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Abstract We have previously reported that rats displdin et al. 1995), although to a lesser extent, lithium, opi-
a circadian pattern of cocaine self-administration if aate agonists and antagonists, and carbamazepine have
cess to drug is limited to 10-min discrete trials that améso been explored (Kosten et al. 1989; Lemere, 1991;
separated by at least 20 min. In the present study, @mrnish et al. 1995; Kranzler et al. 1995; Montoya et al.
pattern of cocaine intake (1.5 mg/kg per injection) wd995). Results from open clinical trials have sometimes
studied in two large groups of animals that were maimeen promising; however, double blind studies have gen-
tained on different 12-h light/dark cycles (3 a.m. terally been disappointing. No substantially effective
3 p-m. versus 10 a.m. to 10 p.m.). Regardless of the tipfermacotherapy for cocaine addiction has yet been de-
of light onset, a circadian pattern of cocaine self-admiscribed (Meyer, 1992; Kleber, 1995).
istration was observed. Maximum cocaine intake oc- GABA drugs have received little clinical attention, al-
curred during the final 6 h of the dark period and w#lsough there are indications from basic research that
followed by a relative abstinence period during the ligl#ABA agonists may hold some therapeutic promise for
phase This highly predictable pattern of drug taking behe treatment of psychostimulant abuse (see Discussion).
havior provided an opportunity to explore the effect d¥e have recently reported that baclofen, a GAB#goO-
baclofen, a GABA agonist, on the initiation of self-ad-nist, dramatically affected cocaine self-administration by
ministration behavior. In two separate studies, acutds reinforced on a progressive ratio (PR) schedule
treatment with baclofen (1.25-5.0 mg/kg) was shown tRoberts et al. 1996). Following baclofen pretreatment,
suppress cocaine intake for at least 4 h. Baclofen hadrais responded to lower breaking points across a range of
significant effect on responding for food reinforcemeninit injection doses of cocaine. Baclofen had little effect
Previous results have indicated that baclofen appear®rnodfood reinforced responding on an identical PR sched-
reduce specifically the motivation to respond for cocainde within the dose range tested. These data demonstrate
Together, these data suggest that baclofen should be toat baclofen appears to selectively decrease the motiva-
sidered as a possible pharmacotherapeutic agent in tmm to respond for cocaine.
caine addiction. The PR schedule is a powerful screening tool for eval-
uating changes in the reinforcing efficacy of psychostim-
Key words Cocaine - Self-administration - Baclofen - ulant drugs; however, there are a humber of features of
Discrete trials procedure - GAEA human drug taking that are not addressed by this sched-
ule. For example, a potential therapeutic agent should
decrease the motivation of an addict to initiate drug tak-
Introduction ing behavior, yet the initiation of cocaine self-adminis-
tration behavior cannot be investigated with the PR pro-
Considerable effort has been devoted to identifying dragdure. Animals responding on a PR schedule may re-
treatments that might be effective for cocaine addictiareive a priming injection at the start of the session and
Clinical research has focused largely on dopaminerdice response ratios for the initial few injections are typi-
serotonergic and noradrenergic compounds (Kosten etally very low. Consequently, the breaking point is estab-
1987; Handelsman et al. 1987; Berger et al. 1989; Gshed only at the end of a sequence of injections when
annini et al. 1989; Balon 1994; Eiler et al. 1995; Margsubstantial levels of cocaine have accumulated in the
D.C.S. Roberts)) - M.M. Andrews system. The PR schedule can be used to examine wheth-
Institute of Neuroscience, Life Sciences Research Center, er a dru_g p(etreatment mlght interrupt cocaine self-ad-
Carleton University, 1125 Colonel By Drive, ministration in progress and it has been shown to be sen-
Ottawa, Canada K1S 56 sitive to a variety of pharmacological treatments, neuro-
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toxic lesions as well as hormonal fluctuations (Robertsleist 5 days on the FR1 schedule and showed consistent post-infu-
al. 1989a, b, 1994, 1996; Depoortere et al. 1993; Mc@kan pauses. Parameters were chosen that produced a circadian

. tern of responding (see Fitch and Roberts 1993). Discrete trials
egor et al. 1996); however, the schedule does not addﬁ%S initiated at 30-min intervals for the duration of the experi-

whether a drug pretreatment might be effective at redugent. Each trial began with the introduction of a retractable lever
ing the motivation to respond for the first injection andto the cage. Completion of a fixed ratio (FR) response require-
thereby prevent relapse to drug use. ment yesuI]'Eed ina cI:oczjlljnﬁ i][ljec2té)on (1.5 mg/kg p])ce;]injection), i||:.l-
: : ; ation of a stimulus light for 20 s, retraction of the response le-

The discrete tr.lals. proce_dgrp offers a dlfferent met,h@@f and termination of the trial. Failure to complete the ratio re-
tO_StUdY the motivation to Initiate drug taking behav'ofﬁuirement within 10 min also terminated the trial. The FR was set
With this technique, rats are given the opportunity &1 for the first few days of testing and was gradually increased to

self-administer only a single injection of cocaine durir@fq FRS5 by day 10 of testing. Syringes were refilled, water bottles
individual trials. The inter-trial interval (ITl) can be ad¢hanged and waste pans cleaned daily for both groups during one
. - R of the 20-min inter-trial intervals (ITl) between 9 a.m. and 10 a.m.
justed so that the influence of one injection on subse-ager at least 14 days on the discrete trials schedule, the effect
quent trials can be manipulated. Rats will self-adminisigrbaclofen was assessed. In the first replication, five animals that
during consecutive trials for many hours or even daysre maintained on the 10 a.m. to 10 p.m. cycle were injected
when the ITIs are relatively short (Fitch and Roberi4ith baclofen (2.5 mg/kg) during the 20-min ITI before the lights

. . re switched off (10.00 a.m.).
1993). A very different pattern is observed when the I’f’fem the second replicatiom#9), animals from the 3 a.m. to

is Iengthen_ed. Longer ITls engender a regular ci(cad@rﬂ,_m, group received an injection of baclofen (1.25, 2.5 or
pattern of intake. Periods of drug abstinence during the mg/kg) or saline immediately prior to the 10 a.m. trial. The

light phase of the cycle alternate with periods of self-a@fder of testing was counterbalanced and at least 4 baseline days

i ; ; : parated test days. Five animals had continuous access to a sec-
ministration during the dark phase (Fitch and ROber_E%d response lever. Every response on this lever resulted in the

1993). This predictable pattern of drug taking behavig&|ivery of a 45-mg nutritionally balanced food pellet (Noyes
provides an opportunity to explore the initiation of selfac.). These pellets were the only source of food for this group.
administration behavior. The discrete trials procedufie remaining four animals had ad libitum access to Purina Rat
was used in the present studies to explore the pattermff""-

cocaine intake across the light/dark cycle. After appro-

priate baseline parameters were evaluated, the paradgysastics

was used to assess the effect of baclofen on the cyclic

pattern of cocaine self-administration behavior The effect of the two different light/dark cycles was examined
) across the 48 daily trials. The percent of trials during which co-

caine was self-administered was calculated for each animal across

3 days of baseline testing. These scores were submitted to a re-

Materials and methods peated measures ANOVA. The effect of baclofen was examined in
two separate experiments. In the first replication, a pahtedt

. - . s used to compare the number of cocaine injections self-admin-
Subjects were male Wistar rats (Charles River Farms, Que \i%red during eight trials following baclofen administration with

Canada) weighing 275-300 g at the start of the experiment. U R 3 - ;

arrival from the supplier, all animals were quarantined for 1 we ri(%eggrgg;n tl?]eer os‘eizjc)eucstl%nzasseellfir?g rg;nIgteéz(gad#g%gtme:eirgﬁd

during which time a 12-h light/dark cycle was maintained (ligh{s i+ pr YS-: ;
plication were subjected to an ANOVA. Newman-Keuls analysis

off from 8 p.m. to 8 a.m.). Following quarantine, animals we
housed and tested for the duration of the experiment under On%a%?ngssiccj)rteos compare the data from each dose of baclofen to the

two different light/dark cycles. One group of rats=17) was
switched to a light/dark cycle with the dark phase extending be-
tween 3 a.m. and 3 p.m. The dark phase for the other gne@5)
extended between 10 a.m. and 10 p.m.

All rats were food deprived for 24 h and trained to press a leR@sults
for food reinforcement on an FR1 schedule. Thereafter Purina Rat
Chow was available ad libitum, except as noted below. Each mg§ure 1 shows the pattern of cocaine self-administration

was implanted with a chronically indwelling Silastic jugular canny- ; ; ; 3
la that exited through the skin on the dorsal surface in the regiox%rf a representative animal. The pattern of cocaine self

the scapulae (Roberts and Goeders 1989). Following cannulat@dMinistration was restricted largely to the dark phase of
each rat was singly housed in 25x25x25 cm operant testing appth&- light/dark cycle. Also shown in Fig. 1 is the pattern

tus. The cannula was mounted on a counter-balanced swivel agifaresponding for food. Food intake was found to occur

ratus which allowed free movement within the operant chamber. jn 3 nymber of “meals” that were distributed across the
During initial training, rats were given access to a response le-

ver for a 5-h period each day. Each lever response activated a -k_':’- . o
jection pump, delivering 0.12 ml saline solution containing Figure 2 shows the pattern of cocaine self-administra-

0.6 mg/ml cocaine HCI over a 5-s period. Concurrent with thgon over a 24-h period for the two groups tested on dif-
start of the injection, a stimulus light was activated that signalegegent light/dark cycles. No statistically significant dif-
20-s post-infusion time-out period during which time responses )

roduced no proarammed consequence. rences were found between groupsX). The proba-
P prog a bility of cocaine self-administration was found to fluctu-
ate during the dark cycle. The highest probability of self-
administration was observed through the latter half of the

A discrete trials procedure was initiated after animals had est8ig'k cycle, reaching a peak immediately prior to the
lished a stable daily intake of cocaine (>20 injections/5 h) for tkansition from the dark to light phas€&hereafter the

Discrete trials procedure



273

dark light probability of cocaine self-administration declined and
_ remained low during the light phase. A circadian pattern
g cocaine of cocaine self-administration was evident in both
el bbbl n s food groups. The peak in cocaine self-administration always
T R ; occurred at the end of the dark cycle, and was indepen-
OV AR NN W W T dent of the time when cage cleaning and other daily
maintenance was scheduled.

[ Y B T F T SO,

Baseline Days
N

3 b b Figure 3 shows the effect of baclofen treatment on co-
caine self-administration. In this case, baclofen was in-
4 T jected midway through the dark period at a point when

cocaine self-administration was highly probable. Inspec-
T tion of Fig. 3 shows that baclofen treatment substantially

§ bbb s L decreased the likelihood of cocaine self-administration
I for at least 4 h.

Figure 4 shows the effect of baclofen in two replica-

baclofen (2.5 mg/kg) tions. In the first replication, baclofen was injected at the

inning of th rk le (time A, Fig. 4). Baclofen
Fig. 1 Pattern of cocaine self-administration using a discrete triA%Sg g of the dark cycle (time A, Fig. 4). Baclofe

procedure. Each line represents an event record for consec (.5 mg/kg)_ was four_ld S|gn|f|cantly '.[0 decreas_e the num-
24-h periods. Theop line of each paishows the pattern of co- P€r Of cocaine injections self-administered during the 4-h

caine self-administration. Cocaine (1.5 mg/kg per injection) wperiod following the treatment. Comparison of the num-
made available during 48 trials/day. Upward pen deflections injer of injections taken during the 4 h after baclofen com-

cate the trials during which a cocaine infusion was self-adminis: ; : ; _
tered. Thelower line indicates responses on a second lever t gred to the same “”.‘e _p_erlod on the pr_ecedlng 3 ba.se
controlled the delivery of 45-mg food pellets. Theight of each lIn€ days revealed a significant decrease in number of in-
line represents the number of pellets delivered during 1 min. Tj@etions P<0.05, Student's-test). In the second replica-
tallest baron line 2 corresponds to 12 pellets. Animals were etion, baclofen was injected at the mid-point of the dark
trained to a reverse light/dark cycle. In this example, the daily ses-

sions began at 3 a.m., at which time the syringes were refilled, wa-

ter bottles changed, waste pans cleaned and the computer program . . o . .

reset. Note that cocaine self-administration was restricted maihig- 2 Circadian pattern of cocaine self-administration reinforced
to the dark phase of the cycle, while food intake was distribut@d @ discrete trials procedure. Two groups of rats were given the
into a number of meals across the cycle. Tpefour pairs of lines 0pportunity to self-administer _a_single injection of cocaine
represent the baseline condition. Towtom pairshows the effect (1.5 mg/kg per injection) on an FR5 schedule during 10-min trials.
of baclofen (2.5 mg/kg) administered at the time shown byathe In one group =25) the dark phase extended from 10 a.m. to

row. Cocaine self-administration is suppressed for several hodfsP-m. In the other group%17) the dark phase extended be-
after baclofen treatmesit tween 3 a.m. and 3 p.m. No significant differences were observed

between groups. The time of routine cage maintenance is indicated
for each group by the arrow on the respective x-axis. The propor-
tion of injections self-administered by each animal during each of
the 48 trials was calculated across a 5-day period. Points represent
the average (+SEM) proportion of trials that animals self-adminis-
tered cocain:
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Fig. 3 The effect of baclofen on cocaine self-administration reiproportion was calculated for the group and shown on the graph as
forced on a discrete trails procedure. Animais9) were given open squaresThe observed number of injections self-adminis-
the opportunity to self-administer a single injection of cocairtered on the baclofen test day is showncksed squaresThe

(1.5 mg/kg per injection) on an FR5 schedule during 10-min triateme of the baclofen injection (2.5 mg/kg) is shown by &new.

Trials were initiated continually every 30 min. The proportion ddaclofen produced a marked reduction in cocaine self-administra-
injections self-administered by each animals during each trial wes for at least 4 h post-injection. See Fig. 4 for summary statis-
calculated across a three day baseline period. The mean (+SHM;
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Fig. 4 The effect of baclofen on cocaine self-administration amhase (time B, Fig. 4). Baclofen produced a significant
food intake. Cocaine injections were made available during 10"’%'lﬁ‘ppression of cocaine intakie(, 29)=4.185P<0.05].

discrete trails that were initiated every 30 min. The effect of baclo - oL LML
was examined in two replicatiaris the first replicationr=5), ba- Bhicle injections had no significant effect on respond-

clofen (2.5 mg/kg) was administered at the beginning of the dark §g- All three doses of baclofen (1.25, 2.5 and
cle time A. In the second replication<7-9), rats received various5.0 mg/kg) significantly reduced the number of cocaine
doses of baclofen (1.25-5.0 mg/kg) or vehicle 6 h into the dark cyiglfections self-administered.

(time B. Barsrepresent the mean (+SEM) number of cocaine injec- ;
tions delivered during the 4-h period following treatment or duri?gélBaCIOfen had no apparent effect on responding for

the comparable baseline period. Baclofen produced a significant/@@d. No statistically significant effect was observed

crease in cocaine self-administration. Vehicle injections had no §igempared to baseline) on the number of food pellets de-
nificant effect. A subsen{5) of the baclofen group tested at time Byered during the 4-h period following treatment or on

had continuous access to a second lever that controlled the del ;
of food pellets on an FR1 schedBaurs represent the mean (iSEMWdéy total number of pellets delivered over 24RxY).

number of food pellets delivered during the 4-h period followi giQUfe 1 (bOtto_m_) i”usftrates the effect _Of baclofen on co-
drug treatment or during a comparable baseline period. Baclofen@athe self-administration and on food intake for a repre-
no significant effect on the number of food pellets deliv2red sentative animal. Food intake occurred in small bouts of
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several minutes duration. Baclofen had no appreciabkch and every animal at the end of the dark cycle. In or-
effect on the pattern of food intake. der to assess other aspects of circadian activity, some an-
imals were given continuous access to a second lever
that, when pressed, resulted in the delivery of a 45-mg
Discussion food pellet. Food intake, and to some extent the activity
cycle, could be monitored by tracking the pattern of food
Psychostimulant abuse in humans is characterized bydaliveries. Figure 1 illustrates the typical pattern of food
ternating periods of “binging” and abstinence (Kleb@nd drug intake. Rats tended to eat in a series of bouts
and Gawin 1987). Presumably, the motivation to use @paced across the day/night cycle. Interestingly, there
caine oscillates, and depends on such variables aswtbee many instances, usually during the light cycle,
time since the last dosage, fatigue and accumulated dmiggn animals responded for food reinforcement but de-
effects. Non-human primates and rats also display cyottined the opportunity to self-administer cocaine. These
of intake when given unlimited access to cocaine (Deata show that there were periods when the animals were
eau et al. 1969; Johanson et al. 1976; Bozarth and Wisake and active yet were apparently not motivated to
1985). During abstinent periods, a non-contingent dregspond for cocaine.
injection can serve to “prime” an animal to reinstate self- Negus et al. (1995) have shown that rhesus monkeys
administration behavior. This may be equivalent to tla¢so display a diurnal variation in cocaine and heroin
“cocaine-induced cocaine craving” observed in humaelf-administration. Discrete daily self-administration
addicts (Jaffe et al. 1989). It appears therefore thatsessions were used to show that responding during after-
both humans and in rats, the effects of cocaine carry omeon sessions is less sensitive to changes in reinforcer
from one administration to another and serve to maintaragnitude and saline substitution than responding during
drug taking behavior. The conditions in effect duringiorning and evening sessions. That is, lower doses of
most FR or PR self-administration experiments in ralsug were more effective at maintaining responding
are analogous to drug taking behavior during a bingewhen tested during the middle of light phase of the mon-
humans. Animals have usually been “primed” and the &ky’s diurnal cycle. Rats and rhesus monkeys therefore
fects of one injection carry over to influence subsequeppear to show similar diurnal rhythms, and both show
injections. The results are necessarily influenced by thereased likelihood of responding for drug reinforce-
drug levels that accumulate during the test session. ment during their respective active periods — during the
The mechanisms that maintain drug taking behaviaht period for rhesus monkeys and during the dark peri-
may be very different from the mechanisms that trigged for rats.
relapse to drug use after periods of drug abstinence. ExThe fact that rats initiate drug taking at predictable
perimental procedures that model the initiation of draignes was used to advantage in the present experiments.
taking would be more important for the evaluation ®nh two separate replications, we examined the effect of
pharmacotherapies for cocaine than procedures that lzatlofen treatment. In one group, baclofen was admin-
dress binge behavior. In order to characterize the initistered at the beginning of the dark cycle when the
tion phase of drug seeking behavior, we have used a gigbability of cocaine self-administration was increas-
crete trials procedure in an effort to minimize the carryxg. In the second group, baclofen was administered in
over effects of one injection onto the next trial. Bghe middle of the dark phase when the probability of re-
lengthening the inter-trial interval (ITI), different patsponding was higher. In both cases, baclofen signifi-
terns of drug intake can be elicited (Fitch and Robedantly decreased cocaine self-administration. Across the
1993). If trials are presented as frequently as four geto replications there was 71% reduction in cocaine
hour then a binge/abstinent pattern of intake is observeelf-administration during the 4-h period following ba-
with animals self-administering cocaine during consectlofen treatment. This represents a 40% reduction in to-
tive trials for 24—36 h. By contrast, if access is restrictéal drug intake for the day. Vehicle injections had no ef-
to two discrete trials per hour then a clear diurnal pattdect.
of drug intake is evident. Since baclofen was administered systemically, the lo-
Consistent with our previous report, two discrete trgus of its effect remains unclear. It is possible that the
als per hour engendered a remarkably consistent circafiects of GABA compounds are achieved through a
an pattern of drug intake. The effect was replicated nmodulate of the mesolimbic dopamine system which is
two separate groups, each with a different 12-h light/ddskown to be important for the expression of cocaine re-
cycle. The fact that both groups showed virtually identirforcement (Koob 1992; Roberts 1992; Woolverton and
cal patterns across the light/dark cycle rules out the pdshnson 1992) The DA cells of the ventral tegmental ar-
sibility that other factors, such as regular cage main&a project principally to the nucleus accumbens, which
nance and miscellaneous laboratory activities, controllggenson and colleagues (1993) have emphasized is
the timing of the behavior. The probability of cocaintstrategically” situated to integrate signals from limbic
self-administration remained low during the light phasstructures and to translate this motivational information
and increased at the start of the dark phase. The prdabs motor output. The majority of neurons in the nucle-
bility of responding for cocaine was near certainty fars accumbens are GABAergic medium spiny neurons.
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These cells, which presumably receive the cocaine-f@ch TE, Roberts DCS (1993) The effects of dose and access re-

tentlated Slgnal make reClprocaI Connectlons Wlth the Strictions on the perIOdICIty Of Cocaine Self-administration in
: ’ i the rat. Drug Alcohol Depend 33: 119-128
DA cells in the VTA. Thus, the GABA projection an_cbiannini AJ, Folts DJ, Feather JN, Sullivan BS (1989) Bromocrip-

GABA inter-neurons within the VTA have the capacity tine and amantadine in cocaine detoxification. Psychiatry Res
powerfully to influence DA release and DA cell firing 29:11-16 _ _
(Klitenick et al. 1992; Cameron and Williams 19933udeman D, Shoptaw S, Majewska D, Scherf S, Yeats D, Ling W

; . . pi~L (1996) Preliminary report of baclofen as a cocaine craving
Engberg and Nissbrandt 1993; Engberg et al. 1993; RICI(medication. College on Problems of Drug Dependence

and Lacey 1994; Seutin et al. 1994). Willick and Kok- apstracto 1: 50
kinidis (1995) have reported that intra-VTA injectionsiandelsman PL, Escovar IM, Marion 1J et al (1987) Amantadine
of baclofen produce an apparent decrease in the reinfor treatment of cocaine dependence in methadone-maintained

forcing efficacy of MFB stimulation. Baclofen infusionsJ(,jm(g"j‘\t]iﬁ”t(sz'a é&#apﬁémﬁt,% 01r4§:l\/l532herer MA (1989) Cocaine-

produced a rightward shift in rate/intensity functionS™j,qyced cocaine craving. Psychopharmacology 97: 59-64
produced by rats responding for intracranial stimulatigshanson C-E, Balster RL, Bonese KF (1976) Self-administration
without affecting other measures of performance such asof psychomotor stimulant drugs: the effects of unlimited ac-

maximal rates of responding. Taken together, the self- cess. Pharmacol Biochem Behav 4: 45-51 .
stimulation and self—gdminigtration datg strongly su(:gfeber HD (1995) Pharmacotherapy, current and potential, for the

: . treatment of cocaine dependence. Clin Neuropharmacol 18
gest that GABA agonists should be considered as can- [Suppl. 1]: S96-S109 P P

didates for pharmacotherapeutic agents in cocaine &tkber HD, Gawin FH (1987) The physiology of cocaine craving
diction. and “crashing”. Arch Gen Psychiatry 44: 299-300

- ; ; itenick MA, DeWitte P, Kalivas PW (1992) Regulation of so-
Clinical observations with baclofen have been enCOlw matodendritic dopamine release in the ventral tegmental area

aging. Gudeman et al. (1996) have investigated the ef-py opioids and GABA; an in vivo microdialysis study. J Neu-
fects of baclofen (20-60 mg/day) in an open trial. Very rosci 12: 2623-2632
preliminary data suggest that baclofen may suppress i§eeb GF (1992) Drugs of abuse: anatomy, pharmacology and func-

caine craving during the early phase of cocaine wi%sttigrr]‘ ﬁéewgéﬂﬁrig‘r‘]"r’]ayg- I/r\ler?gdhst Pgarén;%‘gysﬂlg Qrrisd
drawal. A. R. Childress (personal communication) has’ 1987y A preliminary study of desipramine in the treatment of

also observed that some patients taking baclofen report &ocaine abuse in methadone maintenance patients. J Clin Psy-

decreased intensity of cocaine craving. chiatry 48: 442-444 _
Kosten TR, Kleber HD, Morgan C (1989) Treatment of cocaine
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