
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increased nonspecifically, regardless of the type of

reinforcement originally used to establish the response.

Priming with Drugs as Reinforcers
Casual.observations in the self~administration
laboratory suggest that non-contingent infusions of the

sélf-administered drug, presented at a time when the -

SN SRSVOR S

animal's blood level of drug is relatively low, produce g

a strong facilitation of respondihg. This effect has .
beeﬁ documenéed (Strétch & Gerber, 1973; Gerber & §tretch, 'i
.,1975) in monkeys trained to self-administer either cocaine
+or amphetamine. . After self-administration training the
monﬁeys were put on extinction cpnditions,for several
sessions until their rate of responding fell Ep low levels.
Then test sessions were given in which the extinction
conditions remained in effect, but prior to which the
mon¥eys were given either intramuscular or intravenous
injections of either the self-administered drug or ancther
'drug of the same or a different class. Presession | .

injections of the self-administered drug resulted in a

powerful reinstatement of responding, producing patterns

' of responding within the session that were indistinghish— |
able ffom the drug-reinforced, sessions. There w;s also
a strong facilitation of‘résponding after prétreatment
with another drug of the same class (i.e., coca;ne

J
pretreatment :for monkeys trained to' self-administer

L ' »
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amphetamiﬂe, and ampheéamine pretreatment'for
Acqcéine-trained,animalgy),but only transient effects
after pretreatment with drugs from an%ther class “}

A(barbiturate or minor tranquilizer); The facilitatory L
efféct of these non-contingent drug injections on
responding after extinction was interpreted by the authors
as‘an example of the discriminative stimulus conirofﬁof
responding b§ the drug.‘ That‘ié, the ﬁresession infusion
0f the self-administered drug reestablished the stimulus

‘ conditions that were present when reépondingfwas reinforced
in the self-administration sessions. The other drugs
tested produced responding only to the extent that their
stlmulus propertles are known to resemble the -~ .
self- admlnlstered drug (Colpaert, Nlemegeers & Janssen,
1979; Ando & Yanagita, 1978).

The similarity between the stimulus properties of
different drugé has been examined in drug discrimination
experiments (Overton, 1971; Stewart, 1962; Thompson &
Pickens, l§7l) in which drugs ére‘used as the

Fl
discriminative stimulus for responding for a positive

. hd . ! A
reinforcer or avoidance of an aversive stimulus. 1In
these experiments animals are trained to make one response
(usually a lever press) after a presession injection of a

drug, and another response (on/d/seCOnd lever) after a

saline injection.- Then on test sessions, others drugs A

e .5 . g A A . 4 e Rk i o
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are substitutéa for the tfaining drud} and the animals'
"tendency to respond on the érug- or saline-lever is~§gken
to indicate the degree of similarity or dissimilarity of °

k]

the test drug to the training drug. Cocaine has been ‘!
<

studied exﬁénsively in this paradigm (Colpaert, Niemegepfs

S

P

& Janssen, 1976; Cblpaert, Niemegéerf & Janssen, 1979;
D'Mello & Stélerman, 1977; Ho & éilverman, 1978). When
cocaine (inﬁeqted iqté&peritongally) is used.as the
.discriminative stimulus in rats, other stimulants such o !
as d-amphetamine and methylphenidate produce gooa. : !
. generalization to the cocaine-associated lever (Coipaert

et aI., 1979). The dopamine agonist apomorphine, the

narcotic analgesic fentanyl, and the psychotomimetic

phencyclidiné, also produce fairly good generalization

to the cocaine-assocdiated lever, whereas a wide variety

O S

'of other centrally active substances, including morphine, i
Qroduce little or no drug-lever responding. Recéntly, 3
Ando and Yanagita (1978) tested the discriminative j
"stimulus properties of intraﬁgnéusly-aﬁminis;ered cocaine - i i
in rhesus monkeys. 'They rep&rted substantial responding. ;
on the cocaine-associgted lever when the animals were

tested ;fter mérphine and d-amphetamine injéctions, but :
not after ethyl alcohol, chlorpromazine or pentoharbital:

The' inconsistency in the degree of generalization from o

cocaine to morphine in this and the Colpaert et al. .
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)

(1979) study can probably be accounted for by the.

different routes of administration. It is possible that
' 1)

the étimuius properties of intravenously-delivered morphine
do resemble cocaine, whereas when morphine~is delivered
intraperitoneally it is sufficientl§ different to give a
poor generaliza;ion response in this paradish. Results
from these drug discrimination experiments provide ;.
useful profile of the similarity and dissimilarity of the

°

-stimulus properties of ‘a wide range of substances in

S e e et e B TN S S T

experimental animals.
The Gerber and Stretch experiments (Gerber & Streteh,

1975; Stretch & Gerber, 1973) suggested that, in monkeys,

FO

presession injections of the drug to be self-administered

C e

can reinstate responding aftéf extinction. ° This may be
due, as they suggested, to the discriminative stiﬁulus
control of responding by the drug.ﬁ On therother hand,
it may also be felated to the more general phenomenon of .
enhancement of respénding that occurs after non-contingent :
fxdelivery of a reinforcer as is seen with other reinforcers.
}What these experiments do suggest, however, is th&k the ' !
- presence of drﬁg in the body enhances drug—relatea 8
behavior in an animal returned to thé environment where
drug haslin the past bd¥n availableT It was the
éotential significance of this finding that led to the

present investigation.




The Present Experiments

The experiments to be ‘reported here further

investigated the phenomenon of drug-induced reinstatement

of self-administration responding in rats. Non-contingent,

v

' “priming“g intravenous infusions of drug were given during

éktinction’after a cocaine self-administration session.

The experiments consisted of two bhases: an initial#

training phase in which rdts were trained to self-administer'
intravenously—delivéred cocaine at a standard doke of )
1 mg/kg/injection, and a second phase of déily testing
sessions. Figure 1 illustrates the.séqueqce of events on
test sessions. Each test sesgion consisted of a period of _
cocaine self-adm}nistration (1 - 2 hours) followed by
extinction conditions for the remainder of the_session.

The experimental manipulation consisted of the delivery

*

of a non-contingent infusion of a drug or saline (or in-

the last experiment .a tone associateﬁ with drug infusions)

during the extinction period. The animals' tendency to

reinitiate responding immediately after the drug infusion

B

was measured. Extinction conditions were introduced in
one of two ways, either by disconnectiﬁg the powerhto the

infusion pump or 'by substituting saline for the drug

[ 4

solution. Using the first method, responses during the

extinction period had no conseqguences for the animal and

| -

N
thus there was a radical change in response .consequences.
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hand, ensured that the infusion tubing and catheter

It did, however, make it possible to deliver the priming

cocaine infusions automatically from the a&jacent
programming room. Using the second method, each response
during extinction produced an infusion of saline, but

the priming drug injections had to be delivered into

_the infusion system manually by the experimenter.

Extinction by syringe pump disconnection was suitable

.for procedures in which the same cocaine solution was used

for both self-administration and the priming injections;
in these cases the drug solution could remain in the

infusion and catheter tubing throughout the extinction

period. Extinction by saline substitution, on the other -

contained only saline solution at the time of testing,

and was therefore suitable for the ekperiments in which

'drug solutions other than the self-administered drug were

to be infused through the, K system. The two extinction
methods produced highly similar patterns.of extinction
responding. When syringe disconnection was used as the
method of extinction the primin§ infusion was given at

a fixed time after the self-administration period,
regardless of the animal's responding, while with saline
substitution a ¢riterion period of 60 minutes without a
response was allowed to pass before the non-contingent

infusion was given. These methodological differences
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did not appear to affect the magnitude of the .

i

response-enhancement after priming drug infusions. ° LN
» ° ?

The girét experimenté'were designed to establish the
effectiveness of non—gphtingent infusions of the
self-administered drug in reinstating responding after

extinction and to determine the effect of the dose of

priming infusions on cthe magnitude of the effect

~

J{Experiment 1A and 1B). The second Experiment examined

-

the relationship between the time since the last
v 4 ' . '
self-administration pericd and the amount of responding

after the priming infusion. In Experiment 3 the &

generalizability of the prime-induced enhancement of

ﬂfesponding to priming injections of other psychoactive

drugs was examined. In the final experiment an attempt
was made to demonstrate that a conditioned stimulus that

. . & N - . .
had been associated with reinforcing drug infusions could~

aléo‘reinsﬁate“responding after extinction.
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; EXPERIMENT 1A ' - L&
s W
This experiment was designe@ to exploré’thézeffect of
a priming cocaine injection given during extinction after :
a period of cocaine self—administration. The priming
injection was given by the same intravenous route as the
hself-administered drug injections, and it was not
accompanied bf any changes dn the external stimulus . -
conditions. A further purpose of the experiment was to

determine whether the mag§:tude of the response-enhanCLng
{

effect was a function 6f the dose of cocaine administered.

Priming doses that were half, double and equal to the
self-administered dose (1 mg/kg) weré tested. Extinction
. was introduced by disconnecting the eringe pump, and all

prlmlng injections were given at a fixed time, one hour

after the introduction of the extinction condltions.

Method

Subjects = . ' .
Five male Sprague—Dawley rats‘fromlCanadian Breeding
Farme Limited, weighing 300 to 350 grams upon‘arrigai in
"the laboratori were usedl For this and ali subsequent
experiments,. more anlmals than are reported were lnltlally

/ catheterlzed and started on self-administration tralnlng,

but were dropped from the experiments either because of

T kel
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catheter failure at an early stage or because of failure to
<>

acqulre stable self-admlnlstratlon (see Appendlx 2).

]

Only

‘the data from rats that reached’ the test phase of the

. Animals were housed in a
¢

temperature— and humldlty -controlled animal room on a 1l2~hour

experimeq&s/will*be réported.

.

day/night cycle. Food and ‘water were contlnuously avallable

except for occa51onal periods of food deprlvatlon durlng the

~

early stages of self-admipistrationat;éining.

v
)

Surgery . ' =
_._E_TX. R S s .

“

Intravenous catheters.(?ickens & Thompson, 1975) were

implanted into the léﬁt jugular vein of the rats, under -

pentébarbital (Nembutal) anaesthésia; The catheters were

constructed from fwo ihicknesses of Silastic tubing (0.06

o

em i.d4.x 0.11 cm 0:d., and 0.03 cm i.d.. x 0.06 cm 0.d.)

with an Elastomer Silastic coating over the larger tubing.

The smaller tubing was inserted into the vein ‘and the
catheter was anéhored to muscle tissue néar the point

* -
of entry into the vein. It was passed subcutaneously

behind the left front leg to an exit point on the rat's

back at the level of the shoulders. The catheter was

-

jéiped externally to a back packﬁcoﬁsisting of a

subcutaneously implantéd plastic plate connected by two

stainless steel screws to an aluminum external plate. -

)

This plate in turn hel&va screw-type connector (guide

<

‘.fcannula) to connect with the infusion systgm. The
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.physiological saline for the first week after

experiment, animals were recatheterized using the right

' the floor of the chamber. The infusion tubing leading

" as the animal moved and afforded some protection to the

: moving'part of the swivel. Further ﬁubing led from the

L y 32

coﬂﬁector was covered with a cap ("dummy" cannula) when
the animal was not connected to the infusion system.

Catheters were flushed daily with heparinized (5 I.U./ml)

catheterization to protect against the formation of | -

embolisms in the vein. When catheter failure occurred o
. @ 4
due' to blockage or leakage durifiy the course of the

L RPN PR PR

vein.

AEEaratus

4

.Five operant chambej? (30 cm x 20 cm' x 20 cm) were
uéed‘in this egggriment,'each with fittings.above the . -
box to suspend swivel (Brown, Amit & Weeks, 1976) and

the infusion tubking. .Each box ‘contalined a lever 13 cm
widé, Qrotrﬁding 3 cm into the box and Aaving a

»

thickness of 0.7~qp) mounted oh a side wall 2 cm from

R vkt S i 8
- +

from the ;QE;S back pack to the swivel was enclosed in
il

s
a coil of stainless steel wire that twisted the sw1vel

"
plastic tubing. This coil of wire encasing the tubing

was attached to the screws in the back pack and to the .

swivel to an infusion pﬁmp (Razel Syringe Pump Model A)

outside the chamber. Each depression of the lever

-




startéd a timer that activated the infusion pump for

the number of seconds needed to deliver the appropriate

.3

volume of drug solution. Bar presses during an infusion

were counted but did not reset the timer and had no

further experimental consequénces. All bar presses
wer%brecorded on event recorders and counters.

Electromechanical equipment for thé.cont;ol of infusion

+

duration and the recording of data was situated .in an
adjacent room. The experimental room was dimly lit aéﬁ]

60 decibel white noise was co inuously present to mask

extraneous noise.

Only one conéentraﬁion of“cocaine hydrocﬁloride
(B.D.H. Chemicals Ltd.’&solution dissolved in.
physiological.saline and 5 I.U./ml heparin added was
used. Adjq,tments for dosages by weight were made by
alterin§‘£§£'volume of the solution fnfused; to deliver’
a-l mg/kg.infusion dose of cocaine to a 500 gram rat, a

volume of 0.125 ml of solution was injected over 13

*

'seconds. The injection time (and hence volume) was

adjusted appropriately for rats whose weights deviated

by 10 gfams or more from 500 grams. The cocaine solution

was made'ué weekly.
Procedure
Self-administration training began two days after

surgery. The rats were connected to'igfusion'tubing

e
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in the test chambers for 2- to.3-hour daily sessions -
during which cocaine (1.0 mg/kg/injection) was available
for eéqh bar press. Animals were occasionally food
deprived overnight to facilitate responding the following

day during th’ training phase. Non—cbntingent priming

injections of 1 mg/kg were occasionally given althpugh

an effort was made to keep these to a minimum. Animals®

that failed to acquire stable responding for the drug:
after three wgs}scof tradming were dropped from thgrq
experimeﬁt..

;+ . Daily test sessions began when an-animal reliably

N o

initiated responding at. the beginning of the session-and
responded regularly throughout the session. Stable
responding was reached after an average of 14 sessions,

-

Each test session consisted of 1 to 2 hours of stable

self-administration, followed by extinction conditions

for the remainder of the session. The period of ’
self-administration was varied slightly from day.to da&
to maintain a degree ;¥ unexpectedpess in the onset of
extinction conditions. The extinction condition in this
experiment was programmed by disconnecting the power to
the syringe pump. -Lever presses duriﬁé the extinction
period resulted.ohly in the click‘ﬁf the lever
mieroswitch fof the animal. After 60 minutes of . :
ex;iﬁctﬁon the rats were given either a‘nﬁp-contingept

-

3
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"priming” injection of 0.5, 1.0 or 2.0 mg/kg of cocaine.

or no injection (}dummy" trial). Priming injections were

.controlked from' the adjacent programming room. “The

'1atency to the first response after thelpriming injection
and ‘the total ﬁumber of , responses in the 30 minutes
following the priming injection were réégrded. All
animals were tested twice at each dose;‘the order of tests

t

w counterbalanced.

Results | ' .

‘In Experiment 1A and all subsequent experiments. two

measures were taken, the latency to the first response
4 : :
after the drug or saline infusion and the total number of

" responses in the post-prime period. In most cases the

data from these measures are presented graphically as
both means and med;ans §f treatment conditions. K Because
of the small number of animals and occasional'extreme:
scores, the median values often re&eal tren@s across
treatments that are obscured whe# means are considered.

This. is particularly true in the latency measure, where,

" if an animal failed to respond on one trial its score

-,

Y

was recorded as “the entire duration of the post-prime L

period, a& value that may disproportionately weight the
mean. '

Analysis of variance and post hoc trend analyses .
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were pérformed on b?th the 'latencies and total number of
responses in each experiment. In those experimeﬁts wheré
there was a saline control infusion, data from the saliﬁe
test were included as a level of the main treatment
effect'(drué effect). Post hoc tests for linear trends.
across doses inciuded data from the saline infusion as
the 0.0 mg/kg dose in these experiments. |
Extinction ;‘

Figure 2 shows the changes‘in responding over the
60;minute period of extinction. When extinction
condﬁtions were introduced fespondinq ikcreased
initially, reaching a peak mean of 6.3 responses in(the
period between‘lo and 20 minutes after the commencement
of extinction. Reéponding subseqguently declined to
near—opefant levels over the remainder of the 60-minute
extinction period.

Responding after a Cocaine Priming Injection

EN

3
o

At all three doses tested the cocaine priming
injection given 1 hour after the commencement-gf .

extinction produced a marked increase in responding.

Figure 3 shows that the mean latencies,to the.first

response after the cocaine infusions were between '6 -and

! "

10 minutes, whereas the average latency when no infusion
' 1 : .

was gifen (0.0 mg/kg dose) was over 20 minutes. Figure

3 also shows that the mean number of responses in the

. -y
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- . FIGURE 2

. ¢ )

.

Mean number of responses per 10 minutég during
self-édministraticm (continuous reinforcement: CRF) énd

during extinction in Expériment 1A. Mean values are

based onvéight extinction sessions for each of five ) :

rats, and standard errors of the means are indicated.
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FIGURE 3 .. . , ., .
7 Mean'latency to the first response (upper graphi and

mean number of responses (lower graph) in the 30~minute
pgriod aféér cocaine injections (0.5, 1.0 ghd 2.0 mg/kg{
or Wduﬁmy trial" (0.0‘mg/ké) given during extincti&n
after a cocaine self-administration session. Mean
vai;és are based on two determinations per rat in each

the means. are .

(3

of five animals. Standard errors of

indicated.
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30-minute test period was between 16 and 22 responses

following the drug infusions, compared to less than 5
responses after the "dummy" trial (mo infusion).
kAnalyses of variance showed a siqﬁific;nt drug effect for
bpth the laiency-to—the-first—:esponse measufe (F(3,12) =
4.34, R<;05) and. the number of responses (5(3,12{ |

= 4.10, p<.05) . Postlhoc tests fér linearity

between the levels of the main effect (no infusion and
three doses of cocaine) were significant for both latency
(F(1,12) = 5.7, p<.05) and the number of responses (F(1,12)
= 29.4, p<.0l). Visual inspection of the means indicates
that.the linear £rend was due, to the overall drué versus
no-drug difference rather than doge-depeﬁaent effects of
cocaine.

Only the médian scores for both latencies and qwumber
of responses.revealed any indication of dose-dependent
effects of cocaine. The highest dose of priming
igject%pn was associatgd with a slightly lonéer medien
latencyiand a somewhat larger median total number of
responses (Figure 4). These trends are also evident
when the mean number of responses per l0-minute period
after the priming infusions are examined tFiguré 5).
At the lowest dose (0.5 mg/kg)'fﬁe rate increased
immedi;gély after thelpriminé injection but fell §harpLy'

to a low level after the first 10 minutes. At the

|
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Median latency to the first response (upper graph) and - .
median number of responses (lower graph) after cocaine ' \
injections (0.5, 1.0, or 2.0 mg/kg) or a "dummy trial" -

(0.0 mg/kg) in Experiment lA. Medians are derived from
T ten values: two determination§‘per rat for each of five
. A

A »

? rats. .
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Mean numbeg of responses peerO minutes during

self-administration (continuous reinforcement: CRF),

t

during extinction,, and after cocaine priming injections

of 2.0, 1.0 and OuS_ﬁg/kg or after a "dummy trial" (0.0

g .

mg/kg) in Experiment 1A. "P" indicates the point at

. )

lwhich.éhe priming injection was given. The mean values

°

during extinction are based on eight determinations for-
- - r

.each of five rats; the means after the priming infusions

- e
are based on two determinations per rat for“each .of five

rats: Standard errors. of the mean are ihdicated for the’

mean values during. extinction. .
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11.0 ng/kg dose thé rate also rose sharply but e return
to baseline rate was not as rapid as for thdg lowest dose.
In contrast to these, the highest dose produced its ) -
greatest increase iﬂ rate only in <the second lojpinufé
period and an elevatéd rate was maintained throughout
éhe 3?—minute,test period. | .
In ;ummary, tﬂ; results from Experiment 1A show
clearly that non-contingept infusions-of cocaine
. reinstate responding during extinction. There was also .
a-tendency, although statistically bon-significant, for

thé‘larger dose of cocaine to produce a longer latency

'to respond as well as a slower return to baseline rates.

3

Discussion

LS

This éxperiment.clearly demonstrated the

.

response-enhancing effects of non-contingetit infusions . | .
4

of cocaine delivered to rats .following one hour of

v

) extinc&ion after a éeif}administratién session. At a
time during extinction when responding had fallen to - ' T
near—opefant leveis, Rriming infusions qfvcocaine at ‘ D

(Qéach of three doses resulted in a reinitiation of . )
responding within 6 to 10 ﬁinutés. ,When no drug infusibn

°

was given at this time no responding occurred in the

, 30-minute test pericd.

The tyo lower doses of cocaine, 0.5 and 1.0 mg/kg,

: n
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g present when drug was being self-administered. Responding
-’

" would have been expected to remain in the circuiation

\ . : N 47
produced highly siﬁilar latencies to the first response
-and total number of.re§pénses,_and in both cases most of
the respondihg occurred within the fiést 10 minutes of
the BOTminute test period (Fiéﬁre 5). TIh contrast to
these, after the highést dose the latency was. slightly
longer and the responding . és prolonged'Ehroughout the
. 30-minute test period. One interpretati&n*ﬁf these
results is jin terms of éhe-cpntrol-of respondi;g b& the
animal's currsné blood .level of drug. By this account, ’
tﬁe two loyeg doses of cocaine ﬁ&oduced dis;riminabie o !

drug effects that reinstated responding by re-establishing

the internal stimulus conFitidns that would have been . i /

A
(Y

abéted as the drug from the priming infusion was .
“metabolized and the drug stimulus faded. After - K
administration of the highest priming dose, it is H

hypothesized that the higher blood levels suppfessed

responding for a short period of timeo(just'as responding:

is suppre;sed in the long inter-response times during
self-administration), and thén responding was reskored ,

when the bloodllevels’fell below a certain level. h
Resﬁonding.apparently continued as lohg as there was

3

'enough drug circulating in the blood to produce a

A

discriminable stimulus. After the highest dose the drug I )
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" for a longer durétion than after the ‘lower doses,'and
tﬂué régpopding was expected to be sustained for a longer
period of time. |

It is unlikely that the occasional’nonfcontingentl ‘ |
infusions of cocaine givefi as "primes" during . '
self-administration training deyeloped any appreciable
signalling, er discriminative stimulus function "setting

the occasion" for initiation of responding. Not all

ahﬁ?als received such‘priming injectioné, and there was .
no relationship between the téndency to reinitiate ’ ’ ]
responéing after priming injections during tests and the -
number of primes given dhriﬁg training. Furthermore,va

9

stimulus usually becomes establishéd\as a discriminative
sfimulus (s+) only against a background of\another
stimulus (S-) in whose presence responses are not
reinforced; there were no times during self-administrati;n L :
training during whicgiresponses'were not reinfq;ced.'“
Finally, it is notable that over repeated,tﬁst sessions

the priming drug infusions during extinction continued to , \

elicit responding for as many as 80 test sessions in some

animals, in spite of the fact tha§ no further . , - :

9

reinforcements were ever delivered after the. initial '
self-administration period. Any initial discriminative
stimulus properties of the priming injections that might .

have developed during the early drug self -administration

s
e e

y




, training would be expected to extinguish with such

extensive experience with the drug stimulus followed

by non-reinforcement. >
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* were food-deprived to 85% of free—feeding‘bbdy wejght

50
EXPERIMENT 11% ' L,

The results from Experiment 1A established that
priming injections of the self-administered drug.cah
reinstate responding durin?'extinction, and suggested
that higher doses of the drug'are associated with increased
latency to the first response and prolonged responding
after tﬁe prim;ng injection. In Experiment 1B the relation
betyeen responsé reinitiat&on'and dose of priming injection
was examined further using_a wider range of priming doseé.
In addition séveral minor procedural differences were

introduced in Exﬁeriment 1B. Extinction was introduced by

substituting. saline for the cocaine solution rather than,

as in Experiment 13, by disconnecting the syringéﬁbUmp.

When one hour with no responses had elapsed during

extinction a cogaine injection of either 0.125, 0.25, 0.5,

1.0, 2.0, or 4.0.mg/Kg or a saline injection was

delivered through the intravenous catheter by the - * |
experimenter. ) '
’ Method )
R
Subjeécts : . : //

Five male Sprague~Dawley ra£51werg used, weighing

''300 to 350 grams at the beginning of the experiment. They

e ———,
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| was introduced by substituting saline for the cocaine .

i 9
(4

51
dufingAthe initial phase of the experiment.
Apparatus

The apparatus for self-administration was the same
as in Experiment 1lA. In additién, one one-lever Gerbrands
operant chamber for delivery of food reinforcementcwas‘
used. ‘ v ; ' '
'Procedure [

In order to facilitate subsequent acquisition of
self-administration, animals were initially food deprived I
and trained to lever press for food reinforcément (Nozes

\pellets) on a VQriable ratio (VR6) schedule. They were
allowéd to feed freely again for at least three days. . .
. . '
before surgery. Catheterization proceeded as'in A
Ekpeéiment 1A. | U
After re?overy from surgery, rats were £raihed to
self-administeér 1 mg/kg cocaine hydrochloride as in
Experiment -1A. When responding was reliablg; daiiy test
sessioﬁs commenced; they consisted of 1 to 2 hours of
seif-administration followed by extinction conditions for

the remainder of the session. The extinction condition

solution. At the beginning of ‘the extinction period, the
syringe containing cocaine solution was replaced by a
syringe containing physiological saline. The infusion

tubing was flushed with saline from the syringe to the

-
= “ . .
.
. ' o .
.
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‘cocaine injection of either 0.125, 0.25%, 0.5, 1.0, 2.0,

52

»

top of the swivel, leaving: cocaine solution in the

-
£

infusion tubing from thé top of the swivel to the point
éf entry into the ratus vein. The remaining cocaine | [
solution was delivered to the rat with the first 2 or.3
response-produced_infuéions after saline substitution, -
and following this all responsesrproduced only saline
infusions. When exéinction responding had ceased for 30

2
minutes a saline injectionwas slowly infused manually into
the system from the top of the swivel. This saline
injection ensured that the drug solution was thoroughly

cleared from the infusion'tubing and catheter. Thirty

minutes after the saline injection the rats were’given a

or 4.0 mg/kg in a volume of 0.1 to 0.4 ml followed by a
saline-solution (0.3 ml) to f£lush the drug through the.

system, or a secondnsaliﬁé injection. Ihese second

injeétions were also deliyered manually into the-

infusion system at the top”of‘the swivel. The latency

to the first response and the number of resﬁonses over

the next 30-minute pgriod.were fecordéd. All rats.were .
tested once at éach dose, and the order of testing at

differeht‘doses was countérbalénced.
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Results

Extinction

The pattern of respbnding o&er\the period of
extinction in this experiment was similar to the pattern'
seen in Experiment 1A, despife the methodological
differences.(figure 6) . The onset of the increase in
responding“éftef the introduction of extinction conditions
was slightly delayed in comparison with Expérimeﬁt‘lA, but
reached a coﬁpﬁrable péak rate (X = 6.2 -responses per

10-minute period). The delay can probably be accounted

' for by the fact that in this experiment the first 2 or 3

responses 'after saline substitution delivered the cocaine
solution remaining in the infusion system.

ﬁesponding after Cocaine Primes

» ] \ L3 +
Animals reinitiated responding after cocaine

injections of betwéen 0.25 and 4.0 mg/kg, but not ;féer
the lowest dose’tested (0.125 mg/kg) or after saliné/f
inféqtions (Figure 7). While the analysés of variance
on both the lat;ncies and the number of.responses
aindic;ted that the differences bétﬁeen doseg of drug and
saline did not reach significant levels (F(6,24) "= 1.73,
p>.10 and 2(6,24)‘- 2.0, p>.10 wéspectively), post hoc
trend analyses did yield significént results, showing a

linear trend for both latencies (g(l)24) =- 5.9, pﬁ.osiw

” .
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/FIGURE 6§ -

. /

Mean number of responses per 10 minutes during extinction
after saline suﬁétitution (solid line) in Eipériment 1B
and after turning the power off on the syringe pump

(broken line) .in .Experiment 1lA. Determination of the

‘

means for Bxperiment 1A are based on eight extinction

sessions in five rats, and for Experiment 1B the means

are based on seven extinction sessions in a different

‘group of five rats. Standard errors of the means are

- shown. . .

Ly
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FIGURE 7
Mean lapenciés to the first response.{upper graph) and
mean number of }esponses (lower graph) after cocaine in
doses of 0.125 mg/kg (labelled 0.1), 0.25 (labelled 0.2),
> ' .
0.5 mg/kg, 1.0 mg/kg, 2.0 mg/kg, or 4.0 mg/kg or after
\ ) '

a saline infusjon. Means are based on one determination -

' ' B A . .
per rat in five rats. Standard errors of. the means are

indicated. - o ’
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and responses (2(1;24) = 21.5, 2<;0i). Thus while the

individual means did not differ greatl& tﬁey did form an

orderly, doée-réiated pattern. Inspection oé tﬁé'median

latencies gnd £he‘median number of responses for the

different doses suggests the same dose-dependent pattern 4
that was seen in fhe‘median scores in Experiment 1A . |
{Figure 8). The median latency to fespdnd decreased as’
Fhe dose of priming injection increased betweenlo.s‘ﬁnd La
4.0 ﬁg/kg: wlghaddition, when the numbef'of responses
'after priming injeations-are séparated into three

%

successive l0-minute periods (Figure 9) it can be seen .

LY

that higher doses tended to produce slightly prolonged
responding relatiye‘to the 1ower\do§es. Any dose—depepdenf
differenceégin the mean lafencieé were probably maskeq by
the_fact that in some instances animals did not respond
within the ?O-minute period. ’

’ The results of Experimeht 1B show thaé.cocain;’
priming injectionsvbetween 0.25 and 4.0 mg/kg given after
60 minutes of no fespoﬁding during extinction producgd "u,
reliable rginstateﬁent of responding. As inﬁExperiment o N
| lA‘theré was als§ a'non-signifiéént tendéncy for higher .’
doses ofbcécaine to produce both ldngér latencigs to . .

. A
respond and a greater number of responses.

o

4 . , ]
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Mean number(of responses per 10 minutes after prlmlng

cocaine infusions at each of the doses indicated or after

-saline lnfu51oﬁ’in Experlment 1B. Mean values are based

,on one determlnation per rat for five animals.
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.confirm and extend the results from Experiment 1lA.

Discussion °~ .

In this experiment priming dosés of cocaine between

0.25 and 4.0 mg/kg -given dﬁring extinction igstéred
responding whereasvthe'lowest dose (0.125 mg/kg) was no
more effective than a saline infusion. These results
Althéugh the variability of scores for each dosage was

\Ege, there was some indication that higher doses

esulted in a longer latency to respond and prolonged
responding, as was seen in Experiment lA._ This pattern
is consistent with an interpretation in terms of the
contrﬁl of reéponding by the amount’of drug in the blood..
Such antaccouﬁt would predict that the animals should
respond when, and as long as there was eithér enough )
drug tobpioduce a.discriminable effect, or énoﬁgh t§ n /
reestablish the stimulus conditions of the
self-administration éeriod. Ho&éver, when bloéd‘levels
exceeg a certain level, as after the higher priming ..

o

doses, a respoﬁse—ggppressant effect should be. observed,
similar to that seen bétwe;n infusions during normal
self;administration. The results of this experiment are
consisteﬁt with such an account.

) : :
The saline.control infusion in this experiment did

not produce a reinstatement of reéponding.; It might

a4
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have been expected thatthelnteroceptlve stimulus produced
by the infusion of a fluid 1nto the vein would acquire
some conditioned propertigs by virtue of its repeated

pairing with the drug stimulus, and thus affect responding

A}
]

in its éwn right. Any conditioned properties'this stimulus’
migﬁt have écquif%d, however, were probably extinguished
during the repeated~§aline infusions during the extinction
period, as well as the daily experimenter-aelivered saline
“infusions given'before the cqcaiﬁe'test priming injections.’

»

The patterns of respoﬁa%ng during extinction in Experiment

RN

13, in:whigﬁ no saline infusionsywere given during - )
extipction, and the pagﬁern in Expégiment 1B, in which
responses-during extiﬁction did produce saline infusions
can be “compared but wit§uthe caﬁtidn necessary in @aking'
comparisoné between different ékperimeﬂis.. It can“b;
noted that in Experimen£ 1B the duration of ;ésppnding
was somewhét‘longer than in Experiment 1A, a result ﬁhaﬁ
would be expected if the saline infusions had acquiredi
some .conditioned reinforcing§properties. There are,
however, too many minor differences between these two’
experiments to he able to conclude that conditioning

is the source of the éigﬁerences in, duration of

\

respgonding. ) . . .
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EXPERIMENT 2

The first experiments established that thé priming

effect was real, and there was some suggestfon that it

wés sensitive $o drug dose. The next\question asked was
whether the time 51nce the last self-admlnlstered drug
injection was an 1mportant variable in determining the
magnitude of the response-enhancing effeqt of the priming
cocaine infusion: Was the power of the priming infusion
to enhance responding limited to the period shortly after
the self-administration session, or did it retain its
effectiveness‘well after cessation of'responding? It
will be remembered that while within Experiment 1A and 1B
the conditions for presentation of the priming infusions
were éqﬁstant, the two experiments differed in terms of
the durétion of the extinctiontperiod that passed before

the priming injection was given. In Experiment 1A the

L

extinction. period was always 1 hour regardless of whether,

or not responding had ceased, whereas in Experiment 1B

” L)

the priming infusion was only given one hour after the

»

cessatlon of respondlng during extinction. Whlle theﬂ“¢9
results from these two experlments suggested that the
tendency to respond did ‘not vary as a function of time
since the last self-administration perlod a more -

systematic investigation was needed to confirm this.

¥
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A standard dose of 1 mg/kg of cocaine was given as prime

in this experiment after an extinction perlod of 10, 30,
60, 120, or 180 minutes. Extinction in this experiment

was introduced by syringe pump disconnection.

Method

SubJects‘

Flve male Sprague-Dawley rats served as subjeces. '
Tw& of ‘these had, served as subjects in Experiment 1A prior
to testing in Experiment 1B,
Apparatus

The apparatus was the same as that used in Experiment

EX

.
. . .
11&. N B
.

Procedure

Self-admlnlstratlon tralnlng proceeded as in

” Experlment 1A. Test dessions con31sted'of a 1~ to 2-hour

perlod of self-administration followed by extinction

-

conditions for the remainder of the session. The .

i

extinctio? condition was introduced by diseonnectihg the
syringe pump as ie Experiment 1a. A 1 mg]kg cocaine —
. injection was glven at elther 10, 30; 60,”120, or iBO
minutes after the commencement of extinction. The
letency to the first response and the humber of respornses
“in’ the 30-minute perio& following the priming injection

were recorded. Each animal was tested twice at eech .




&

D

extinction time (on different days) and the-order of

3

' .
test presentation was counterbalanced. . . »

o

 Results ' ’ -

¢
‘Animals responded to the cocaine priming injections

after all of the extinction durations tested. Figure 10

. shows that the mean latency to the first response after

the priming injection was not affected by the extinction
duration precedlng 1t This was confirmed by a

non—51gn1f1cant treatment effect in an analy51s of

variance (F(4,16) = 0.63, p>.25). It should be noted,

however, that when median latencies were calculated

.

(Figure 11), the latencynto respond after the 10-minute
extinction duration was almost double the latency after
the other extinction duratlons. Reletlvely small,
differences in latencies between_treatments may have -
peen'obscured by the large contribution to the

variance of those animals that did not respond within
the 30-minute critefion.

Both the mean (Figure 10) and the median'(Figure

11) number of responses following cocaine priming

" infusions reflect a downwerd trend in thg'tbtal number

of responses as the extinction duration increased.
Analysis of variance of the effect of extinction

duration on number] of responses was significant

S 67




£

. A M AT Y TS A o % i s %l o i

FIGURE 10 -

! . Ty .
Mean latgncies'to thL first fésponse (upperngraph) and
mean number of respopses (lower grabh) in the 30-minute
period following a cocaine priming infué;on (1 mg/kg)
following‘extinction periodé of 10, 30, 60, 120 and
190 minutes in durati&n.“ Means represent data from
" five animals, with-t@p Aeterminations for éach animal“

at each extinction duration.
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FIGURE 11 P}
Median latencies to‘the first response (upper graph) and

number of responses (lower graph) after cocaine primingl

. infusions (1.0 mg/kg) followigg extinction periods of

10,'30, 60, 120 and 180 minutes. Medians are Base&’on

ten values; two determinations per rat for each of five
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(F(lz ¥B) = 2, 03 ‘p<-. 05) and there was a 31gn1ficant

linear trend between*levels (F(1,48) = 23.5, Eﬁ~01).
. .
,Examlnatlon of the number'of responses per 10 mlnutes

after the prlmlng infu81ons (Figure 12) ‘shows that for

s

s

all extznctlon duratxons, éﬁcept the lo-mmnute ‘one,,
the peak of the increase in’ response rates occurred R

w;thln the first 10 mlnutes after. the 1njection, after

R \e "J '

that rates fell qulckly to 1ow levels. ¢In contrast to ‘

thls, the retponses after the 1n3ect10n followlng -only

[}

;O”plnutes of:extlnctlon‘were distributed across the -
. * . v -
'edtire 30-minute post-prime‘period. ‘
\~7In summary, the‘results of this experimehtwshowed L
that the 1 hg)ﬁo'cocaine briming'iﬁfusion elicited . :

é;spondlng lnféhlmals regardleSS of the duratlon of fn" *

. 4 A
the extlnctlon perlod Furthermbre, tHEre was no,

la
-1

stat;stlcally sxgnlficant diffekefice in the latency to ©

~ q,%’ [3

wa

respond as a functlon°ofuext1nctlon duration,:but there -

P'was a slgnlfica t treog ‘for fewer responses to be made ’

! after longer periods of extinction. . - .
. > , . P e "
A : . 00T
P . ., .Discussion ’ AN /J
. - R 3 FURE N i ,
e o Prlming drug 1nfusxons given during extlnction,

between 30 mlnutes 83 hours after the

o ' <

self-admlnlstratlon period were all effectlve in

reinstating responding. While €he 1atencies ﬁé‘
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respond were not appreéiably éifferent&at the four time ‘
intervals tested within this range, the,total number B
« . . .
of responses was slightly lpwerxafter.the longer P
extinction duratidéns. It might be argued-that when the
. priming injections were gi@en after shorter extinction
perlods thére was still some drug left in the blood from
the, self-administration period,‘and that therefore the
actual level reached by’tne priming infusion was,
somewhat higher. The te%aency for higher blood levels ‘ ‘
of arug to elicit slightly more responding is |, , ; '
_ consistent with trends observed in Experiments 1A and i
A -

1B. It would be necessary, however, to have data on

v

the rate of ellmlnatlon of drug and the actual blood

\
+

~
*

levels at the time of the prlmlng 1nfusxon in order’ to

L\'make such a case. \ : ‘ - .

0.

4 The pattern of responding after only i% minutes

\ of extinction was diffeant from the pattern ‘seen after
.A : nl -
the other test tlmes; responses were.d;strlbuted
throughout the 30-minute post-prime period, rather than

‘ being cohcentrated in the 10 minutes after the briming
infusion. It Bhould be noted, however, that'because the * /
t&éical inter-response time during self-administration - )

- N .
+ < N . 4 ¥

n is:'about 10 to 15 minutes, and because the extinction

- period was introduced'iregardless of the#aﬂimals' . ' C

“ . |

responses, some animals had made no non-reinforced o




=1

: o S
= . re&sponses at the time of the priming ¢injection. The
priming infusion in these animals thus effectively

took the place of the next response-produded infusion,

and delayed the next response by a further 10 to 15

‘minutes. . The responding that occurred after this delay
} c

was, in effect, the animal's first experience with

extinction on that test day. The data from individual.

-

o \ .
animals (Appendix I) lend support to this 'explanation.

¥ On the four occasions when animals had made zero or only

"

\‘\

latencies to respond to the priming injection were 12,

17, 15 and 16 minutes. On the four occasions when six

or more non-reinforced responses had been made prior to
. i

the priming injection the latencies to the first response

N

., were 0.5,.0.5,70.5 and 7 minutes.

. .

o one h@reinforced responsé prior to the priming injection, -

e
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! EXPERIMENT 3A . g i
. R S ~ -
Experiment 3A was designed to test the effectiveness - ?

of drugs other than ‘the self-administered drug (cocaine)
in’ the reinstatement of responding during extinction.

BRN As Gerber and Stretch (19V5) argued, it is possible that I

the self-administered drug comes to act as a discriminative e

stimulus for':einfdfceﬁ responding and that subsequently . ) :
ﬁhe presence of the drug reinstates regpénding by ‘ ﬁ
re-éstablithng those stimulus cénditibnsz If ‘this ° - ‘/. i b
'iﬂ;erpfetation is correct then it might be expected that - i

. priming iﬁfusiops of drugs‘with sﬁimulus properties ; b }f%
similar to those of cocaine would also effectively l
reinstate responding. = N SRS

T .

The stimulus .properties of-different'arugs have be
3 R .

\

‘extensively studied in the drug discrimination paradigm
(Colpaerts et al., 1979) and results from these studies
provide a goodnbasis for inferéences about the

similarities and dissimilarities\ofﬁthé subjective &

effecfs‘of different drugs in rats. Not unexpectedly,

Ad

amphetamine has been shown to have stimulus ﬁropérties

' that-are‘highly similar to‘cocainé‘(silverman & Ho, 1977).

n 3

There is evidence that the digcriminative stimuli provided .

L]

bir both. u’taénine and cocaine are both central 'in origin C

and mediated by dopaminergic'éystems‘(Ho.& Siiveﬁman,

> -
.

~
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' present experiment.
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19785. §oth of these drﬁgs‘are known. to increase,
gopaminergié activity in the brain, although they AO so
by different mechanisms (R;ndrup & ‘Munkvad, 1966;
Glowinski & Baldessarini, 1966; Carr & Moore, 1969; Réss
& Renyi, 1967). Similarly, apomorphine prodﬁces étimulus
properties resemblingAcocaine in the drug discrimination
paradigm (Ho & Silverman,‘1978; Colpaerts, Niemegeers &
Janssen, 1979), "and it is also known to 5e an effective
dopamine feceptor §gonist (Colpaert, Van Bever & Leyseﬁ,
1976) . Thus, on the basis of both the similarit& pf the
st%mulus properties of thése three drugs as evidenced in
the drug disc;imiﬁation paradigm, and the similarity in
th;ir sites 6f central action (insofar as they act on the
dopaminergic system) 1t was expected that both amphetamine
and apomorphine would be effective in the relnstatement

[

of previously cocalne—:einforced respondlng in the

[y

The four other psychoactive drugs tested in this
experiment were'chosen partly because 'of their
dissimilarity to cocaine. The narcotic drug morphiné
prOduCES poor generalization when tested in rats trained
on a cocaine-saline dlsc51minatxon (Colpaert et al.,
1979) The action of narcotic analgesics on the

dopamlnerglc system is not understood; they have been:

labelled as both antagonmsts (Lal Gianutsos & Purl,
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1975) and agonists (Cbipaert et al., ;?76)."Her6ih ﬁas '
L ’ not been specifically t%ated in‘the drué discrimiﬁation
N péraﬁng Yith ratshbut its subjective efféc%é in humans
‘are known to be highly,similai to theheffects of .
morphine (Martin & Fraser,. 1961). Heroin and moréhiné
uy.are believed to share the sahg central mechanism, as C
hgioin is rapidly hydroliéed to morphine in the body
(qudm;n & Gilman, 1975, b. 249). Good.q?iﬁstatement of - . ]
‘ , . resanding in the pfesent experiment was not e£pected . c i
wi£h éifher(morphine or heroin.’ Finallys peithef ethanél {
‘ (Rawaé, 1976) nor- thé'short—actiﬁg barbiﬁuraté methbhex;tal
(Goodman & Gilman, 1975, p. 101) have a clear effect on
dopaminergic activity. These drugs have not been

' - . ° ]
specifically tested in rats trained with cocaine cue, but ‘

neither animals trained on g¢thanol-saline discriminations : .
" nor animals trained on pentobarbital-saline o
ot discriminations show -generalization to amphetamine

Ld NN
\ 7 . .

(silverman & Ho, 1977). The stimulus properties of drugs,

F e S

from these diverse classes (barbiturate, stimulant,

. '+ depressant -and narcétic) appear fo be dissimilar. . ’ °

- e Whi&e the stimulus properties of morphine, heroin,* |
. ethano} and mefhohexital do not appear to ieseﬁble'the

T "‘Stimulu; propeftﬁes of Eocaine, éll theée drdg; do h;ve

in common the property of béing self-qéministered by' o . :

. . ilaboratory animals (heroin: Gerber & Wisquﬁbte g{T S o

*. . . v

W ORI RN W v g
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~ Four animals had been tested in Experiment 1A and 2,

y
e e s e = [V S URN, A o

~

van Ree & de Wied, 1977; Oei, ,Singer & Jefferys, 1980;
methoheiital:’ Cdllins, Weeks & Good, 1978; Pickens, = -
Muchow & Deyoble, 1980; ethanol: Smith, Werner & Davis,

1975; DeNoble & Begleiter, 1978). The interesting

-

possibility existed that it was. the reinforcing property
rather than the simiYarity in discriminable stimulus .

properties in general that was importantiy involved -in

»

] /
the .drug-induced reinstatement of responding after

extinction. ;This/possibility was addressed by testing .
. . /, 7 >
theser drugs that are self-administered but whose

1

1 ' A v . .
stimulus- properties are different from cocaine.

Method

Subjects R o _ N

Fifteen male Sprague—bawle& rats were used in this

F

-experiment of which all but four had been trained to.

levé; press for food reinforcement before catheterization.

four had served in Experiment 1B, and four had served

in Experiment 4 before.being tested in this experiment.- .

Apparatus - ’ ) .t

A

The five operant chambers described in Experiment 1A

.‘were used. In-addition, four other boxes of slightly o

-

different design were also used. They were o .

non-copmercially-made boxes (25 cm % 25 ém x 30 cm) two

»
I
>
’
-
v
-
L.
R
N
-
-
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with § I.U./ml heparin and. used within 1 week of

_ Procedure'

of thgh were constructed from alumioum.anoutwo from
plyﬁood, all with a plexiglass front eo&'top. TheAboxes
were fitted Qith infusion sysfems as described in .
Experiment 1A, ano Gerbrands levers (4.5 om longfana i‘cm

w1de) mounted in the: center of the back wall, 7 cm from

the grid floor,' For sound attenuatlon purposes the boxes

were housed in 1nd1v1dua1‘refr1gerator cases; each was

equipped ‘with a,ventilating fan and each(had a 7.5 cﬁ v
speaker mounted,on‘an'inside'wall of. the refrigefaeor
above the rat chamber. |

Drugs

The drugs used were d-amphetamine sulphate (Smith,

LKline and French Canada Ltd.), apomorphine hydrochloride

(F.E. Qofnell and Co. Ltd.), diacetylmorphine hydrochloride
(heroin) (Health and'Welfare'Canada), morphine suiphate
(BDH Chemicals Ltd ) and the short-actlng barblturate .
methohex;tal sodium (Ell L111y Co. Ltd.). Amphetamine,

morphine and heroin were'dissolved in physioloéical saiine.

v

3

preparation; apomorphlne was freshly prepared on each

day of use, and methohexltal was commerc;ally prepared in

solutzon form 0ot

Liad ”

R ]

Anlmals were trained 40 self-admlnister cocaine’as

"\

in pravious experxments. Test sessions began_when . ’




" ascending 'doses (;o minimize the possibility of

P TR e,

s

respoﬁding was stable and reliable.- Each test session

consisted of 1 to 2 hours of‘stablé cocaine

' self-administration followed by extinct{on introduced by

saline substltutlon, as descrlbed in Experlment 1B.
Thlrty mlnutes after respondlng had ceased under .
extinction condltlons, a saline 1n3ectlon (0.3 ml) was

delivered manually into the top of the sw1ve1 to. ensure

- that all cocaine solution was out of the infusion tublng

and the catheter. Thirty minutes later, rats were given

‘ either a second saline injection or an infusion of one

4

of the following drugs: ‘ ’
Apomorphine (0;0625, 0.125, 0.25 or 0.5 ﬁg}kg)
iuﬁéhetami'ne (0.1, 0.3, 1.0 or 2.0 mg/kg)
Ethanol (1, 3 or 10 mq/kﬁrby volume)
'Heroin (50, 100 or 200 ﬁg/gg) “
Methohexital (1 or 2 mg/kg) ‘
Mo;bhiﬁe (0.3, 1.0 or 350 mg/kg)

Dﬁugéﬁwere ifjected in a volume of 0.1 to 0.4 m} over a

5 éecdnd.infdsion'duration, and were.followed immediately

by a 0.3 ml saline infusion t§ flush the,d;ﬁq throdgh the

infusion system and‘éathetgr. All animals were tested

’

only once at each dose of each.drué. The .order of doseé

v
<

. . \ ‘ .
tested was counterbalanced for all the drugs except.for

»

morphine, in wh;ph“case.ﬁhe‘tests weré'in order of

. .
‘ . . [
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,well above the dose produc;ng dlscrlmlnable stimulus

rbsidual drug effects on the .subsequent test day). ar o

. Different doses of each drug.yere tested on consecutive

days whenever possible, . and a saline control test day

)

was always glvep between tests ‘with dlfferent drugs.

Each animal was tested on as many drugs as catheter ilife

alloweg, and the order of drugs tested varied from

animal’to animal.. Ind1v1dual anlmals were tested on all

‘

] doses of a perticular.drug as well as the approprlate

. - . N [}
saline control test. The only exception was the case of

the 2.0 mg/k§ amphetamine test for which a separate group
of four‘gnlmals was used (These anlmals were tested after

completlon of the 1n1t1al dose—response determlnatlons in

order to extend the dose range.) Saline control_data were.

i*. aléo collected on these four animals. The duration of the

[

« post-injection test'period varied with the different drugs
tested.’ The ectugl test periods chosen were determined ;(
by observation of the animals during pilot tests ahd by
conslderatlon Qf the duration of pharmacologlcal actlon
of the test drug.’ Drug doses were selected so that a
dose knowu-to be self-admlnlstered by rats (when

applicable) fell roughly in the middle of the range of

'doses tested. .The seif-administered dose was in all cases

reffects in drug dlscrlmlnatlon experiments (see Golpaert

' & Rosecrans,,1978). . o e
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. ﬁesults

Amphetamine

Amphetamine produced a cleax reénStatement of

a

’responding at. three of the four doses tested. The median

¢

scores, illustrated in Figure 13, indicate that whereas

neither saline nor the lowest dose (0.1 mg/kg) of

amphetamine elicited respoﬁding, the three higher doses -

did produce a reinitiation of bar pressing. The mean

latencies to the first response and the mean total number

.of -responses after different doses of amphetamine are

given’in-Teble 1. Analysis of variance performed on

‘these data (excluding the highest dose, see Method) showed

that there was a significant effect of drug treatment on

' latency to respond (F(3,12) = 12.07, p<.01), but not on

‘the total number o# responses (F(3,12) = 2.72, p>.05).

There were significant linear trends across drug doses
(including the 0.0 mg/kg dose and excluding the 2.0 mg/kg.
dose) ‘as measured by the post hoc trend analysis for both

the latency (F(1,12) =,434.7, B<. 01) and response (F(1,12)

:
*

= 41. 8 Ef 01) measures.
mhe pattern of responding over the 3-hour test period

is illustrated in Figure 14.. At the 0.3 mg/kg dose, there

) Was a small increase in responding during the first hour

"of the 3-hour test periodt The ra&e peaked at 60 minutes

\
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‘ . ~Median ‘latencies to respond (upper graph) and median. ’
’ number of responses (lower graph) in the 180 minutes
following amphetamine injection (0.1, 0.3, 1.0 and 2.0 . .’
mg/kg) or saline injection. Data for the lowest three
’?doses were gathered from five ‘animals, ohe determination
‘ . ' - v
~ per rat. A-geparate group of rats (N = 4) was tested. at
g , .
« the 2.0 mg/kg dose. The medians presented for saline
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. are based on all nine animals. - ;
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- o
Mean number of responses per 30-minute period after
amphetamine injections (0.1, 0.3, 1.0, or 2.0 mg/kqg) e

’

. or saline gi&en during extinction after a cocaine
self-administration Qession. Mean values for the 0.1,
6.3 aﬂd 1.0 mg/kg.doseé,afe based on one determination
pei rat for e;ch of five animals. A separate group of

animals (N = 4) was tested at the 2.0 mg/kg dose, and

' data from all nine animals are incorporated in the

saline means.
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(x = 5.4 responses per 30'minutes), and thereafter rates

fell to comtrol levels. At the 1.0 mg/kg dose' there was
. .

a lirge increase in rate (x = 40.2 responses) in the

first 30 minutes, followed: by a gradual decllné 1n

.
2

responding throughout the 3-hour test period, " At the
highest dose tested (2.0 mg/kg) there was some responaing

in the first 30 minutes, but the large  increase in rate _

did not occur until between 2 and 3 hours after the drug
infusion: The mean peak in response r}re (19.5 responses

per 30 minutes) occurred in the final J0-minute period of
the test period. When the number of responses after

different doses of amphetamine were analjsed across the

¢

six consecutive 30-minute time periods in an analysis of

variance, there was a significaq: time effect (F(5,20) 7

¢

"3;36, pP<.05) and a significant interagtion between drug

-

.few bar presses were made.

dose and-time (F(15,60) = 2.17, p<.05). Observatior®of

)

‘the animals after the highest doses ofeamphetamiffe

revealed that a gteat deal of ‘stereotyped behavior
(vigourous sniffing and vertical head moveﬁénts) occurred
durihg the p;riod between 60 and 90 minutes, a time whén
-
N
In summary, priming injections of amphetamine were

effective in reinstating réspoﬁdiné dufing extinction in
‘doses betwéen'o;B and 2.0 mg/kg but not at 0.1 mg}kg.

L |

The time course of the enhancement of respggf}ng for
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91
the three effective doses changed as a function of the ' .
dose . (Figure 14) :, At the lowest dose, responding occurred

soon after the infusion; as the dose was increased, the N

peak of the increase in responding occurred later in the . &

~

3-hour test period. ) : ' ' .

c - ]

Apomorphine - - ) ¢ ,

o ' -~

Figure 15 shows the median latencies to respond and the
median number of responses made éfterheach'of the four doses

of apomorphine. It can be seen that there.was some

04

reinstatement ‘of résponding at all doses. An analysis
of variance cérrigd ogﬁﬁpn the latency scores shows that

there was a significant drug ef!%ct (F(4,28) = 5.33,

PR

p<.01); the analysis carried out on the response measure -

yielded a non-significant result (F(4,28) =.1.67, p>.05).

Post hoc analyses sﬁowed a significant linear krenﬁ for
iatenciés (§¢%,28) = 9.5, :p<.01), but not for number of
responses (E(%,Z&) = 4.0, p>.05).. QiSual inspection of
the median latencies' (and the mean values presented in
Table 1) suggest tha£ £he significant linear trend was
due to the difference between sqliné éné all the drug
dosés rather than Betweeﬁ different doses of the drug.
When the mean number of responses made in each 10
‘mindtes after the prime is considered‘(Figure l6), it
can be seen ‘that there was a clear effect of doée on the

o

time course of respon?ing. At the lowest doses the

a v
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&
. "o L .. .
_‘Median latencies to respgnd (upper graph) and median
Y ‘

number of responses {lower graph) in the 60-minute %

v

perioa fgllowing apomotrphine injection (0.0625 mg/kg

2 N

(labellel .06), 0.125 mg/kg (labelled .1%), 0.25 mg/kg

and 0.5 mg/kg) or saline injection. Eight animals

were once at each dose. .
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increase in responding occurred immediately afte£ the
drué infusion; as the dose was increased{‘responding
occurred ‘later in the test period. Stereotyped behavioF
Qae observed at the three highest doses “tested dur&ng

) 4 - ,

the period of lpw‘responding that followed the drug

infusion.

‘ L]

Morghine‘

The two.ﬁighest doses.Sf mo%bhint tesped‘produced
some ;einstatement of raesponding during extinction
(Figure 17). Anelyses of variance of the effect of 'drug’

carried out on both latency (F(3,24) = 3.63, p<.05) and

96

‘response (F(3, 24) = 3.65, p<.05) scores were significantﬂ

Post hoc trend analyses showed a 51gn1f1cant linear trend

for responses (5(1,24) = 20, E‘ 01) but not for latency
(F(1,24) = 4.2, p>.05). As with the apomorphine results,

visual inspection of fhe means suggests that .the

'$ignificant lineat trend is due to the presence or

apsence of any effect of the drug‘rather than to ofderly
morphxne dose-effects. Both the time course and the

magnltude of the response enhancxng effect varied thh
the deee of morphine admlnlstered (Flgure 18). At the
lowest dose (0.3 mg/kg) there was only a slight increase
in respending which occurred at 60 minutes after the

infusion. The response enhancement at the highest doses

.{(1.0 and ‘3.0 mg/kg) was both greater (x = 6.75 and 4.2

)
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~from nine rats,
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Ny
morphine injection (0.3, 1.0, or 3.0 mg/kg) or a saline*

injection given-during extinction-after a period of

, PO N
cocaine self-administrationX;fMeans are based on data
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responses over the 3 hours for the two doses respectively)
and occurred 1ater in ehe test period when, compared to the | ?
0.3 mg/kg dose. The doSe-dependent'eff ts of morphine

are also evident when tﬁe number of animals affected

(respondlng at least oncé) by the three doses are examined

.
\(Table 1). It can be seen that at the two highest doses \\ ‘ .

T

3 ) most of the animals (eight and eeven out of .nine animals)

_had responded by the end of the 3-hour test period, and .

that the Higher‘of the two doses was associated with a
slightly later onset of the effect., . )

, ) ‘ ;
: ) . Ethanol, Heroin and Methohexital o

®
o Table 2 summarizes the results from the tests with R

drugs that had little or 'no effect on respondihg during
einnctign. Ethanol was tested at three doses, and out "',
of the five animals tested one responded at both 1 and 3

mg/kg, 3%d none reeponded after®l9 mg/kg ethanol. Hetoin s L

. was tested at three'doses,‘and with three different

{\

- duratlons of test period following the infusior. Seven

. ) anlmals were tested at the two lower doses, with ﬁ;leng
test periods for different animals.. only one animal out '

of seven responded after the 50 ug/kg dose, and two out

'

| of seven responded after the 100 pg/kg dose of heroin. .

%?—tﬂe two sallne control sessions (with test peribds of

Equlvalent durations) only one.animal responded after

o e s T =

' the saline injection on one of its tests. Six

v t

T . \ ' ]
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additional animals were tested with either 200,ug/kg heroin

or saline for a 180-minute test period. Four ‘out of these

six animals responded after the heroin injection but a

,similar number of animals, though not the same animals,

)

responded after saline. The number of responses madé per'
)

30-minute lnterval after her01n (200 ug/kg) and, aff? .

saline are presented in Table 3; as can be seen there is

'no clear trend in the distribution of respohses over the

3-hour test perlod Methohexital, atml‘and 2 mg/kg,
produced no respondlng within d& 60-minute period in the

two animals, tested.

-Discussion

°
- * . - ’

Amphetamihe injections given during eitinétfow
produced’a clear reinstatement of respondingigthali.but
the-loﬁest dose tested. ﬁhile neither saiine‘injectioos
nor the 0. 1 mg/kg dose restored respondlng, the two
hlghest doses (1.0 and 2.0 mg/kg) produced a great deal of
respondingand the intermediate dose (0.3 mg/kg) had a

' /
small effect. The 1.0 and 2.0 mg/kg doses were each

[

associated with a distinctive time course of effect: The4"

L]

1.0 mg/kg dose produced its strqngest increase soon after
the injection whereas the 2.0 mg/kg‘dose affected rates
only toward the latter half of the 3-hour test period.

This temporal distribution of responding over the test o

o

~ . | R ‘ |
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Table 3 oy

4

Zw
.

-

Iﬁdividﬁal animalé'ﬂresponses per 30 minhutes after saline
and after 200 ug/kg heroin, delivered during extinctioﬁ
following a-cocaine sel§-administration session.

1

Time:After Ipfusion

Saline: ’
Rat .30"  60' 90' 120' 150* 180°' ‘
. A6 . oo 0 0 o . o 0 p
T ¥3 Q 0 0 2. 13 . o
Y6 ‘ 0 0 17 3 0 0 .
Y5 0 0 0 0’ 0
Y2 0 0 0. "0 0
Heroin 200 ug/kg: . .
» ' C ..
_Rat
A6 4. .0 2. 3. 0 0
¥3 o 0 "0, 0\ o 0
Y6 m 0 0 0 . 1 0
B1{ 9 0 0 o 0
CoY2 s 0 0 1 ! [
Y5 0 . 0 3 .00 5
. : ’/-\_ ‘. . ’&,
!\, RN
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'perlod resembled the pattern seen after dlfferent doses

+

of cocaine, although the time course of the amphetamine
4

¢

‘These results were expected on the basis of the

similarity of the stimulus properties of amphetamine and

. cocaine (Cblpaerg et al., 1976), and they are consistent

with the notion that drugs reinstate responding during

,extinction by re-establiShing the stimulus conditions

that were present during drug self-administration. It is
notable that the two highest doses of amphetamlne produced
consiﬁerably more responding Sverall ;ﬁaqseven cocaiqe o
injections‘ Thls is probably attrlbutable to the
conSLderably lonqer duration of the effect of amphetamlne
than'of cocaine. 1t appears that responding odcurs when,
and as leng as, tﬁe drug stimulus is present.

The absence of respoﬁding during the first 2 hours
after the ﬁighest dose df‘amphetemine is probably‘releted
to the same factors that led to low levels of responding
observed .after the higﬁest cocaine priming dose in
Experiments 1A and 1B, and that determine the response
suppression observed between infusions during drug |
self-administration. "It would appeEr that aftez
sufficiently high doses of these drugs, the animals'w

begin to respond only as the blood levgl of drug falls

below a critical level. Thus not only did priming

S ek @ g dp——— .....»_,—-.......‘\, -
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. . b
A injections of amphetamine effectively reinstate . R T v
. responding after extinction following a session of cocaine A %
\‘ self-administration, but .many of the dose-dependent effects -

‘ observed were similar to those seengwith reinstatement by

A4

cocaine injections.

| Apomorphine had a response-enhéncing‘effec at each S

- \ of the four doses tested. The temporal distrdibution of "

L)
responding after the injection varied with“the dose of

5 apomorphine in a manner consistent with the dose-effects

\ : | ' L

\ seen with cocaine and amphetamine: Low doses increased
respoAding early in the test perioa whereas higﬁer doseg C
* increased res%onding toward the middle or laFﬁer half of i
\§he test .periocd. This pattern is‘cqnsistegt with the idea

) :ehat circulating drug‘provideé éhevétimulus that:leads to g

) réﬁponding in these animals. The magnitude of the . §
1

}

A . o

résponsezenhancement after apomorphine at these doses was

v N 3 L * .

. :
smalier than after either amphetamine or cocaine, and

N .

the a&sence of a .direct relationship between size of

apomorphine dose and number of responses suggests that e

]

v .
higher ques than those tested would not have produced,

appreciably more responding. It might therefore be-
concluded'that. there is only a limiteéd similarity in the
stimulus properties of cocaine and apomorphine. This . [

cenclusion %F supported by the results from drug;

generalizati&n‘tests in rats trained with cocaine as
.. . \

e NP RO

’
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- , . . o

the cue (Colpaert et al., 1979). While amphetamine

/i_,/_EIQQgsed responding on the drug lever 100% of thé time, |

T apomorphine injections produced a maximum of only 75%

2

drug-lever responding below doses that severely {

,suppressed respon&ing.

iy

?

In the present experiment morphine led to a small
.« but reliable increase in responding, and the same !
dosé-dependent temporal distributions seen with other

drugs were evident here. That 'is, low doses produced

e A ot a8 1 v T SR B i S W T B

rate increaéés sooner aftercthe drug injection than larger
o " doses. . The latencies to the first response at all doses

‘of mofphf%e tested were '‘considerably longer, however, than

[

PR ST, PSP I Y R

with the other drugs. The long.latencies to respond after
morphine in this paradigm suggest a possible explanation

« for some otherwise discrepant findings. While morphine

. 3 N

a is generally considered to have a depressant effect (as :
T . ! ' . . ’ . ) ' ;
a narcotic drug), there is evidence that it produces a . .
\ o .
« biphasic effect, consisting of initial depressant effect
° ‘:1( N ’

followed by a subsequent excitatory'effect (Kﬁmar,

Mitchell & Stolerman, 1971; Holtzman, 1976; Oka & Hosoya, . ) g

'1976) . It might be this latter phase that resembles the , .

\
' cocaine stimulus, thereby eliciting respghding in this

o

"paradigm: The failures to show generalization between

cocaine and morphine in the drug discrimination paradigm

- N

"in rats might be explained by this time course of .

AT L o E ke AT aFh A Wt WESe s emmoems e o “““'—"‘_""‘J




)

morphiﬁe's effects. The typicalldrug discriminat%on

. Yos

experiments give intraperitoneal injections of the test

drug 30 minutes before testing, and
' ' . !

are therefore tested

when the depressant effects of morphine bfedbﬁinate“ It

seems likely that it is only during the later excitatory

phase of morphine's effect that this drug produces a

stimulus sufficiently s?milar to cocaine to reinstate
previouBl&.cocaine—réinforéed responding. Anao'and
Yanagita (1978) ;: have recently reported that monkeys
trained gn a cocaine/saline discrimination do show
generalization to morphine when ;he drugs are -
administered by the intravenous rouke.' Their reswlts,
taken together with the results from the present
experiment, suggest that at least some aspecﬁscoftpe
stimulus properties of in;ravenogsly-administered \

morphine resemble cocaine's effect. :

~

5
.

In view of the results with morphine ‘reinstatement

just described,<the negative results with heroin .

PR

injections aré puzzling. Morphine and heroin are

believed to act by thé same mechanism (Goodman) & Gilman,

1975, p.‘249), and at least in humans,. the Qubjective

effects of heroin and morphine afe'reportedly so similar

as to be often difficult to digcriminate (Martin &

7 5

heroin stimulus such as its novelty suppressed

i

_ Fraser, 1961). It may be that some other aspect of the

b s ot s 3 2 G
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responding ‘in the present experiment.

{
The -lack of reinstatement after injections of ethanol,

and methohekital was expected on the basis of the
demonstrated dissimilarity between these drugs-and
stimqlant Qrugs{in testSAef drug discrimination, and the
absence of shared central mechanisms of action. It shoufd
be noted that the animals did not lose‘the’tendengy to
respond to cocaine primingqinfusions after these repeated
testg'witn ineffective substances. Animals whose catheters
remained patent were given a final reinstatement test with
coceine and showed goed reinitiation of responding at this
tiﬁe.

The pessibflity ehat all self-administered drugs share
some common p051t1vely reinforcing property that would be

|
suff1c1ently similar to reinstate previously drug relnforced

respondlng based ;n any one of them is made unlikely by
these resnlte. Methoheiital~and heroin. are both readily
self-administered by rats at fhe doses tested in this
paradigm, and yet they were ineffective in resﬁoring
rédsponding in this experiment Intravenous ethanol
self-administration ha been demonstrated (DeNpble &
Begleiter, 1978; Smith et al., 1975), and yet produced no

4

tendency‘to respond in the present experiment.

S

It can be concluded from Experiment 3A that other

psychoactive drugs reinstate cocaine-reinforced

® . . , ’
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responding éfter extinction if their stimulus properties

resemble ‘those of cocaine 'as determined in tests of drug

discrimination. This supports’@hg hypothesis that priﬁing!

infusions given during extinction elicit responding to the

‘extent that they re-gstablish the stimulus conditions that '

are bresent during drﬁé‘self-administration. | x
Finally, it should be noted that one ofvthe primary | ,\ ;

pharmacological effects of cocaine is its stiﬁulant or / \

excitatory. effect on the animal. It might be argued, ' <! ;

therefore, ‘that general excitation of the animal is !

-accompanied by an indiscriminate increase of all prepotept

behaviors (including previously reinforced bar pressing), ' \

r

[ 4
s o

or that it may simply increase "accidental" bar presses
resulting from greater physical activity in the chamber.

The facilitation'pf responding observed in the foregoing

experiments may thus have been unrelated to the

e bl St R A e g G bt B
» P

discriminable stimulus properties'of the drug stimulus

per se, but rather to these more general effects. This
-alternative explanation of the priming effects will be

addregsed in the next experiment.

( 'L | . ‘ s
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E%PERIMENT 3B

Expefiment 3A showed that injections of amphetamine,
apomofphine, and, to a lesser exteﬂt, morphine were
effective in reinstating responding after extinction of
cocaine-reinforced requndiﬁg. Ethanol, heroin, and
methohexital had no effect. Amphetamine, apomorphine
and morphine are all known to have locomotor stimulant
effects, and therefore the possibility existed that the
lever pressing observed af ter priming.injections was dae
to increased general activity. Animals were tes£ed in
enclosed chambers with easiiy pressed levers that could
have been bit at random by highly excited animals. While
direct observations made of the animals during test
sessions did not support the view that the lever was
being hit by accident, it was felt that some kind‘of

a control experiment to test for the possibility should

- be made. 1In addition, the situation is made somewhat

mofe complicated by Hill's (1970) demonstratibn that
sﬁimulant drugs can potentiate the effectiveness of
conditioned stimuli in general. Thus the further
possibility existed that the infusions of the test
drugs in Experiment 3A did noé specifically affect

drug-reinforced responses but rather enhanced the

likelihood of all behaviors controlled by

S womatiin v aae
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_environmental conditioned stimuli. These alternative

112

N
explanations were addressed in the present experiment.

°

A group of rats was trained to bar press for food

<

reinforcement. They were subsequently-catheterized so
P «
that intravenous drug injections could be given them while

they were bar pressing for food. After a period of no

food-related responding, comparable to the period used in | .«

+

Experiment 3A, these animals were given infusions of

cocaine, amphetaminé or morphine. Reinstatement of

.
responding after the drug infusions in these animals
would point to a general activity effect'or a general
enhancement of the effecfiveness of condiéioned stimuli

,

by these drugs. K

. Method .
: . o ! ' v
Subjects ‘ , )

'Eleven male Sprague-Dawley rats weighing 300 to 350

'grams upon arrival in the laboratory were used. They were

food-deprived to 85%.of their free-feeding body ‘weight

during the initial phase of the experiment.

Aggaratus
‘ K4

The operant chamber equipped~for'f60d reinforcement .

- * 4
and the nine self-administration boxes described, in

¢

° ’
previous experiments wer€e used.

-

%

.
. 3
L]
o
. »
.

>
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Procedure . : ' '
~ , .
® The rats were food deprived and trained to lever
| ' press fbr food (45 mg Noy%s pellets) reinforcement on a .

variable ratio six schedule. They were then allowed to

' feed freely for one wgek and to regain the pre~deprivation

weight before catheterization. They were implanted with

3( .

intraanous catheters as in previous experiments.

. Beginning two days after catheterization the animals were

1

given three daily 3-hour extinction sessions in the
self-administration boxes without being co@ngcted to the

infusion systém. These extinction sessions were found to N

4

be necessary to allow previouslyffood—reinforced =
fespondinq to éxtinguish to meet the criterion periods

of 30 minutes with no responses. After this period of

x

gT‘sextir;ction, test sessions with drug infusions were begun. 3//

On ggst sassions rats were connected to the infusion

\ . . v .
system in the selffadministration boxes, and each bar
‘press resulted in an infusion (0.125 ml) of physiological

saline.” After at least 1 hour and a criterion period of

.30 minutes had gasséd with no responses, a drug infﬁsiop
ofreithef\qocaine (1.0 mg/kg, N=7; or 2.0 mg/kg, N=3), -
amphetamine (1.0 mg/kg, N=3), or morphine (1.0 mg/kg, .
ﬁ-e), or a saline infusion was given thrqugh the infusipn
L syStém and then flushed with saline. The lat?ncy3td

responrd and the number of responses in the period .
.- ’ N T
. ) . - . . % .

. - v .
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following the drug infusion were rec0rded The duration

Y

of the post-1nfusxon observat;on perlod for each drug Q&

.was the same’ as that: used in Experlment 3A.

Results

Al

Table‘4 summarizes the number of drug;naive but
tgodntrained animals /that made atr leas# one response
after an Antravenous infusion of either cocaine, v
amphetq‘fie, morphine, or saline. Nelther cocaine nor
amphetamlne enhanted responding in these anlmals.
Unfortunately, as can be seen from the number of animals
respondlng after the saline infusion, responding during
extinction per51steé in these animals, in g;lte of a
minimum of six days after extinction conditions in the
self-aaministration'boxes. While the relatively large

number of responses after saline makes .interpretation-

"of the results with morphine injections difficult,

"inspection of individual animal’data shows

little evidence of a drug effect (Table 5). Of the

2

five anlmals that did not respond after saline, only

H

two'responded after morphine. A t-test for related

samples on the number of responsés made after saline

and after morphlne ylelded non-51gn1f1cant results - . ¢

(t = -0 31, .p>. 50); similarly there was no s;gnlflcant

A »

difference between the tlratments when the latency

»

N
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. Table 4

Proportion of animals making at least one response after g

"~ infusions of cocaine, amphetamine, morphine or saline in .

L

e el s n

Experiment 3B. These animals had been traineéd to bar

-

press for food reinforcement ojly. ' ‘ .
' | Number of -
‘ . , animals '
Lo Test \ raesponding [
' . . 3, Period at least :
Drug Dose - N (min) . grce
" -Cocaine "1 mg/kg 7 .0 60. 2/7. |
' ) | R | . ' i
 Cocaine 2 mg/kg 3 60 -~ 0/3 - , ;
: . _ / ) ‘ :
Amphetamine 1 mg/kg 3 . 180 _ 1/3 .
Morphine 1 mg/kg 8 180 4/8
¢ . . .
Saline - 10 ' 180 -- 4/10
‘ o y : C e ,
' o I R
; e .
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. S © - Table 5 %
© . ~ <
e : . A - !
Individual animals' latencies to the first response (in !
minGtes) and number of responses after cocaine, amphetamine
morphine and saline infusions in Experiment 3B., The  test
'period was 60 minutes after cocaine and 180 minutes in all i
"other cases. Animals in this experiments had been trained |
th food reinforcement only. . :
¥ v N Latency \
Rat - {(Mins.) Responses:
. N
- Cocaine (1 mg/kgqg) " BS 60 0 Ve
| : B6 ., . 60 0
" ‘ B7 60 0 *
. B8 60 0 |
Yl 60 0
Y2 . 55 1
T ‘ Y4 55 2
- ~ Cocaine (2 mg/ké) R Yl . 60 .0
. Y2 . 160 0
’ Y4 60 ‘ 0
Amphetamine (1 mg/kg) B8 95 3
N : B9 180 0
" Y4 ¢ 180 0
' Morphine (1 ‘mg/kg) BS - .32 5
' ( ) ‘B& . 180 0 .
- + B7 . 180 ‘0’
N B8 . 110 4
‘ Y4 _ 180 0
- Al . 60 1.
. o ' - A3 110 9
J A4 180 0 )
Saline . . B5 180 0
' B6 - 032 7 |
. B7 180 0
- ) B8 180 0.
A Yl 180 0 ,
' Y2 120 11
Y4 180 - 0
A3 . ¢« 5 2 i
AL . 6 5 °
a4 ' 180 ° 0
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‘measure was used (t = —0.‘32, p>.50). Th:are was therefor‘ >
no evidence for a general response énﬁancement'after ‘ .
cocaine, amphetamine,'or morphine injections in these

animals.

) ' v !

!

Discussion .
ey
/ . : )

It was found that none of the three drugs tested

e

] . ‘ -
(cocaine, amphetamine and morphine) led to a reinstatanent(

of food-reinforced bar-pregsing‘after extincﬁion.l In the
previous ekperiments the same doses of these drugs 'led" '\ ':j %
'to a strong reinstatement of ;esponding‘in‘animals that '  \) fL)‘
had a.history of cocaine self-a@miﬁistration. fhus, this,
experimen£ prévided no evidence for either a general
enhancement of previously reinforced responses (or'an
increésed effectiveneés of environmental conditioned
.$£imuli), o; a géneral.mdtor excitation 1:édin§ to many
"accidental"” bar presses., Réther,.the response-enhancing . 4 -
effect observed in previous experihentg seems to be |
specific to r?spoﬁses previously {9inforced by co&aine

injections. o -

 \ There were, however, many methodological differences

between thi's "control" experimeént and the experiments
showing reinstatement, and firm conclusions ruling out

these aiternatiye explanaﬁiqps must await more rigorous

-

control tests. Four major aspects in which the

-
L4
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[

'fpod-reipforced animals in this experiment differed from.

arug-reinfércgd,animals at the time of testing were: the

animﬁls'.drug histories at the time of. test, the durations

of their acquisition and extinction periods, their

baseline rates of responding during acquisition, and the
envifonﬁents in which acquisition and extinction took ) .
place. For foié—reinforced animals, the test drug ’

- injection was their first experience with drugs, whereas
the arugfreinférced animals had considerable previous : | 1
experience with cocaine. Animals' responsés to arugs. ' o o ‘

are very much influenced'by previous exposure to the
same and different drugs (Schuster and Johanson, 1974) .

The acquisition period for self-administration consisted

of an average of 20 daily 2- to 3-hour sessions, whereas
the food-trained animals had anjaverage of 7 30-minute

_sessions. It igzi}igjcult to’eguaté‘OPeraht experience

with‘such different reinforcers. The rates of responding

during these acquisition phases also differed radically
- 1 response per 10!minutes,is typical for ' ) R
75'self-administration‘while'50 responses per minute is

characteristic for food—reinfofced responding on a ' .

&ariable ratio schedule. Finally, while the extinction |

procedure for selffadministrati?n-experiéhced animals

was carried out immediatély after the session of drug

self-administration in the same experimental chamber,

s i
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food-reinforced an&gils were tr;ihed in one box and
underwent extinction in the slightly different -
self-administration boxes. It is important to note,

N however, that,the self-administration boxes elicited -
high leveis ‘of food-‘-rel.ated responding. Several daily |
2~ to 3-hour sessions were needed before the previously
‘food-reinforcedﬂanimals ceased to respond for the &
criterion period of one.hour requiréd before a drug
infusion was given. This was so in spitg of the fact

* that animals were allowed ad libitum agcéss to food
during this period. Thus, QQ}le it ﬁig&ﬂ;be arguéd
that any cne of these methodolbgical differences could
account for the failure of the drugs/to enhance respénding
‘Jin'these food-trained animals, the present experiment was
E\considered at least a preliminary tést of the specificity
of the drug—induced'reinstateMent phenomenon. A more
-adequately controlled procédure with a two-lever chamber
(oné lever associated with drug reinforcemeﬁt and the

other either with nothing or with food reinforcement)

would allow for firmer conclusions.

!

. [ 4
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EXPERIMENT 4
) ) o
Attention has been given recently to the importance
of conditioning factors in the phenomenon of relapse in
humén drug users (see review Grabowski & O'Brien, Note 1) .

Ex-heroin addicts;, during the course of treatment er

SNy

incarceration, usually undergo detoxification. and even

extended periods of abstineﬁce from the formerly abused ’

T s ot o s AHT A Wl et T

drug in an environment other than the drug

abuse-associated enviromment. Upon return to the

-

environment associated with drug use, these ex-addicts .

T

report strong feelings of craving for the drug as well

as physiological symptoms resembling withdrawal illness
(0'Brien, 1975). It has been suggested (Wikler, 1965;

O'Brien, 1975) that these effects are the result of

classical éonditioning; that eﬁvironmental stimuli can, ,
by virtue of their association with drug reinforcement,
subsequently ‘elicit respon;;s that affect the behaﬁior
of the organism in their own right. The present

experiment sought to examine this effect in rats, tha't

is whether stimﬁli associated with reinforcing cocaine

infusions would in themselves iﬂcrease the tendency’to | : (
reinitiate responding duriﬁgrextinction. Just as in
the previous.experiments non-contingent drug infusiong

. resulted in a reinstatement of extinguished" ..

' *

. N | S

< ' . »”
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selﬁ-administratﬁon responding, so might conditioned

stimuli in the‘presentjexperiment also increase the

tendency ﬁo respond during extinction. Two groups of < .

animals were tralned to self-admlnlster ‘cocaine on a

varlable lnterval schedule: one group received a tone v

| Q

simultaneously with each drug reinforcement throughout

-
. .-
s v e - 'u w—

training, while  the other grouo received the tone but not ,
‘ -
specifically related to drug reinforcement delivery. On

test sessions the t?ne was presented after a period of ' i
extinction, and the group that had\
' \

presehtations of the tone and drug%was expected to be

-

more: likely to return to bar pressﬂnq than the group for

had correlated

which tone and drug presentation wqre uncorrelated.

~

Method - ’ ' s

, Subjects
Nineteen male Sprague-Dawley'rats weighing 300 to
350 grams’upoh arriual were used. They bere food
deprived to 85% of their free-feeding body weight . .
during the initiel fooa—reinforcement training phase of

/
the experiment.

. Apparatus I ' : .

‘(‘“” The four operant chambers housed in the refrigerators

(described in Experiment’ 3A) were used in this experiment.
!
The tone to be used as conditioned stimulus in this

\ ' ]
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'off), 60 decibel, 6000 hertz tone operated by the timer

- intravenous catheters. After recovery from surgery,

.There was a 2- to 3-second delay between the time the - ;

' vein to the brain. Thus it was assumed that the tone .

-~

RSP Y
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«

experiment was an inteérmittent (one second on, one second
" ,

that controlléd the'drug infusion.

Procedure ° ' " -
- The animals were first trgined to lever press for
food reinforcemént on a variable ratio (VR6) schedule

of reinforcement, and were‘then allowed to return to
free-feeding Qeight before being implanted with

self-administration training began. The first two days ;

e el e ek e
—

of self-administration fraining,-ddring which animals

vt b e o a

received a 1 mg/kg cocaine infusion for each lever press,
proceeded without presentation of any tones. After this,
12 of the animals (correlated group) received a tone

concurrently with every response-produced drug infusion. -

c

The duration of .the infusjon and the tone was between

L

11 and 13 seconds depending on the animal's weight.

R N O

syringe pump was turned on and, the time the animal z
: i

experiénéed the dfug effect as judged by observable

orienting and star;&g responses. This delay was due in
pafﬁ‘to the inertia in the infusion system gnd possibly
aiso to the time required for the|drug to bé carried in

.

the blood circulation from the point of entry in the

L e B kgt o i
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"had ceased, a criteridn periodzof 30 minutes with no

et

C , ' : 123

preceded the percepfible drug stimﬁlus.py 2 to 3 seconds.
fhe other seven animals (uncorrelated group) received the
tone a?\tlmes not related to their drug lnfu51ons, the
tones for these animals were "yoked" to the infusions of
another ‘’!at. All animals were given seven daily 2- to

’ . [ 4
3-hour sessions of self-administration training during

.

which each press delivered a drug infusion,followéd by a

further 14 sessions ona variable rafio. (VR6) schedule
of reinforcement. Priming injections during fthis
training phase were kept to a minimum and, wheén they

were given, they were not accompanied by the tone. This - ;

was done in order to reduce the possibility that the 3

tone should acquire discriminative -stimulus properties

by reéularly préceding‘reinforced responses. Aftef two

weeks of stable responding, thre% consecutive daily.

test sessions were giﬁeﬁ, each cansisting of a 1- to .

2-hour self-administration perioed followed by a period .

of extinction kby syringe pump disconnection) with no

1
~

tone presentations. When responding during extinction ,

responses was allowed to pass beforé one of the following
three events was presented: a 1 mg/kg cocaine infusion,
the tone, or no event. Thé latency to respond and the
number of responses in the subsequent 30-minute period

were recorded. After a further period of 30 minutes

it hxalioin ST A AR A




with no responses, one of the remaining events was

presehted and the létency and the number of responses
in the following 30 minutes were recorded. Finally,
after anotﬁer 30 minutes of no responses the third
event was tested. The order of présentation of theéé

events was counterbalanced. .

' Results

a

The median latencies to respond and the median number
of responses made by all the animals in the correlated
and the uncorrelated conditions following the prime, the
tone and no event are presented in Figure.l9. It can be a
seen from these data that animals from both the ‘correlated
and the uncorrelated conditions responded following the
priming infusion of cocaine on each of the three tests.
Following the presentation of the tone, most of the
anima%s in the correlafed group resSponded on the first
test day only, giving a median latency score of 15.5
minutes and a median of three responses for that day.

Less than half the animals in this condition responded

after the tone on the subsequent two test days. Of the

" seven ahimals tested in the uncorrelated condition only
_two responded after the tone on the first test and one

© on subsequent tests. Few animals responded on any .

occasion after no event in‘either condition. .

¢




‘in the calculation of these median values. Filled bars

—

' ' 'FIGURE 19

Median latencies to the first respohse (upper graph) and
median total number of responses (lower graph) in the -
30-minute period following a priming infusion of cocaine
(1 mg/kg), the tone or no event, each presented on three

o

separate test days. Data, from all animals are included

: . i
represent the medians for the correlated group (N =.12)

and open bars refer to the uncorrelaied group (N = 7).
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Data from individual animals are presenteé*in ﬁ ' :
- Tables 6 and 7. It can be seen that some animals <
responded ;epeatedl§ afeer no event, ana certain other . i
) animals did not respondlat all after‘the'primlng
infusions. Because the results from these animels are

. difficult to interpret: the data from only tﬁose'énimals

meking e‘response on at least one ofmthe‘priming tests‘ S P

.and responding on no more than one of the nb event tests

are presented separately (Figure 20). For animals from

éhe correlated-group that met these criteria, there was
sxgnlflcant difference between ?he mean number of ) " -

responses after the tone and after no ‘event (x = 7.3 -

.and 0 respectively) on the first day of testlng

".(t = 2.35, p<.05, df = 9). Four animals from the R = i
uncorrelated'gioup met these criteria, and of thefe
none reséended on the first teé£ day after either the

e : £one or ne évent. Thus et least on the first test day,

the tone ellelted respondlng in the animals in the

'correlated -group and did not alter responding En the

'
~ LY

{ ,animals with uncorrelated experience with the tone

war v . o

and drug infusion. & . \ L .

s
®

Discussion. " ' \
\

-

g ; Experlment 4 showed that a stlmurus  that had bebn ' X

associated with cocaine 1nfusions transiently 1ncreased
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S FIGURE 20 ‘
-] ' . ‘ -
Mean latencies to first response (upper gfaph) and mean
number of responses (lower graph) after each of tutfe

tests (on threelseparate ys) with the priming cocaine

injection (1 mg/kg), the tdne and no evént, presented

1{

during extinction after a gocaine self-administration

. 2! .
session. Responses were recorded for the 30-minute

period fdllowing each of these events, and a period of

30 minutes with no responses was allowed to pass before
another évent was presented. These means are based on
only those animals meeting the criterion of making a

response on at least one of the priming tests and

130

responding after not more thég one of the no event tests.

Filled bars refer to the correlated.group (N. = 10) and-

opn bars refer to the uncorrelated group (N = 4);

standard errors of the means are indicated.
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the, tendency to reinitiate responding during extinction:
On' the first but not.tﬁe subsequent two tests, there
was a greater tendepcy to respond after tone
presentations than after no‘event.‘ This was £rue only
for tﬁe group that had had experienée with c&rrelated
presentations of the tone and drug infusions. The
fesults therefore partially confirmed the experimental
hypothesis in that the effect occurred, but it was not~
anticipated tﬁat the effect would appear only on the
first of the thfee test trials. Certainly the
effeé%iveness of the conditioned stimulus in these.
animals is not comparable to the reported effectiveness
of drug-associated stimuli in controlling relapse -
behavior in human ex-addicts. |

It is possible that only minimal conditioning
occu:réd in this experiment because of some aspect of &2

‘ !
the conditioning situation such as the perceptual

. modality of the conditioned stimulus or the temporal

parameters of the onset and offset of the conditioned
stimulus relative to the drug stikulus onset and decay.
Ideally a more easily measured conditioned response
;hould be ménitoréd concurrently during training to
confirm the developmeﬁt of condifioning. Another

possible reason for the precipitous extinction of the

conditioned response is that the overall stimulus

~
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"conditions during the, test sessions differed radically

from the conditions on training days due to the
introduction of extinction conditions during operant

responding. This could be avoided in future

. experiments by giving the animals previous experience

with extinction conditions. .

These results contribute in two ways to our
undefstanding of how conditioned stimuli can affect
dfué—seeking behavior. One of thése concerns the use
of a st?mulant drug as Fhe reinforcer. Much of the
research and discussion aboutythe role of conditiéned
drug effects in relgpse has involved the use of |

withdrawal-producing opiate drugs. As a result of

this, one of the major points of issue has been whether

' the conditioned response to drug-related stimuli is an

opponent, withdrawal-like responsé that leads the animal
to seek drug to escape from an aversive stgfe, or wﬁether
it is rather a positive drug-*}kg condition;g effect
(Wikler, 1965; Grabgﬁski & O'Brien, Note 1). Leaving
aside the question of whether animals respond even for
opiates in order to avoid withdrawal, the idea of a

conditioned withdrawalflike effect with stimulant drugs

is unlikely because of the notable absence of any -

uf . . ’ ’
- aversive adftereffects of stimulant drugs. Rather, it

seems more likely that the conditioned. stimulus at

i . b




'a discriminative stimulus are the conditions necessary.

134,

least-in these experiments, acquires some of the

_positively reinforcing properties of the unconditioned

sﬁimulus, and elicits responding more by acting as a
"reminder".

A second mechanism that_haé been proposed for the
cén;rol of responding by environmental stimuli is that
the stimuli come to act as discriminative stimuli thaf
"set thé occaﬁion" for an operant response. éhis

{
account requires, however, that the stimulus has

) consistently preceded the operant response and has

acted as a signal to make a response. This was not the
case in this experiment; for the correleted group the
tone. came on only after emission éf:the response that
produced the reinforcement. In fact, the gonditionq
were op£imal for the tone to act as‘a étimu;us not to
respond because when thé tone‘came on no further
résponses were hecessafy and reinforcement was imminent.
A record was kept éuripg~self-administration training
of the number of"requnse; emitted during the tone and
infysjon, ana ﬁ?st well-trained animals stopped

' }Eing when the tone beéan. It is often ignored

reéio
that embedded in the procedure for the establishment of

for the establishment of a classically conditioned '

effect. Both classically conditioned stimuli and, in
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the well-trained animal, discriminative stimuli predict

reinforcement delivery. - Although in this'expériment

the tone-drug pairings were feébonse-péoduced, the tone

was a better prediétpr of reinforcement .than the animal's .
response; én the average_o;lyxone response in six was
followed by drug on the pargial reinforcément schedule

VR6 used, whereas the tone was consistently followed

by drug. Thus the conditions were optimal for the

2dévelo§dént,of the tone as a classically conditioned

stimulus. It is likely, therefore, that in this
experiment the tone elicited responding during

extinction because it had acquired positive incentive

propérties by the process of classical conditioning.

Nt i g e s e o
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. . General Discussion

\

These experiments showed that priming injections of
both the self-administered drug and other drugs with
similar stimulus properties could instigate or‘facilﬁiate ,
respondiné-during extinction in rats trained to
self—admipister. This finding can.be related to the
\t phenomenon of relapse in human ex-addicts. The idea that k
! iAgestion of a formerly abused drug induces a strong

I 1
F ‘ motivational state or "craving" for the drﬁg and that it ‘ T |

retains the ability to'do this over an indefinite périod .
of abstinence from the drug is not new. It has been
ihcorporated as one of the basic tenets of Alcoholics - ‘
\ Anonymoqs (Anonymous, 1939) that people who have at one C
time shown uncontrolied drinking and physical dependence
are permanently unable to drink moderately; one dfink . j
is said toelicit an "uncontrollable urge" to hav2$\ ]

another. While this principle has been seriouslyﬂ

questioned in recent years (Sobell & Sobell, 1978), the

widespread acceptance of this notion attests.to its’
£

‘veracity in many cases. The question of whether one

drihk "primes"” or induces a craving for further drinks
in alcohollcs has been examlned experimentally by
Hodgson, 'Rankin and Stockwell (19;9) In their study . - .

moderate or severely dependent alcoholics who had begh

e A&
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abstinent for at least one day were given a-priming ‘
drink of low, high, or no alcohol content in the morning.
Three hours later they were asked to rate their craving

for a second drink ("I have a desire for a drink", rated

from "not at all" to "very strong" on the five point

scale) aﬁd,'in addition, their rate of conéumption of '

the afternoon drink was recorded as a behavioral measure

of craving (Rankin, Hodgson & Stockwell, 1979). There

.was a significant correlation between "désire for a

drink" and gpeed'of consumption, and the severely T
dependent (although-not the moderately dependent) subjects
showed a tendency fo consume their afternoon drink faster
after a.higher mofning priminé dose.f\‘

Another example of the "priming" effect in human '
drug use comes from a recent study (Meyer & Mirin, 1979)
of éatterns of heroin self-administration in @ospitalized
exnheroin\addic%s. "Ratings of craving for the drug (on

a 100 mm line from strong to weak craving)/aere taken

before and after heroin intake in subjects free to

" gelf-administer a fixed-dose of heroin when they wanted

it.  Surprisingly, they found only a very modest decrease
in craving from immedia£ely.before to after heroin
ingestion, and levels of}craving‘during heroin
self-administration néver felI to levels as low as in

drug-free periods (Meyer & Mirin, 1979, p. 73). It is |

1 .
)

t
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possible that drug circulatin& in the bléod acted as:a
"priming"” stimulus maintaining the desire for more drug.

The last experiment in ;he preséyx investigation
provided some experimeﬁtal support for the idea that P

classically coh&itioned environmental stimuli associated |
with drug injections might facilitaté the reinitiation

of drug-taking behavior. This idea has been considered in
tﬁe context of relapse to drug use in\the human ex-addicts
but has not received systematic experimental attention.:
One of the findings of the Meyer and Mirin Q;979) study
that relates to the role-of environmental stimuli in

.5

drug-taking behavior was that_;ﬁe most powerful stimulus ‘
for eliciting craving in their subjects was ‘the signal
that drug was available. Subjects maintained reasonably
}ow interest iﬁ érugs and on levels of reported craving
as iong as drug was hnavailaglé, or .in some cases, when'
the effectiveness of heroin was blocked by an opiatq i
antagonist, naloxone. As soon as the drﬁé became
available ané for as 1oﬁg as it remained available the
ratings of'cfa&ing were high. This finding suggests
that craving and drug-seeking behavior is'fglated fq
‘stimuli (or events) associated with drug availability.
Our understanding of‘exactly how these stimuli iniﬁiéte

these feelings and gain control over behavior awaits

further research. The\%?act nature of classically

o h itk e T SRR i
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conditioned drug effects in both/animals and humans in
being. examined in several research laboratories (e.g.,‘
©'Brien, 1975; Sideroff & Jarvik, Note 4; Eikelboom &
Stewart, 1979), and their-possible role in' drug-taking
ubehav;or, in particular in relapse, may soon be
élucidated. ) -

The reinstatement of drug-reinforced respond%ng
by experimenter-delivered infusions of a drug constitutés
an experiméntal paradigm that has not previousl; been :
employed. In'tnese'experiments the principle function
of the ,design was to investigate the conditions undef
which animals would reinitiate drug-taking after same
drug-free period. "The demonstration of response
reinstatement after priming‘drug infusions has
implications for both the understanding of relapse in
human gx-addicts as well ns for more théoretical
questions of the role of learning and motivational
processes in the'éontrol of behavior. In addition to
being useful for the present purposes, ;he design of
these experiments provides a nnvel and efficient method
of testing other related experimental questions. The
' traditional drug discrimination experiments using\a
drug stimulus as a discrimipative cue for food-reinforced

responding have often been used as a test for abuse

liability of new drugs. That is, if animals' that have

0
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been trained wifh a drug with known reinforcing

o

properties show generalization to a test drug, that is
Il

taken to indicate a hlgh probablllty of abuse potentlal
with the new drug (Lal, 1977)1 It should be kept in mlnd
however, that the basis of the sxmllarlty in the stimulus

properties of the two drugs may or may nbt\involve their

reinforcing properties. Evidence of the reinforcing

‘efficacy of the training:drug comes from an altcgether

different paradlgm, usually 1nvolv1ng 'a different route

‘of administration. In the drug dlscrlmlnatlon experlments

the drugs are given in a context where their reirnforcing

properties are not necessarily relevan%, The question of
similarity of stimulusBpropexéies.of‘drugs with pbssiblé
referenée to abuse liability can also be addressed in

the reinstatement paradigm. 1In this case, evidence of
the reinforcing efficacy of the training drug is readily
ap?arent (ering the\;elf-administration period{ﬁ and

the test drug can be tested in a situation wpsre druqs

are acting as reinforcers. The results of Experiment

3A indicated that the reinforcing property of a drug is
not in itself éuffipient to produce reinstatement of
previously drug-reinforced behavior, particularly when

the training and tegt drugs are very dissimilar (e.gq.,

in the case of stimulants and barbiturates). However,

in cases where the drugé share at least some common:

-

P | 1
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fstimulus groperties, the reinstatement paradigm may shgw .
wg‘tﬁt; these' commén properties are related in any way

St

to' the reihforcing properties. ¢sThus, while this design

14

shares some of the same 1nterpretat1ve problems regarding

.

the pdrtlcular aspects of the drug stlmulus being. used by
the animals, it can be argued that in the context of a

gelf-administration situation the animals would be more -

.

'Iikely to focus on the re@nforciug properties of the , ' i '

,

druge, REERI Lo . ) i
B ‘ A second advantage of the reinstetement,peradigm for . |
/ the iuveetigation\the stimulue properties of‘drugs, is
that the time course of the effects of the test'drug:can

be oonveniently monitored. In conventlonal drug

@:W m

discrimiuation experiments, the similarity of the drugs

|
|
|
. * . : ~ '4
can qQnly be evaluated in the first few moments when the L

¥

b animal is put in the test situation. In many cases drugs

have -multiple effects tha; change over time, and because ‘ \

in the reinstatement paradlgm the animhls can remain in g
) . 'f:
o the test sltuatxon lndefinltely from the moment of drug ’
/

infusion, fluctuations in response tendency over time T ' o
.~ . P -

can be recorded continuously. Investigation.of the time

course‘of re3ponse1enhancement after & test drug may
tell us which asoects of a drug stimulus are important
in its d;fectivenese as a reinforcer. Furthermore, L 2

J: . when considered together With the time coufse of other
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'éhaviora; and physiological effects of a drug, .the data
from reinstatemenﬂfexperiments might allow speculation -
regarding the neurochemical basis of the reinforcing and

‘other properties of drugs.

Thé question of how, in terms of mechanisms of //

learning and performance, the priming infusion of a drug -

exerts its control over responding in selfradministratioh—
-experienced animals is not resolved by these experiments.
'JNeve;theleés, Sever;i aspects of the results may be |, - :,
. Trelevant. One possible account of the reinstétement of
. ;ésponding is that the drug stimulus acquires
"disciminative stimulus control" over responding. By
thi; gcéount a stimulus that has been present when
responses are reinforced subsequently "evokes" the
response. While on the first glance this‘nétion
constitutés a-satisfactory explanation, it has been
argued (e.g., Bindra, 1974) that' the notion of a direcfl'h\
,, connection between a stimulus.and the emission of a motor

tesponse is an oversimplification and is not supportéd by

existing data. The abéenge of a direct connection between

-

* stimulus and response was apparent in these experiments.

. During normal drug self-administration there are long

;‘periods of time between responses §urinq'&hich‘the drug
stimulus is present and no responses are emitted. Thi;
suggests that the "control" that the dr&d stimulus |

L3

)
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exerts over behavior is not complete, and further

elaboration would be required tb explain why &n some o

cases the drug stimulus leads to a response (i.e., after

a priming ‘infusion) and' in others it does not (i.e., in

the 10 - 15 minutes_lhetween responses during

self-administration). / It could be argued that only one

critical blood level of drug (the level that immediately ' . \\

precedes the next response during sé&f—édministration) N
provides the cue for a respeonse. However, this still ﬂ‘. | ) .
leaves the problem of.accounﬁing\for the continued ' i Ci

emiééién of responses during extinction and\after primes;

‘the animals continue to respond throughout a range of ' '

blood levels of drug- that they have érobably never

expgrienced during self-administration. Thus there- does. . ';

" not éppear to be a direct éohnecyion petween the presence

of the drug stimulus and the emission of a motor. response

(bar press in this case). ‘ ‘ ' )
A further aspect of the data from the priming - :

experiments argues against the interpretétiqnnof the °

. discriminative stimulus control’over behavior. A number

of animals in these experiments were subjects in several o

[

of , the experiments, and were’conséqﬁently exposed to up

's.. - /
.to 80 ngily test sessions, each involving the same '

'

. . "
- sequence of a pe:iod of self-administration, followed

by extinction conditions and a priming drug infusion
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sometime during'extinctioh; In spite of the fact that
after the initial self-administrat%pn period no further
fespoﬁées were reinforced, and in particular responsés
after priming 1nfus£ons Qere never reinforced, these.
animals contlnued to ghow strong response facilitation
after priﬁing infusions over repeated test sessions. On
the b;sis of purely informational value of the priminé
drug Tnfusions given duriné\extinctio; %t yould havé beeh
expected that tﬁése animals would learn to discriminate
theqdrug stimulus when it occufred during
self-administration from the drug when it\wés given

during extinction (priming infusion), and cease t&

reépond after the priming infusion after a number of test
‘sessions. Rather, their persistence of responding argues‘ ‘ (/1
for a'morelmoyivational interpretation of the

facilitatioﬁ of respouding.‘ C . .
uB;ndra (19695 has argued for the existence of
motivational aftereffects following the delivery of a
reinforcer, and some of the evidence for the specifiE
responée—enhancing effects of reinforcement delivery was
reviewed in the Introduction. The results of the
present experiments are ﬁot'inconsiétept with this idea;

unexpected presentations of the drug reinforcer resulted

in a reinitiation of responding during extinction. The - .

- »

processes underlying this effect remain to be-
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investigated: How does a stimulus associated with

positive reinforcement, in this case the reinforcing

stimulus itself, control the animalﬁs behavior? Does °

it do so simply by "reﬁinding" the animals of the
pleasurable stimulus, or does it actda;ly have a
direct arousing or activating role? Is the
response—énhéngement seen after priming infusions a .
\\)dinect (unconditioned).effect of the drug stimulus
or does the drug stimulus produced by the priminé'
infusion act as 5 conditioned stimulu; which controls
behavi;r by virtue of its previous aésociatioh with
}arggr, réinforcing drug infusions. ‘Thése guestions
) may Le resolved by fuéufe investigation of the.
conditioned and unconditioned effects of

'self-édministered drugs.
o

btz
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Appendix 1

. 3 A

Individual animals' responses during extinction and latency
to respond (minutes) after a cocaine injection given 10

(4
minutes following onset of extinction condition, in

Experiment 2. - ‘ -

: Responses . Latency
,\::) in Extn. (Mins.)
0.5
2 - | 1 _- 2
-3 ’ 0 17
3 0 . Tqs .
5 14 ) 0.5 '
5 | 6 0.5
6 5 6
6 2 3
’ 8 ' 0- ‘16 ‘ . .\
8 , 22 T '
- 3
. ,
N ’ ‘\
. . \ N | )
'
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(U X © . ° Appendix 2

Breakdown of number of implanted animals used or rejected.

I > : ‘

\ o -

o
Out of 46 rats catheterized:’ ' . ‘

. 31 feached testing stage

- L]

4 . ' ' .
were rejected due to catheter failure or

9
\ other equipment failure
1 H N
6 were rejected because 'of failure to acquire
stable self-administration responding
s ‘ * N
\ . ) .
. ’ -
. R <R ¢ ’
. ! * /
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Appendix 3

Mean (and standard deviation) of number of responses

163

during the first three days"of extinction after continuous

.continuous reinforcement or variable ratio (VR6),

.correlated and fincorrelated groups.

A
¥

- £ ) Day 1 " Dpay 2 Day 3
CRF " 49 (47) 39 (17.2) 33 (20.3) __
& ) N M -
VR (all) . 118 (87) 56 (37) . 73 (49.3)
' %
VR (Cor) = 79 (54) 53 (37) 78 (50.3)
VR (Unc) 173.8 (84) 60.5 (36.6) 66.8 (47)
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