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FUDALA, P. J. AND E. T. IWAMOTO. Further studies on nicotine-induced conditioned place preference in the rat.
PHARMACOL BIOCHEM BEHAYV 25(5) 1041-1049, 1986.—Rats received subcutaneous (SC) injections of either nicotine
(NIC, 0.001 to 2.0 mg/kg) or saline (SAL, 1 ml/kg) immediately prior to conditioning sessions in a conditioned place
preference (CPP) paradigm. NIC was paired for 3 conditioning sessions with one environment of a 3 compartment CPP
apparatus; SAL was paired with another environment. The animals were then tested for place preference by determining
the proportion of time spent in each compartment during a 15 min test session. A dose-response curve was obtained for the
place conditioning effect of nicotine as measured by its ability to alter baseline preferences calculated from control rats.
NIC’s place preference, but not place aversion, effect was linearly correlated with respect to dosage within the range of 0.1
to 0.8 mg/kg. NIC, 0.8 mg/kg, induced a place preference when it was administered immediately prior to conditioning
sessions, but not when administered 20, 60 or 120 min prior to the sessions. Three repeated conditioning and testing cycles,
or the daily administration of NIC for 2 weeks between conditioning and testing cycles had little or no effect on NIC place
conditioning. Lobelire (2, 10 and 20 mg/kg) or cotinine (1 to 50 mg/kg) failed to condition a place preference. NIC, 0.1 0r 1.2
mg/kg SC, administered to rat pups on postnatal days 5 through 8, did not alter subsequent place preference (induced by 0.8
mg/kg of NIC) measured at approximately 40 and 70 days of age. Periodic measurements of spontaneous motor activity,
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forelimb grip strength and negative geotaxis were unaltered by the perinatal exposure to nicotine.
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IN a previous investigation [4], our laboratory reported the
dose-dependent place conditioning effects of nicotine in the
conditioned place preference (CPP) paradigm, and the ability
of mecamylamine to antagonize the nicotine-induced place
preference which suggests a central site of action. The first
purpose of the present experiments was to verify our previ-
ous findings and to elaborate the nature of the nicotine re-
sponse cue.

Maximal brain nicotine levels have been found in the rat
within 20 min of a 400 mcg/kg subcutaneous dose [21]. Simi-
larly, Martin ¢t al. [10] found the highest levels of brain
nicotine 10 min after a 1 mg/kg subcutaneous dose. The sec-
ond purpose of this study was to examine the time course of
the nicotine-induced response in the CPP paradigm by ad-
ministering nicotine at zero, 20, 60 and 120 minutes prior to
conditioning sessions in order to determine the duration of
conditioning of a place preference or place aversion.

Tolerance to the subjective and physiologic effects of
nicotine has been shown in human subjects [8], to the rate
decreasing effect of nicotine on reinforced responding in
mice {6] and rats [3] and to the depressant effect of nicotine on

locomotor activity in rats [1,11]. It is not known whether
tolerance develops to the place conditioning effects of
nicotine as measured by the CPP paradigm. The present ex-
periments addressed this point by assessing the effects of
repeated nicotine conditioning and testing cycles and the ef-
fects of single daily nicotine injections between nicotine
conditioning and testing cycles.

Lobeline is used as a smoking deterrent product [14], and
cotinine is a major metabolic product of nicotine {S]. The
fourth objective of this study was to determine dose-
response relationships for these two compounds in the CPP
paradigm.

Nicotine has been reported to increase adrenergic recep-
tor binding [15] and nicotine binding [24] in the rat brain
following prenatal exposure and to increase central norad-
renaline uptake and endogenous noradrenaline after neonatal
exposure [9]. Deficiencies in brightness discrimination and
reduced spontaneous alternation in guinea pigs [7] and de-
creased horizontal locomotor activity and rearing in rats [16]
have been shown in animals whose mothers were exposed to
nicotine during gestation. However, little is known about
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how perinatal nicotine exposure alters subsequent behav-
ioral responses to nicotine later in life. We examined the
effects of nicotine, 0.1 and 1.2 mg/kg, administered to rat
pups on postnatal days S through 8, on subsequent measures
of nicotine-induced CPP as well as on measures of spontane-
ous motor activity, negative geotaxis (coordination) and
forelimb grip strength (neuromotor function).

METHOD
Animals

Experimentally naive, adult male Sprague-Dawley rats
(Harlan Sprague-Dawley Inc., Indianapolis, IN) were used
in all experiments except the perinatal studies. The animals
were initially quarantined for 10 days before being housed in
groups of two. The rats were then individually housed 24 to
48 hours prior to the beginning of each experiment. Food and
water were freely available in the home cages and the
animals were kept on a 12 hour light/dark cycle. The animals
used in the studies of the effects of perinatal nicotine expo-
sure were derived from litters of Sprague-Dawley rats (Har-
lan Sprague-Dawley Inc.) received on gestational day 16 or
18. Litter sizes were kept to a maximum of 10. The pups
were weaned on days 24 to 26 of age and then single housed
as described above at day 34 or 35 of age.

Apparatus

Three place conditioning boxes, one constructed of
plywood and the other two of Plexiglas, were used in the
experiments. The place preference apparatus has previously
been described in detail [4]. Briefly, it consisted of three
distinctive inter-connected chambers. One chamber was
cubical with black walls and a grid floor. The middle one was
much smaller than the other two, with gray walls and a wood
floor. The third chamber had an equilateral triangular mesh
floor with white walls. Sliding removable doors separated
the middle chamber from the other two. A clear Plexiglas
hinged door covered the top of the apparatus. Additionally, a
dilute acetic acid solution (0.06%) was applied to the mesh
floor to provide another distinguishing feature between the
white and black chambers. Photobeam detectors and trans-
ducers (Coulbourn Instruments, Lehigh Valley, PA) were
used to monitor the position of the animals in the apparatus.
The photobeams lay in a horizontal plane, one beam bisected
the gray chamber and one beam each traversed the white and
the black chambers. A cumulative timer (Coulbourn Instru-
ments) was activated when the infrared beam passing
through the white chamber was initially interrupted. Subse-
quent interrruptions did not modify the timing. Concurrent
interruptions of the white and gray chamber beams, or of the
gray chamber beam alone, suspended the white chamber
timer. Timing was reinitiated when the white chamber beam
was again broken. A cumulative timer for the black chamber
operated in an analogous manner.

The measures of spontaneous motor activity were carried
out in portable plastic cages (27x47x15 cm deep) or in sus-
pended wire cages (30.5x22x20 ¢cm deep). The measures of
negative geotaxis were performed on a Plexiglas sheet
(27x63.5 cm) with a black opaque underside which was an-
gled at +26.3 degrees with respect to horizontal. Forelimb
grip strength measurements were carried out using a metal
T-bar (outer diameter: 1.2 mm, width: 22 mm) connected to
an isometric strain gauge (Model FT 0.03, Grass Instrument
Co., Quincy, MA) mounted horizontally. A U-shaped, Plex-
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iglas alley (23.5x 11x11 c¢cm) was used to restrict the animals’
movements. Recordings of the animals’ performance were
made on a polygraph-recorder (Model 79D, Grass Instru-
ment Co.).

Drugs

Nicotine base was obtained from Eastman Kodak Co.
(Rochester, NY), or Sigma Chemical Co. (St. Louis, MO),
and l-lobeline hydrochloride and l-cotinine were obtained
from Sigma Chemical Co. Cotinine and lobeline solutions
were prepared weekly in sterile normal saline and stored at
—70 degrees Centigrade; the doses were expressed in terms
of the free base. Nicotine dose was expressed in terms of the
free base assuming a density of 1 mg/microliter. All nicotine
solutions were prepared fresh daily with sterile normal
saline. Injection volumes of 1 ml/kg were used except in the
lobeline 10 and 20 mg experiments where the volume was 1.5
ml/kg and the perinatal treatments where the volume was 0.1
ml/10 g. All injections were made SC.

PROCEDURE

The procedures used in place conditioning have been de-
scribed previously [4]. Briefly, on conditioning days, one rat
was injected with saline and placed in the closed (doors in
place) white chamber. Another rat was injected with drug
solution and placed in the closed black chamber. All injec-
tions were given immediately prior to placing the rats in the
apparatus, except as noted in Experiment 2. Animals were
conditioned in pairs and the conditioning time was 20 min-
utes per day. The conditioning chambers and treatments
were reversed on the following day. Therefore, over the six
consecutive conditioning days, a given rat in the experi-
mental drug-treatment group received a total of three drug-
black chamber pairings and three saline-white chamber pair-
ings. In contrast, a rat in the vehicle-control group received
three saline-black chamber pairings and three saline-white
chamber pairings. One-half of the subjects within a given
experimental group began their conditioning in the white
chamber and the other half started in the black chamber. The
daily order of conditioning a typical group of 32 rats was
randomized over a six day period.

On preference testing day (day 7), one animal was placed
into the closed central gray chamber of the place preference
apparatus. The sliding doors were removed and the amount
of time (in sec) spent in the white and black chambers was
automatically recorded (Coulbourn Instruments) over the
900 sec testing period.

Experiment 1: Nicotine-Induced CPP

Vehicle control group. Over a period of nine weeks, a
vehicle control group comprised of four groups of 16 rats was
conditioned with saline (SAL) in both the white and black
chambers and then tested for place preference. The amounts
of time spent in the white and black chambers for each rat
during the 900 sec test sessions were used in the calculation
of a 95% confidence interval (see the Statistical Treatment of
the Data section). The conditioning of this vehicle control
group took place either concurrently or during alternating
weeks with the following treatment groups.

Treatment groups. Over a period of nine weeks, five
groups of 16 rats were conditioned with various doses of
nicotine (NIC) in the black chamber and SAL in the white
chamber and then tested for place preference. The doses of
NIC used were 0.001, 0.025, 0.05 and 1.5 mg/kg (N =16 for all
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TABLE 1

DESCRIPTION OF MOTOR ACTIVITY ASSESSMENTS MEASURED IN
EXPERIMENT 6

Stili: Asleep or still for at least 3 seconds.
Loco: Locomotion with all 4 legs moving and
travelling a distance
equivalent to at least one body length.
Explo: Moving head from left to right to left or vice versa
(one complete cycle).
Rear: Rearing.
Climb: In rearing position but with forelimb(s)
against side of cage.
Sniff: Sniffing.
Scrat: Scratching body with hindlimb for at least 3 seconds.
Groom: Grooming for at least 3 seconds.
Feed: Feeding. (Food was only available for the last 3

sets of measurements).

groups except 0.025 where N=32). The amounts of time
spent in the white and black chambers for each rat during the
900 sec test sessions were used to calculate % place prefer-
ence or aversion (see the Statistical Treatment of the Data
section). In a different experiment, two groups of 16 rats
each were conditioned with either NIC (2.0 mg/kg) or SAL
(controls) in the black chamber and SAL in the white. This
experiment was analyzed separately. The data obtained from
these experiments were analyzed with previous data for
nicotine doses between 0.1 and 1.2 mg/kg [4] in order to
obtain a complete dose-response assessment.

Experiment 2: Onset of the Nicotine Response Cue

Over a one week period, a vehicle-control group of 16 rats
received SAL immediately prior to being conditioned in both
the white and black chambers and was then tested for place
preference. Over the same period, a NIC-treatment group
comprised of 16 rats received NIC, 0.8 mg/kg, or SAL im-
mediately prior to conditioning in the black or white cham-
bers, respectively, and was subsequently tested for place
preference. These animals were used to assess the effects of
NIC administered at t_,. (immediately prior to conditioning).

A series of similar conditioning and testing sessions using
NIC and SAL was completed in which the animals were
injected at t_,,., t_gy OF t_ 50 (20, 60 or 120 min prior to the
beginning of conditioning sessions). All N=32 except t_,
where N=64. After the animals were weighed and injected,
the rats were immediately returned to their home cages until
conditioning. The data for the t_,,, experiment were
analyzed separately since the experiment was performed
subsequently to the others, replicated twice and was per-
formed using a phosphate buffer (0.76% dibasic sodium
phosphate + 0.18% monobasic potassium phosphate; ap-
proximate pH=7.1) instead of sterile normal saline.

Experiment 3: Effects of Single Dailv Nicotine Injections
Between Two Cycles of Nicotine Place Conditioning

Over a seven day period, 16 SAL and 16 NIC, 0.6 mg/kg,
treated rats were conditioned and tested for place prefer-
ence. On the day after preference testing (Day 8), all animals
received single daily NIC injections of 0.6 mg/kg for a total of
14 consecutive days. On DAY 22, SAL and NIC conditioning
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sessions were resumed and the animals tested for place pref-
erence on day 28. In another experiment, 15 SAL and 16
NIC treated rats were conditioned and tested exactly as
above, except that the animals received no injections for the
14 intervening days between conditioning and testing cycles.

Experiment 4: Repeated Nicotine Place Preference
Conditioning and Testing Over Three Consecutive Cycles

Two groups of 16 rats were initially conditioned with
either SAL or NIC, 0.8 mg/kg. After the animals were tested
for place preference, they were maintained in their home
cages for two days. On the third day after preference testing,
another seven day conditioning and testing cycle was per-
formed in a manner identical to the first. Again, after two
days, the conditioning and testing sessions were repeated so
that each rat received a total of three complete conditioning
and testing cycles over a 25 day period.

Experiment 5: Effects of Lobeline and Cotinine in the Place
Conditioning Paradigm

In a manner analogous to the procedure used for NIC
conditioning, groups of rats were conditioned with various
doses of lobeline (LOB) and cotinine (COT) as well as SAL
(controls). Over one seven day period, three groups of 10
rats were conditioned with either SAL or LOB, 2 and 20
mg/kg. Over another seven day period, two groups of 16 rats
were conditioned with either SAL or LOB 10 mg/kg.

Five doses of COT (1, 2, 10, 20 and 50 mg/kg) were tested
for their ability to induce a place preference or place aver-
sion. At the time of drug conditioning, an equal number of
control rats was simultaneously conditioned (N=16 for all
groups except for the controls associated with the 10 mg/kg
dose level where N=14). The conditioning and testing of
each dose level and their corresponding controls was per-
formed on separate weeks.

Experiment 6: Effect of Perinatal Nicotine Exposure on
Subsequent Measures of Spontaneous Motor Activity,
Negative Geotaxis, Forelimb Grip Strength and Nicotine-
Induced Conditioned Place Preference

Newborn litters of Sprague-Dawley rat pups were culled
from females received on gestational day 16 or 18. The pups
and dams were maintained in portable plastic cages
(27x47x% 15 cm) with screened hardwood chip bedding and
food and water available ad lib. A total of 66 pups from eight
litters were obtained (32 were used for the present experi-
ment). The sex of the pups was determined on postnatal day
(PND) 2 or 3 by measuring the urethral/anal distance (PND |
= the day of birth). The litters were divided into equal num-
bers of males and females with a maximum litter size of 10
pups. NIC, 0.1 mg/kg, administered in a volume of 0.1 ml/10
g, or an equivalent volume of SAL was given SC to the pups
once daily on PNDs 5 through 8. An equal number of males
and females received NIC or SAL (8 per sex per treatment).
The pups were weaned on PND 24, 25 or 26 and single
housed in suspended wire cages (30.5x22x20 cm) on PND
34 or 35.

Measures of spontaneous motor activity were performed
on six separate occasions (PND 10, 14, 17, 48 or 49, 52 or 53
and 78 or 79). The first three sets of measurements were
performed with the animals individually placed in the plastic
portable cages with the measurements made after a five
minute acclimation period. The latter three sets of measure-
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ments were done with the rats in their home, suspended wire
cages. Assessments of activity were made by a trained ob-
server blind to the rats’ previous treatments. Behavioral ac-
tivities were measured over a 10 sec period every 5 min for
15 min. Table 1 describes the measurements.

In the assessments of negative geotaxis, which were per-
formed at least one hour after the spontaneous motor activity
measurements, one rat was placed head-down 24 ¢cm from
the top of the angled Plexiglas sheet. The time required for
the rat to reorient 180 degrees was measured to the nearest
1/100 of a sec; the maximum score was 60 sec. Timing was
temporarily suspended while the rat was returned to the
head-down starting position after it had slid off the sheet or
had climbed off the side.

Forelimb grip strength was measured on four occasions
(PND 21, 24, 49 or 50 and 79 or 80). One rat was held with
both hindlimbs against its body and allowed to grasp the
T-bar with both forepaws. The rat was then pulled gently but
firmly backwards until its grip was broken. Grip strength was
measured in grams and the best performance of 5 consecu-
tive trials was used in the analysis of the data.

Place preference conditioning and testing were carried
out on two occasions beginning on PND 39 or 40 and on PND
70 or 71, periods roughly corresponding to late adolescence
and early adulthood. All rats were conditioned with NIC in
the black chamber and SAL in the white chamber. Due to the
limitations of group size and since comparisons were desired
with respect to perinatal treatments, no SAL-white
chamber/SAL-black chamber conditionings were conducted.

The effects of perinatal exposure to NIC, 1.2 mg/kg, on
PNDs 5 through 8 were also examined in an analogous man-
ner to that described above. However, only the effects of
this drug exposure on subsequent NIC-induced place prefer-
ence were assessed in these animals.

STATISTICAL TREATMENT OF THE DATA
Calculation of Percent Place Preference and Aversion

Using the data from the SAL vehicle-control groups in
Experiment 1, a quantity called the residence ratio (RR) was
calculated, where RR equals (W— B)AW + B). For each rat,
W=time in sec spent in the white chamber and B=time in
sec spent in the black chamber. A 95% confidence interval
was obtained for the mean RR for the combined SAL-control
group according to the following formula: mean RR+1.96 %
the standard deviation from the mean=95% CI. Using the
RRs calculated for each rat in the drug-treatment group in
Experiment 1, the animals at each dose level were
categorized as showing place preference, place aversion or
no difference from controls according to the following as-
signments: Place preference, if the observed RR<lower limit
of the CI; place aversion, if the observed RR>upper limit of
the CI; no response, if lower limit of Cl<observed
RR=upper limit of CI. Likewise, the results from our previ-
ous experiment [4] were recalculated to the above specifica-
tions and this data was incorporated with the present data to
give a complete dose-response analysis. The data are plotted
as percent place preference (100 X the fraction of the rats per
group at a given dose exhibiting a place preference) versus
the dose of nicotine. The percent place preference values for
NIC doses between 0.1 and 0.8 mg/kg were analyzed by
linear regression. The regression equation and the coefficient
of determination were obtained using statistical methods [13]
with the aid of the Statistical Analysis System (SAS) at the
University of Kentucky. Pairwise comparisons between con-
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FIG. 1. Percent of rats exhibiting place preference. Each point de-
picts the proportion of groups of 16 rats exhibiting a place preference
on test day after conditioning with nicotine in the place conditioning
paradigm. The percent place preference values (percentage of rats
exhibiting place preference) ranged from 6 to 31%.

trol and treatment groups were performed using the method
of multiple contrasts [22]. The data from those groups of rats
which received NIC, 2.0 mg/kg, or SAL conditioning were
analyzed separately using a two sample -test for unpaired
samples.

Experiment 2

The RRs were calculated for each rat in the t_., t_, and
t_sor NIC-treatment groups and their corresponding con-
trols. A mean RR was obtained for each group and the means
analyzed using a two-way ANOVA for the factors treatment
prior to conditioning (NIC or SAL) and week of condition-
ing. Pairwise comparisons were subsequently used to com-
pare the NIC-treatment groups to their corresponding con-
trols.

Since the conditioning and testing of the t ,,, NIC-
treatment group and its corresponding controls were per-
formed subsequently to the above analysis, the treatment
and control groups were anlayzed separately using a two-
way ANOVA for the factor time and treatment prior to con-
ditioning and the factor place preference box used (the ex-
periment was run as two replications performed in the same
week using two boxes). Pairwise comparisons were then per-
formed to assess differences between groups.

Experiments 3.4 and 5

Individual RRs and group means were calculated for each
rat and group, respectively. The data were initially analyzed
using one-way (Experiment 5) or two-way repeated meas-
ures (Experiment 3 and 4) ANOVA. Subsequently, ¢-tests
using standard errors adjusted for repeated measures [25] or
multiple contrasts [22] were used to compare differences be-
tween selected groups.

Experiment 6

A three-way repecated measures ANOVA was used to
analyze the data from each of the CPP, negative geotaxis and
forelimb grip strength experiments. The dependent variables
were RR, seconds to reorient and grip strength (g) per body
weight (g), respectively. Individual, adjusted r-tests [25]
were then used for pairwise comparisons.

The analysis of the spontaneous motor activity data was
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EFFECT OF TIME OF NICOTINE OR SALINE ADMINISTRATION PRIOR TO CONDITIONING

[0 SALINE-CONDITIONED ¢ 1.6 mi/kg)
NICOTINE-CONDITIONED £0.8 mg/xg)

0.30 t-o t-g0” 1 toiee

_0.10 REPLICATIONS

MEAN RESIDENCE RATIO
o]

-0.20

-0.30+%

FIG. 2. The effects of time of nicotine or saline administration prior
to place preference conditioning sessions. The histograms represent
the mean residence ratios (+S.E.) from groups of rats (N=16) ad-
ministered nicotine 0.8 mg/kg or saline at zero (t_,.), 60 (t_g,.) or 120
(t 5.} minutes prior to conditioning sessions. The t . study was
replicated a total of three times. *Indicates significant difference
from control values, p<0.05.

performed separately for each day and each behavioral
measurement. The data were fit to a log linear model [22]
with the factors sex and perinatal treatment (NIC or SAL).
Subsequent chi-square analyses were performed to assess
any differences between groups.

RESULTS
Nicotine Dose-Response

Nicotine produced a dose-dependent place preference,
but not place aversion, within the dose range tested (0.001-
1.5 mg/kg). In those rats which exhibited place preference,
the conditioned response was a direct function of dose be-
tween 0.1 and 0.8 mg/kg (Fig. 1). The percent place prefer-
ence values ranged from 6 to 319%. No animals at the 0.001,
0.025 or 0.05 mg/kg dose level were categorized as showing a
place preference or aversion. The 1.2 and 1.5 mg/kg dose
levels were not used to estimate the regression due to the
apparent decreasing response at these doses. The regression
equation for the predicted percent response is given by: %
place preference = 0.04 + 0.38 (DOSE). The F test for signif-
icant regression yielded, F(1,3)=47.4, p<0.01.

Only 1 of 16 rats at the 0.6 mg/kg and 2 of 16 rats at the 1.2
mg dose levels were categorized as exhibiting a place aver-
sion. No other dose levels included rats categorized as ex-
hibiting a place aversion. Although a dose-response relation-
ship was obtained within the dose range of 0.1-0.8 mg/kg,
multiple contrasts performed on treatment groups versus
their corresponding controls indicated that only three dose
levels produced a robust place preference: 0.4 mg/kg,
F(1,150)=5.03, p<0.03: 0.6 mg/kg, F(1,150)=9.31, p<0.003;
0.8 mg/kg, F(1,150)=17.55, p<0.0002.

An analysis of both the previous and present data from
the control rats from which the two control intervals were
estimated indicated that both groups were normally distrib-
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EFFECT OF TREATMENT BETWEEN
CONDITIONING CYCLES
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FIG. 3. The effects of single daily nicotine injections between re-
peated conditioning and testing cycles. The squares and circles rep-
resent the mean residence ratios (+S.E.) from groups of rats (N=15
or 16) conditioned with nicotine 0.6 mg/kg or saline, respectively.
over two conditioning and testing cycles. During the 14 intervening
days between cycles, rats received either single daily injections of
nicotine, 0.6 mg/kg, or received no treatment. *Indicates significant
difference from control values, p<0.05.

uted (Kolmogorov-Smirnov D=0.079 and 0.053 for the pre-
vious and present data, respectively; both p>0.15). One rat
injected with 2 mg/kg NIC died during its first NIC-
conditioning exposure. A two sample r-test revealed no sig-
nificant difference between the 2 mg/kg NIC-treatment group
and its corresponding controls, p>0.5, indicating that this
dose of NIC did not induce a place preference nor aversion.

Onset of the Nicotine Response Cue

Only rats administered 0.8 mg/kg NIC immediately prior
to conditioning sessions demonstrated a significant place
preference. The analysis of the groups administered NIC or
SAL at t_,.. t_y and t_,,, revealed no significance for the
factor associated with the treatment prior to conditioning
(NIC or SAL). Significance was found for the factor associ-
ated with the week of conditioning, F(4,150)=2.91, p<0.025
and for the treatment X week interaction, F(4,150)=2.65,
p<0.04. The Least Squares Means analysis was used to
compare the NIC treatment groups to their corresponding
controls in order to interpret the interaction. The only differ-
ence found was at zero min prior to conditioning,
1(150)=2.86, p<0.00S; indicative of NIC-induced place pref-
erence (Fig. 2).

Similarly, rats administered 0.8 mg/kg NIC 20 min prior to
conditioning did not evidence a conditioned place prefer-
ence. The ANOVA showed significance for the factor asso-
ciated with treatment (NIC or SAL) and time of treatment
(t_y ort_yy), F(3,54)=4.59, p<0.01, and for the factor asso-
ciated with the two boxes, F(1.54)=14.7, p<0.0004. The
main effect interaction was not significant. A Least Squares
Means analysis performed on the combined data from both
boxes showed a place preference for NIC t_, versus con-
trols t_,., 1(54)=3.45, p<0.002, but not for NIC t_,,. versus
controls t_,,. p>0.4. Additionally, the t_, controls were
found to be different from the t_,,, controls, 1(54)=2.86,
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REPEATED NICOTINE/SALINE CONDITIONING
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FIG. 4. The effects of three repeated conditioning and testing cycles
on nicotine-induced conditioned place preference. The squares and
circles represent the mean residence ratios (£S.E.) from groups of
rats (N=16) administered nicotine 0.8 mg/kg or saline, respectively,
over three conditioning and testing cycles with two days between
cycles. *Indicates significant difference from control values,
p<0.05. '

p<0.01, suggesting that procedural differences involved in
administering the injections at the different times affected
the rats’ baseline preference.

Effects of Single Daily Nicotine Injections Between Two
Cycles of Nicotine Place Conditioning and Testing

Rats conditioned with NIC showed a significant place
preference when compared to their corresponding controls
regardless of conditioning cycle or treatment between cycles
(Fig. 3). For those rats that received daily NIC injections
between conditioning and testing cycles, there was a signifi-
cant difference between NIC and SAL groups, F(1,30)=
13.87, p<0.0009. There were no differences between the first
and second cycle measurements and there was no treatment
% cycle interaction. Analysis of the simple effects showed
that for both the first and second cycles, NIC-conditioned
groups were significantly different from the controls,
1(60)=2.77, p<<0.01 and 1(60)=2.48, p<0.02, respectively.

For those rats that received no treatment between condi-
tioning and testing cycles, there was also a significant differ-
ence between NIC and SAL groups, F(1,29)=9.93, p<0.005.
There were no differences between the first and second cycle
measurements and there was no treatment X cycle interac-
tion. Analysis of the simple effects showed that for both the
first and second cycles, NIC-conditioned groups were signif-
icantly different from the controls, #(54)=2.71, p<0.01 and
1(54)=2.35, p<0.03, respectively.

Repeated Nicotine Place Preference Conditioning and
Testing Over Three Consecutive Cycles

Tolerance to nicotine’s place conditioning effects did not
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FIG. 5. The effects of lobeline in the conditioned place preference
paradigm. The histograms represent the mean residence ratios
(=S.E.) from groups of rats (N=10 or 16) conditioned with lobeline
(2, 10 or 20 mg/kg) or saline.
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FIG. 6. The effects of cotinine in the conditioned place preference
paradigm. The histograms represent the mean residence ratios
(+S.E.) from groups of rats (N=14 or 16) conditioned with cotinine
(1, 2, 10, 20 or 50 mg/kg) or saline.

develop over three conditioning and testing cycles (Fig. 4).
The F tests for the factor associated with treatment (NIC or
SAL), F(1,30)=11.24, p <0.003, and for the factor associated
with cycle, F(2,60)=8.57, p<0.0006, were significant. How-
ever, the treatment X cycle interaction term was also signifi-
cant, F(2,60)=3.29, p<0.05, indicating that variation from
cycle to cycle was different for the two treatments. Conse-
quently, the simple effects of treatment and cycle were
examined. NIC induced a place preference on cycle I,
t(57)=2.46, p<0.02, and cycle III, 7(57)=4.14, p<0.0002.
There was not, however, a significant place preference ob-
served at the end of cycle II.

Effects of Lobeline and Cotinine in the Place Conditioning
Paradigm

Neither lobeline nor cotinine produced significant place
preferences or aversions. A one-way ANOVA performed on
all of the LOB-conditioned groups and their corresponding
controls showed no significant differences between groups,
p>0.14. Multiple contrasts between each treatment group
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TABLE 2

MEAN RESIDENCE RATIOS ( = S.E.) FOR GROUPS OF RATS (N=8)
THAT RECEIVED NICOTINE (0.1 or 1.2 mg/kg) OR SALINE ON
POSTNATAL DAYS S THROUGH 8 AND WERE THEN CONDITIONED
WITH NICOTINE 0.8 mg/kg IN THE PLACE PREFERENCE PARADIGM
OVER TWO SEPARATE CYCLES BEGINNING ON POSTNATAL DAYS
390R40 AND 70 OR 71

Residence Ratio

Sex Treatment Cycle 1 Cycle 11

F NICO0.1 —0.23 £ 0.05 —0.08 = 0.08
F SAL —0.25 = 0.07 -0.11 = 0.07
M NIC0.1 —0.08 = 0.08 —0.15 £ 0.04
M SAL —0.21 = 0.04 -0.14 = 0.11
F NIC 1.2 —-0.28 + 0.06 -0.18 + 0.05
F SAL —0.18 = 0.05 -0.12 = 0.09
M NIC 1.2 —0.15 = 0.04 —0.14 = 0.07
M SAL -0.22 = 0.06 —0.17 = 0.06

and its corresponding control showed no significant differ-
ences at the 0.05 level of significance (Fig. 5). A one-way
ANOVA performed on all of the COT-conditioned groups
and their corresponding controls showed a significant differ-
ence between groups, F(9,148)=2.24, p <0.03. Multiple con-
trasts were examined to determine whether any treatment
group was significantly different than its corresponding con-
trol group. No differences were found at 0.05 level of signifi-
cance (Fig. 6).

Effects of Perinatal Nicotine Treatment on Subsequent
Measures of Nicotine-Induced Conditioned Place
Preference, Spontaneous Motor Activity, Negative Geotaxis
and Forelimb Grip Strength

Conditioned place preference. Although there were no
SAL-conditioned controls in these place preference experi-
ments, the consistently negative mean group RRs obtained
(Table 2) suggested that a conditioned place preference was
produced (the rats spent greater amounts of time in the
chamber paired with NIC). None of the main effect factors
were significant for the groups associated with the perinatal
administration of 0.1 mg/kg NIC: Perinatal treatment (NIC
or SAL), p>0.8; sex, p>0.6; cycle of conditioning, p>0.1.
Similarly, none of the main effect interactions (treatment X
cycle, sex X cycle, sex x treatment, and treatment X sex X
cycle) were significant. The groups associated with the
perinatal administration of 1.2 mg/kg NIC also showed no
significant differences with respect to main effect factors
(treatment, p>0.4; sex, p>0.6 and cycle, p>0.1) or factor
interactions.

Spontaneous motor activity. There were no differences
between groups with respect to the main effect factors of sex
or perinatal treatment on any of the nine behavioral meas-
urements.

Negative geotaxis. There were few differences noted be-
tween groups with respect to reorientation times. There were
no differences associated with the main effect factors of
perinatal treatment, p>0.7 or sex, p>0.6. There was, how-
ever, a significant effect associated with the factor day of
testing, F(5,140)=14.13, p<0.0002, and the interaction of
treatment X day of testing, F(5,140)=2.87, p<0.02. Pairwise
comparisons performed between groups on each testing day

1047

yielded three significant comparisons: day 52 or 53, NIC-
male versus SAL-male (male rats which received NIC or
SAL perinatally), #(164)=2.183, p<0.04; day 78 or 79,
NIC-male versus SAL-male, r(164)=2.959, p<0.004 and
NIC-female versus SAL-male, 1(164)=2.703, p <0.008.
Forelimb grip strength. Overall, female rats displayed a
greater grip strength to body weight ratio when compared to
the males; the ratio decreased in both groups over time.
There was no significant difference for the main effect factor
associated with perinatal treatment, p>0.6. There was signif-
icance for the main effects of sex, F(1,28)=5.27, p<0.03, and
day of testing, F(3,84)=99.16, p<0.0002. None of the main
effect factor interactions were significant at the 0.05 level.
Pairwise comparisons performed between groups on each
testing day yielded one significant comparison: day 79 or 80,
NIC-male versus NIC-female, 1(110)=2.047, p<0.05.

DISCUSSION

The present data, in agreement with our previous findings
[4], demonstrate that nicotine, at doses between 0.1 and 1.5
mg, induces a dose-dependent place preference as assessed
by the conditioned place preference paradigm. In contrast to
our previous findings, no consistent dose-related place
aversion was noted. This difference may have arisen through
the past use of a too liberal categorization of place prefer-
ence and aversion. In our previous report, we categorized
rats as exhibiting either preference or aversion based on a
confidence interval (CI) derived from the mean of the control
group: 95% CI = mean RR=t X standard error of the mean.
The present data were analyzed using a confidence interval
based on the expected range of all of the animals in the
control group: 95% CI = mean RR+1.96 X standard devia-
tion from the mean. Since the interval used in the present
study encompasses a wider range of values, it would be ex-
pected that fewer animals would be classified into the prefer-
ence and aversion categories and this was found to be the
case. Within the 0.1 to 0.8 mg/kg dose range, we presently
found percent place preference values ranging from 6 to 31%,
as compared to the 44 to 89% values reported previously. In
addition, when the treatment group means were compared to
the corresponding controls, only three dosage levels (0.4, 0.6
and 0.8 mg/kg) yielded results that were indicative of a
nicotine-induced place preference and none suggested a
place aversion. Thus, in the present study, we have stipu-
lated that in order to achieve the preference or aversion
categorization, an animal must have an RR value approx-
imately two standard deviations from the control mean. We
feel that this basis for categorization is sufficiently conser-
vative,

The time spent in the gray chamber (which was novel to
all rats on test day) was not significantly altered by condi-
tioning the rats with nicotine [4] and this was verified in the
present study (data not shown). The time spent in the gray
chamber was unaffected by the animals’ preference for
either the white or black chambers. In addition, we found
that the distribution of RRs obtained from the control
animals did not deviate from normality. This is an important
finding since a substantially non-normal distribution of con-
trol RRs may have confounded some of the statistical
methods used.

Nicotine, 0.8 mg/kg SC, conditioned a place preference
when administered immediately prior to conditioning ses-
sions, but not when administered at 20, 60 or 120 minutes
prior to conditioning. We conclude that the nicotine re-
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sponse cue occurs within a time period when brain nicotine
levels are rising toward a maximum, even though substantial
plasma nicotine levels may be sustained for 30 to 60 minutes
{10, 20, 21]. Although nicotine levels were not measured
in our animals, our data suggest that there must be a close
temporal pairing between the unconditioned stimulus (the
injection of nicotine) and the conditioned stimulus (the en-
vironmental context).

Our data also indicate that tolerance did not develop to
the place conditioning effects of nicotine when nicotine was
administered in single daily doses for 14 days between two
conditioning and testing cycles or when nicotine condition-
ing and subsequent testing was carried out over three con-
secutive cycles. When nicotine was administered between
cycles, the magnitudes of the nicotine-induced place prefer-
ences in each of the cycles were almost equal (when com-
pared to controls), as they were when no treatment was ad-
ministered between cycles. When the effects of three con-
secutive conditioning and testing cycles were evaluated,
nicotine induced a significant place preference on cycles I
and III but not on cycle II; the effect at cycle II approaching
significance. The data indicate a trend for a consistent place
preference across cycles with a possible decrease, then in-
crease, in preference magnitude across cycles. In other ex-
periments [12], it was found that various doses of morphine
and naloxone that produced a maximal place conditioning
effect after four drug/environmental context pairings showed
an onset of effect only after three pairings. However, when
ethanol was used as the unconditioned stimulus, it was found
that the magnitude of the conditioned place preference
produced did not increase over three conditioning and test-
ing cycles [17]. The continued conditioning and testing of
nicotine-conditioned rats over more than three cycles may
elucidate more precisely the nature of the conditioned re-
sponse over time. These experiments have import upon
human smoking, a behavior known to span decades.

Neither lobeline (2, 10 or 20 mg/kg) nor cotinine (1 to 50
mg/kg) produced a conditioned place preference or aversion.
It was previously reported that lobeline did not generalize to
the nicotine discriminative cue in rats [23]. Cotinine has also
been reported not to generalize to the nicotine discriminative
cue in the rat [19] although variable effects on schedule-
controlled responding have been reported in the monkey and
dog [18]. Our results indicate that both agents are inactive as
unconditioned stimuli in the CPP paradigm.

The perinatal administration of nicotine, 0.1 and 1.2
mg/kg, had no measurable effect on subsequent nicotine
place preference conditioning. Nicotine was administered
perinatally on postnatal days 5 through 8; this time interval
partially overlaps with the brain ‘‘growth spurt’ in the rat
[2]. Our data indicate that the place conditioning effects of

FUDALA AND IWAMOTO

nicotine are not altered by perinatal nicotine exposure. It is
possible that the CPP paradigm is not sensitive to whatever
change the perinatal nicotine exposure may have induced,
such as an alteration in nicotine binding characteristics.
Also, a carry-over effect from the drug or conditioning ses-
sions from cycle to cycle cannot be ruled out. Since we used
what we determined to be the most effective dose of nicotine
(0.8 mg/kg) in our place conditioning sessions, subtle
changes in animal response behavior may have been over-
shadowed. Also, conditioning at times earlier or later than
those chosen may have produced an observable effect.

As previously noted, prenatal and perinatal nicotine ex-
posure may produce later appearing effects in the offspring.
Our data demonstrated few significant effects of perinatal
nicotine exposure on the various neuromotor parameters as-
sessed. With respect to the negative geotaxis measurements,
the raw data indicated that it was the control-male rats which
did not fit the performance pattern exhibited by the other
groups during the last two measurement periods. Although
the reason for these differences is not clear, we do not be-
lieve that the results indicate an effect of perinatal nicotine
treatment. Regarding the grip strength assessments, the
difference between the males and females which received
nicotine perinatally occurred on the last measurement day
when the values obtained from all the groups were approach-
ing an asymptote. It is doubtful that this single difference
represents a real effect of perinatal nicotine treatment. The
data do not provide conclusive evidence for any particular
type of neurotoxicity or motor deficit.

In summary, nicotine induced a dose-dependent place
preference, but not aversion, in the conditioned place pref-
erence paradigm. The conditioned effect required a close
temporal pairing between nicotine and the environmental
context of conditioning. Tolerance did not develop to
nicotine’s place conditioning effects with the dosage regi-
mens used and lobeline and cotinine produced no significant
place preference or aversions. Perinatal nicotine exposure
did not affect subsequent nicotine conditioned place prefer-
ences and produced no observable effects on the various
measures of neuromotor functioning examined.
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