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Abstract Reinstatement and spontaneous recovery Kéy words Dopamine - Intravenous drug
previously extinguished nicotine-taking behavior wemself-administration - Nicotine - Relapse -
examined in rats. Male subjects were trained to self-&kinstatement - Spontaneous reccsery
minister nicotine (3Qug/kg per infusion, 1V; one 60-min
session per day for 3 weeks). Extinction sessions were
then given for 5-10 days during which saline was subdtitroduction
tuted for nicotine. Subsequently, in the first set of tests
for nicotine seeking, the reinstatement of lever pressdigh rates of relapse are common in former cigarette
that previously delivered nicotine was examined aftemokers and other drug users (Hunt et al. 1971; US-
priming injections of saline and nicotine (75, 150 armHHS 1988; Carmody 1992). One factor that contrib-
300 ug/kg, SC; and 30 and G@y/kg, IV). In the second utes to the relapse to drug use in humans, including to-
set of tests for nicotine-seeking, rats were tested afterbaaco use (Chornock et al. 1992), is acute re-exposure to
additional 21-day drug-free period during which theye drug after a period of abstinence (Ludwig et al. 1974;
were not exposed to the self-administration chambersMayer and Mirin 1979; Jaffe et al. 1989; de Wit 1996).
test for the spontaneous recovery of drug seeking), &g animal model used to study this phenomenon is the
after priming injections of nicotine (150 and 30@/kg, reinstatement procedure; this procedure is regarded as a
SC). Reinstatement of extinguished food-reinforced kmiitable method to study relapse (Stewart and de Wit
havior after exposure to nicotine was also determind®87) and craving (Markou et al. 1993) processes. Rein-
Priming injections of nicotine reinstated nicotine seekirgatement refers to the resumption of a previously extin-
regardless of the route of administration. In additioguished conditioned response after acute non-contingent
previously extinguished nicotine seeking recoveresposure to the unconditioned stimulus (Catania 1992).
spontaneously after a 21-day period during which ragsthe reinstatement model, the effect of acute, non-con-
were not exposed to the drug-taking environment. Nidingent re-exposure to drugs on the reinstatement of drug
tine also reinstated extinguished food-reinforced behaeeking is examined after training for intravenous (IV)
ior in rats with a history of nicotine self-administratiorself-administration of drugs and subsequent extinction of
but not in drug-naive rats. The present results extend pte drug-reinforced behavior (Stewart and de Wit 1987).
vious work with opioid and stimulant drugs on reinstatésing this procedure, investigators have shown that
ment of drug seeking by the self-administered drug.pitiming injections of opioid and stimulant drugs rein-
also appears that, as with other positive reinforcers, thate extinguished drug seeking in drug-free rats and
mere passage of time is a sufficient condition for tingonkeys (Stretch et al. 1971; Gerber and Stretch 1975;
spontaneous recovery of extinguished nicotine seekingde Wit and Stewart 1981, 1983; Shaham et al. 1994; Car-
roll and Comer 1996; Self et al. 1996).

In recent years, several laboratories reported that IV
nicotine maintains stable self-administration behavior in
rats (Corrigall and Coen 1989; Donny et al. 1995; Tessa-

é&ﬁgﬁ/’i‘;g)éé—s"éééﬂa['?:;;n}nsén?roc“i - WA. Corrigall ri et al. 1995; Epping-Jordan et al. 1996; Shoaib et al.
Addiction Research Foundation, 33 Russell Street, 1996, 1997; but see Dworkin et al. 1993; Bozarth and
Toronto, Ontario, Canada M5S 2S1 Pudiak 1996). As with other drug or non-drug reinforc-
W.A. Corrigall ers, therefore, priming injections of nicotine would be
Dép'artmem of Physiology, University of Toronto, expected to reinstate extinguished nicotine-taking behav-

Toronto, Ontario, Canai‘a ior. One recent study examined the effect of priming in-
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Fig. 1 Time line of experi- TEST2:
ment 7 Spontaneous
Recovery
TEST 1: TEST2:
Training Extinction Reinstatement Extinction Reinstatement
T ks of Ly | 5.10 dailvsessions | Salino o = 2l-days ” o
k -10 daily sessions Saline priming drug-free 1-6 additional daily * Saline priming
sessions per day of saline IV nicotine priming sessions; infusion SC nicotine priming
of nicotine self-administration SC nicotine priming pumps disconnected

self-administration

jections of nicotine on reinstatement of nicotine seekihgyes Company Lancaster, N.H., USA) under a fixed-ratio 1
(Chiamulera et al. 1996). It was found that extinguishé‘%ﬁedme of reinforcement (FR-1, each lever press is reinforced).
operant responding that was previously reinforced by

nicotine was increased slightly by priming injections @furgery

nicotine. However, unlike the reinstatement of heroin

i i ; iSixteen rats were anesthetized with a mixture of xylazine (Myles,
and cocaine seeklng by those druQS’ reSpeCtlvely’ mégbicoke, Ontario, Canada; 10 mg/kg, IP) and ketamine (MTC

tine reinstated drug se_el_(ing at doses that were m%?ﬂrmaceuticals, Cambridge, Ontario, Canada; 100 mg/kg, IP)

lower than the self-administered dose and the magnit@@ were surgically implanted with intravenous silastic catheters

of the reinstatement effect was lower than that commamthe right jugular vein (see Corrigall and Coen 1989 for details).

ly observed with opioid and stimulant drugs. Thus, tifgnicilin G (Igzogar/S_TB' London, Ontario, Canada; 00 000 Iu;
H 2 ml/animal) was given a e ime of surgery an uprenorpnine

data of Chiamulera et al'. (1996) _sug_gest that_the o1 mg/kg, SC) was administered after the surgery. The catheters

statement phenomenon with nicotine is qualitatively difrere flushed daily with 0.1 ml of a saline-heparin solution

ferent from the reinstatement observed with opioid a(8) U/ml; heparin was obtained from ICN Biochemical, Cleve-

stimulant drugs. land, Ohio, USA) and rats were allowed 6—7 days to recover from

One rationale for the present experiments, therefof Surgery.

was to re-examine this issue. First, we tested the effect of

priming injections of nicotine on reinstatement of nic@rugs

tine seeking using both the IV and the subcutaneous _ ) ) _

(SC) route of administration. Second, we have exami @0““9 (Sigma, St Louis, Mo., USA) solutions (pH adjusted to

f . . )) were prepared freshly each week. The unit dose for the IV
the issue of spontaneous recovery of extinguished otine self-administration was 3@y/kg per infusion (all doses

sponding for nicotine. Spontaneous recovery refers to Hi€ expressed as the free base) with an infusion volume of
resumption of the extinguished conditioned response the@pl/kg and an infusion time of <1 s. Nicotine was also injected

occurs after time has passed following the conclusion3$f (75, 150 and 300g/kg) and IV (30 and 6Qg/kg) during tests

extinction. This phenomenon has been documentedfo{ﬂrelnstatement; in these instances, the injection volume was
L . . 1 ml/kg.

occur with behaviors previously controlled by both ap- g

petitive and aversive reinforcing events (Bouton and .

Swartzentruber 1991), but it has not been systematicdigperiment 1: reinstatement and spontaneous recovery

studied in the context of relapse to drug use. Thus, fdicotine seeking

tested V\_/hether r_ats WOU"?' resume eXtingu_iShed OPErAfl time line of experiment 1 is provided in Fig. 1.

responding previously reinforced by nicotine after 21

days during which they were not exposed to the drug en-

vironment. Finally, for comparison purposes, we testéfining and extinction of nicotine self-administration behavior

the_ effect of nl_cotlne on the' rel'nstateme_nt .Of EXt.'[f’Twe nicotine self-administration procedure was similar to the one
guished food-reinforced behavior in both nicotine-naiYged in previous reports (Corrigall and Coen 1989; Corrigall et al.
and nicotine-experienced rats. 1994). Drug self-administration was initiated on an FR-1 schedule
of reinforcement with a 15-s timeout period after each drug infu-
sion. During the timeout period, responses were recorded but did
not lead to drug delivery; the timeout period was signalled by a

Materials and methods light-tone stimulus combination. In the second week the response
requirement was increased to FR-3 and in the third week to FR-5.
Subjects Self-administration sessions (60 min per day; 5 days per week;

Monday to Friday) were carried out in operant chambers equipped
The subjects were male Long-Evans rats (Charles River, Quebveth two levers. Responses on one of the levers (the active lever)
300-350 g). Animals were housed in the animal facility in a reesulted in drug delivery when the schedule requirements were
versed light-dark cycle (lights on between 1900 and 0700 hoursgt, while responses on the other lever (the inactive lever, a mea-
Prior to the start of the experiments, animals had free accessure of nonspecific activity) were recorded but were never rein-
food and water. During the experiments, water was continuoufdyced. No priming injections were given during the training
available and the rats were fed 20 g chow (Purina Rat Chow) pbease. Thirteen of the 16 rats acquired stable nicotine self-admin-
day. Prior to undergoing surgery to implant IV catheters, rats westration behavior. During the extinction phase, presses on the ac-
trained to press a lever for food in different operant boxes than tive lever resulted in saline infusions for eight rats with patent
ones which would ultimately be used for IV self-administratioatheters. These rats were given priming injections of saline just
Procedures were as previously described (Corrigall and Cawior to the start of each of the daily sessions. The IV saline injec-
1989): rats were deprived of food for 24 h and were trained f@ns were given manually through a hand-held syringe. The infu-
several days to press a lever to receive 45 mg food pellets (§idn pumps were disconnected for five rats whose catheters were
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blocked during the last 2 days of the training phase or during esquirement was increased to FR-3 and in week 3, the response re-
tinction. These rats were given daily injections of saline (SC) bguirement was increased to FR-5. Responses on one of the levers
fore the start of the sessions. Extinction sessions continued (fwmtive lever) resulted in food pellets when the schedule require-
5-10 days (one 1-h session/day) until the rats achieved the extiments were met, while responses on the other lever (inactive lever)
tion criterion of <15 responses on the active lever. were recorded but were never reinforced with food. Subsequently,
rats experienced six to eight daily extinction sessions in which le-
ver presses did not result in food reinforcement. Prior to these ses-
Test 1: reinstatement sions, the rats were given saline injections (SC). The extinction
criterion used was 30 responses on the active lever. A higher ex-
After extinction of nicotine-taking behavior, the effects of priming§nction criterion than the one used in the nicotine self-administra-
injections of nicotine (75, 150, 3Q@y/kg, SC; and 30, 6Qg/kg, Tlon study was chosen since the animals responded typically hun-
IV), or saline, on reinstatement of drug seeking were determir@@ds of times during the sessions for food. When the extinction
in separate daily sessions. Rats with patent catheters were tegfiégrion was reached, the rats were tested daily for reinstatement
after injections of both IV and SC priming drug injections, whilef food seeking after priming injections of nicotine (75, 150 and
rats with blocked catheters were tested after SC priming drug 380 Hg/kg, SC) administered prior to the start of the sessions. Af-
jections only. The order of drug doses and the route of administi&l- this dose-response determination, we also measured the effect
tion was counterbalanced. During the tests for reinstatement, leffepon-contingent exposure to food (one Noyes pellet was put in
presses resulted in saline infusions for the eight rats with patét& food cup before the start of the session), and of injections of
catheters. The infusion pumps were disconnected for five rifte D-like agonist, bromocriptine (Seeman and Van Tol 1994).
whose catheters were blocked. Priming injections were given jli§e latter condition was tested in order to gain some insight into
prior to the start of the test sessions. One rat was not testedth@-reasons for the differential effect of nicotine on reinstatement
cause it did not reach the extinction criterion after ten sessioptfood seeking in nicotine-experienced and nicotine-naive rats.
The doses used for nicotine priming administered IV are basedTdiat is, nicotine reinstated food seeking in drug-experienced rats
the observations from previous work with opioid and stimulahtit not in drug-naive rats (see Results section). This observation
drugs which indicate that the most effective doses for reinstaf@ight be related to the ability of nicotine to activate the mesolim-
ment of drug seeking are those that are similar to, or higher theig, DA system, involved in drug-seeking and motivated behavior
the self-administration unit dose (de Wit and Stewart 1981, 198{®ge Discussion section), more effectively in nicotine-treated than
The doses for nicotine priming administered SC are based on pienicotine-naive rats. Therefore, we tested whether activation of
vious work on the sensitization of locomotor activity by nicotinB-like receptors would reinstate food seeking. Bromocriptine
(Corrigall et al. 1994). Also, so as not to confound the effect @fethane sulfonate (RBI, Natick, Mass., USA; 4 and 8 mg/kg, IP;
priming injections of nicotine with spontaneous recovery (see [#se expressed as a salt) was injected 2 h before the tests for rein-
low), rats were always given priming injections of saline on Mostatement of food seeking. Bromocriptine was dissolved in propy-
day, and if they responded on the active lever more than 15 tinlege glycol and a few drops of 70% ethanol.
extinction sessions were continued until the criterion of extinction
was re-established. Finally, in order to determine whether repeated )
testing with nicotine alters extinguished drug seeking, the r&ficotine-experienced rats
were given one more session of 60 min of exposure to the self-ad- ) ) o
ministration boxes, but without priming drug injections; this od=ight rats from experiment 1 were tested in the food-training oper-
curred at the end of the first set of tests for reinstatement. Leg8t chambers after the end of the first set of tests for reinstatement
press scores during this day were similar to those obtained affepicotine seeking. On day 1, the rats responded for food on an
SC or IV saline injections (data not shown). FR-1 schedule of reinforcement (session duration of 60 min). On
days 2 and 3, an FR-5 schedule of reinforcement was used. Subse-
quently rats were given five daily extinction sessions during which
Test 2: reinstatement and spontaneous recovery lever presses did not result in food reinforcement; on each of these
sessions, a saline injection (SC) was administered before the ses-
Rats were not exposed to the self-administration environment §#gn- The subjects were then given priming injections of nicotine
21 days. After thig time, a number of the subjects had non-pateht 150 and 30fig/kg, SC). One rat was not tested because it did
catheters. For this reason, in the second set of testing, the infuffghmeet the extinction criterion of 30 responses.
pumps were disconnected and rats were only tested after SC injec-
tions. Initially the animals were tested for spontaneous recovery.
During this test, rats were administered an injection of saline (SRbsults
and placed in the self-administration boxes for 60 min. Subse-
quently, rats were given up to six more days of extinction sessions . .
until they reached the extinction criterion of <15 responses on ta§periment 1: reinstatement and spontaneous recovery
active lever. Rats were given daily priming injections of salinef nicotine seeking
(SC) during these sessions. The subjects were then given daily

tests for reinstatement after exposure to SC priming injections,qf ‘o _ _
nicotine (150 and 30Qg/kg). The order of the doses was counte!-H the last 3 days of training on the FR-5 schedule of re

balanced. inforcement for nicotine self-administration (3@/kg

per infusion), the rats obtained 12.5+0.9, 12.4+1.2 and

11.0+0.9 infusions in the 60-min sessions (mean+SEM).
Experiment 2: reinstatement of food seeking Unlike the situation for the self-administration of opioid
and stimulant drugs, the rats did not show an “extinction
burst” on day 1 of extinction when saline was substituted
Ten rats were trained to press a lever for 45-mg food pellets; fa¢ nicotine (5.2+0.8 infusions in the 60-min session).
training conditions closely resembled the conditions of nicotirhese values are similar to the data reported in previous

self-administration. The sessions were 60 min in duration and Q&:,; ; .
curred 5 days per week for a 3-week period. Rats were fed 20 g%‘fcl#dles (Corrigall and Coen 1991; Donny et al. 1995).

chow daily, and training started after a 24-h period of food depri-
vation. Lever presses for food reinforcement were initiated on an
FR-1 schedule with a 15-s timeout period. In week 2, the response

Drug-naive rats
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Test 1: reinstatement 507
Figure 2 shows the mean number of responses on the ac- 404 3 Inactive Lever :
tive and inactive levers during the initial set of tests for
reinstatement of nicotine seeking after exposure to non- %=
contingent IV (=8) and SCr{=12) priming injections of 1
nicotine and saline. Nicotine reinstated drug seeking re- £
gardless of the route of administration. For the SC route &
of administration, a repeated-measures ANOVA, con-
ducted on the data for responding on the active lever, re-
vealed a significant effect of nicotine dosé&(d,
33)=12.6,P<0.01]. For the IV route, a repeated-mea-
sures ANOVA, conducted on the response data for the Sal-First  Sal-Last 150 300
active lever, also revealed a significant effect of nicotine (Spontancous Nicotine Dose (ugkg, SC)
dose F(2, 14)=6.7,P<0.01]. Post hoc differences be- Recovery) ’

tWee” th_e '?'COt'”e_ doses and the S_a“_ne priming Conﬁb. 3 Test 2: reinstatement and spontaneous recovery of nicotine
tion are indicated in Fig. 2. The statistical analyses akiking. Mean (+SEM) number of presses on the previously active
revealed significant effects of nicotine dose for respormsel inactive levers in the 60 min after exposure to SC priming in-

scores for the inactive lever [a measure of nonspec'ﬁ@tlons of saline 21 days after last exposure to the self-adminis-

PR — _ tration boxes (Sal-First, test of spontaneous recovery), after SC sa-
activity; F(3, 33)=12.2, P<0.01 and F(2,_ _14)__8'4’ line injections on the day in which the extinction criterion was met
P<0.01 for the SC and the IV route of administration, rgsal-Lasy, and after priming injections of nicotine given on the

spectively]. Therefore, difference scores (presses on dhgs following the day in which the extinction criterion was met
active lever minus presses on the inactive lever) wépgl3). *Different from the baseline saline priming condition
used in additional repeated measure ANOVAs. These &ifi-L-ast)P<0.02

alyses essentially replicated the statistical results ob-

tained for lever presses on the active leve(3] } . . o
33)=12.5,P<0.01 andF(2, 14)=4.4,P<0.02 for the SC day 1 after the 3-week hiatus in exposure to the self-ad

and the IV route of administration, respectively] Fina”ministration chambers, rats whose responding had been
o2 . , respectively]. i reviously extinguished showed spontaneous recovery of
examination of shorter intervals (i.e., 20 min) within th

X : ; ponding on the active lever. Significant differences
1-h session did not reveal different temporal pattemns, 01 0" ,pserved between the lever press scores on the ac-
reinstatement of drug seeking for either route of adm|[ri'{7

istration. or for anv dose. In aeneral. most responses o/e lever after SC priming injections of saline in the first
7 I any aose. 'n g v P 8&F of tests for reinstatement and the lever press scores
curred in the first 40 min of the test sessions.

during the “spontaneous recovery” day(1, 11)=10.7,
P<0.01]. Furthermore, after the rats met the extinction
Test 2: reinstatement and spontaneous recovery criterion of 15 lever presses per hour, SC priming injec-
tions of nicotine retained their ability to reinstate drug
Figure 3 shows the mean number of lever presses ondbeking F(2, 24)=5.7,P<0.01, for a nicotine dose]. Post
active and inactive levers during the second set of tdstg differences between the nicotine doses and the saline
for reinstatement and spontaneous recovenl3).0On priming condition are indicated in Fig. 3. Nicotine did
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# the saline priming condition are indicated in Fig. 4. Nic-
otine did not alter lever presses on the inactive lever
[F(3, 18)=1.1, NS]. Figure 5 shows the mean number of
lever presses on the active and inactive levers after expo-
sure to non-contingent priming injections of saline and
nicotine, non-contingent priming injections of bromo-
criptine, and non-contingent exposure to food in drug-
naive rats 1t=10). Priming injections of nicotine had a
variable, statistically non-significant effect on the rein-
statement of food seeking in nicotine-naive rd§3]
27)=1.1, NS, for the effect of a nicotine dose on lever
press scores of the active lever]. TheliRe agonist,
bromocriptine, in contrast, significantly reinstated food
Nicotine Dose (ug/kg, 8C) seeking. However, large individual differences were ob-
Fig. 4 Reinstatement of food seeking: nicotine experienced ra?se.'rVEd after injections of bromocriptine (the range of
Mean (+SEM) number of presses on the previously active and $¢ores for the 4 and 8 mg/kg doses were 10-239 and
active levers in the 60 min after non-contingent SC saline and ri&=-520 lever presses on the active lever, respectively).
otine injections in nicotine-experienced rats=7). #Different Therefore, the repeated-measures ANOVA, including the
from the saline priming conditio<0.07 baseline saline priming condition and the two doses of
bromocriptine, was conducted on logarithmic transfor-
not alter lever presses on the inactive levef2] mations of the scores. This analysis revealed a main ef-
24)=0.38, NS]. fect of bromocriptine dosd-[2, 18)=3.9,P<0.05]. Post
hoc differences between the bromocriptine doses and the
saline priming condition are indicated in Fig. 5. As ex-
Experiment 2: reinstatement of food seeking pected, non-contingent exposure to a 45-mg food pellet
reinstated food seeking=(1, 9)=14.1,P<0.01 for the
Figure 4 shows the mean number of lever presses onap@parison between the saline priming baseline condi-
active and inactive levers after non-contingent primirin and the food reinstatement condition]. Nicotine, bro-
injections of saline and nicotine in nicotine-experienc&docriptine and non-contingent exposure to food did not
rats 6=7). Priming injections of nicotine reinstated foogignificantly alter lever presses on the inactive lever (see
seeking in these rat&(3, 18)=3.6,,<0.03 for the effect Fig. 5).
of a nicotine dose on lever press scores for the active le-
ver]. Post hoc differences between the nicotine doses and

50 1

404 = Inactive Lever

Active Lever

20

Responses (1 hr)

Sal 75 150 300

Fig. 5 Reinstatement of food #
seeking: nicotine-naive rats.
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tion, P<0.05.#Different from c .
the saline priming condition, 90 Inactive Lever
P=0.0€
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60 =1
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Discussion (Stewart and Vezina 1988) effects of opioid and stimu-
lant drugs.
Two main findings were obtained in experiment 1. First, At this time, however, it is difficult to speculate about
acute re-exposure to nicotine reliably reinstated extitiie neurochemical events involved in spontaneous recov-
guished drug-taking behavior. This effect was indepegry of nicotine seeking. It is possible that environmental
dent of the route of administration and occurred aftewues provoke drug seeking because they activate the neu-
prolonged drug-free and extinction periods. Furthemal substrates that mediate relapse after acute re-exposure
more, the magnitude of the reinstatement effect, parti¢a-the drug (Stewart et al. 1984; Robinson and Berridge
larly with the SC route, was similar to that observed a993). However, other alternatives must be considered.
ter priming injections of opioid and stimulant drugs afAe have found that several pharmacological manipula-
ter prolonged extinction and drug-free periods (Shahdions which block the reinstatement effect of heroin
and Stewart 1995; Erb et al. 1996; Shaham et al. 1998)ming (i.e., the opioid antagonist naltrexone, the D
Also consonant with the observations for opioid arike DA antagonist raclopride, a maintenance dose of
stimulant drugs, the reinstatement effect of nicotine wlaeroin) do not influence stress-induced reinstatement
observed at doses that are similar to, or higher than, (8eaham and Stewart 1996; Shaham et al. 1996). McFar-
self-administration dose. These results are differdahd and Ettenberg (1995), using a runway model of
from those obtained by Chiamulera et al. (1996), whloug seeking, showed that the DA antagonist haloperidol
reported reinstatement of nicotine seeking only at dosdtenuates the ability of acute re-exposure to heroin to
that were much lower than the self-administration doggovoke drug seeking. Haloperidol, however, has no ef-
The reason for this discrepancy is not clear to us. Itféext on drug seeking provoked by exposure to stimuli
also not entirely clear why nicotine reinstated drudat predict the availability of heroin. Finally, Wilson et
seeking more effectively when it was administered vé. (1995), using a conditioned fear procedure, reported
the SC route compared with the IV route. This obserwhat fornix lesions abolish the reinstatement effect of
tion may reflect the fact that higher doses of nicotirseute re-exposure to footshock, but have no effect on
were administered via the SC route. We did not tesggontaneous recovery. Taken together, these observations
higher doses of intravenous nicotine for fear of elicitimgise the possibility that the neurochemical events in-
convulsions. volved in reinstatement and spontaneous recovery to nic-
The second main finding in the present study is thatine seeking are not identical.
the spontaneous recovery of responding, that is, the reAnother finding in this study is that nicotine reinstates
sumption of extinguished responding after the passagdauafd seeking in rats that previously self-administered the
time, occurred in nicotine-experienced rats. Furthermodgyug, but not in nicotine-naive rats. One possible expla-
the effect was similar in magnitude to that of acute re-enation for this discrepancy lies in the similarity of the
posure to the drug. The magnitude of the spontaneousogerant chambers for food and nicotine self-administra-
covery of nicotine seeking is also similar to the spontiden; perhaps the presence of nicotine in the body rein-
neous recovery of cocaine seeking after about 1 mostated drug seeking, rather than food seeking, in a con-
without exposure to the self-administration chambeext similar to the drug environment. Alternatively, it is
(Erb et al. 1996). As noted earlier, spontaneous recovpogsible that nicotine has different effects on brain sys-
has been documented to occur with behaviors previousns involved in reinstatement in drug-naive and in nico-
controlled by reinforcing events (Bouton and Swartzertre-experienced rats. Our data on the effect of bromo-
ruber 1991), but it has not been systematically studiedciiptine on extinguished food seeking suggest that the
the context of relapse to drug use. Spontaneous recownyvation of the DA system contributes to reinstatement
has obvious relevance to the understanding of relapsefiiood seeking, as it does to the reinstatement of drug
tobacco users because many drug users resume drugstagking (Stewart 1984; Stewart and Vezina, 1988; Wise
ing after prolonged abstinence periods. et al. 1990; Self et al. 1996). Several reports suggest that
An important question that cannot be answered frantotine is less effective in activating the mesolimbic DA
the present data is the nature of the neurochemical eveggem in drug-naive rats compared with nicotine-experi-
involved in the reinstatement and spontaneous recovenged rats. For example, it has been shown that nicotine
of nicotine seeking. It is likely that the mesolimbic dopaacreases locomotor activity (a behavior dependent on
mine (DA) system, involved in the acute reinforcing efhe functioning of the mesolimbic DA system (Wise and
fects of nicotine (Corrigall et al. 1992, 1994), as well &ozarth 1987), after chronic, but not after acute, drug in-
the reinstatement effect of opioid and stimulant drugsctions (Clarke and Kumar 1983; Corrigall et al. 1994).
(Stewart 1984; Stewart and Vezina 1988), also mediatlesaddition, Reid et al. (1996) showed that nicotine in-
the reinstatement effect of nicotine. Nicotine, at dosgested SC is more effective in increasing DA utilization
comparable to those used in the present study, increasethe nucleus accumbens in nicotine-experienced rats
dopamine overflow in the nucleus accumbens (Di Chialean in nicotine-naive rats. Thus, to the extent that the
and Imperato 1988; Benwell and Balfour 1992; Nisell etesolimbic DA system is involved in reinstatement of
al. 1994; Pontieri et al. 1996), a terminal region of tltinguished operant responding for non-drug reinforc-
mesolimbic DA system implicated in the reinforcingrs, nicotine may not be an effective stimulus in drug-
(Koob and Bloom 1988; Wise 1996) and the reinstatimgive rats.



402

Finally, there is still a debate about the degree Bworkin SI, Varna SL, Broadbent J, Robinson JH (1993) Compar-

which nicotine addiction is a process similar to cocaine i:inq[ the éemfor_cmgﬁﬁgcésh‘)f ”;gOtige’sg%ﬁ%igg’ methylphenil-
. . . . . ale and cocalne. vie em ResS Z: —
and heroin addiction (Henningfield and Heishman 199%},,i04"jordan MP, Markou A, Koob GF (1996) Intravenous self-

The present study demonstrates that the reinstatement efadministration of nicotine in rats. Behav Pharmacol 7[suppl]:
fect of nicotine is similar to the reinstatement of opioid 35
and stimulant drugs. Our data also demonstrate that,Eﬁ)sS: Shaham Y, Stewart J (1996) Stress reinstates cocaine-seek-

: _ : ing behavior after prolonged extinction and drug-free periods.
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