
 

 

Introduction 
 
The intravenous drug self-administration (IVSA) 
paradigm is utilized to study the behavioral as-
pects of rewarding drugs, primarily those with 
abuse potential. In rat models, lever pressing is 
commonly the behavior being reinforced by in-
travenous infusion of a rewarding drug. Extinc-
tion involves the rats being allowed to continue 
the behavior (i.e., pressing the lever) but without 
receiving any reinforcement (i.e., drug infusion). 
Though over time previously reinforced behavior 
will eventually decrease, the initial removal of 
reinforcement often results in a temporary in-
crease in the behavior. This temporary increase 
is termed an “extinction burst” and has been 
commonly observed in rats for various drugs of 
abuse including alcohol [2], amphetamine [3], 
cocaine [4], and heroin [5].  

Extinction bursts observed in animal models of 
drug self-administration could be relevant to the 
early withdrawal-induced drug craving reported 
to be experienced at the initiation of abstinence 
in drug users [6-8]. Though the initial phase of 
abstinence is associated with high relapse 
rates, a phenomenon which is commonly ob-
served for smokers [9, 10], there has been little 
work done using animal models to examine ex-
tinction bursts following nicotine self-
administration.  
 
In the context of rat self-administration, the ex-
tinction burst observed is characterized as a 
significant increase in the previously reinforced 
behavior at the onset of extinction compared to 
previous drug self-administration sessions. 
Apart from the work of Harris and colleagues 
(2007) examining extinction bursts in rats with 
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unlimited access (23-h/day) to nicotine self-
administration, very limited information is avail-
able on the presence of extinction bursts follow-
ing nicotine IVSA [1]. Although not presented 
specifically for the presence or absence of an 
extinction burst, it appears that removing ac-
cess to nicotine in animals trained under limited 
access schedules does not produce an extinc-
tion burst in rats [11-13] or in non-human pri-
mates [14]. Surprisingly, it has been reported 
that mice trained to self-administer nicotine 
displayed this extinction burst [15]. It should be 
noted that the failure to observe an extinction 
burst in rats could possibly be considered a 
piece of evidence suggesting that the increases 
in behaviour seen following nicotine administra-
tion are not indicative of reinforcement.  
 
With regards to the work of Harris and col-
leagues (2007) noted above, their study demon-
strated that rats trained to self-administer nico-
tine with unlimited access (23-h/day) display an 
extinction burst when mean peak 2-h infusion 
rates were examined. Importantly, the definition 
of extinction burst in that study was not limited 
to the 2h period at the start of the first extinc-
tion session but rather any 2-h period during the 
first extinction session in which the infusion rate 
was higher than the mean 2-h infusion rate for 
the baseline self-administration sessions. This 
definition was likely adopted due to the fact that 
not all animals responded immediately at the 
start of the 23-h self-administration sessions 
but rather chose particular periods during the 
session during which to respond. The magni-
tude of the burst was correlated with higher 
infusion rates during the first 2-h of nicotine-self 
administration sessions and resistance to ex-
tinction.  
 
The current study was undertaken utilizing both 
unpublished and previously published data [16, 
17] from our laboratory in order to understand 
whether the findings of Harris and colleagues 
could be observed with the limited access para-
digm (1-h/day) utilized in our own laboratory. 
Thus the response rates of rats during nicotine 
IVSA and subsequent extinction sessions (1-h) 
were analyzed in 5-min blocks during the ses-
sions. We also evaluated the relation between 
nicotine-intake and the occurrence of an extinc-
tion burst. Response rates of rats trained to self
-administer food pellets under the exact same 
operant conditions utilized for nicotine and that 
underwent extinction sessions thereafter were 
examined to allow for comparison to a non-drug 

reinforcer. The differences in the prevalence 
and magnitude of extinction bursts for nicotine 
vs. food could also help draw conclusions re-
garding reinforcing efficacy. 
 
Materials and methods 
 
Subjects  
 
Data analyzed here are from Male Long-Evans 
rats (Charles River, Lachine, PQ, Canada) that 
were part of various nicotine (n=72) or parallel 
food (n=31) self-administration experiments 
both unpublished and published [16, 17].  All 
data was collected in the same laboratory with 
similar operant chambers by three individuals in 
the period of 8 months with all individuals utiliz-
ing the laboratory’s standard operating proce-
dures established for both nicotine and food 
self-administration. Importantly, all animals ana-
lyzed here were not subjected to any drug test-
ing either during nicotine or food self-
administration training, maintenance or during 
extinction. Animals were initially group housed 
in a humidity- and temperature-controlled (21-
22°C) vivarium on a 12-h reversed light/dark 
cycle with access to ad libitum water and food. 
After a week of habituation to the colony room, 
animals were singly housed and diet restricted 
(~20g/day) throughout the experiments with 
food being given in the home cage after daily 
nicotine self-administration, food self-
administration or extinction sessions. All experi-
mental procedures were carried out in compli-
ance with the guidelines of the Canadian Coun-
cil on Animal Care.  
 
Apparatus 
 
All experiments were conducted in standard 
operant conditioning chambers located inside 
sound-attenuating, ventilated cubicles (Med 
Associates, St. Albans, VT). Each chamber was 
equipped with two response levers on a panel 
on one side of the chamber, with a 28-V white 
cue light above each lever, and with a white 
chamber light mounted on the ceiling on the 
opposite side of chamber. There was a recessed 
food receptacle between the two levers in the 
chambers utilized for food self-administration 
and for the initial food training procedure prior 
to self-administration. In the nicotine self-
administration chambers, intravenous nicotine 
infusions were delivered by a syringe pump 
(PHM-100, Med Associates) located outside 
each cubicle.  
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Drugs 
 
(−)Nicotine hydrogen tartrate (Sigma-Aldrich, St. 
Louis, MO, USA) was dissolved in saline, and the 
pH of the solution was adjusted to 7.0 ± 0.2. 
Nicotine solution was freshly prepared and fil-
tered through a 0.22-mm syringe filter (Fisher 
Scientific, Pittsburgh, PA, USA) to minimize risk 
of infection. All nicotine doses are described as 
free base concentrations. Nicotine was adminis-
tered intravenously (i.v.) in a volume of 100 μl/
kg/infusion. 
 
Food self-administration 
 
Sessions resembled exactly those of nicotine 
self-administration sessions as described be-
low, with the exception of each nicotine infusion 
being replaced with a single 45 mg rodent puri-
fied diet pellet (BioServ, Frenchtown, NJ, USA). 
These pellets were delivered by a pellet dis-
penser which dispensed pellets into a recepta-
cle located in between the two levers of the 
chamber. Presentation of a food pellet was also 
followed by a 1-min timeout period and a con-
current cue light being presented above the 
active lever during which responding on either 
lever had no consequence but were recorded 
and active lever responses were included in 
response rate calculations. Prior to extinction, 
all rats were required to have achieved a mini-
mum of 50 pellets/session for the last 3 ses-
sions. 
 
Surgical procedure 
 
Jugular vein catheterization was conducted for 
all animals undergoing nicotine self-
administration procedures as already reported 
[16-23]. Surgery was performed under anesthe-
sia induced by a xylazine/ketamine mixture 
(10/75 mg/kg, intraperitoneal). Incision sites 
were injected with bupivacaine. Animals were 
implanted with catheters in the right jugular 
vein which exited from the animal’s back be-
tween the scapulae. Buprenorphine was admin-
istered for post-operative analgesia (0.01 mg/
kg, subcutaneous), and a single dose of penicil-
lin (30,000 U, intramuscular) was administered 
at surgical completion. Animals were allowed to 
recover for a period of 1-week before drug self-
administration sessions were begun. 
 
Self-administration procedure 
 
All animals were trained for one week to press a 

lever on a fixed ratio 1 (FR1) schedule in which 
each press resulted in the delivery of a 45-mg 
rodent purified diet pellet (BioServ, Frenchtown, 
NJ, USA) followed by a 5-sec timeout period. 
Animals were required to reach the criterion of 
obtaining 100 pellets in under 1-h by the fifth 
session in order to continue onto self-
administration. Once trained, all animals under-
going nicotine self-administration were surgi-
cally prepared with a chronic intravenous cathe-
ter as described above. 
 
Nicotine self-administration sessions were car-
ried out in experimental chambers equipped 
with two levers. Session start was signaled by 
the illumination of a house-light; extinction of 
this light and the presentation of a nicotine-
associated cue light above the active lever (1-
min) indicated the time-out (TO) period during 
which responding on either lever had no conse-
quence but were recorded and active lever re-
sponses were included in response rate calcula-
tions. MED-PC software (Med Associates, St. 
Albans, Vt., USA) along with programming devel-
oped on-site were utilized to control the cham-
bers and record data. In all cases, rapid delivery 
of the self-administered drug (approximately 1-
sec delivery time) was achieved with Med Asso-
ciates Model PHM-104 pumps. Unit doses were 
0.03mg/kg per infusion (0.1ml); volume adjust-
ments were used to accommodate inter-animal 
and between-session differences in body 
weight. Responding on one of the levers (active 
lever) resulted in drug delivery when schedule 
requirements were met, while responding on 
the other lever (inactive lever) was recorded but 
had no programmed consequences. Self-
administration sessions (1-h duration) occurred 
once daily Monday to Friday. An FR1 schedule 
of reinforcement was utilized for the first 5 days 
of self-administration, followed by FR2 for 3 
days, and finally FR5 for 7 days. 
 
Extinction 
 
Once self-administration training was com-
pleted, all animals which had reached the ac-
quisition criteria (minimum of 10 infusions/
session for the last three sessions) were then 
exposed to daily 1-h sessions of extinction train-
ing with the houselight being on continuously. 
Extinction training was similar to self-
administration training with the following excep-
tions: nicotine infusions, food pellets, and cue 
lights were unavailable and accordingly there 
were no time-out periods. Responses on either 



Extinction burst in rats following nicotine/food  

 
 
425                                                                                                              Am J Transl Res 2012;4(4):422-431 

lever had no consequence but were recorded. 
 
Data analysis 
 
Response rates (responses/min) for each ses-
sion or block were calculated by dividing the 
total number of active lever responses during a 
session/block by the total session/block length. 
Response rates include responses made during 
the 1-min timeout periods. Response rates were 
individually calculated for each rat and then 
expressed as group means (±SEM). Data was 
then inputted into statistical software where 
analysis was conducted. One-way repeated 
measures (RM) analysis of variance (ANOVAs) 
were conducted for all data examining response 
rates over multiple sessions for both food and 
nicotine with Bonferroni multiple comparison 
tests used for post hoc analysis. Two-way RM 
ANOVAs were conducted for all data examining 
comparing response rates for two separate 
groups or sessions with Bonferroni multiple 
comparison tests used for post hoc analysis. An 
extinction burst was defined as responding dur-
ing the first 5-min interval of the first extinction 
session being greater than the first 5-min inter-
vals of the last three self-administration ses-
sions. A student’s t-test was conducted to com-
pare number of infusions between bursting and 
non-bursting animals. All statistical analysis was 
performed using SPSS 15.0 for Windows (SPSS 
Inc.). 
 
Results 
 
Average response rates (responses/min) of ani-
mals over the last 3 sessions of nicotine self-
administration followed by 5 extinction sessions 
were first analyzed (Figure 1A). A RM one-way 
ANOVA produced a statistically significant effect 
of session (F7,568 = 52.3, p < 0.0001). Bon-
ferroni’s multiple comparison test was utilized 
for post hoc analysis. No significant differences 
were observed between the three nicotine self-

administration sessions prior to the first extinc-
tion session. All 4 were found to be statistically 
significantly different from extinction sessions 2 
to 5. However, 16.7% of animals did display an 
increased response rate for the first extinction 

Figure 1. A. Response rates (responses/min) for animals trained to self-administer nicotine at a unit dose of 0.03mg/
kg/infusion in 1-h/day sessions over a multiple number of 1-h nicotine-self administration (NSA1-3) and extinction 
(EXT1-5) sessions. *** p<0.001, Bonferroni’s multiple comparison test following significant RM one way-ANOVA, 
where EXT2-5 are significantly different from NSA1-3 and EXT1. B. Response rates (responses/min) for each 5-min 
block for the average of the last three nicotine self-administration sessions prior to extinction (nicotine self-
administration) and the first extinction session. C. Response rates (responses/min) for the first 5-min interval for NSA 
and the EXT sessions. *p<0.05, **p<0.01, ***p<0.001 versus NSA, Bonferroni’s multiple comparison test following 
a significant RM two- and one- way-ANOVA (for B and C, respectively). Response rates expressed as means (±SEM) 
with n = 84 for all figures. 
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session when compared to the average re-
sponse rate for the last three nicotine self-
administration sessions. Response rates during 
self-administration ranged from 0.16-7.73 
(responses/min) with the data being bimodal 
with a large group of animals having response 
rate centered around 1.87 and a smaller group 
centered around 3.93 (responses/min). These 
two peaks correspond to the slightly overlapping 
subgroups (high vs. low intake), described fur-
ther below. All of the 16.7% of animals de-
scribed above to have displayed an increased 
response rate for the first extinction session 
were also in the high intake subgroup (ie. 45% 
of this group). 
 
Response rates for each 5-min block of either 
nicotine self-administration or extinction were 
analyzed (Figure 1B). The last three self-
administration sessions prior to extinction were 
combined and the average response rates are 
reported along with response rates from the 
first extinction session. A RM two-way ANOVA 
revealed a significant effect of session (F1,1704 = 
21.03, p < 0.0001), block (F11,1704 = 30.52, p < 
0.0001) and interaction (F11,1704 = 6.45, p < 
0.0001). Bonferroni’s multiple comparison test 
was utilized for post hoc analysis and revealed 
significant differences between sessions for the 
1st, 10th and 11th blocks. A RM one-way ANOVA 
conducted solely on the nicotine self-
administration data revealed a significant effect 
of block (F11,863 = 8.023, p < 0.0001). Subse-
quently, Bonferroni’s multiple comparison test 
revealed the 5-min block to be significantly dif-
ferent from the 15-min to the 60-min blocks 
and the 10-min block to be significantly differ-
ent from the 20-60min blocks. 
 
Response rates for the first 5-min of various 
sessions were then analyzed (Figure 1C). The 
last three self-administration sessions prior to 
extinction were combined and the average re-
sponse rate is reported. A repeated measures 
one-way ANOVA revealed a significant effect of 
session (F5,431 = 45.91, p < 0.0001) with Bon-
ferroni multiple comparison test revealing that 
the first, third, fourth, and fifth extinction ses-
sion were significantly different (p < 0.001) from 
NSA; however, the second extinction session 
was not. It also revealed that the last three ex-
tinction sessions were not significantly different 
from each other. 
 
Based on the fact that some animals were ob-
served to display an extinction burst in the first 

5-min interval (responding greater than the first 
5-min interval of the average of nicotine self-
administration sessions) while others were not 
(62.5% of animals), we looked into differences 
in nicotine self-administration between these 
two groups. Upon conducting a Student’s t-test 
of the data, it was observed that the average 
(i.e., last three self-administration sessions) 
number of nicotine infusions earned per session 
of animals displaying an extinction burst was 
significantly greater (p < 0.05) than that of their 
non-bursting counterparts (Figure 2A).  
 
The majority (>90%) of bursting animals were 
observed to have an average number of nico-
tine infusions per session of greater than 
12.75, which led us to split all the animals into 
two groups: high intake (infusions > 12.75) and 
low intake (infusions < 12.75). The range was 
observed to be between 6 to 35 infusions in a 
single session. We then re-examined the re-
sponse rate block data from the first extinction 
sessions looking specifically at these two 
groups (Figure 2B). A repeated measures two-
way ANOVA revealed a significant effect of in-
take (F1,840 = 19.92, p < 0.0001), block (F11,840 

= 19.02, p < 0.0001), and interaction (F11,840 = 
11.46, p < 0.0001). Post hoc analysis using 
Bonferroni multiple comparison test revealed a 
significant difference (p < 0.001) in response 
rates between intake groups only for the first 5-
min block of the session. 
 
A repeated measures two-way ANOVA was con-
ducted comparing intake groups for their ses-
sional response rates during initial extinction 
sessions (Figure 2C) which revealed a signifi-
cant effect of intake (F1,207 = 22.22, p < 
0.0001), session (F2,207 = 43.93, p < 0.0001), 
and interaction (F2,207 = 5.369, p = 0.0053). 
Post hoc analysis with Bonferroni multiple com-
parison test revealed significant differences 
between intake groups for the first (p < 0.001) 
and second (p < 0.05) extinction sessions but 
not the third. 
 
A repeated measures two-way ANOVA was con-
ducted on the number of infusions acquired by 
each intake group for the initial nicotine self-
administration acquisition sessions (Figure 2D) 
which revealed a significant effect of intake 
(F1,1035 = 73.33, p < 0.0001) and session 
(F14,1035 = 7.924, p < 0.0001), but no significant 
interaction (F14,1035 = 1.046, p > 0.05). Bon-
ferroni multiple comparison test for post hoc 
analysis revealed only a significant difference (p 
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< 0.05) between intake groups on the final ses-
sion of acquisition (FR5-7).  
 
Average response rates (responses/min) of ani-
mals over multiple sessions of food self-
administration followed by extinction were ana-
lyzed (Figure 3A). A RM one-way ANOVA re-
vealed a significant effect of session (F7,288 = 
20.56, p < 0.0001). Bonferroni’s multiple com-
parison test was utilized for post hoc analysis. 
No significant differences were observed be-
tween the last three food self-administration 
sessions; however, all 3 were found to be sig-
nificantly (p < 0.01) greater from the extinction 
sessions while extinction sessions were not 
found to be significantly different from each 

other. All animals displayed the same general 
pattern of responding during self-administration 
and extinction with the range of responding be-
ing between 11.3-18.6 (responses/min) during 
self-administration and 2.1-7.4 (responses/min) 
during the first extinction session. 
 
Response rates for each 5min block of either 
food self-administration or extinction were ana-
lyzed (Figure 3B). The last three self-
administration sessions prior to extinction were 
combined and the average response rates are 
reported along with response rates from the 
first extinction session. A RM two-way ANOVA 
revealed a significant effect of session (F1,720 = 
77.89, p < 0.0001), block (F11,720 = 7.572, p < 

Figure 2. A. Difference in nicotine infusions per session between the extinction burst group (n = 31) and non-bursting 
(n = 53) extinction group of animals that were both trained to self-administer nicotine (0.03mg/kg/infusion) in 1-h/
day sessions. *p<0.05, Student’s t-test. B. Response rates (responses/min) for each 5-min block from the EXT1 ses-
sion for the high-intake and low-intake (> 12.75 and < 12.75 infusions during nicotine self-administration, respec-
tively). C. Response rates (responses/min) for the high intake and the low intake animals across the EXT1-3 sessions. 
D. Nicotine infusions per session over the nicotine self-administration acquisition sessions with FR-1, -2 and -5 sched-
uling between the high intake and low intake group. *p<0.05, ***p<0.001, Bonferroni’s multiple comparison test 
following a significant RM two way-ANOVA (for B, C and D). All data expressed as means (±SEM). 
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0.0001) and interaction (F11,720 = 5.989, p < 
0.0001). Bonferroni’s multiple comparison test 
was utilized for post hoc analysis and revealed 
significant differences (p < 0.01) between ses-
sions for the 1st block and blocks 20-min to 60-
min. Importantly, all animals were observed to 
display a burst (responding during the first 5-
min interval of the first extinction session 
greater than the first 5-min interval of the last 
three self-administration sessions) in response 
rate during the first block. A RM one-way ANOVA 
conducted solely on the food self-administration 
data revealed no significant (F11,349 = 0.62, p > 
0.05) effect of block. All animals showed the 
same pattern of responding, with responding 
being stable during self-administration and be-
ing very high for the first 5-min interval of the 
first extinction session. 
 
Response rates for the first 5-min of various 
sessions were then analyzed (Figure 3C). The 
last three self-administration sessions prior to 
extinction were combined and the average re-
sponse rate is reported. A RM one-way ANOVA 
revealed a significant effect of session (F5,349 = 
4.62, p = 0.0004) with Bonferroni multiple com-
parison test revealing that response rates for 
the first 5-min of the first and fifth extinction 
session were significantly different (p < 0.01) 
from the averaged food self-administration ses-
sions; however, the second to fourth extinction 
sessions were not.  
 
Discussion 
 
This study has been the first to our knowledge 
to examine extinction bursts of nicotine-
associated lever responding in a limited access 
(1-h sessions) model of nicotine self-
administration. Our analysis confirmed the ob-
servations of prior studies [11-13], demonstrat-
ing the lack of an extinction burst in terms of 
the sessional response rate for the first extinc-
tion session (Figure 1A). Importantly, the ses-
sional response rate for the first extinction ses-

Figure 3. A. Response rates (responses/min) of animals trained to self-administer food pellets (45mg) in 1-h/day 
sessions over a multiple number of 1-h food-self administration (FSA1-3) and extinction (EXT1-5) sessions. 
**p<0.01, *** p<0.001, Bonferroni’s multiple comparison test following significant RM one way-ANOVA, where FSA1
-3 were significantly different from all EXT sessions. B. Response rates (responses/min) for each 5-min block interval 
for the average of the last three food self-administration sessions prior to extinction and the first extinction session. 
C. Response rates (responses/min) for the first 5-min interval of the food self-administration and EXT sessions. 
*p<0.05, **p<0.01, Bonferroni’s multiple comparison test after significant RM two- and one- way-ANOVA (for B and 
C, respectively), where EXT sessions are compared to FSA. All response rates are expressed as means (±SEM) with n 
= 31 for all figures. 
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sion was not significantly different from the 
baseline (average of last three) nicotine-self 
administration sessions. This was not true for 
the food self-administration animals, where the 
sessional response rate for the first extinction 
session was significantly decreased compared 
to the baseline food self-administration ses-
sions (Figure 3A).  
 
This can be explained by examining the intra-
session responding for the first extinction ses-
sion of both the nicotine and food trained ani-
mals (Figure 1B and 3B, respectively). We see 
that though all food trained animals displayed a 
large burst (nearly 100% increase in responding 
compared to first 5-min of baseline self-
administration) in the first 5-min of the extinc-
tion session, their responding quickly dropped 
to very low levels relative to that of baseline self
-administration sessions (Figure 3B). In the case 
of nicotine, though the burst was not nearly as 
large (55% increase in responding compared to 
first 5-min of baseline self-administration), their 
responding for the remainder of the session 
was only slightly lower than that of baseline self-
administration sessions.  
 
The smaller magnitude of the burst is likely be-
cause the majority of animals (62.5%) trained 
under nicotine self-administration did not show 
an extinction burst in the initial 5-min of the first 
extinction session (i.e., an increase in response 
rate compared to the average response rate for 
the first 5-min of the last three nicotine self-
administration sessions). Yet the burst magni-
tude (125% increase in responding compared to 
first 5-min of baseline self-administration) of 
high intake animals (Figure 2B) resulted in a 
burst being observed in the first 5-min of extinc-
tion when all animals were averaged (Figure 
1B). In contrast, all food self-administration ani-
mals analyzed displayed an extinction burst in 
the first 5-min of the first extinction session, 
with a much larger magnitude (Figure 3B). That 
may be explained by the greater magnitude of 
responding and greater number of reinforce-
ments earned during food self-administration 
sessions compared to nicotine self-
administration. 
 
Finally, the extinction burst observed in the first 
5-min of the first extinction session does not 
appear to last longer than that one session 
(Figure 1C). The extinction burst seems to de-
crease over multiple sessions, but this decrease 
appears different from the extinction burst de-

cline observed for food self-administration 
(Figure 3C); however, the extinction burst ob-
served for food is also much greater in magni-
tude compared to that of nicotine.  
 
The observation of greater nicotine intake in 
animals displaying a burst (Figure 2A) presents 
the possibility that there may be two subsets of 
animals self-administering nicotine. The evi-
dence presented here shows small differences 
in acquisition of nicotine self-administration 
between these two groups (Figure 2D) along 
with slight differences in the deterioration of 
drug seeking behavior during extinction (Figure 
2C). Further studies should examine these 
groups for reinstatement behavior as well which 
may be of greater importance. Interestingly, 
though there appears to be a range of different 
levels of intake for other psychostimulant drugs, 
the large majority of animals still appear to dis-
play a large extinction burst [4, 5, 24, 25]. Fu-
ture study should examine whether the parame-
ters of the paradigm utilized in the current study 
could be better manipulated to produce a 
greater magnitude of extinction burst in a 
greater proportion of animals. 
 
Though not directly related to the extinction 
burst, it is interesting to note the difference in 
within-session responding between food and 
nicotine during self-administration sessions 
(Figure 1B and 3B). The food self-administration 
response rates remain fairly constant through-
out the session with no significant differences 
between the blocks. This however is not the 
case for nicotine as there appears to be clearly 
greater responding earlier in the session that 
stabilizes towards the end of the session. This 
phenomenon is compatible with the presence of 
a loading phase, as it has been typically re-
ported for other psychostimulant drugs [4, 5, 
24, 25]. 
 
It should be noted that the current study lacked 
conditions examining response-independent 
reinforcement with either food or nicotine and 
thus a definitive conclusion regarding nicotine 
or food-seeking behavior cannot be stated. Our 
lab has previously demonstrated that light cue 
presentations without nicotine or food are not 
sufficient for producing the level of responding 
that is observed for nicotine or food paired with 
light cue presentations [20]; however, we have 
yet to examine nicotine or food self-
administration without the light cue pairing. 
Thereby, there is a possibility that nicotine alone 
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was only a reinforcer for the majority of the rats. 
This should be verified in future studies. 
 
The present study demonstrates that there can 
be a statistically significant, but transient, ex-
tinction burst in rats trained to self-administer 
nicotine under a 1-h limited-access paradigm. 
This extinction burst was found during the first 5
-min of the first extinction session in 37.5% of 
animals that acquired nicotine self-
administration. There appears to be moderate 
though statistically significant differences be-
tween animals displaying the burst and those 
not in terms of nicotine intake and greater re-
sponse rates during the initial extinction ses-
sions. The extinction burst was also observed in 
animals trained to self-administer food; how-
ever, the pattern, magnitude and prevalence 
were quite different from that of nicotine.  
 
The extinction burst observed in self-
administration models for drugs of abuse is 
thought to be useful for examining the influence 
of early withdrawal-induced drug seeking imme-
diately following abstinence when relapse is 
most likely to occur [9, 10, 26]. However, the 
majority of studies focus primarily on the rein-
statement of drug-seeking as a model of re-
lapse [10].  
 
The data presented here suggests that the ex-
tinction burst, though significant, is only present 
in a minority of animals trained to self-
administer nicotine under the parameters of the 
current study. Future studies should attempt to 
determine whether operant conditioning, phar-
macologic, neuroanatomic or genetic manipula-
tions can result in an increase in the magnitude 
and prevalence of extinction bursts for nicotine 
self-administration Such a model would allow 
for the study of extinction burst behavior which 
has yet to be properly examined for its relevancy 
to the efficacy of pharmacotherapies used in 
smoking cessation. 
 
Address correspondence to: Dr. Bernard Le Foll, 
Translational Addiction Research Laboratory, Centre 
for Addiction and Mental Health (CAMH), 33 Russell 
Street, Toronto, Ontario, Canada. M5S 2S1. Tel: 
416.535.8501, ext. 4772; Fax: 416.595.6922; E-
mail: bernard_lefoll@camh.net 
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