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Abstract The studies presented here were designedKiy words Nicotine - Self-administration - Dose -
further clarify the nature of nicotine self-administratio@ontingency - Yoking - Feeding - Rat - Sprague-De: vley
(SA) based on a limited access model in which rats are

food restricted, receive operant training using food rein-
forcement, and are then tested in daily 1-h drug sessidntroduction

We examined the effects of dose, feeding schedule, and

contingency of drug delivery on acquisition of nicotinéhe reinforcement provided by nicotine is a necessary
SA. Two doses of nicotine bitartrate, 0.03 and 0.@mponent of the processes that drive smoking behavior
mg/kg per infusion (free base), supported the transitiitdSDHHS 1988). This observation has stimulated the
from food-reinforced to drug-reinforced responding, atlevelopment of animal models useful in determining the
though the pattern of behavior differed between thgsgy/chopharmacological parameters and neurobiological
doses. In contrast, 0.01 mg/kg per infusion failed basis of nicotine’s reinforcing effects. These models dif-
maintain nicotine SA. In a second study, animals weer along several important dimensions. For example,
divided into three groups according to feeding scheduhécotine has been found to reinforce operant responding
Rats that were both weight restricted and food deprivieda variety of species, including non-human primates
showed the highest level of SA behavior, although néGoldberg et al. 1981; Wakasa et al. 1995), dogs (Risner
ther food deprivation nor weight restriction was neceand Goldberg 1983), rats (Corrigall and Coen 1989;
sary to establish SA. In the third experiment, rats th@orrigall 1992; Donny et al. 1995, 1996; Smith and Rob-
were switched from food to nicotine as the response-aets 1995; Tessari et al. 1995; Chiamulera et al. 1996;
pendent reinforcer maintained higher response rafwaib et al. 1996, 1997; Valentine et al. 1997) and mice
throughout a 9-day period than animals switched to (®dartellotta et al. 1995). The range of species, including
sponse-independent (i.e., yoked) nicotine which showmamans (Henningfield et al. 1983), that find nicotine re-
minimal responding after day 1. Furthermore, the diffanforcing speaks to the generality of the phenomenon.
ences between self-administering and yoked animalsAnimal models differ in several other ways, including
emerged during the first session, suggesting that nicotimeether an intravenous (IV) or oral route of administra-
may serve as a reinforcer during the first drug expostian is used, whether the schedule of access to the drug is
in naive animals. These results indicate that acquisitioontinuous or limited and intermittent, whether animals
of nicotine SA can be influenced by both dose of nicare maintained on free feeding or restricted feeding
tine and feeding schedule and that, in animals previousthedules, and whether animals receive prior operant
trained on a food-reinforced operant, active lever pressining and/or drug exposure before the first self-admin-
ing is maintained only when nicotine delivery is contiristration (SA) session. Reliable SA of nicotine has been

gent upon responding. reported under all of the above conditions. Each varia-
E.C. Donny - AR. Caggiuld () - C. Rose tion confers unique advantages for asking specific ques-
Department of Psychology, 412 Langley Hall tions about the reinforcing properties of nicotine, but
University of Pittsburgh, Pittsburgh, PA 15260, USA each must be interpreted within the constraints of the pa-
M.M. Mielke - K.S. Jacobs - A.E. Sved rameters chosen. For example, limited, intermittent ac-
Department of Neuroscience, University of Pittsburgh, cess, such as 1-2 h per day, leads to more rapid acquisi-
Pittsburgh, PA 15260, USA tion and higher and more stable rates of drug-maintained
AR. Caggiula behavior (Goldberg et al. 1983; Henningfield and Gold-
University of Pittsburgh Cancer Institute, berg 1983; Carroll et al. 1990) It also minimizes the tox-

Pittsburgh, Pennsylvania, USA icity which can result from an overdose during continu-
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ous access (Fitch and Roberts 1993), and enables thdersand live longer under restricted, rather than unlimited

of experimental designs which require large groups fekding schedules (Abelson 1995; Hart et al. 1995). In

animals or high temporal resolution. On the other harte present study, we determined the effects of restricted

guestions regarding chronic, continuous drug expostwed intake on the acquisition of SA. Since this schedule

or patterns of administration can more readily be adbgth restricts weight gain and presumably leads to a peri-

dressed with a continuous access model. od of hunger prior to each SA session, we compared the
The present paper deals with a model for nicotine S&quisition of nicotine SA of rats receiving unlimited

in rats developed by Corrigall (Corrigall and Coen 198f&j0d with those given 20 g, 2 h prior to, or just after each

Corrigall 1992) and recently employed by other laborateession.

ries (Tessari et al. 1995; Chiamulera et al. 1996), includ-Prior training on a food-reinforced operant, bar press-

ing this one (Donny et al. 1995, 1996). In this model, ratgy, is also used in this model to facilitate the acquisition

are initially trained to bar press on an FR1 schedule fdrnicotine SA. To the extent that nicotine is reinforcing,

food reinforcement. All subsequent experimental sessignshould substitute for food in maintaining bar pressing,

last 1 h/day, during which bar pressing results in nicotibat only if drug administration is contingent on that re-

infusions rather than food. Throughout, animals are magponse. In order to better characterize this relationship,

tained on a feeding schedule of 20 g per day, given immae compared bar pressing of rats that were switched

diately following each SA session. A unique advantagefodm food to nicotine as the response-dependent rein-

prior operant training and the restricted feeding scheddtacer, with response rates of animals switched to re-

two features which have frequently been used in studsgmnse-independent (i.e., yoked) nicotine or saline.

of drug reinforcement, is that high operant rates and drug

infusions are achieved very rapidly, i.e., in the first ses-

sion. This permits an examination of the acute effectsyghterials and methods

response-contingent nicotine in drug-naive animals, be-

fore those effects can change as a result of more extesighiects

ed, chronic exposure. The strategy is based on the as-

sumption that chronic effects of response-contingent ni¢$ale. Sprague-Dawley rats (Zivic Miller), 41-44 days old and
otine, and adaptations such as tolerance or sensitizag“éﬂghmg between 200 and 225 g upon arrival, were individually

: Lo sed in a temperature controlled environment on a 12-h reverse
can be more accurately gauged by first establishing figatdark cycle (lights off from 7:00 a.m. to 7:00 p.m.). Prior to
acute effects. The disadvantage of this procedure is thanjt experimental manipulation, animals were given a minimum of
is unclear when, in the first several sessions, control7ofiays to habituate to the colony room, during which they were
ighed, handled and received unlimited access to both food and

the operant response is transferred from food reinfor ter. All animals were then food deprived for 24 h and trained to

ment to drug reinforcement. The purpose of the presgikr press on the right (active) lever for 45 mg food pellets. Train-
study was to further characterize some of the featuresngf consisted of a single 20-min habituation session, a 25-min
this limited access model. magazine training session, hand shaping (during which animals re-

_ ; ; ; ived approximately 20 pellets as a consequence of responding
DOS(.:" response functions for this mo.del exist only f@ the active lever), and an FR1 session in which a maximum of
the maintenance phase, after rats acquire stable SA URE&hoq reinforcements was given. Responding on the left (inac-
a single dose regimen (Corrigall and Coen 1989; Cottie) lever had no scheduled consequence. Unlimited access to wa-
gall 1992; Donny et al. 1995; Tessari et al. 1995). Under was available throughout all experiments. All animals received
these conditions, a relatively flat, inverted U-shapé& g/day of food after each experimental session unless otherwise

. ' s : ofed. In all experiments, subjects which were trained to lever
fant,'On has been reported, with peak respondl_ng abréss and implanted with catheters were randomly assigned to ex-
nicotine dose between 0.01 and 0.03 mg/kg per infusigdtimental groups.

(free base). The first aim of the present study was to es-
tablish a dose-response relationship during the acqu
tion phase of SA.

It is well known that the schedule of feeding affecigiter acquiring the operant, all animals were anesthetized with
SA of a wide range of drugs, including nicotine; contint&quithesin (3 mi/kg IP) and implanted with a catheter into the

ous access to food suppresses drug SA, whereas schgjugular vein as described by Corrigall and Coen (1989). All

; i ; ; i imals received ampicillin (100 mg/kg SC) treatment which con-
ules that restrict food intake and weight gain faCIIItagé_s‘,ted of a single injection on the day of surgery, twice daily injec-

drug SA (Lang et al. 1977; Carroll and Meisch 19884ns for the 3 subsequent days, and a single injection on the
Carroll et al. 1990). In the present model, rats are feehérning of day 4. Animals were allowed 4-8 days to recover from
daily ration of 20 g, which is equivalent to their daily nusurgery, during which time their catheters were flushed twice a

it i ay for 3 days and then once daily with 0.1 ml sterile, heparinized
tritional requirement (CCAC 1980) after each SA Seg%ine (30 U/ml). Thereafter, catheters were flushed with 0.1 ml

. . . . . S
sion. _Th's restrlct_ed _feedlng SChedme is not a form Qrile, heparinized saline (30 U/ml) prior to and following each
chronic food deprivation. In fact, this schedule results d4Bssjon throughout each study.

modest weight gain, in contrast to the excessive weight
gain produced by free feeding. It is important to note t
unlimited feeding, while commonly used, is not nece

sarily the most hea'lth)_’ or natural diet for laboratory anixperimental sessions began immediately following the recovery
mals. Recent data indicate that laboratory rats are heagtthiod. All sessions lasted for 1 h per day during which time the

ésul rgery

t . .
gperlmental sessions
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subjects were connected to a drug delivery system which allawsng partner’'s responding and not upon their own lever pressing.
virtually unrestricted movement throughout the chamber. For &le third group (Yoked/Sal) was also yoked to individuals in the
SA animals, responding on an active lever was reinforced wB#/Nic group, but received saline infusions instead of nicotine.
nicotine bitartrate (Sigma; all doses are reported as free base Active and inactive lever pressing in the yoked groups were re-
detailed below) delivered in a volume of 0.1 ml/kg in approxeorded, but did not result in any scheduled consequences. Only
mately 1 s (IITC model 100, pneumatic syringe pump or Med Asemplete triads were included in the analysesl6 triads or 48
sociates model PHM100-10 rpm), while responding on an inactinas).
lever had no consequence. Active lever responses, inactive leveAll animals were run for nine consecutive, daily, 1-h experi-
responses and infusions were recorded by an interfaced compuoental sessions. For self-administering animals, responding on the
and software (Med Associates, MED-PC 2.0) throughout each sadive lever was reinforced on an FR1 for all 9 days. All changes
sion. All infusions were paired with a 1-s cue light and followeid the cue light and house light were identical for all three groups
by a 1-min time-out period, during which the chamber light wasd based on the self-administering animal’s active lever respond-
turned off and responding was recorded, but not reinforced. ing. These data are derived from ongoing studies measuring nico-
tine’s neuroendocrine effects. For this purpose, animals were ha-
bituated to the experimental chamber for 1 h on each of 2 consecu-
Effects of nicotine dose on acquisition of self-administration  tive days prior to the first session and for a 10-min period immedi-
ately before the first session. Lever access was prevented during
Twenty-seven rats were allowed to self-administer nicotine at df€se periods. Neuroendocrine data are not reported here.
of three doses, 0.0b£8), 0.03 (=10), or 0.06 mg/kg per infusion
(n=9), for 15 consecutive daily sessions. Schedule requirem et
progressed from an FR1 (days 1-5) to an FR2 (days 6-10) tg%%tlsucal analyses

FRS5 (days 11-15). Group sizes are unequal due to catheter failgg. the first and second studies (i.e., dose and feeding), analyses
were first performed using all animals which completed all 15
days of SA sessions. Analyses were then repeated using only the

Effects of feeding schedule on nicotine self-administration subset of animals which acquired nicotine SA, according to the
following criterion: active lever responding greater than twice the

Forty rats were run for 15 consecutive, daily SA sessions. Priofifactive lever responding, with a minimum of ten active lever re-

the first SA session subjects were randomly divided into threggonses, for the majority of days on an FR5. This criterion was de-

groups. Animals in each group were fed 20 g after their first S#ed by setting a 95% confidence interval around active lever re-
session; group differences in feeding schedules were not instifiiending in animals receiving non-contingent (yoked) nicotine
ed until after the second session. The first group (20 g/Afteind determining a point (ten responses) which was greater than the
n=13) continued on our normal feeding schedule of 20 g given apper limit for each of the last three of ten daily sessions. Requir-
ter each SA session throughout the experiment. This feeding twice the inactive lever response rate assured that responding
schedule results in both restricted weight gain and a deprivatigais specific to the active lever. Only analyses using rats which
state during SA sessions. The second group (20 g/R¥d2) met the acquisition criterion are reported. However, the same pat-
was fed 10 g after their second session, 10 g 2 h prior to thewh of results was found when all animals were included in the
third session and, starting on day 4, fed 20 g/day 2 h prior to ea@lalyses, indicating that the results are not a function of an arbi-
session for the remainder of the experiment. In almost all casega#y acquisition criterion.

h was ample time for the animals to finish their daily allotment. Analyses of active lever responding, inactive lever responding,

The transition from 20 g given after the session to 20 g prioriffusions, and total drug intake consisted of MANOVAs with

the session in the second group was done in this way to avBidup as a between subjects factor and Day as the within subjects

completely depriving this group of food on the second day whit&ctor. Preplanned group comparisons across days and for individ-
still restricting food intake to 20 g in between each session. Thisl days were also performed and reported. For study 2 (i.e., feed-
schedule restricted weight gain, but did not result in a stateimg), only days 3—15 were included in the MANOVAs, since the
food deprivation during the SA session. The third group (Unlimigxperimental manipulation which differentiated groups did not oc-

ed; n=15) had continuous access to food beginning immediatelyr until after day 2. For the third study (i.e., drug contingency) a

following the second SA session, therefore experiencing neith&ANOVA with Day as the within subjects factor and Group as the

weight restriction nor food deprivation. This group consumed agetween subjects factor was run on active and inactive lever re-

proximately 38 g food per day. Groups did not differ until afteponses. Individual groups were then compared by preplanned

the second session, in order to allow the initial transfer from foodntrasts across the 9-day period and on each of the 9 days. A sta-
to nicotine reinforced lever pressing in rats that were still motistical significance level dP<0.05 was used for all analyses.

vated to lever press. These feeding schedules resulted in a mean

(+SEM) weight gain over the 15 SA days of 32.8+3.1 g, 27.31£8.1

g, and 139.0+5.9 g for 20 g/After, 20 g/Prior, and Unlimited, re

spectively. Each group was run on an FR1 for days 1-5, an FResults

for days 6-8, and an FR5 for days 9-15. All groups were rein-

forced for active lever pressing with 0.03 mg/kg per infusion dgffacts of nicotine dose on acquisition
livered in approximately 1 s. e .
of self-administration

Effects of drug contingency on operant behavior Nicotine SA was obtained at the 0.03 and 0.06 mg/kg per
) _ _ infusion doses, but not at 0.01 mg/kg per infusion. Of the
Animals were trained on the food-reinforced operant and placgghht rats in the 0.01 mg/kg per infusion group, only one

on the food restricted schedule (20 g after), according to our st 304 hed th isiti iteri Animal .
dard procedure. Lever trained rats with patent catheters were thes70) féached the acquisition criterion. Animals receiv-

divided into triads with one member in each triad being assigné@ 0.01 mg/kg per infusion as a group showed extinc-
to one of three groups. The first group (SA/Nic) was allowed tipn of responding over the 15-day period, receiving ap-
seladminister nicotine bita“g“(fek(%ﬁ\ﬁ r)”glkg.peé infusion). '”S'ﬁ}roximately five infusions/day for the first 7 days, and
viduals in the second group (Yoked/Nic) received the same nuf- ; . ;

ber of nicotine (0.03 mg/kg per infusion) infusions at identic en ?‘pproa‘?h'”g Z€ro dur_lng the S.econd part of the. ac-
times during each session as compared to their self-administefisiSition period. When animals which met the acquisi-
partner. Their infusions were contingent upon their self-adminien criterion at the two higher doses were compared,
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A160 - [® 003mg:Active, O Inactive analysis. Group was entered as a contrast coded variable
= 00%mg:Actve, O _lnactive : and the interaction between Group and the linear effect
of “Day” was used to determine if group differences in
linear trends occurred. The results revealed a significant
linear trend for both 0.03F[1, 5)=11.97,P<0.05] and
0.06 mg/kg per infusionH(1, 5)=6.23,P=0.05] during

the FR1 portion, only for 0.03 mg/kg per infusion during
the FR2 F=(1, 5)=6.27,P=0.05], and for neither group
during the FR5 portion. A group difference in the linear
trend was seen for the FRE(], 10)=6.80,P<0.05] and

a strong trend for the FRE(1, 10)=4.56,P=0.06] por-

tion of the experiment with the 0.03 mg/kg per infusion
groups showing a greater increase across days. This dif-
ference in intake appeared to be due to a temporary de-
crease in infusions, which occurred each time the sched-
ule changed for rats self-administering 0.03 mg/kg per
| infusion and lasted for two to three sessions. This pattern
was not seen in animals self-administering 0.06 mg/kg
per infusion.

Responses
- = =
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=} =} > =} =} =}
! : :
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1

B ®  .03mg: Infusions,  [Z77] Intake
30 B 06mg: Infusions, [ Intake
*

Effects of feeding schedule on nicotine
self-administration

Infusions
(6%/Bw)oaxeyu] jejor

Nicotine self-administration was observed under all
three feeding schedules, with the most robust active le-
ver responding occurring in the 20 g/After animals
(Fig. 2). Animals from all three feeding schedules ac-
quired nicotine SA according to the criterion outlined
above [nine of 15 Unlimited (60%), eight of 12 20
g/Prior(67%), and nine of 13 20 g/After (69%)]. Self-
Fig. 1A, B Mean active and inactive lever response ratgsapd @dministration of nicotine, as indicated by active lever
mean number of infusions and total drug intaBg for animals response rates and total number of infusions earned,
g%ig%aflguif%? fﬁ?ﬂ%nsﬁ glgénr% t?ke 15erfi?3’fu2?(;ir?fisia:]ig-c%?;ﬂf\%s greater in the 20 g/After group than in either the 20
differen% frgona 0.06 mg/kg per infu%io?PE0.0S).Single sgymbols 3{:]/Pr|0r_ or Unlimited groups, which Sho"‘.’ed few signifi-
represent group differences for a single ddyuble symbolse- cant differences from each other (see Fig. 2). There was
present group differences across days ‘15 a significant effect of Group and Day on both active le-
ver responding [GroupF(2, 23)=6.48,P<0.01; Day:
F(12, 276)=18.71P<0.001] and infusions [Group(2,
greater active lever respondg(, 10)=14.32P<0.005] 23)=5.58, P<0.05; Day: F(12, 276)=3.32,P<0.001],
and infusion F(1, 10)=4.89,P=0.05] rates (i.e. numberwhile the Group by Day interaction was only signifi-
of responses and infusions per hour) were seen at @Bt for active lever responses$(24, 276)=2.23,
mg/kg per infusion, while there was little difference iP<0.001]. The 20 g/After group responded significantly
total intake. There was a significant effect of Day for amore than both the 20 g/Prior and Unlimited group on
tive lever responsed=(14, 140)=14.24P<0.001], infu- the active lever across the 13 days. Day by day compar-
sions F(14, 140)=2.85P<0.005], and total drug intakeisons revealed significantly greater responding in the 20
[F(14, 140)=2.87P<0.005]. No interaction effects wereg/After group as compared to the 20 g/Prior group, on 4
observed. Day by day differences between groups carobé3 days, and as compared to the Unlimited group, on
seen in Fig. 1. 8 of 13 days (Fig. 2). Active lever responding and infu-
There was a tendency for 0.06 mg/kg per infusion ¢tons in the Unlimited group were significantly less
result in greater total intake of nicotine for a couple dian the 20 g/Prior group only on day 11 and days 10
days each time the schedule of reinforcement wasd 11, respectively. The 20 g/After group self-admin-
changed, but this disappeared after the first few days istered significantly more infusions than the Unlimited
der each schedule. To explore this observation furthgmup on days 3-13 as well as across the 13 days, and
the linear changes in infusions received per day owignificantly more than the 20 g/Prior group on 4 of 13
each 5-day period corresponding to a particular schedddsys.
of reinforcement were analyzed for group differences.
Linear changes were determined by using polynomial
contrasts for the linear effect of Day within regression
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Amo[ [ o Uniimited: Actve. 0 :ﬂiﬁﬂzij + Effects of drug contingency on operant behavior
140 . | A 20g/After: Active, & Inactive
Response-dependent nicotine (SA/Nic) maintained active
120 . lever responding throughout the 9-day period, while re-
g 100 " sponse-independent nicotine (Yoked/Nic) and saline
g 80 (Yoked/Sal) failed to support robust lever pressing be-
%« havior after day 1 (Fig. 3). Active lever responding was
significantly greater than inactive lever responding for
40 ! the SA/Nic group throughout the 9-day period. For both
20! : —? ' the Yoked/Nic and Yoked/Sal groups, active lever re-
I S D S, S, W sponding declined over the 9-day period, although it re-
A RM w mained elevated over inactive lever responding on 3 and
FRI FR2 FRS 5 of the last 5 days, respectively, indicating that complete
Day extinction had not yet occurred. The MANOVAS resulted
B30 - in a significant effect of Group on activeF(R,
= 20¢Prior: Infusions | 45)=32.73,P<0.001], but not inactive lever responding.
25 | A HAlterdnfusions -, The effect of Day was only significant for active lever re-

sponding F(8, 360)=5.99P<0.001]. The Group by Day
interaction was significant for active lever responding
[F(16, 360)=1.83,P<0.05], but was not significant for
inactive lever responding. Active lever responses were
significantly greater in the SA/Nic group on every day as
compared to Yoked/Nic and Yoked/S&<Q.05). There
were no significant differences between Yoked/Nic and
Yoked/Sal in either active or inactive lever responding.

20

15t

Infusions

10 |

L. .. N , ‘ Self-administered nicotine produced greater inactive le-
12345 6 7 8 9 101 121 1415 yer responding on the ninth day as compared to
PLLz2Z 2227 ) e FRS Yoked/Nic and Yoked/Sal. There were no other signifi-

Day cant group differences.

Fig. 2A,B Mean active and inactive lever response ratgsafd
mean number of infusion8) for animals which acquired stable SA
during the 15 day period in each of the three groups: 20 g/After,DA@cussion
g/Prior, and Unlimited. +20 g/After significantly different from 20
g/Prior <0.05). * 20 g/After significantly different than Unlimited ; ; 0 0 ; _
(P<0.05).Single symboleepresent group differences for a single day, .the first exF.’e”’.“e”t’ 60% and 67% of animals ac
double symbolsepresent group differences across days 1-15. #Gired stable nicotine SA at 0.03 and 0.06 mg/kg per in-

limited significantly different than 20 g/Prid?<0.05, fusion, respectively, but only one rat (13%) met the crite-
Fig. 3 Mean active and inac- ® SAMNic: Active, O Inactive

tive lever response rates over a = YokediNic: Active, O Inactive

g_day period for SA/NiC, 80 A Yoked/Sal: Active, & Inactive

Yoked/Nic and Yoked/Sal. ar

+SA/Nic significantly different 70 L

from Yoked/Nic £<0.05).
* SA/Nic significantly different
from Yoked/Sal P<0.05
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rion for stable SA at 0.01 mg/kg per infusion. Althougare more sensitive to relative changes in reinforcing
differences between reported studies in the criteria ugedperties, such as a progressive ratio schedule of rein-
for stable SA make direct comparisons difficult, thedercement (Roberts and Richardson 1992). In addition to
percentages for the higher two doses are comparablentwe stable response and infusion rates across days,
those reported by Shoaib et al. (1997) but somewhat |dhere also appeared to be less within group variability for
er than the 82% we had previously reported using a m6ré6 as compared to 0.03 mg/kg per infusion. This sug-
stringent criterion (Donny et al. 1995; 95% when recajests that the higher dose resulted in smaller individual
culated using present criterion). These differences nwdifferences in response and infusions rates and may be
be due to variability in responsiveness to nicotine beseful in reducing the error and increasing statistical
tween shipments of animals from a single supplier (upewer in future SA studies.
published observations). Our failure to find stable SA at 0.01 mg/kg contrasts
While there were no differences between 0.03 amdth other reports of SA at 0.01 mg/kg per infusion
0.06 mg/kg in the percentage of animals that acquirgorrigall and Coen 1989; Tessari et al. 1995) and
SA, dose did affect the level of responding, number @015 mg/kg per infusion (Shoaib et al. 1997). This dif-
infusions earned, and possibly the stability of behavifgrence cannot easily be accounted for by method of ob-
Response and infusion rates were higher for 0.03 thaming SA or rat strain, although differences in animal
0.06 mg/kg per infusion, resulting in similar amounts supplier and the criterion used to define SA cannot be
total drug taken over the 1-h period. These findings arged out.
consistent with previous reports that, within this dose The results of experiment 2 demonstrate the impact of
range and limited access schedule, rats tend to mainfagding schedule on nicotine SA, but also show that in
approximately equal intake of nicotine by adjusting réhis model, SA is not dependent on deprivation and/or
sponse and infusion rates (Corrigall and Coen 198@ight restriction (also see Shoaib et al. 1997). Some
Corrigall 1992; Shoaib et al. 1997). Lower infusion ratesrly reports failed to find convincing evidence of nico-
at higher doses and equal total intake have also beertine SA in free feeding rats. These studies did not show
ported for other drugs such as amphetamine and cocareference for nicotine over saline (Lang et al. 1977), did
(Wise 1987; Carroll and Lac 1997). Our failure to findot demonstrate operant behavior which was specific to
evidence of such compensation in our previous reptité active lever (Hanson et al. 1979; Cox et al. 1984), or
(Donny et al. 1995), in which total intake was higher foeported very low rates of operant behavior (Hanson et
0.06 than 0.03 mg/kg, may have been due to the fact tlaat,1979; Cox et al. 1984). Here, however, rats in all
unlike the present study, in which animals had an extetitkee feeding conditions demonstrated clear evidence of
ed period of time to learn to regulate total intake of nicoicotine self-administration. In addition, this study is the
tine at a single dose, the earlier report included rats thest to distinguish between the effects of weight restric-
were trained on 0.03 mg/kg per infusion and switchedtton and hunger on nicotine self-administration.
0.06 mg/kg per infusion for only 3-5 days. Animals that were fed 20 g prior to their SA session
Animals self-administering 0.03 mg/kg per infusiomand therefore experienced restricted weight gain, but pre-
showed decreases in response and infusion rates eachably were not in an acute state of deprivation during
time the operant schedule was changed and the numberSA session, acquired nicotine SA. Likewise, animals
of responses necessary to earn an infusion was increatbed. were placed on an unlimited feeding schedule in
In contrast, response rates at 0.06 mg/kg per infusionwtich they were neither weight restricted nor in a state
mained extremely stable throughout the experiment. Thisdeprivation, also acquired nicotine SA. While each
is consistent with a recent review of nicotine SA (Roggoup showed evidence of SA, the different feeding con-
and Corrigall 1997) suggesting that lower doses may digons did result in varying levels of drug intake. The
more affected by changes in schedule of reinforcemengreatest intake occurred in animals that were both weight
The observation that infusion rates were lower anestricted and food deprived. However, weight restriction
more stable at 0.06 than at 0.03 mg/kg may also relaténtdhe absence of current food deprivation (20 g/Prior)
the suggestion that the decrease in response rates alsp tended to increase self-administration, relative to the
mally seen with higher doses for most drugs of abuse tedimited rats. These findings confirm earlier reports
curs because each dose is temporarily satiating with lgigang et al. 1977; Singer et al. 1978; Dougherty et al.
er doses producing a more prolonged satiation (Wik@81) in indicating that the reinforcement produced by
1987). An alternative view is that higher doses are lgssotine responds to the availability of other reinforcers,
reinforcing and/or more aversive (Corrigall and Codike food, in a manner similar to that of other drugs of
1989; Rose and Corrigall 1997). The stability of infusicabuse (Carroll et al. 1979, 1990).
rates seen here, and the equal percentage of animals att-is of interest to note that there was little difference
quiring SA at the higher dose, suggest that the decreimsthe percentage of animals which acquired nicotine SA
in response rates may not be due to the aversive propéher at the two highest doses tested or between the
ties of nicotine, but instead to the duration of the reifeeding conditions. This suggests that above a threshold
forcing effect of each unit dose. The relationship bdese (between 0.01 and 0.03 mg/kg per infusion), and
tween dose, level and duration of reinforcement shouwst likely, below an upper dose limit (Corrigall 1992),
be further elaborated in future studies using designs ttie acquisition of nicotine self-administration in drug na-
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ive animals is a stable and robust process. The precdiskvery of drug presented in a manner similar to self-ad-
rate of behavior in animals acquiring nicotine self-adhinistered drug, does not maintain operant responding.
ministration, however, appears to be sensitive to manipuxthermore, nicotine SA is attenuated by administration
lations of dose and feeding schedule, which reliably af central, but not peripheral nicotinic antagonists, as
fect the self-administration behavior of other drugs wfell as by dopaminergic antagonists (Corrigall and Coen
abuse (Carroll et al. 1979, 1990; Wise 1987; Carroll ah€l89, 1991; Shoaib et al. 1997). Finally, nicotine self-ad-
Lac 1997). ministration in rodents has also now been demonstrated
The third experiment was designed to clarify the influsing rapidly accelerating progressive ratio schedules of
ence of prior, food-reinforced operant training on the aeinforcement (Chambers et al. 1997; Donny et al.
quisition of nicotine SA. In the present study, respons897). Taken together, reports from a number of labora-
patterns of rats switched from food to nicotine as the teries provide convincing evidence that nicotine func-
sponse-dependent reinforcer were compared with thoséafs as a reinforcer in rodents.
rats switched to response-independent (i.e., yoked) nicoThe results presented here indicate that nicotine SA,
tine or saline. On day 1, animals in all three groups dige SA of other drugs of abuse, is sensitive to changes in
played high levels of active lever responding. Howevese, feeding schedule, and contingency of drug deliv-
animals receiving response-dependent nicotine wereeat Not surprisingly, parametric differences, which often
ready demonstrating significantly higher active lever rexist between laboratories, can affect the level of operant
sponse rates than both yoked-nicotine and yoked-sabe&avior. Nonetheless, SA of nicotine was seen at multi-
animals. The response rates for the self-administering ate- acquisition doses and different feeding conditions,
mals on the first day were presumably a result of both pnidicating that within this model and the set of parame-
or food-reinforced training and the contingent delivery tdrs tested, nicotine SA is only dependent upon the con-
nicotine while those of yoked animals reflected only pritingent delivery of nicotine within a given range of dos-
food-reinforced training. The differences in response ragéss and not on conditions such as a restricted feeding
between SA/Nic and both yoked groups, therefore, ssghedule (also see Shoaib et al. 1997). Nicotine SA has
gests that nicotine SA may be present as early as the ficst been demonstrated using a variety of methods
session in drug naive rats and that nicotine’s reinforcif@@orrigall and Coen 1989; Tessari et al. 1995; Shoaib et
properties are at least partially evident on first exposale 1997; Valentine et al. 1997). However, whereas each
and do not require more extended, chronic treatmentjrmthod may produce reliable SA, the nature of the be-
prior exposure to nicotine, to emerge. havior being studied may differ depending upon the con-
The drop in response rates in all three groups on dhtjons under which it is tested.
2 may have been due to partial extinction of the food-re-
inforced operant. Self-administered nicotine, howevé?'g:gt\glidng%rpuenfguhsise rr%SSeeag&mW?Znstug/ri&%igfy“gWr?n'élia:Esnzlf
appeared_ to at. Iea.St partially replace fOOd. as the reI!’ncc,[’]goratory animgl care” (NIH No. 8g5-23, revised 1'985) weee fol-
er, since it maintained response rates which were S|gr]ﬁ\|,\-,ed throughout all experiments.
cantly greater than both yoked nicotine and yoked saline
on the second day and throughout the 9-day period. In
contrast, non-contingent delivery of nicotine produced
little effect on response rates and did not slow the pRgferences

gression of extinction. Active lever response rates for | o . _

. son PH (1995) Flaws in risk assessments. Science 270: 215
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