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Abstract Relapse prevention in abstinent cocaine addi
remains a major focus of drug addiction therapy. We us
a rat model of cocaine addiction that focused on cocaipgychostimulant abuse in humans is characterized by al-
seeking behavior elicited interoceptively and by condérnating between “binges” and periods of abstinence
tioned stimuli. Each of 18 rats could self-administer (&awin and Kleber 1986; Kleber and Gawin 1987; Ga-
maximum of 20 intravenous cocaine injectiongin 1991). Following binge episodes, the motivation to
(1.5 mg/kg) per session per day. To prevent initiation @fe cocaine fluctuates, and depends on such variables as
responding by cocaine itself priming injections were neyre length of time since the last dosage and the presence
er administered. Although cocaine was available beg#t-absence of conditioned stimuli associated with drug
ning every session the rats displayed a self-imposed pgse. The probability of cocaine seeking behavior is low
od of abstinence followed by a period of rapid consunfgtlowing a binge but increases during periods of absti-
tion. The abstinence period was variable among rats fghce. With time, the likelihood of relapse becomes ex-
consistent for individual rats. In experiment 1 we studig@mely high and constitutes a substantial problem in the
the contribution of a C(stimulus light and lever retrac-treatment of drug addiction (Jaffe 1990).

tion) to the motivation to initiate and maintain a cocaine Non-human primates and rats also display cycles of
self-administration episode. We compared the numberfibke when given unlimited access to cocaine (Deneau
responses the rats emitted to receive the first and subseal. 1969: Johanson et al. 1976; Bozarth and Wise
quent injections of the day between a group respondingi985). During abstinent periods a non-contingent drug
a fixed-ratio (FR) schedul@%6) and a group respondingnjection can serve to “prime” an animal and reinstate
on a second-order (SO) scheduieq) of reinforcement. self-administration behavior (de Wit and Stewart 1981).
For all rats the number of responses per injection Wasis may be equivalent to “cocaine-induced cocaine
raised daily until a rat failed to consume more than fagraving” observed in human addicts (Jaffe et al. 1989).
injections. The SO group was able to emit approximatdierefore, it seems that in both humans and rats, the ef-
four times as many responses as the FR group to obf@#ts of cocaine carry over from one administration to
their first and subsequent injections. In experimentitZe next and serve to maintain the motivation to continue
(n=7) responses during extinction were counted with aé](d)inge.

without the CS. Responding was greater in the presenceThe conditions in effect during most self-administra-
of the CS than in its absence. The present model dem@ian experiments using rats as subjects are analogous to
strates that the motivation to self-administer cocaineditig taking behavior during a binge. Typically, animals
variable and greatly enhanced by conditioned stimuli. are given a “priming” injection so that even initial re-
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of repeated injections. By lengthening the inter-trial ithe rats were housed individually in operant chambers. Treatment
terval (IT1), different patterns of drug self-administratioff tlfs‘eforf‘ge'sne;?ghp'&%fet?]tesgﬁée"l‘i’ggs'r(‘)fat%‘éog;r:‘;deiavx'tgotgﬁcﬁg'r']
emerge_d. A 15—m|n IT.I produceq a blnge/abs_tlnence pg'ﬁlmal Care and relevant University policy and was approved by
tern of intake, with animals self-lnjectlng durlng CONSEgre Carleton University Animal Care Committee.

utive trials for 24-36 h. A longer ITI (30 or 60 min),

however, produced a very different pattern. Rats demon- .

strated a clear circadian pattern of drug intake, showirfye'-résponse training

dramatically reduced drug intake during the light (inaGne week following their arrival from the supplier the rats were
tive) phase of the light/dark cycle, while displaying relplaced in operant chambers and trained to depress a lever for food
able patterns of cocaine self-administration during tF@vard on a FR1 schedule of reinforcement. Starting 1 day before

. . o - continuing throughout the lever-response training period the
active phase. The fact that animals initiate drug takmg?ﬁg, free-feeding time was restricted to 1 h per day (in their home

predictable times can be used advantageously to exangiifds) following each lever-response training session. After learn-

the effects of potential therapeutics on the initiation oy this response, the rats regained access to food ad libitum and

self-administration. were surgically prepared for the self-administration of cocaine ex-
The discrete trials procedure has been effective Pif{!Mments:

demonstrating that the motivation to self-administer co-

caine fluctuates over time; however, the paradigm offe3igrgery

no information concerning the magnitude of the motiva-

tion to initiate a cocaine self-administration episode. fgch rat was deeply anaesthetized with sodium pentobarbital
mg/ml) and two incisions were made; one on the back at the

the present experiments, we sought to investigate K8 scapular level and the other on the chest just above the posi-
motivational factors involved in the initiation as well agon of the right jugular vein. A chronically indwelling silastic jug-

maintenance of a self-administration episode. The mag cannula was implanted such that it exited from the animal's
nitude of the motivation to initiate and maintain a selpAck éﬁ%%ﬁ"ﬁl ggdog;ggfrcsh 1989). Following cannulation, rgg
?ndan;:rr::itr;at:]%rr]ngglrsglg?e\éV;Snggsrgm?t?e(?):nagrsde:rs[[ggo re starting training on cocaine self-administration.

tain the first and subsequent injections of cocaine. In the

absence of a “priming” injection, the value of a fixed-rdpparatus

FIO (FR) schedule of rel_nforcement was Sy_Stema_tlca@éch rat was individually housed in a Plexiglas operant chamber

increased each day until levels of responding failed [§0x50x40 cm (h)], one wall of which was equipped with a re-

exceed a set criterion. tractable lever on the right side and a yellow light stimulus which
Stimuli that are associated with drug injections c&arved as a conditioned stimulus (CS) in the middle of the wall.

; ; ; ; :Each chamber also was equipped with one water bottle. The can-
motivate and direct drug seeking behavior, although i la was mounted on a counterbalanced fluid swivel apparatus

lating these stimuli for study can be difficult. In moﬁ%hich allowed unrestricted movement within the operant chamber.
self-administration experiments, animals are housed in
one environment and tested in another. A multitude of

stimuli could influence self-administration behaviofrocedure

when animals are transported and introduced into a digrs were given access to the response lever at 9:30 a.m. (the on-
tinct test chamber. These stimuli were minimized in tlet of the dark phase). Each lever response activated an injection
present experiments by housing the rats in the test eaump (refilled when necessary) delivering 0.13 ml of saline solu-

ronment. Specific stimuli were systematically associatig! containing 0.6 mg of cocaine HCI (NIDA in Rockville, Md.,

. LR iSsolved in 0.9% saline at a concentration of 5 mg/ml) over a 5-s
with cocaine injections through the use of a second-ordgfiog. Concurrent with the start of the injection the light was acti-
(SO) schedule of reinforcement (Kelleher 1966; Mackifated and the lever retracted serving as a compound CS. The CS
tosh 1974). Whether such stimuli would affect motivéasted 20 s. The maximum number of injections that any rat could
tion to initiate and maintain a self-administration episoggl@m“me on any day was set to 20. At the end of the 20th injection

- . . e lever remained retracted for the remainder of the session. After
was examined by comparing levels of responding € 20th injection the stimulus light turned off and remained off

tween groups of rats trained with and without condbr the remainder of the session. None of the rats ever received

tioned stimuli. priming injections. Rats that self-administered 20 injections dur-
ing two consecutive daily sessions entered one of the following
experiments. Eighteen rats fulfilled this criterion.

Materials and methods

Experiment 1
Subjects

The behavior of animals responding on either a simple FR schedule
Male Wistar ratsr{=18), obtained from Charles River Canada an=6) or a second-order (SO) scheduieX) of reinforcement were
weighing between 275 and 300 g upon arrival, were housedcompared. The response requirements for the FR group increased
pairs in clear plastic cages with metal grid roofs. The rats had bg-a value of 2 on day 2 and 3 on each of the remaining days (FR1,
cess to food (Purina Rat Chow) and water ad libitum (except dBER3, FR6 and so on). The SO schedule consisted of two FR com-
ing food training during which time food was rationed) and wepmnents arranged hierarchically. Thus, the CS was presented after a
maintained on a reversed 12-h light/dark cycle (lights-on at 9:8¢%ed number of responses and the CS plus cocaine-injection com-
p.m.) in a temperature controlled holding environment (21°Qjination after a fixed number of CS presentations. For the SO
During the course of the cocaine self-administration experimergspup the schedule was increased each day according to the follow-
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ing progression where the first value represents the number of re-The dependent measure was the total number of responses

sponses required for each CS presentation and the second valuerttited during each extinction session.

number of CS presentations required for each CS plus cocaine-in-

jection combination: FR1:FR1, FR1:FR3, FR2:FR3, FR3:FR3,

FR3:FR4, FR4:FR4, FR5:FR4, FR6:FR4, FR6:FR5, FR6:F

FR6:FR7, FR6:FR8, FR6:FR9 and so on. When animals failedRgsults

self-administer more than four injections during the 24-h test peri-

od they were removed from the experiment. Rats exhibited a cyclical pattern of responding for co-
The data to be analyzed consisted of the values representigghe injections. The onset of responding varied among

the highest number of responses emitted for each injection dur : ) A
the session before the one in which they failed to consume m but tended to remain consistent for individual rats.

than four injections. This value was defined as the breaking pdrigure 1 is a representative cumulative record of a rat re-
(BP). A one-tailed-test between these data from the FR and Sponding on the SO schedule and shows that the behav-
groups was performed to determine whether these groups shoygd| profile produced by this paradigm consisted of
significantly different BP values. three phases. The first phase was characterized by negli-
gible levels of responding. During the second phase re-
sponding commenced, although prior to receiving an in-
jection of cocaine response rates were low. A third phase
The effect of conditioned reward on the initiation of cocaine-sedegan after the first few injections of cocaine were self-

ing behavior was evaluated by comparing the number of responggeninistered. It was characterized by a high rate of re-
emitted during extinction tests with and without the presentat

of the CS+. After a rat had self-administered 20 injections on t\%@ond'ng until an injection was obtained followed by a

consecutive sessions, a second-order (SO) schedule was impd¥@at-reinforcement pause. This cycle was repeated for

Following each session during which all 20 injections were sethe duration of the session (see Fig. 1).

administered, the SO schedule requirements for the next session

were incremented according to the following progression:

FR1:FR1, FR1:FR2, FR2:FR2, FR2:FR3, FR3:FR3, FR3:FI%X .

FR4:FR4, FR4:FR5, FR5:FR5, FR6:FR6, FR6:FR7 and FR6:FRgperiment 1

Extinction testing was initiated after three consecutive FR6:FR8

sessions during which 20 injections were self-administered. Beigure 2 illustrates the number of injections self-admin-

tween the extinction sessions the rats were placed back t@red as a function of response cost. The data indicate
{

FR6:FR4 schedule and this schedule was increased daily until .
rats again self-administered 20 injections on three consecu §t these demand curves consisted of two segments.

FR6:FR8 sessions. During extinction sessions the cocaine-filtBe first segment was characterized by a static horizon-
syringes were removed from their pumps and rats responded daldine during which increases in response-requirements
Eximction session was conducted with-Gad the secand wiout oPeaed to have no effect on the consumption of at
and for other rats the reverse order was the case. Due to los, t20 m.JeCtlon.S of cocaine. This segment is referred
catheter viability or to sickness, some rats did not participatelh @s the inelastic segment of the demand curve (De-
both types of extinction sessions. Grandpre et al. 1992; Bickel et al. 1993). The second

Experiment 2

Fig. 1 A representative cumu- 2400
lative record of a rat respond-

ing on a second-order schedule Rat 408
of reinforcement. This record

was taken during baseline train- 2000
ing and illustrates the typical

phases of responding for co-

caine injections (1.5 mg/kg).

All rats exhibited three phases 1600
of responding. Phase 1 ap-
peared to be a self-imposed pe-
riod of non-responding (0-8 h

in the figure). Phase 2 consisted
of a period during which re-
sponding was low and occurred
in the absence of cocaine
(8-9.5 hin the figure). Phase 3
was characterized by a period
of high responding during

which all available cocaine in-
jections were consumed 400
(9.5-12.5 h in the figure) r
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Fig. 2 Demand curves for each 30
rat in experiment 1. Each de- ] A Fixed-Ratio Schedule
mand curve |IIu_st_rate_s the num- 25 ®  Second-Order Schedule
ber of cocaine injections con- ]
sumed (maximum of 20) for i
each response-requirement and
demonstrates the breaking
points at which consumption
dropped below four injections.
The inset is a plot of the aver-
age cocaine consumption (y-
axis) as a function of response-
requirement (x-axis) for the FR
and SO grouf:s
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Fig. 3 A representative cumu- 2400

lative record taken during an

extinction session in which the Rat 595

CS was presented in the same

SO schedule as during training.  z2ggo

All rats responding in a CS

extinction session displayed

three phases. In phase 1 there

occurred relatively little orno ¢ 1600

responding at all. Phase 2 was®

characterized by high rates of ‘g

responding in the absence of O

cocaine. Phase 3 consisted of %— 1200
i

-

little or no respondin:;
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segment was characterized by a dynamic, rapidly dedekperiment 2
erating curve during which small increases in response-
requirements produced large decreases in cocaine cbme contribution to responding by a €&uring extinc-
sumption. This segment is referred to as the elastic sikgn was evaluated. Figure 3 depicts a representative cu-
ment of the demand curve (Bickel et al. 1993; DeGranutulative record for a rat responding during extinction in
pre et al. 1992). which it received CS presentations according to the
Figure 2 also illustrates that the rats reinforced orsame SO schedule as during training sessions. The data
SO schedule responded to higher BPs than the rats rdamonstrate that the behavioral profile during these ses-
forced on an FR schedule. Thus, the inelastic segmensiohs consisted of three phases. Phase 1 was character-
the demand curves for the SO rats was longer than ifmad by relatively little or no responding. Phase 2 consist-
the FR rats (see inset in Fig. 2).tAest revealed signifi- ed of high rates of responding in the absence of cocaine
cantly greater BP values in the SO group than in the Fiections. This phase tended to begin at the same time of
group [(9)=8.86,P<0.001]. day during which high responding for cocaine occurred in
training sessions. This phase was followed by a third
phase during which little or no responding occurred.
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00,  Responding in extinction a binge pattern of cocaine intake was observed, with ani-
a3 mals responding for consecutive injections for upward of
2 550 5 24 h. However, when the number of trials was reduced to
g 501 one or two trials/h, so that the carry over effects of each
@ 4907 injection were reduced, a stable circadian pattern of in-
4004 take developed. In general, animals were most likely to
5 3507 self-administer cocaine during the last half of the active
5 007 | (dark) phase of the light/dark cycle. It is apparent from
o 2504 these data that there were periods of non-responding or
g 200 4 “abstinence” each day. Animals were observed to be
Z 150 awake and active, often eating or grooming, when a sig-
S 100 naled trial began, yet animals would decline to initiate
O 501 self-administration behavior until late in the dark cycle.
= 0 These results clearly illustrate that rats alternate between

No CS* CS+ cycles of drug-taking behavior and periods of abstinence,
Fig. 4 Mean number of responses emitted during extinction s%};iz_that the appropriate experimental parameters are in

sions either receiving CSpresentations or not. All rats werel . .
trained to respond on a FR6:FR8 (total of 48 responses/injection)The sequence of behavioral patterns revealed by this
second-order schedule of reinforcement before testegtical model may be used to gain insight into the drug addic-

barsrepresent the standard error of the mean (&=M) tion cycle. The cues signaling the availability of the
drug were present during all periods of self-imposed
Figure 4 compares the mean (SEM) total number n-responding That the animals were not engaged in
responses between extinction sessions with and withg{9-Se€eking behavior suggests a “voluntary restraint
CS' presentations for all rats in experiment 2. Clearilfom doing so in a way that may be analogous to some
the addition of CS presentations contributed positive\#SPECts of abstinence practiced by human addicts. In the
to responding. A one-tailegitest revealed that a Signiﬁ_present model responding for cocaine was initiated in a

cantly greater number of responsg®)F2.18,P<0.05] drug-free state and without any apparent initializing ex-
occurred when the GSvas presented. ternal stimuli (the CSrequired at least one lever-press

from the rat). This suggests that internal stimuli acted to
increase the motivation for cocaine. These interoceptive
stimuli may be analogous to those that human addicts
describe as “craving”. In the present model the motiva-
The present model of cocaine-seeking behavior revedied for cocaine rose to the point where the animals’ be-
a sequence of behavioral patterns consisting of self-inavior changed from abstinence to drug-seeking. This
posed non-responding followed by initiation of respondequence of behavior may represent some aspects of the
ing followed by rapid consumption of cocaine. The moabstinence to relapse cycle observed in human addicts,
el revealed that the motivation to self-administer cocaiakhough the abstinence period in this model might be
is variable and that the presence of & @®atly enhanc- considered relatively short. In this respect, the present
es the motivation to initiate and maintain a cocaine satfodel might be useful in investigating behavioral and
administration episode. neurobiological mechanisms involved in abstinence and
Without a “priming” injection, rats often failed to reselapse.
spond for many hours. These periods of non-respondingOther rat models of the addiction cycle have been de-
presumably indicate that the motivation to self-adminigeloped. In some models animals are trained to perform
ter cocaine was low, even though cocaine was readily operant response that results in an intravenous infu-
available. Inspection of the rats during the abstinence pmn of a drug. Then the operant response is extinguished
riods revealed that they were engaged in normal wakimg replacing the drug with saline over the course of sev-
activities such as grooming and eating and were usuatgl hours or days. Once extinguished, responding can be
away from the lever area. This suggests that cocainigiated by various manipulations. These ‘“reinstate-
availability is not necessarily a strong trigger of relapseent” models have revealed that response-reinstatement
in the experienced rat. The fact that these rats begances be achieved with priming injections of the training
sponding for cocaine late in the session, in the absedogg (Smith and Davis 1973; Gerber and Stretch 1975;
of priming injections, and at roughly the same time eadk Wit and Stewart 1981; Slikker Jr et al. 1984; Shaham
day (data not shown) suggests that the motivation to iaird Stewart 1995) or another rewarding drug (Slikker Jr
tiate a cocaine self-administration episode may be paglyal. 1984; Wise et al. 1990; Worley et al. 1994), expo-
triggered and controlled by interoceptive factors. sure to stress (Shaham and Stewart 1995) or food depri-
The observation of periods of abstinence is consisteation (Carroll 1985). Conditioning studies have shown
with similar findings of Fitch and Roberts (1993). In thdhat response-reinstatement occurs with a contingent CS
study, discrete (10-min) trials were offered througho(®mith and Davis 1973; Davis and Smith 1974, 1976) or
the 24-h cycle. When four trials per hour were presentadyriming CS8(de Wit and Stewart 1981).

Discussion
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There are some differences between the present mpairings of a CSwith morphine or amphetamine result-
el and reinstatement models. In the present model ed-in the acquisition of conditioned rewarding properties
sponding fails to occur in the presence of the responbg-the CS. This effect was demonstrated by the acquisi-
maintaining drug. In reinstatement models responditign of a new response (lever-pressing) based on the CS
fails to occur only after the response-maintaining drug(Srowder et al. 1972) or the reinstatement of an extin-
withdrawn and the animals experience a sufficient perigdished response when the CS+ was made a conse-
of non-reward for a previously rewarded response. Magtence of that response (Smith and Davis 1973; Davis
human addicts in abstinence have not experienced a i Smith 1974; see Davis and Smith 1976). Our find-
od of non-reward with each consecutive drug intake bngys extend this previous work to show that stimuli asso-
are prolonging abstinence bgfraining to perform drug- ciated with cocaine self-administration also can acquire
taking or drug-related behavior. Thus, the difference d¢onditioned rewarding properties.
drug-seeking behavior that is initiated between after aSecond-order schedules of reinforcement have been
period of abstinence and after extinction may be imparsed previously in studies where primates were trained
tant in understanding and preventing relapse. In this te-self-administer cocaine or opiates (Goldberg et al.
spect, the present model can be used to understand 1@r9, 1981; Johanson 1982; Bergman et al. 1989; Speal-
tain aspects of the abstinence-relapse cycle. man et al. 1991; Spear and Katz 1991; Spear et al. 1991).
The systematic pairing of the €®&ith cocaine injec- Goldberg and colleagues (1976, 1977) trained rhesus and
tions in a SO schedule resulted in the*@8quiring the squirrel monkeys to respond on a SO schedule of mor-
ability to significantly affect responding. First, the ‘CSphine or cocaine reward. The completion of every FR
acquired the ability to increase the number of responseiedule during a fixed interval of 60 min (FI:60) pro-
that rats would emit to obtain their first and subsequehiced a CS (light) and the first completion of the FR
cocaine injections. Second, when responding in extirschedule after the FI:60 elapsed resulted in a @$s
tion, the presentations of the C8icreased the total drug-injection pairing and the end of the session. Al-
number of responses that were emitted. These data itisibugh the drug injection became available only after a
cate that the C'Spresentations increased the motivatioB0-min period the trained animals began responding at
to initiate and maintain a cocaine self-administration epiigh rates that accelerated during the session, indicating
sode. that the CS gained control of responding (drug-seeking
The increased breaking points and responding durimghavior) and acted as a conditioned reward. This type of
extinction seen with SO schedules suggest that the €6ntrol of responding by the €Sould be predicted
acquired rewarding properties of its own and acted a&@m behavioral theories (see Kelleher 1966 and Mackin-
conditioned rewardBindra 1974; Beninger and Ranaldtosh 1974). In general, the rates and patterns of respond-
1994). It appears that the initiation and maintenanceing were positively related to the presence of the. G8
cocaine-seeking behavior is positively influenced by eterestingly, the monkeys in these studies did not display
vironmental stimuli that are historically associated witheriods of self-imposed abstinence as was seen in our
cocaine consumption. In studies with humans it has beats. This is likely due to the different procedures em-
reported that exposure to cocaine-associated stimuli géwyed. The rats in the present studies lived in the self-
reliably elicit strong craving (motivation) for cocaineadministration chambers and, as a consequence, stimuli
(Gawin and Kleber 1986; O’Brien et al. 1988; Kilguthat signaled the start of the session were limited. By
and Pumariega 1994; Satel et al. 1995) which often ecentrast, the monkeys were transported to the self-ad-
sults in relapse to cocaine use (Gawin 1991). Similanyjnistration chambers before each session and, there-
in the present study, the €3y acting as a conditionedfore, experienced many cues in the process. Perhaps
reward, enhanced the motivation to initiate and maintahese conditioned stimuli “primed” the monkeys to initi-
a self-administration episode. These results underscate self-administration behavior.
the strong role played by conditioned reward derived In the present experiments we used a SO schedule
from cocaine-associated stimuli in the drug addiction ayested within a progressive-ratio schedule, where the lat-
cle. ter schedule progressed between sessions. Spear and
The acquisition of rewarding properties by a condkatz (1991) tested the effects of conditioned reward on
tioned stimulus after repeated pairings with a rewardingpnkeys responding for cocaine on a SO schedule nest-
drug has been shown in previous self-administratied in a progressive-ratio schedule that progressed after
studies. Schuster and Woods (1968) demonstrated #eath reward, within a session. Thus every FR completed
rhesus monkeys trained to self-administer morphine dewing a Fl resulted in the presentation of the.&ery
sponded more in extinction sessions during which tR® completed after the FI had elapsed resulted in‘a CS
presentation of the CSwas a consequence of leverplus cocaine-injection pairing. After every reward the
pressing than in extinction sessions during which thalue of the FR increased until a breaking point was
CSt was absent. Davis, Smith and their colleagues egached. They found that breaking point decreased when
tended these findings to rats and to other rewardithg CS was omitted, confirming that a €Paired with
drugs. In a series of experiments these investigatoogaine on a SO schedule acquires conditioned reward-
showed that contingent (Smith and Davis 1973; Davigy properties. Interestingly, Spear and Katz (1991) also
and Smith 1974) or non-contingent (Crowder et al. 1973und that breaking point increased as a function of co-
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caine dose, suggesting that in our paradigm dose of Bavis WM, Smith SG (1974) Naloxone use to eliminate opiate-

i i i i seeking behavior: need for extinction of conditioned reinforce-
E?ér;ii%sgomgght play a role in the between sessions =080 Paychiatry 0: 181189

. . . avis WM, Smith SG (1976) Role of conditioned reinforcers in
The present model can be exploited to investigate thethe initiation, maintenance and extinction of drug-seeking be-
neural mechanisms underlying the control over relapsehavior. Pavlov J Biol Sci 11: 222-236

behavior by conditioned reward (€S There is now de Wit H, Stewart J (1981) Reinstatement of cocaine-reinforced

: ; f iy responding in the rat. Psychopharmacology 75: 134-143
strong evidence that the presentation of rewarding sti Grandpre RJ, Bickel WK, Hughes J, Higgins ST (1992) Behav-

li, including cocaine consumption, causes elevations N joral economics of drug self-administration. I1l. A reanalysis
extracellular dopamine levels (Hernandez and Hoebelof the nicotine regulation hypothesis. Psychopharmacology
1988; Radhakishun et al. 1988; Gratton et al. 1989; Jo-108: 1-10

seph et al. 1989; Phillips et al. 1989; Kiyatkin et dpeneau G, Yanagita T, Seevers MH (1969) Self-administration of
' ! ’ ! " psychoactive substances by the monkey. Psychopharmacology

1993) as measured by in vivo techniques. Several psy-1g 30-48

chopharmacological investigations have suggested thigth TE, Roberts DCS (1993) The effects of dose and access re-
dopamine plays an important role in the ability of condi- strictions on the periodicity of cocaine self-administration in
tioned reward to control behavior (Robbins 1975; Ro%— the rat. Drug Alcohol Depend 33: 119-128

; . ; : . . in FH (1991) Cocaine addiction: psychology and neurophysi-
bins et al. 1983; Beninger and Ranaldi 1992; Ranaldi a %V\(glogy_ Science 251 15801586

Beninger 1993, 1995; Ranaldi et al. 1995). Together witawin FH, Kleber HD (1986) Abstinence symptomatology and
the present results, such findings suggest that it may bepsychiatric diagnosis in cocaine abusers. Clinical observations.

possible to affect the influence of conditioned reward gn Arch Gen Psychiatry 43: 107-113

P ; o : rber GJ, Stretch R (1975) Drug-induced reinstatement of extin-
the initiation and maintenance of cocaine-seeking behg\? guished self-administration behavior in monkeys. Pharmacol

ior through the administration of dopaminergic and/or Bjochem Behav 3: 1055-1061
other types of pharmacological compounds. Goldberg SR (1976) Stimuli associated with drug injection as
In summary, we report here the results of a unique re-events that control behaviour. Pharmacol Rev 27: 325-339
_ . i ldberg SR, Tang AH (1977) Behavior maintained under sec-
{ﬁpsﬁl th'lii)/thill gftseilr]:ifildtmlnL]sér?rgloigtlrligats thati:]()cusﬁ? g_ﬂond_-order schedules of intravenous morphine injection in
€ motuvation 1o Iniliate a aintain a cocaine selt-ad- squirrel and rhesus monkeys. Psychopharmacology 51:
ministration episode. The results show that the motiva- 235-242
tion to self-administer cocaine is variable and is e@eldberg SR, Spealman RD, Kelleher RT (1979) Enhancement of
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