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Abstract

The present study examined if nicotine enhances contextual fear conditioning when the training context is either a background stimulus or :
foreground stimulus. In the background conditioning experiment, mice were trained using two auditory conditioned stimulus (CS; 30s, 85dB
white noise)—footshock unconditioned stimulus (US; 2's, 0.57 mA) pairings and tested 24 h later. In the foreground conditioning experiment, mice
were trained with two presentations of a footshock US (2 s, 0.57 mA) and tested 24 h later. Mice received 0.09 mg/kg nicotine before training anc
testing. For both the foreground and background conditioning experiments, nicotine enhanced contextual conditioning. No enhancement of th
auditory CS-US association was seen. These results demonstrate that nicotine enhances contextual fear conditioning regardless of whether
context is a background stimulus or a foreground stimulus during conditioning.
© 2005 Elsevier Ireland Ltd. All rights reserved.

Keywords: Learning; Hippocampus; Nicotine; Mice; Acetylcholine; Context

Nicotine can enhance many cognitive processes including corconditioning could differ from those that support the consolida-
textual fear conditioning. In previous studies that examined théion of background contextual fear conditionifjl]. Because
effects of acute nicotine administration on fear conditioningprevious studies that examined the effects of nicotine on con-
[4,5,7,9-11,22]mice were trained using auditory CS—footshocktextual fear conditioning have all used a training protocol in
US pairings. Such training results in the formation of two assowhich the context is a background stimu[dsb,7,9-11,22]itis
ciations: an association between the CS and the US (cued feanclear if nicotine enhances the formation of contextual associa-
conditioning), and an association between the context and th#ns or if nicotine enhances background stimulus conditioning.
US (contextual fear conditioning). These studies consistentlyhus, in order to examine if nicotine enhances contextual fear
report that nicotine enhances contextual fear conditioning, andonditioning or if nicotine enhances background conditioning,
nicotine does not enhance cued fear conditioning. the present study compared the effects of nicotine on fear con-
The data from these studies have been interpreted as ewitioning when the context was a foreground stimulus versus
dence for nicotine-associated enhancement of contextual fearhen the context was a background stimulus during training.
conditioning. However, another interpretation is possible. Adf nicotine enhances contextual fear conditioning, then nicotine
discussed by Rescorla and Wagfd], Pavlovian conditioning  should enhance contextual conditioning when the context is a
occurs “against a background of uncontrolled stimuli”, namelyforeground stimulus and when the context is a background stim-
the context. Thus, during fear conditioning when a CS, such aslus. If nicotine only enhances background conditioning, then
an auditory stimulus, is paired with a US, the context becomeno enhancement of contextual conditioning by nicotine should
a background stimulus. If conditioning occurs in the absence dbe seen when the context is a foreground stimulus.
a CS, however, the context can become a foreground stimulus Male, C57BL/6 mice # =8 per group; 8—-12 weeks of age;
[14,15] Research suggests that some of the biochemical pratackson Laboratories) were housed in groups of four. Mice were
cesses involved in consolidation of foreground contextual feamaintained on a 12-h light/12-h dark cycle (lights on 7:00 a.m.)
and allowed ad libitum access to food and water. Training and
testing procedures occurred between 8:00 a.m. and 5:00 p.m. All
* Corresponding author. Tel.: +1 204 7495; fax: +1 204 5539. behavioral procedures were approved by the Temple University
E-mail address: tgould@temple.edu (T.J. Gould). Institutional Animal Care and Use Committee.
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Nicotine hydrogen tartrate salt (Sigma Co., St. Louis, MO, 1007 Nicotine
USA) was dissolved in saline and administered via intraperi- 901  saline
toneal injection. Mice received injections (0.01 ml/g of body 801
weight) of saline or 0.09 mg/kg of nicotine (reported as free-
base), a dose shown previously to enhance contextual fear con-
ditioning in C57BL/6 micg4,7-11] 5 min before training and
testing.

Training and testing occurred in two identical condition-
ing chambers (16.5cm wide21.0cm longx 15.9cm high)
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housed in Igloo ice chests (54 cm lorg0cm highx 27 cm o1 P

deep). All walls of the chambers, which were interfaced with () 0 baseline  immediate context
an IBM computer running MED-PC software to control stimu-

lus administration, were constructed from clear Plexiglas. Dur- 1001

ing training and testing for freezing to the context, the floors 90- :g';l‘:'e”e

of the conditioning chambers were constructed of metal rods 80+
connected to a shock generator and scrambler (MED Asso-
ciates, St. Albans, VT, USA). Ventilation fans that provided air
exchange and background noise (65 dB) were mounted on the
back wall of each ice chest, and a light was mounted at the top
of each ice chest. In addition, speakers for delivering the CS
(85 dB white noise) were mounted on the right wall of each ice 207
chest. 107

Testing for fear to the CS also occurred in the training cham- B) 0 m—— ' '

. precs cs
bers. However, changes were made in order to alter the context;
the metal rod chamber floors were removed and replaced withg. 1. Acute nicotine administration (0.09 mg/kg) enhances freezing to the
a flat piece of Plexiglas, a striped piece of Plexiglas was p|ace60ntext when t_he (_:0ntext i_s a bagkground stimulus du.ring Fraining. There were
. no effects of nicotine administration on baseline freezing, immediate freezing,

along the back yyall of (_aach chamber, a vanilla olfactory CU WaS, . freezing, or freezing to the CH & 0.05).
present. In addition, mice were not tested for fear to the CS in the
chamber in which they were trained in and tested for contextual
fear. sured to verify that freezing to the CS in mice trained with a CS

Mice were trained and tested according to procedures usdde., Experiment 1) was not masked by a startle response to the
by Gould and Wehnefll]. Freezing, the absence of move- CS but instead was related to the CS-US training.
ment except for respiratidi], was assessed during trainingand  Data were analyzed using SPSS version 11.0. Independent
testing using a time sampling procedure. Each mouse’s behagsamples-tests were performed to assess differences between
ior was assessed every 10s for 1s and scored as freezing toeatment groups.
active. The effect of acute nicotine (0.09 mg/kg) administration on

In Experiment 1, mice were placed in the conditioning cham-background contextual fear conditioning was examined. Mice
bers. After the first 120s, during which baseline freezing wasvere trained using two CS—US pairings, and nicotine or saline
assessed, the mice received two paired presentations of a @&s administered before training and testing.
(30s, 85 dB white noise) with a co-terminating US (2s,0.57 mA  Fig. 1 depicts the results of the background contextual fear
footshock). Immediate freezing was observed during the 120sonditioning experiment. Consistent with previous research
intertrial interval (ITI). The training session ended with a 30s[4,5,7,9-11,22]mice treated with nicotine before training and
period that occurred after the final CS—US pairing. In Expertesting demonstrated higher levels of contextual fear condition-
iment 2, mice were trained using two US alone presentationisg than mice treated with saline before training and testing
separated by 120s. As in Experiment 1, baseline freezing wag(14) = 3.893p = 0.002). There was no effect of nicotine admin-
assessed during the first 120 s of the training session, and immistration on cued fear conditioning $ 0.05). In addition, there
diate freezing was assessed during the 120s ITIl. The sessiavere no differences between the treatment groups in baseline
ended with a 30 s period that occurred after the final US preserfreezing, immediate freezing (both assessed during training),
tation. and preCS freezing (assessed during testirrgf.05 for all

Testing occurred 24 h later. Mice were placed in the condicomparisons). These data suggest that differences between the
tioning chambers, and contextual fear conditioning was assessé@atment groups in contextual fear conditioning were not due to
over 5min. One hour later, mice were placed in altered trainbaseline differences in locomotor activity, sensitivity to shock,
ing chambers. Cued fear conditioning was assessed over 6 mior. generalized freezing.
During the first 180 s freezing in the absence of the CS (preCS) In order to examine if nicotine enhances contextual fear con-
was assessed. Freezing in the altered context in the continditioning when the context is the foreground training stimulus,
ous presence of the CS was assessed during the final 180 s. Foice were trained using two US alone presentations. No CS
Experiment 2, freezing to the CS was not expected but was meavas presented during training. As in Experiment 1, nicotine
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100 7w Nicotine in the neural circuitry and the second messenger signaling cas-
90 1 o Saline cades that support contextual fear conditioning produce similar
> 80 1 effects on foreground contextual fear conditioning and back-
£ 70 1 % ground contextual fear conditioning provide additional evidence
O 601 forthese conclusions. For example, mice with altered hippocam-
L 50 pal mossy fiber projectionf3,20] and reduced levels of hip-
;5, 40 pocampal PKC activity6,23] have deficits in contextual fear
g 30 conditioning regardless of whether the context is a foreground
O 201 or a background stimulUy4 6].
10 ﬁ—T—. The present study also replicates research indicating
) 0 P e - : that nicotine dogs npt enhancg cued fear copdit?oning
[4,5,7,9-11,22]1t is unlikely that this null effect of nicotine
100 - on cued fear conditioning is due to a ceiling effect_, since a pre-
g0 | WNicotine vious study from our lab demonstrated that freezing to the CS
go | 0 Saline was not enhanced by nicotine following training (i.e., one shock
2 70 presentation) that produced lower levels of conditionj@h
N 60 | The difference in the effects of nicotine on cued versus contex-
,jl_’ 50 | tual fear conditioning suggests that nicotine may differentially
e alter the neural circuitry underlying contextual fear conditioning
8 40 compared to the neural circuitry underlying cued fear condi-
g zz | tioning. Studies comparing the neural circuitry underlying cued
10| and contextual fear conditioning have indicated that many sim-
o —a——T—— ‘—I—I ilar brain areas are involved in the two types of conditioning;
(B) precs ' cs ' however, the hippocampus is only necessary for contextual fear

conditioning. In support, hippocampal lesions have been shown

Fig. 2. Nicotine (0.09mg/kg) administration before training and testing to disrupt foreground and background contextual fear condition-
enhances contextual fear conditioning when the context is a foreground training

stimulus. There were no effects of nicotine on baseline or immediate freezind.ng [2’12’13{173 )
Freezing to an altered context (preCS) and to a white noise (CS) were also Two studies directly compared foreground and background

examined in order to verify that freezing in mice trained with a CS results fromcontextual fear conditioning in subjects with altered hippocam-
CS-US training and is_notdue to a_startlg response. Free_zi_ng to the altered cqga| function[16,18]. |:>ay|0r et al.[16] found that altered hip-
text (preCS) and freezing to the white noise (CS) were minimal. There were n . .
differencesin preCS and CS freezing between saline-treated and nicotine-treat gcampal function Q|§rupted b‘?t,h foreground and background
mice ( p<0.05). contextual fear conditioning. Philips and Leddas], however,
found that background contextual fear conditioning was dis-
rupted, and foreground contextual conditioning was unaffected
(0.09 mg/kg) or saline was administered before training and tesby altered hippocampal function. It is possible that the findings
ing. from these studies diverge because of methodological differ-
Fig. 2depicts the results of foreground contextual fear condi-ences; subjects that were pre-exposed to the training chambers
tioning experiment. An independent samptésst revealed that for 20 min the day before training demonstrated deficits in back-
mice that received nicotine before training and testing demonground contextual conditioning but not foreground contextual
strated higher levels of freezing to the context than mice treatedonditioning[18], while subjects that were not pre-exposed to
with saline before training and testingi4) =4.137p=0.001).  the training chamberd 6] demonstrated disrupted foreground
There were no differences between groups in freezing to the C&nd background contextual fear condition[a§]. Thus, under
(p>0.05).Infact, levels of freezing to the auditory stimulus werecertain circumstances contextual fear conditioning may not be
very low as expected because the auditory CS was not presentexdtically dependent on the hippocampus. Overall, these data and
during training. This low level of freezing to an unconditioned data indicating that nicotine enhances contextual but not cued
auditory stimulus suggests that the freezing to the CS observedfaar conditioning suggest that the hippocampus is a potential site
Experiment 1 reflects the formation of a CS—US association and/here nicotine may act to enhance contextual fear conditioning.
not a startle response to the CS. No differences existed betwe€urrent studies in our lab are investigating this hypothesis.
groups in baseline, immediate, and preCS freezirrgQ.05 for
all comparisons). Acknowledgements
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