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Abstract
Maternal tobacco use is associated with adverse developmental outcomes in offspring, including
hyperactivity. Animal studies attempting to model this phenomenon have primarily used continuous
s.c. nicotine infusion as the method of nicotine administration, which does not model the intermittent
bolus delivery of nicotine associated with smoking in humans. The purpose of the present experiment
was to examine the locomotor activity of pre-weanling offspring of pregnant rats exposed to an i.v.
nicotine dosing protocol that approximates the pattern of nicotine exposure in moderate to heavy
smokers. Pregnant rats were administered an i.v. bolus of 0.03 mg/kg nicotine (N=13) or saline
(N=10) every 14 min for 16 hr/day, resulting in a total daily dose of 2 mg/kg (base), from gestational
day 4 to delivery. Pups from each litter were tested for spontaneous locomotor activity on postnatal
days (PND) 19–21 and nicotine-induced locomotor activity on PND 22. Mean birth weight was
significantly lower in nicotine-exposed pups compared to controls, but body weights were equivalent
between groups by the time of behavioral testing. Mean total distance traveled, vertical counts, and
stereotypy counts were lower on PND 19 in nicotine-exposed pups compared to controls, but only
the difference in mean stereotypy counts was statistically significant. Within session analysis
revealed that both distance traveled and stereotypy were significantly decreased in nicotine-exposed
pups in the first five minutes of the session on PND 19. Total time spent in the center of the field
was also lower in nicotine exposed pups. Nicotine-induced increases in activity on PND 22 did not
differ according to gestational exposure. These findings demonstrate that prenatal nicotine exposure
in a model that mimics the pattern of nicotine exposure from cigarette smoking in humans results in
offspring that exhibit low birth weight and hypoactivity in a novel environment.

1. Introduction
Smoking during pregnancy is an important public health problem associated with a range of
adverse neonatal and developmental outcomes (Stratton et al. 2001). Babies born to women
who smoke during pregnancy are, on average, 200–240 g lighter than those born to women
who do not smoke (Kleinman et al. 1988; MacArthur and Knox 1988). An increased risk of
spontaneous abortion, premature birth, perinatal death, and sudden infant death syndrome have
been correlated with smoking during pregnancy (Armstrong et al. 1992; DHHS 2001). Some
data also suggest that smoking during pregnancy is associated with adverse behavioral
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development, including attention deficit hyperactivity disorder (ADHD) (Milberger et al.
1996; Milberger et al. 1998), cognitive deficits (Ernst et al. 2001; Niaura et al. 2001b), conduct
disorder (Wakschlag et al. 1997), and an increased risk of tobacco dependence in offspring of
women who smoke during pregnancy (Cornelius et al. 2000; Niaura et al. 2001a).

Animal models of prenatal nicotine exposure are critical for studying the role of nicotine in
the effects of maternal smoking on adverse behavioral outcomes in offspring. Numerous
studies have shown a wide range of behavioral impairments in rodents prenatally exposed to
nicotine, including impaired performance in the radial arm maze and Morris water maze (Levin
et al. 1993; Sorenson et al. 1991; Yanai et al. 1992), lower response and reinforcement rates
under operant schedules of food delivery (Martin and Becker 1971), poorer operant
discrimination performance (Martin and Becker 1971), and reduced pre-pulse inhibition of
acoustic startle response (Popke et al. 1997). Although several animal studies have found that
offspring prenatally exposed to nicotine can also exhibit hyperactivity (Ajarem and Ahmad
1998; Fung and Lau 1989; Martin and Becker 1970; Peters et al. 1979; Vaglenova et al.
2004), other studies have reported conflicting results (see Table 1). Some studies report
hyperactivity in only a subset of rats (less than 20%), with no significant overall effect of
prenatal nicotine exposure (Richardson and Tizabi 1994; Tizabi et al. 1997). Other studies have
reported inconsistent effects across different measures of activity (Tizabi et al. 2000) or
postnatal time points (Paulson et al. 1994; Schlumpf et al. 1988). Many studies have failed to
show any significant effect of prenatal nicotine on locomotor activity (Gaworski et al. 2004;
Martin and Becker 1970; Martin and Martin 1981; Paulson et al. 1993; Shacka et al. 1997),
and some studies reported decreased activity (Peters and Tang 1982; Romero and Chen
2004). The reasons for this marked variability across studies are not clear; differences in the
daily nicotine dose, route of administration, strain and sex of the subject, postnatal time point
of testing, and testing procedures could all play a role.

Although a variety of routes have been studied, continuous subcutaneous infusion via osmotic
pump has been the most common method of maternal nicotine administration in studies of
prenatal nicotine exposure. Continuous s.c. nicotine infusion is convenient, reliably provides
clinically relevant blood nicotine levels, avoids the high peak nicotine levels associated with
intermittent s.c. dosing, and is clinically relevant in that it mimics nicotine exposure from a 24
h nicotine patch (Slotkin 1998). However, it does not produce the repeated spikes of peak serum
nicotine levels associated with either smoking or intermittent forms of nicotine replacement
therapy (gum, lozenge, inhaler, nasal spray) in humans.

Some of the behavioral and physiological effects of chronic nicotine treatment are known to
depend upon the dosing regimen used. For example, repeated intermittent s.c. or i.v. nicotine
administration in nonpregnant adult rats produces a progressive increase in locomotor activity
(locomotor sensitization, (Samaha et al. 2005)), whereas continuous nicotine infusion does not
(Faraday et al. 2001; Faraday et al. 2003). In addition, daily doses of nicotine that produce
decreases in body weight in nonpregnant adult rats when administered via continuous infusion
can produce increases in body weight when administered via intermittent s.c. injections
(Morgan and Ellison 1987). In light of the pharmacokinetic differences between continuous
nicotine infusion and smoking and the dependence of nicotine's effects on the dosing regimen,
it is important to explore alternative dosing regimens in the analysis of the behavioral effects
of prenatal nicotine exposure in offspring.

To date, the intravenous route has not been used in studies of the behavioral effects of prenatal
nicotine exposure. A nicotine dosing regimen consisting of an i.v. bolus of 0.03 mg/kg every
14 min delivered 16 h/day has been characterized in an attempt to more closely mimic nicotine
exposure from maternal smoking (Keyler et al. 2005). This type of regimen produces peak and
trough arterial and venous serum nicotine levels comparable to those of smokers, and provides
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a diurnal pattern similar to typical smoking (Hukkanen et al. 2005; LeSage et al. 2003). The
purpose of the present experiment was to conduct an initial assessment of the effects of this
novel maternal i.v. nicotine dosing protocol on the locomotor activity of pre-weanling pups.

2. Materials and methods
2.1 Animals

Timed-pregnant female Holtzman Sprague-Dawley rats (Harlan, Indianapolis, IN) weighing
200 to 225 g were employed. Rats arrived at gestational day (GD) 3 and were housed
individually in a temperature- and humidity-controlled colony room with unlimited access to
food and water under a 12-h light/dark cycle (lights off at 10:00 pm). Animal husbandry and
experimental protocols were approved by the Institutional Animal Care and Use Committee
of the Minneapolis Medical Research Foundation and were in accordance with the 1996 NIH
Guide for the Care and Use of Laboratory Animals.

2.2 Surgery
On GD 4, rats were anesthetized using fentanyl/droperidol and a cannula was placed in the
right jugular vein approximately 12 hr prior to the beginning of nicotine dosing. The catheter
was externalized between the scapulae and attached to a harness assembly that allowed
connection to a fluid swivel via a tether for nicotine dosing throughout pregnancy.

2.3 Apparatus
Throughout the nicotine administration period, dams were housed in the colony room in
modified “shoebox” cages that were equipped with a counter-balanced swivel arm, allowing
unrestricted movement. Infusion pumps were located next to each cage on the same shelf.
Infusion pumps were controlled by a computer located within the colony room using Med-PC
IV interfacing and software (Med Associates, Inc., St. Albans, VT).

Rat pups were tested in open-field activity chambers (Med Associates, Inc., St. Albans, VT),
measuring 43 cm long and 43 cm wide. Each chamber contained three 16-beam photocell arrays
placed 2.5 and 8 cm above the chamber floor for measuring horizontal and vertical activity,
respectively. Chambers were placed inside a sound-attenuating cubicle equipped with an
exhaust fan that provided masking noise and ceiling lights to provide ambient illumination. A
computer with open field activity software (Version 4, Med Associates, Inc., St. Albans, VT)
was used for operating the apparatus and recording data.

2.4 Drugs
Nicotine bitartrate (Sigma Chemical Co., St. Louis, MO) was dissolved in sterile hepranized
saline (30 units/ml). The pH of the solution was adjusted to 7.4 with dilute NaOH. Nicotine
doses are expressed as the base.

2.5 Maternal Nicotine Administration
Maternal nicotine treatment began on GD 4 (N=13) via an infusion pump delivering nicotine
0.03 mg/kg/dose over 1 second in a volume of 50 μl for 16 hours/day at 14 minute intervals,
for a total dose of 2 mg/kg/day. The 0.03 mg/kg dose was chosen because a) it is well tolerated,
b) it is readily self-administered by rats, and c) the serum concentrations associated with
repeated bolus doses of this size have been well characterized (LeSage et al. 2003). Control
females (N=10) received i.v. saline infusions according to the same regimen. Dosing began at
10 p.m. each day, corresponding to the start of the dark phase of the light cycle, and continued
until 2 p.m. of the next day. On the day of delivery, nicotine was replaced with saline, litter
variables were measured, and females were allowed to nurse their own pups. Cross-fostering
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was not employed because previous studies indicate that it is not an important determinant of
the effects of gestational nicotine exposure on locomotor activity in offspring (Peters et al.
1979; Schlumpf et al. 1988). Litters were not culled because gestational nicotine exposure at
doses similar to that used in the present study has been shown to have no effect on litter size
(Romero and Chen 2004; Shacka et al. 1997). However, four litters with fewer than eight pups
(three nicotine exposed, two saline exposed) were excluded from further study because a litter
size of eight has been the minimum allowed in prior studies.

2.6 Spontaneous Locomotor Activity
On PND 19, 20, and 21, four pups (two male and two female) from each litter (N=10 saline,
N=13 nicotine) were assessed for spontaneous locomotor activity. On each day, pups were
transported from the colony room to the activity testing room and allowed to acclimate to the
room for 30 min. Pups were placed in the center of the activity chamber, which automatically
started each 30-min session. At the end of each session, pups were removed from the chamber
and immediately returned to their mother in the colony room. Testing occurred between 2–4
hr into the light phase of the light cycle. Chambers were cleaned prior to each session.

2.7 Nicotine-induced locomotor activity
On PD 22, nicotine-induced locomotor activity was assessed in the same pups tested for
spontaneous activity. Procedures were identical to those used for spontaneous activity, except
that an injection of saline or nicotine (1.0 mg/kg, i.p.) was administered immediately before
placement into the activity chamber. The dose was chosen based on prior studies (Shacka et
al., 1997; Sobrian et al., 1995). Two pups from each litter (one of each sex) were injected with
saline, while the other two pups received nicotine. Injections were given at a volume of 10 ml/
kg. Activity was only examined for 15 min because no group differences in spontaneous
activity on PND 19–21 were apparent beyond this time point.

2.8 Data Analysis
Comparison of litter variables (size, weight, mean pup weight, deaths) between pups prenatally
exposed to saline or nicotine was done by t-tests. Three primary measures of spontaneous
activity were recorded, distance traveled, vertical counts (rearing), and stereotypy counts (i.e.,
non-ambulatory horizontal activity). Each activity measure was examined by a three-factor
ANOVA with prenatal exposure, day, and time as factors. If significant main effect of prenatal
exposure or prenatal exposure × time interaction was observed, a separate two-factor ANOVA
with prenatal exposure and time as factors, followed by Bonferroni post tests, was conducted
for each day to examine differences between groups in within-session patterns of activity. In
light of the significant hypoactivity seen on PND 19 in pups prenatally exposed to nicotine,
time spent in the center of the chamber was compared between groups to begin to examine
whether this indicated an anxiety-like effect of prenatal nicotine exposure. The hypothesis was
that nicotine exposed pups would exhibit lower time in the center compared to controls.
Because this measure was not normally distributed in the prenatal nicotine group, a one-tailed
Mann-Whitney U test was conducted for this comparison. Measures of nicotine-induced
activity were examined by three-factor ANOVA with prenatal exposure, challenge dose, and
time as factors. If significant main effects or interactions were observed, two-factor ANOVA
with prenatal exposure and time as factors, followed by Bonferroni post tests, was conducted
to examine group differences in within-session activity. Statistical significance was set at
p<0.05.
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3. Results
3.1 Litter variables

Table 2 shows litter variables for each prenatal exposure group. Litter size was equivalent
between groups. Litter weight and mean pup weight were lower in those prenatally exposed
to nicotine, but only the difference in mean pup weight was statistically significant. By the
time of behavioral testing on PND 19, no significant difference in pup weights was observed
(48.1±2.5 g versus 45.3±3.0 g in saline and nicotine exposed groups, respectively). Although
a higher death rate was seen in nicotine-exposed litters, this difference only approached
significance (t=1.9, p=0.08).

3.1 Spontaneous locomotor activity
Figure 1 shows the mean total distance traveled, stereotypy counts, and vertical counts for each
prenatal exposure group during testing on PND 19–21. All three measures were lower in pups
exposed to nicotine compared to controls, but only a significant main effect of treatment on
mean stereotypy counts was indicated by three-factor ANOVA (F=5.4, p<0.05). There was no
significant prenatal exposure × day × time or prenatal exposure × day interaction for any of
these measures, but a significant prenatal exposure × time interaction was observed for both
distance traveled (F=2.7, p<0.05) and stereotypy (F=3.1, p<0.05).

Figure 2 shows the mean distance, stereotypy, and vertical counts across each 5-min segment
of the session on PND 19. For distance scores, two-factor ANOVA indicated no significant
main effect of prenatal nicotine exposure, but a significant prenatal exposure × time interaction
(F=4.9, p<0.001) was observed. Post hoc tests showed that pups prenatally exposed to nicotine
exhibited significantly lower distance scores compared to controls in the first 5 min of the
session (t=4.3, p<0.001). For stereotypy, a significant main effect of prenatal nicotine exposure
(F=4.7, p<0.05), and a significant prenatal exposure × time interaction (F=4.2, p<0.01) was
observed. Post hoc tests showed that pups prenatally exposed to nicotine exhibited significantly
less stereotypy compared to controls in the first 5 min of the session (t=4.0, p<0.001). There
was no significant effect of prenatal nicotine exposure on vertical activity. No significant main
effects or interactions were observed for PND 20 and 21.

The median total time spent in the center of the chamber on PND 19 was 161.3 sec (308.2,
75th percentile) and 71.5 sec (186.6, 75th percentile) in control pups and those prenatally
exposed to nicotine, respectively. Pups prenatally exposed to nicotine exhibited significantly
less time in the center compared to controls (U=36.0, p<0.05).

3.2 Nicotine-induced locomotor activity
Figure 3 shows the mean total distance traveled, stereotypy, and vertical counts following a
challenge dose of saline or nicotine in each prenatal treatment group on PND 22. A significant
main effect of nicotine challenge on all three measures was observed, with significantly greater
distance traveled (F=14.4, p<0.01), greater stereotypy (F=21.3, p<0.001) and reduced vertical
activity (F=5.6, p<0.05) in pups receiving nicotine compared to controls. There was no
significant main effect of prenatal treatment, nor a significant prenatal treatment × challenge
interaction.

Figure 4 shows the mean distance traveled, stereotypy, and vertical counts during each
consecutive 5-min segment of the session on PND 22. There was a significant nicotine
challenge × time interaction on all three measures (distance traveled, F=5.7, p<0.01; stereotypy,
F=4.3, p<0.05; vertical activity, F=8.7, p<0.01). There was no significant prenatal treatment
× challenge × time interaction for any of the measures. Post hoc tests indicated significantly
greater distance traveled in pups receiving nicotine at the 10- (t=5.4, p<0.001, prenatal saline;
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t=4.3, p<0.01, prenatal nicotine) and 15-min time points (t=4.0, p<0.01, prenatal saline; t=6.6,
p<0.001, prenatal nicotine) compared to controls. Greater stereotypy was observed in nicotine
challenged pups compared to controls at the 10- (t=5.0, p<0.001) and 15-min time points (t=6.1,
p<0.001) in pups prenatally treated with nicotine, but only at the 15-min time point (t=3.7,
p<0.01) in pups prenatally treated with saline. Thus, horizontal activity declined less rapidly
in pups receiving a nicotine challenge compared to saline controls, regardless of prenatal
treatment. Lower vertical activity was observed in nicotine challenged pups compared to
controls at the 5-min time point (t=3.7, p<0.01) in pups prenatally treated with saline. However,
marked variability was apparent in the vertical activity data.

4. Discussion
The primary findings of the present study are that a) prenatal i.v. nicotine treatment resulted
in offspring with lower birth weight, b) nicotine exposed pups were hypoactive compared to
controls upon initial exposure to a novel open field on PND 19, c) time spent in the center of
the open field on PND 19 was lower in nicotine-exposed pups compared to controls, and d)
nicotine-induced increases in locomotor activity on PND 22 did not differ between nicotine
exposed pups and controls. The present study is the first to examine the behavioral effects of
a prenatal i.v. nicotine dosing regimen that mimics the pattern of nicotine intake from moderate
to heavy smoking in humans.

Low birth weight in the offspring of smokers, a well documented effect (Kleinman et al.
1988; MacArthur and Knox 1988), is important because it is associated with increased perinatal
mortality (DHHS 2001). The deficit in birth weight is dose-related, so that it is greatest in
offspring of heavy smokers but also present in the offspring of more moderate smokers. Studies
using rodent models of gestational nicotine exposure have also shown a dose-related effect on
birth weight. Decreases in birth weight have been reported from animal studies using daily
doses of 6 to 9 mg/kg/day nicotine via continuous infusion (Cutler et al. 1996; Richardson and
Tizabi 1994; Tizabi et al. 2000; Vaglenova et al. 2004), which produces venous serum nicotine
levels higher than in most smokers. Other studies using s.c. injections or a continuous nicotine
infusion that delivered a daily dose similar to or higher than that in the present study (1.5 to 5
mg/kg/day) have generally found no effect on birth weight (Fung and Lau 1989; Johns et al.
1993; Levin et al. 1993; Romero and Chen 2004; Shacka et al. 1997; Sobrian et al. 2003). Thus
the reduced birth weight observed with a relatively low daily nicotine dose in the present study
suggests that prenatal nicotine treatment may be more potent when administered via repeated
i.v. boluses in a pattern that mimics maternal smoking. This increased potency may be due to
the fact that peak arterial serum concentrations produced by the present i.v. dosing protocol
(100 ng/ml; LeSage et al., 2002) are within the range of serum nicotine concentrations produced
by a continuous infusion rate of 6.0 mg/kg/day, which has been shown to decrease birth weight
(Richarson & Tizabi, 1993). Thus, the present findings suggest that a steady-state serum
concentration in this range is not required to produce adverse effects on birth weight.

The hypoactivity observed on the first day of testing differs from the majority of previous
studies, representing a variety of routes of administration and doses of nicotine, which showed
either no effect or an increase in locomotor activity in rodents prenatally exposed to nicotine
(Ajarem and Ahmad 1998; Fung 1988; Vaglenova et al. 2004). However, one study (Peters
and Tang 1982) found that prenatal oral administration of nicotine (6.0 mg/kg/day) via drinking
water resulted in offspring that exhibited hypoactivity in an open field in the first five minutes
of the session, which is quite consistent with the present findings. Because the nicotine solution
was the sole fluid source in this study, drinking likely occurred in bouts across the dark phase
of the light cycle, resulting in an intermittent diurnal pattern of nicotine delivery comparable
to that in the present study. Given the scarcity of studies reporting hypoactivity in offspring
prenatally exposed to nicotine, these findings raise the question of whether the diurnal pattern
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of maternal nicotine administration, in addition to peak serum nicotine concentrations, may
play a role in the behavioral effects of prenatal nicotine exposure.

The hypoactivity observed in nicotine-exposed pups on PND 19 could be indicative of higher
levels of novelty-induced anxiety in this group compared to controls, since lower activity in a
novel open field is associated with other measures of anxiety such as increased defecation and
high plasma corticosterone levels (File and Vellucci 1979). Consistent with this possibility,
pups prenatally exposed to nicotine in the present study spent significantly less time in the
center of the chamber on PND 19, which is considered another indicator of anxiety (Fox et al.
2001). The present findings are consistent with studies showing that prenatal nicotine exposure
increases anxiety-like behavior in other animal models. For example, Johns et al. (1982;
1993) has shown that guinea pigs prenatally exposed to nicotine were less likely to enter an
unfamiliar stimulus alley compared to controls. In addition, Vaglenova et al. (2004) found that
rats prenatally exposed to nicotine exhibited decreased entries and time spent in the open arms
of an elevated-plus maze. However, one study in mice found that prenatal nicotine exposure
had the opposite effect in the elevated-plus maze (Ajarem and Ahmad 1998). Moreover, Peters
and Tang (1982) found that in rats prenatally exposed to nicotine that exhibited hypoactivity
in an open field, neither the plasma corticosterone response to stress nor the hypothalamic
norepinephrine level was significantly affected. Further studies that directly compare
neuropharmacological and behavioral indices of anxiety are needed to confirm whether
prenatal i.v. nicotine treatment increases anxiety-like responses in offspring.

In the present study, prenatal nicotine exposure had no effect on measures of nicotine-induced
locomotor activity at PND 22. The present findings are consistent with that of Sobrian et al.
(1995) who found that the same nicotine challenge dose as that used in the present study (1.0
mg/kg) produced a similar increase in total activity and stereotypy regardless of prenatal
treatment. However, Shacka et al. (1997) found that the same nicotine challenge dose only
increased activity in 14-day old male rats prenatally exposed to nicotine. These findings are
interesting in light of studies showing reduced activity of cholinergic and catecholaminergic
systems in rats prenatally exposed to nicotine, an effect one might expect to influence nicotine-
induced locomotor activity (Kane et al. 2004; Slikker et al. 2005; Slotkin 1998). The
discrepancy between studies may be due to differences in the postnatal time point at which
nicotine-induced locomotor behavior was measured, since neuropharmacological sequelae of
prenatal nicotine exposure are known to vary over the course of postnatal development.

In order to attribute the present findings to adverse effects of nicotine per se, the effect of
nicotine-induced fetal ischemia and hypoxia must be ruled out. The effects of the i.v. dosing
regimen in the present study on fetal ischemia and hypoxia are not known. However, the peak
arterial concentrations produced with this regimen (100 ng/ml) are equilavent to the steady
state nicotine concentrations produced by a continuous infusion rate of 6.0 mg/kg/day nicotine
via osmotic minipump (e.g., Richardson & Tizabi, 1993), which falls below the threshold for
producing fetal ischemia and hypoxia (Slotkin, 1998). Nonetheless, future studies are needed
to determine whether episodic ischemia and hypoxia is produced by the i.v. bolus nicotine
regimen used in the present study. It is important to note that, even if ischemia and hypoxia do
occur, the present model of maternal smoking would still be valid to the extent that the human
fetus experiences these effects during each cigarette.

In summary, prenatal i.v. nicotine administration was associated with low birth weight and
hypoactivity in response to an open field in pre-weanling offspring. The present findings
provide further support that nicotine may play a role in some of the behavioral effects in
offspring of women who smoke during pregnancy. The maternal i.v. nicotine dosing regimen
used in the present study mimics the pattern of nicotine exposure from maternal smoking and
may therefore provide a useful model for studying the consequences of prenatal nicotine
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exposure on offspring neurobehavioral development. The reduction in birth weight and
hypoactivity observed in the present study with a relatively low daily nicotine dose contrast
with the majority of previous studies and suggests that the dosing regimen may influence the
physiological and behavioral consequences of prenatal nicotine exposure. However, given the
differences in age, strain, and testing conditions between the present a prior studies, future
studies that directly compare different maternal dosing regimens are needed to confirm this
possibility.
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Fig. 1.
Measures of spontaneous locomotor activity in pups prenatally exposed to saline (open circles)
or nicotine (closed circles) on PND 19–21. Each point is the mean±SEM of four pups (two
male and two female) from each litter (N=10 saline, N=13 nicotine). A significant main effect
of prenatal nicotine exposure was observed for stereotypy counts (F=4.99, p<0.05), with no
significant prenatal exposure × day interaction. *Significantly different from saline, p<0.05.
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Fig. 2.
Measures of spontaneous locomotor activity during consecutive 5-min segments of the 30-min
activity test session on PND 19. See Fig. 1 for further details. Distance traveled and stereotypy
were significantly lower in the first 5 min in pups prenatally exposed to nicotine, **p<0.01,
***p<0.001.
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Fig. 3.
Measures of nicotine-induced locomotor activity in pups prenatally exposed to saline (open
bars) or nicotine (shaded bars) following a nicotine challenge dose (1.0 mg/kg) on PND 22.
There was a significant main effect of nicotine challenge on all three measures of activity,
**p<0.01. There was no main effect of prenatal treatment or significant prenatal treatment by
challenge dose interaction.
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Fig. 4.
Measures of nicotine-induced locomotor activity during consecutive 5-min segments of the
test session on PND 22. The left column of panels shows data from pups prenatally exposed
to saline, while the right column show data from nicotine exposed pups. See Fig. 1 for further
details. Within each prenatal treatment group, distance traveled and stereotypy were
significantly higher at the 10 and 15 min time points in pups challenged with nicotine compared
to those challenged with saline, **p<0.01, ***P<0.001.
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Table 2
Litter characteristics at birth (mean±SEM).

Prenatal Exposure Litter Size Litter Weight Mean Pup Weight Deaths/Litter (PND 0–7)
a

Saline 13.1±0.8 102.3±4.9 8.0±0.3 0.6±0.3
Nicotine 13.6±0.9 89.4±5.3 6.6±0.2** 2.4±0.9

a
Includes litters excluded from behavioral testing.

**
Significantly different from saline, p<0.01
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