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       Introduction 
 Nicotine, the primary psychoactive ingredient in tobacco, is a 
widely abused substance ( Rose & Corrigall, 1997 ;  Stolerman & 
Jarvis, 1995 ). However, the high dependence potential of 
nicotine   has been diffi cult to explain on the basis of its relatively 
weak primary reinforcing effects. Whereas animals will self-
administer modest amounts of nicotine when presented alone, 
they robustly self-administer nicotine when it is paired with 
other reinforcers ( Caggiula, Donny, Chaudhri, et al., 2002 ; 
 Caggiula, Donny, White, et al., 2002 ). Furthermore, nicotine 
dramatically increases responding for other reinforcers even 
when nicotine delivery is not contingent on the animal ’ s behavior 
( Donny et al., 2003 ) or when nicotine is concurrently available 
through another operant ( Palmatier et al., 2006 ). These out-
comes have led to the dual reinforcement model, which recog-
nizes two actions of nicotine:  (  a ) it is a primary reinforcer  and 
(  b ) it enhances the reinforcing effects of concurrently available 
stimuli ( Caggiula et al., 2009 ). These effects are consistent with 
data from studies measuring intracranial self-stimulation that 
show nicotine increases sensitivity of the neural pathways medi-
ating reward ( Bauco & Wise, 1994 ;  Huston-Lyons & Kornetsky, 
1992 ;  Kenny & Markou, 2006 ). Although early tests of the 
reinforcement - enhancing effect with humans have been equiv-
ocal ( Barr, Pizzagalli, Culhane, Goff, & Evins, 2008 ;  Perkins, 
Grottenthaler, & Wilson, 2009 ),   the dual reinforcement model 
has  the  potential to explain the apparent paradox between high 
rates of nicotine dependence despite its mild primary reinforcing 
properties. 

 In addition to the effects outlined in the dual reinforcement 
model, continued nicotine use by humans may be motivated by 
a desire to alleviate or prevent withdrawal symptoms ( Kenny & 
Markou, 2001 ;  Koob & Le Moal, 1997 ;  Watkins, Stinus, Koob, 
& Markou, 2000 ). Withdrawal from prolonged nicotine expo-
sure in rodent models is associated with changes in somatic 
(e.g., writhing, ptosis) and  “ affective ”  symptoms (e.g., increased 
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brain stimulation reward thresholds). These clusters of symp-
toms have been dissociated ( Epping-Jordan, Watkins, Koob, & 
Markou, 1998 ) ,  and the latter affective reward decrements are 
hypothesized to play a greater role in the motivation to relapse 
( Koob, Markou, Weiss, & Schulteis, 1993 ;  Markou, Kosten, & 
Koob, 1998 ). 

 This experiment included two aims:  (  a ) to characterize the 
reinforcement - enhancing effects of continuous nicotine  and (  b ) 
to assess potential decrements in reinforced behavior during 
precipitated withdrawal. Meeting these aims was accomplished 
by allowing rats to respond for an unconditioned visual stimulus 
when continuously exposed to nicotine via osmotic minipump 
and during mecamylamine - precipitated withdrawal from 
nicotine. Experiments using constant infusion of nicotine for at 
least  7  days have consistently shown evidence of withdrawal 
following mecamylamine   injection ( O’Dell et al., 2006 ;  Watkins, 
Koob, & Markou, 2000 ;  Watkins, Stinus, Koob, & Markou, 
2000 ;  Wilmouth & Spear, 2006 ).   

 Methods  
 Subjects 
 Male Sprague-Dawley rats (Harlan Farms®) weighing between 
200 and 225 g, upon arrival, were individually housed in wire 
bottom cages in a temperature - controlled environment. Rats 
were exposed to a 12 - h r  reversed light/dark cycle with the dark 
cycle beginning at 7 :00   a.m.  Rats had  ad libitum  access to Purina 
Rat Chow® and water until the start of the study. During the 
study, rats were restricted to 20 g of food per day     ( Donny, 
Caggiula, Knopf ,  & Brown, 1995 ), but still had free access to 
water in the home cage. Experiments 1 and 2 included 27 and 68 
rats, respectively.   

 Apparatus 
 Experimental sessions occurred in  14  operant conditioning 
chambers (BRS/LVE Model RTC-020, MD), which were 
enclosed in sound-attenuated cubicles. One wall of the chamber 
included two horizontally aligned retractable levers that were 
positioned 3 cm above the fl oor. A pellet dispenser was centrally 
positioned between the levers, 2 cm above the fl oor. Three 
125 - V horizontally aligned stimulus lights were located 5 cm above 
each lever, but only the central light (white) was operable. A 28 - V 
houselight was centrally located 1 cm from the ceiling on the 
opposite wall. Extraneous sounds were masked by a fan located 
within the cubicle. Experimental events were controlled and 
recorded by Med-PC® software (Med Associates, St Albans, VT).   

 Procedures  
 Drugs 
 Solutions were delivered via subcutaneous (s.c.) injections or 
28-day osmotic minipumps (Model-2004 Alzet®, Cupertino, 
CA). Nicotine bitartrate (3.16 mg/kg/day ;  dose expressed as free 
base) for the chronic phase was administered via osmotic mini-
pump; to maximize stability in solution ,  pH was not adjusted 
( Matta et al., 2007 ). This dose of nicotine has been reported to 
produce stable nicotine plasma levels of 44 ng/ml for up to 
28 days ( Kenny, Gasparini, & Markou, 2003 ), which are equiva-
lent to those obtained in humans who smoke approximately 
30 cigarettes / day ( Benowitz, 1988 ). For acute injections, nicotine 

was dissolved into 0.9% saline solution, and the pH was adjust-
ed to 7.0    ±    0.2 with NaOH. An acute injection of nicotine 
(0.4 mg/kg) or saline occurred 5 min before or 1 h r  after 
the session in the subjects ’  home cage. Mecamylamine was 
dissolved into 0.9% saline solution with pH adjusted to 7.0    ±    0.2 
with NaOH. Injections of mecamylamine (1.0 mg/kg s.c.) were 
delivered 1 h r  before the session. All s.c. injections were located 
caudal to the minipump, near the hip.   

 Surgery 
 Minipumps containing either nicotine or saline were implanted 
under isofl urane anesthesia. Minipumps were fi lled 24 h r  prior 
to surgery and incubated in a saline bath. An incision was made 
in the skin between the scapulae ,  and the minipump was 
inserted into an s.c. pocket with the fl ow moderator pointed 
away from the incision. An analgesic agent (0.5% bupivacaine) 
was applied topically before the incision and when the site was 
closed with sutures. Isofl urane was terminated after the incision 
site was closed; the next test session began 2  –  3 h r  later.   

 Behavioral Procedure 
 Sessions occurred once daily at roughly the same time during 
the dark cycle and lasted for 1 h r . Response shaping procedures, 
which reinforced responding equally on both the left and  the 
 right levers with 45 mg food pellets, are described in detail else-
where ( Palmatier et al., 2006 ). After shaping behavior on both 
levers, one was randomly assigned to be active and the other 
inactive. Both levers were available during sessions, but the in-
active lever was not associated with any programmed conse-
quence. The chamber was illuminated by a white houselight 
during experimental sessions. Active lever responses were rein-
forced by an unconditioned visual reinforcer (visual stimulus 
[VS]), which     consisted of a 1-s stimulus light onset followed by 
termination of the houselight lasting 1 min     (e.g.,  Caggiula, 
Donny, Chaudhri, et al., 2002 ;  Caggiula, Donny, White, et al., 
2002 ). Responding was maintained under a fi xed ratio (FR)1     for 
the fi rst  fi ve  sessions and then an FR2 for the remainder of the 
experiment. Active lever responses made during the VS were 
recorded but had no programmed consequence.   

 Experiment 1 
 Baseline responding for the VS was measured over 10 weekday 
sessions. s.c.   saline injections occurred prior to sessions 8  –  10 
as a means to habituate the animals to the injection proce-
dure ,  and all rats were given pre-session injections of nicotine 
on sessions 11  –  15 (Monday  –  Friday: acute injection phase). 
Minipumps containing either nicotine ( n    = 14) or saline ( n    =   13) 
were implanted approximately 3 h r  before session 16, which 
followed  2  days (weekend) without nicotine injections (chronic 
nicotine phase). Pre-session mecamylamine or saline injec-
tions occurred on sessions 27  –  30 (mecamylamine antagonism 
phase). Injection order was counterbalanced within groups, 
so that half of the group received two consecutive sessions of 
mecamylamine exposure  and  then two consecutive sessions of 
saline exposure, while the order was reversed for the other half.   

 Experiment 2 
 Experiment 2 was identical in design to Experiment 1 with one 
exception: the acute injection phase (sessions 11  –  15) consisted 
of pre-session nicotine ( N    =   22; nicotine administered 5 min 
prior to session), post-session nicotine ( N    =   22; nicotine admin-
istered 1 h r  after session), or pre-session saline ( N    =   24; saline 
administered 5 min prior to session).    
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 Data Analysis 
 Primary data analyses and discussion were based on active lever 
responding. Outcomes were analyzed using analysis of variance 
(ANOVA) with one or more of the following factors: session, 
chronic nicotine (nicotine vs. saline), mecamylamine antago-
nism (mecamylamine vs. saline), acute injection (pre-session 
nicotine vs. post-session nicotine vs. pre-session saline) ,  and 
phase (baseline, acute injection, chronic nicotine, and/or meca-
mylamine antagonism). Additionally, supplementary ANOVAs 
included a lever (active vs. inactive) factor. Planned compari-
sons were used to further describe some effects within treatment 
phases. Results using active lever data were similar to those 
using VS presentations ,  and,   for the sake of brevity, the latter 
were not reported. All estimates of within - subject effects of 
session were specifi ed using linear contrasts. All alpha levels 
were set to  p    <   .05 ,  and data are presented as mean  ±   SEM .    

 Results  
 Experiment 1: Active Response Data 
 Intermittent pre-session nicotine (sessions 11  –  15: acute injec-
tion phase; all animals received nicotine) signifi cantly increased 
the mean number of active responses above baseline levels ,  
 F  ( 1,   26 )  = 100.9,  p    <   .001    (  Figure 1 ).     

 Continuous nicotine (chronic nicotine phase) signifi cantly 
increased the number of active responses above continuous 
saline ,   F  ( 1,   25 )  =   3.2,  p    <   .01   ( Figure 1 ). This effect decreased 
over time ,  chronic nicotine by session interaction:  F  ( 1,   25 )  =   10.2, 

 p    <   .01 ,  such that differences that were statistically signifi cant 
during the fi rst session (session 16:  p    <   .001) were no longer 
statistically signifi cant by the fi nal session before mecamyla-
mine antagonism (session 26:  nonsignifi cant  ;   Figure 1 ). 

 Mecamylamine antagonism resulted in a signifi cant 
decrease in active responding that was dependent on pump 
solution ,   F  ( 1,   25 )  =   6.5,  p    <   .01 ( Figure 2 ). In animals exposed 
to nicotine - fi lled minipumps, mecamylamine signifi cantly 
reduced responding relative to saline injections ,   F  ( 1, 13 )  =   14.5, 
 p    <   .01 ( Figure 2 ). There were no signifi cant differences between 
animals exposed to nicotine pumps and mecamylamine injec-
tions relative to the drug - naive group.       

 Experiment 1: Analyses Including 
Inactive Responding 
 All above analyses were performed with the addition of a lever 
factor ,  and these outcomes conformed to those reported previ-
ously.   Additionally, an omnibus ANOVA showed that active 
responses (31.4    ±    2.4) were signifi cantly greater than inactive 
responses (12.8    ±    2.4) ,   F  ( 1,   54 )  = 29.7,  p    <   .001. Finally, there 
were no statistically signifi cant outcomes when the analyses 
were restricted to inactive responding.   

 Experiment 2: Active Response Data 
 Pre-session treatment with nicotine led to greater responding 
than post-session nicotine or pre-session saline ,   F  ( 2,   64 )  =   11.8, 
 p    <   .001 ( Figure 3 ). Pairwise tests revealed greater active 
responding in the pre-session nicotine group compared  with 

   

 Figure 1.        Mean active and inactive responding for the visual stimulus during all sessions of chronic nicotine or saline exposure are presented for 
Experiment 1. Mean responding from the fi nal day of baseline and acute nicotine injections are presented above  “ B ”  and  “ N ,  ”  respectively. Circles 
correspond to data from the group chronically exposed to nicotine ( N    =   14) and triangles represent the group chronically exposed to saline 
( N    =   13). Filled symbols pertain to active responses and open symbols inactive response data. Error bars represent   SEM  . An asterisk indicate s  a 
signifi cant within - subject effect of acute nicotine on active responding ( p    <   .001). Crosses indicate a statistically signifi cant effect of nicotine - infused 
pumps for individual sessions ( p    <   .001). Active responding was signifi cantly greater than inactive responding in all phases ( p s   <   .001) ,  and there 
were no signifi cant interactions or main effects when data analysis was restricted to inactive responding    .    
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 both saline pre-session ( p    <   .001) and nicotine post-session 
( p    <   .001).     

 Continuous nicotine, via the minipump, increased responding 
relative to continuous saline   across groups with different acute 

   

 Figure 2.        Mean active responding for the visual stimulus during 
sessions preceded by mecamylamine or saline (counterbalanced) for 
Experiment 1 are presented as a function of minipump solution. Black 
bars correspond to data from animals exposed to pre-session saline ,  and 
the gray bars correspond to pre-session mecamylamine. Error bars 
represent the   SEM  . Although not presented, active responses were 
greater than inactive responses ( p    <   .001) ,  and there were no signifi cant 
interactions or main effects when data analysis was restricted to inactive 
responding.    

   

 Figure 3.        Mean active and inactive responding for the visual stimulus during the acute injection phase of Experiment 2 are presented as a function 
of session. Mean responding from the fi nal day of baseline is presented above  “ B. ”  Circles represent the group injected with nicotine prior to the 
session; triangles ,  data from the group injected with nicotine after the session ;  and squares ,  the group injected with saline before the session. Filled 
symbols represent active response data and open symbols inactive responses. Error bars represent the   SEM  . Asterisks represent a signifi cant pairwise 
differences between pre-session and post-session nicotine ( p    <   .001), and crosses represent signifi cant pairwise differences between pre-session 
nicotine and saline ( p    <   .001). Active responding was signifi cantly greater than inactive responding in all phases ( p s   <   .001) ,  and there were no 
signifi cant interactions or main effects when data analysis was restricted to inactive responding.    

drug injection histories ,   F  ( 1,   61 )  =   8.4,  p    <   .01 ( Figure 4 ); the 
overall ANOVA failed to reveal a signifi cant main effect of acute 
injection or an interaction between acute injection and chronic 
nicotine. Comparisons restricted to the three different acute 
injection groups revealed a significant main effect of chronic 
nicotine in the nicotine pre-session animals ,   F  ( 1,   22 )  =   6.9, 
 p    <   .01, a trend toward signifi cance in the nicotine post-session 
animals ,   F  ( 1,   20 )  =   3.4,  p    <   .07, but failed to reveal either a trend 
or signifi cant differences for rats exposed to pre-session saline. 
In addition to the main effect of chronic nicotine, there was a 
chronic nicotine by linear session interaction ,   F  ( 1,   61 )  =   12.0, 
 p    <   .001, which indicated an overall decrease in the enhancement 
effect over time; however, the three-way interaction (acute injec-
tion by chronic nicotine by session) was not signifi cant. ANOVAs 
restricted to the different acute injection groups revealed a 
chronic nicotine by session interaction only for the pre-session 
nicotine group ,   F  ( 1,   22 )  =   11.0,  p    <   .01. Finally, chronic nicotine 
effects were not signifi cant in any acute injection groups by session 
26 ( Figure 4 ).         

 A comparison within the animals exposed to nicotine 
pumps revealed that mecamylamine signifi cantly reduced active 
responses   relative to saline injections ,   F  ( 1,   61 )  =   11.1,  p    <   .001. 
As in Experiment 1, mecamylamine antagonism signifi cantly 
reduced active responding in animals with nicotine - fi lled pumps 
relative to animals with saline - filled pumps ,   F  ( 1,   61 )  =   37.8, 
 p    <   .001. Furthermore, a comparison between animals with 
nicotine - filled pumps that were exposed to mecamylamine 
and animals naive to both solutions also showed a signifi cant 
difference ,   F  ( 1,   62 )  =   9.5 ,   p    <   .01 ( Figure 5 ). 
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 Planned comparisons restricted to the three different acute 
injection groups were generally consistent with these overall 
fi ndings. Comparisons within nicotine pump groups showed 
that mecamylamine signifi cantly reduced active responding in 
the pre-session nicotine ,   F  ( 1,   44 )  =   20.8,  p    <   .001, post-
session nicotine ,   F  ( 1,   40 )  =   10.8,  p    <   .01, and pre-session saline ,  
 F  ( 1,   40 )  =   9.5,  p    <   .01. Mecamylamine antagonism also signifi -
cantly reduced active responding for animals with nicotine -
 fi lled pumps relative to saline pumps for pre-session nicotine ,   F  ( 1,  
 44 )  =   19.2,  p    <   .001, and pre-session saline group s,   F  ( 1,   40 )  =   13.2, 
 p    <   .01, but not the post-session nicotine group. Finally, rela-
tive to drug-na i ve animals, responding by animals exposed to 
continuous nicotine and mecamylamine were signifi cantly lower 
in pre-session nicotine group ,   F  ( 1,   22 )  =   5.0,  p    <   .05 ,  and 
tended to be lower in pre-session saline ,   F  ( 1, 20 )  =   3.8,  p    =   .06, 
but were not significantly different in post-session nicotine 
group ( Figure 5 ).   

 Experiment 2: Analyses Including 
Inactive Responding 
 Overall, active responses (33.6    ±    1.4) were signifi cantly greater 
than inactive responses (4.8    ±    143) ,   F  ( 1, 132 )  = 194.1,  p    <   .001 

( Figure 3 ). Again, as with Experiment 1, all above analyses were 
performed with the addition of a lever factor and these too con-
formed to the reported outcomes.   Likewise, there were no sta-
tistically signifi cant outcomes when the analyses were restricted 
to inactive responding.    

 Discussion 
 The effectiveness of nicotine in enhancing responding for other 
reinforcers may be a major factor contributing to its abuse 
potential. These studies were designed to further assess the 
effects of nicotine on other reinforcers when nicotine was con-
tinuously administered via osmotic minipumps and when with-
drawal from nicotine was precipitated with mecamylamine. The 
signifi cant differences found between active and inactive 
responding provided evidence that responding on the active 
lever was maintained by reinforcing actions of the visual stimulus, 
which is similar to previous studies ( Caggiula, Donny, Chaudhri, 
et al., 2002 ;  Donny et al., 2003 ;  Palmatier et al., 2006 ). Both 
experiments revealed enhanced responding for the visual stimu-
lus as a consequence of continuously infused nicotine that dis-
sipated with prolonged exposure. Moreover, withdrawal from 

   

 Figure 4.        Mean active and inactive responses for the visual stimulus during the chronic phase of Experiment 2 are presented as a function of 
session. Data are presented separately for each acute injection condition and are labeled accordingly. Circles represent data from groups that 
received nicotine - fi lled minipumps ,  and triangles indicate groups that received saline - fi lled minipumps. Filled symbols indicate active response data 
and open symbols inactive response data.    
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continuous nicotine, precipitated by mecamylamine, reduced 
active responding below control (non-enhanced) levels. This 
decrement in reinforcer effi cacy is consistent with affective 
withdrawal, which may be a potential motivation for relapse. 

 The observed decrement in reinforcer effi cacy following mec-
amylamine - precipitated withdrawal is consistent with previous 
experiments that showed decrements in conditioning to novelty 
reward ( Besheer & Bevins, 2003 ) and brain reward pathways 
( Epping-Jordan et al., 1998 ;  Kenny & Markou, 2005 ;  Skjei & 
Markou, 2003 ) after nicotine withdrawal. These previous fi ndings 
have been interpreted as affective symptoms of nicotine withdraw-
al and potential motivators for relapse, namely ,  through negative 
reinforcement theory. The application of negative reinforcement 
theory to drug dependence posits that abstinence following 
chronic drug exposure is an aversive event, which in turn moti-
vates further drug use ( Kenny & Markou 2001 ;  Koob & Le Moal, 
1997 ;  Koob et al., 1993 ;  Watkins, Stinus, Koob, & Markou, 2000 )    . 
The decrement in reinforcer effi cacy for non-nicotine stimuli is a 
putative aversive event   and affective symptom of withdrawal that 
may motivate subsequent nicotine use. 

 The current investigation focused on affective symptoms, 
a reduction in responding for another reinforcer,   related to 

precipitated withdrawal from nicotine. Evidence suggests that 
precipitated withdrawal, using a variety of compounds, may 
have differential effects on affective symptoms when compared 
 with  spontaneous withdrawal ( Markou & Paterson, 2009 ); 
therefore, a complete characterization of nicotine withdrawal on 
motivation to obtain non-nicotine stimuli will require further 
testing with other compounds (e.g. ,  antagonists) and spontane-
ous withdrawal. Additionally, data ( Donny, Caggiula, Weaver, 
Levin, & Sved, 2011 ;  Harris, Pentel, Burroughs, Staley, & Lesage, 
2011 ) suggest that withdrawal of nicotine may lead to different 
outcomes at earlier, as opposed to later, points in the timeline of 
withdrawal. The current investigation, however, was limited to 
2 days of precipitated withdrawal; therefore, a complete charac-
terization calls for a more temporally extended assessment. 

 In both experiments, continuous nicotine initially resulted 
in reinforcement enhancement, which was similar in magnitude 
to that observed in our previous studies with intermittent nicotine. 
However, the enhancement effect dissipated over days ,  and by 
 2  weeks (i.e., 10 sessions and 4 weekend days) ,  the nicotine -
 exposed group did not significantly differ from saline. This 
attenuation of the reinforcement - enhancing effects of nicotine 
has not previously been observed in experiments involving 
intermittent nicotine exposure ( Caggiula, Donny, Chaudhri, 

   

 Figure 5.        Mean active responses for the visual stimulus during the mecamylamine antagonism phase of Experiment 2 are presented as a function 
of minipump solution. Data are presented separately for each acute injection condition and are labeled accordingly. Black bars represent data 
collected following pre-session saline injections ,  and gray bars correspond to data collected following mecamylamine injections. Mecamylamine and 
saline were presented in counterbalanced order. Error bars represent   SEM  . Although not presented, active responses were signifi cantly greater than 
inactive responses ( p    <   .001) ,  and there were no signifi cant interactions or main effects when data analysis was restricted to inactive responding    .    
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et al., 2002 ;  Donny et al., 2003 ;  Palmatier et al., 2006 ). The 
attenuation observed in the current experiments may be indica-
tive of tolerance to the reinforcement - enhancing effects of 
nicotine or extinction of an association between nicotine and 
the VS established during the injection phase. The latter expla-
nation is similar to one proposed by  Rose, Behm, Westman, and 
Kukovich (2006)  ,  suggesting that transdermal nicotine may 
facilitate extinctions of the conditioned reinforcing properties 
of smoking stimuli. This interpretation is bolstered by the 
observation that chronic nicotine had the most robust effect in 
animals that previously received pre-session acute nicotine 
injections. Future studies should attempt to disentangle possi-
ble extinction processes from an attenuation of the enhance-
ment effect. Likewise, the interpretation of the attenuation 
based on tolerance to the enhancement will require a thorough 
dose  –  response assessment. 

 Experiment 1 included rats that all had a history of intermit-
tent nicotine exposure prior to minipump implantation to 
demonstrate the development of the reinforcement enhance-
ment effect, which until the current experiment had only been 
observed with intermittent dosing regimens (e.g., s.c. and intra-
venous routes of administration). Experiment 2 was designed to 
address the effects of nicotine history while simultaneously 
increasing statistical power regarding effects related to chronic 
nicotine treatment and mecamylamine antagonism.   Although 
results across pre-treatment conditions were qualitatively simi-
lar, the effects of continuous nicotine and mecamylamine were 
more   robust in animals with a history of pre-session nicotine 
when compared  with  those with post-session   nicotine or saline 
history. Future studies should further examine the role of 
nicotine   history as a potential moderator of the effects of 
continuous, chronic nicotine exposure and   subsequent with-
drawal from nicotine. 

 It may be important to note that   rats in the current experi-
ment were continuously exposed to nicotine as a means to 
induce withdrawal, but this state of continuous exposure may 
have limited generality to human tobacco use. That is, unlike 
the current experimental arrangement, patterns of human 
tobacco use are not typically continuous but are instead inter-
mittent throughout the waking hours. Thus, further research 
with methods that may more closely model extended, intermit-
tent human exposure to tobacco (e.g.,  O’Dell et al., 2007 ) may 
also be necessary to generalize the current time-related dissipa-
tion of the reinforcement enhancement to human behavior. 
Additionally, the current dose of nicotine delivered via osmotic 
minipump (3.16 mg/kg/day) reportedly   results in plasma levels 
of 44 ng/ml ( Kenny et al., 2003 ), but other reports have variable 
estimates of plasma levels from similar doses and route of 
administration ( Ghosheh, Dwoskin, Miller, & Crooks, 2001 ; 
 LeSage et al., 2002 ;  Lockman et al., 2005 ;  Nguyen, Rasmussen, & 
Perry, 2004 ). Given this discrepancy in the literature, the current 
model system may not be in complete correspondence with 
plasma levels observed in human research although it is prob-
lematic to equate plasma levels across species such as humans 
and rats. 

 In summary, the current investigation included two experi-
ments that both showed continuous nicotine initially enhanced 
nondrug reinforcement, but this effect dissipated following 
prolonged exposure. Furthermore, mecamylamine - precipitated 

withdrawal from chronic nicotine induced a decrement in 
reinforcement, which establishes the loss in reinforcer effi cacy 
as an affective withdrawal symptom and a potential motivation 
for relapse.   
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