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Abstract
Although approximately 45 percent of smokers in the US are women, the influence of sex on nicotine
dependence remains incompletely understood. Evidence from preclinical and clinical studies
indicates that there are significant sex differences in nicotine’s effects. The goal of this report was
to determine if men and women differ in their acute response to intravenous (IV) nicotine, which has
not been examined in previous studies. Twelve male and 12 female smokers received saline followed
by 0.5 and 1.0 mg /70 kg nicotine intravenously. In response to nicotine, women compared to men,
had enhanced ratings for “drug strength,” “head rush,” and “bad effects.” Women and men
experienced similar suppression of smoking urges by nicotine as assessed by the Brief Questionnaire
on Smoking Urges (BQSU). Nicotine-induced heart rate, systolic and diastolic blood pressure
increases were also similar in magnitude in men and women. Our findings, consistent with several
previous studies, support greater sensitivity of female smokers to some but not all of the subjective
effects of nicotine. Further studies are warranted to examine the role of this differential nicotine
sensitivity to development of nicotine dependence and response to nicotine replacement treatments
in men and women.
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Introduction
Although women represent approximately 45 percent of the smokers in the U.S., the
moderating influence of sex on the initiation and maintenance of nicotine dependence is not
fully understood (Centers for Disease Control, 2005). Several lines of evidence suggest that
this may be an important area to pursue. For example, women smoke fewer cigarettes, take
fewer puffs with shorter puff duration and volume, and have lower plasma concentrations of
nicotine than men (Battig, Buzzi, & Nil, 1982; Eissenberg, Adams, Riggins, & Likness,
1999; Hofer, Nil, Wyss, & Battig, 1992; Zeman, Hiraki, & Sellers, 2002). In spite of smoking
fewer cigarettes and having lower nicotine intake than men, women may be more vulnerable
to smoking-related morbidity, such as lung cancer (Stabile & Siegfried, 2003). In addition,
women appear to be less likely to quit smoking than men either with or without smoking
cessation pharmacotherapies (Cepeda-Benito, Reynoso, & Erath, 2004; Killen, Fortmann,
Varady, & Kraemer, 2002; Scharf & Shiffman, 2004; Wetter et al., 1999). These studies suggest
that men and women differ in their level of nicotine intake and response to quit attempts.
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Since cigarette smoke contains numerous compounds in addition to nicotine (Hoffmann &
Wynder, 1986), investigation of sex differences in nicotine effects requires direct nicotine
administration. Most notably, in a series of human studies, Perkins and colleagues have
examined sex differences in response to nicotine nasal spray. Female smokers, without
previous discrimination training, were less able to discriminate the effect of nicotine nasal
spray over a broad range of doses, compared to males (Perkins, 1995). In addition, among those
quitting smoking, men but not women, self-administered nicotine nasal spray more than
placebo suggesting sex differences in the reinforcing effects of nicotine (Perkins, D'Amico et
al., 1996). Since nicotine seems to be less reinforcing in women, Perkins and coworkers have
suggested that non-nicotine smoking stimuli may be more reinforcing in women, compared
with men (Perkins, 1996; Perkins, Jacobs, Sanders, & Caggiula, 2002). More recently, Perkins
et al reported that women non-smokers were also less sensitive than men to the subjective
effects of nicotine, administered via nasal spray (Perkins et al., 2009). However, additional
studies have suggested that women are more sensitive to other effects of nicotine. For example,
female smokers, compared to males, were found to be more sensitive to the subjective and
physiological effects from oral nicotine (Netter, Muller, Neumann, & Kamradik, 1994), and
to the subjective effects from intranasal nicotine (Myers, Taylor, Moolchan, & Heishman,
2008). In addition, women were also more sensitive to nicotine-induced reduction in smoking
urges. Thus, nicotine sensitivity does not differ uniformly between male and female smokers,
and important asymmetries have been described.

Sex differences in nicotine responses have also been examined in rodents using a wide range
of outcome measures. For avoidance learning, antianxiety and antinociceptive effects, male
rodents have been reported to be more sensitive to nicotine effects than females (Damaj,
2001; Hatchell & Collins, 1980; Yilmaz, Kanit, Okur, & Pogun, 1997). In contrast, female rats
were more sensitive to nicotine-induced behavioral sensitization, cortisol and ACTH release,
and weight reduction than male rats (Booze et al., 1999; Harrod et al., 2004). Further, following
cessation of nicotine infusion, weight gain was greater in female than in male rats (Grunberg,
Bowen, & Winders, 1986). Sex differences have also been observed for nicotine self-
administration in rats (Chaudhri et al., 2005; Donny et al., 2000) and mice (Siu, Wildenauer,
& Tyndale, 2006). In a study by Donny et al., female rats acquired nicotine administration
faster than males under a fixed-ratio schedule and also worked harder than males to obtain
nicotine under a progressive ratio schedule, suggesting a greater sensitivity of female rats to
the reinforcing effects of nicotine (Donny et al., 2000). Together, these preclinical and clinical
studies show seemingly discordant findings regarding sex differences in nicotine effects. Many
factors including differences in outcome measures, baseline nicotine intake, tolerance
development as a result of chronic nicotine exposure and route of administration for nicotine
may contribute to these findings.

In order to further characterize sex differences in response to nicotine, we conducted a series
of analyses on a pooled dataset from two human laboratory studies in which male and female
smokers received successive doses of IV nicotine (0.5 and 1.0 mg/70 kg nicotine). The
advantages of the IV route include rapid nicotine delivery, comparable to the bolus effect of
smoking, and accurate dosing which has been difficult to achieve with other routes of nicotine
delivery. In addition, IV nicotine, similar to smoking, produces “drug liking” and “good drug
effects”, which are not typically observed with other pure nicotine formulations (e.g., nicotine
gum, patch or nasal spray) (Harvey et al., 2004; Houtsmuller, Fant, Eissenberg, Henningfield,
& Stitzer, 2002; Houtsmuller, Henningfield, & Stitzer, 2003; Jones, Garrett, & Griffiths,
1999). Moreover, since the IV route is commonly used to administer nicotine to laboratory
animals, this route provides an opportunity to make translational comparisons between human
and animal models of nicotine effects. To our knowledge, this is the first study comparing IV
nicotine responses in male and female smokers.
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Method
Participants

Participants were 12 female and 12 male non-treatment seeking smokers who participated in
one of two human laboratory nicotine studies (for complete details see, (Sofuoglu, Mooney,
& Waters, 2008; Sofuoglu, Poling, Mouratidis, & Kosten, 2006). They were recruited from
the New Haven, Connecticut area by newspaper advertisements. Participants had normal
physical, laboratory and psychiatric examinations and were not dependent on alcohol or on
any drugs other than nicotine. Experimental sessions were conducted in the Biostudies Unit
located at the VA Connecticut Healthcare System (West Haven campus) and participants were
paid for participation. This study was approved by the VA Connecticut Healthcare System
Human Subjects Subcommittee, and all participants provided written, informed consent prior
to their entry into the study.

Procedures
The data presented were collected during the adaptation session of 2 studies. During the
adaptation session, identical procedures were followed for both studies. Participants were
instructed not to smoke after midnight on the adaptation day, thus remaining abstinent for 8
hours before presenting at the laboratory at 8 AM. Smoking abstinence was verified using
breath carbon monoxide levels (<10 parts-per-million). Before the sessions started, an
indwelling IV catheter was placed in the participant’s antecubital vein for nicotine infusion
and phlebotomy. During the sessions, participants were sitting on a comfortable recliner chair.
Approximately, 45 minutes after the IV catheter placement, baseline measurements were
obtained and participants were given saline followed by 2 escalating doses of nicotine (0.5 and
1.0 mg/70 kg) intravenously. Participants were told that they would be receiving saline and
nicotine doses but were not informed in what order they would be administered. The injections
were delivered over 60 seconds, and were separated by a 30-minute interval. Cardiac rhythm
was monitored continuously during sessions, and 12-lead ECGs were obtained before and at
the end of the session.

Nicotine Administration
Nicotine bitartrate was obtained from Interchem Corporation (Paramus, New Jersey). Nicotine
samples were prepared by the research pharmacy at the VA Connecticut Healthcare System in
a 5 cc volume of saline. In order to examine the dose-response effects of nicotine, participants
were administered placebo (saline) followed by 2 ascending doses of nicotine (0.5 and 1.0 mg/
70 kg). This escalating dosing procedure within the same session has been successfully used
in previous studies for other drugs of abuse (Chait, Corwin, & Johanson, 1988; Walsh, Preston,
Sullivan, Fromme, & Bigelow, 1994; Walsh, Sullivan, Preston, Garner, & Bigelow, 1996).
The nicotine doses selected were within the nicotine dose range that has been shown to produce
robust and reproducible subjective and physiological effects (Henningfield, Miyasato, &
Jasinski, 1985; Jones et al., 1999; Sofuoglu, Babb, & Hatsukami, 2003; Sofuoglu, Mouratidis,
Yoo, Culligan, & Kosten, 2005).

Outcome measures
Biochemical measures—The biochemical measures were expired CO and plasma cotinine
levels obtained to verify abstinence from smoking and level of smoking, respectively. These
measures were obtained at the beginning of the session.

Physiological measures—The physiological measures were systolic and diastolic blood
pressure and heart rate. These measures were obtained 5 minutes before and 1, 2, 3, 5, 8, 10,
and 15 minutes after saline or nicotine injections.
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Subjective measures—The subjective effects of nicotine were assayed with four
instruments. The Drug Effects Questionnaire (DEQ), used to assess the acute subjective effects
of nicotine, consists of 5 items: “drug strength,” “good effects,” “bad effects,” “head rush” and
“like the drug.” Participants rated these items on a 100 mm scale, from 0 “not at all” to 100
“extremely.” The Brief Questionnaire on Smoking Urges (BQSU), is a 10-item scale originally
developed by Tiffany and Drobes (Cox, Tiffany, & Christen, 2001; Tiffany & Drobes, 1991).
Smokers were asked how strongly they agree or disagree with items on a 7-point Likert scale.
This scale has been found to be highly reliable and reflects levels of nicotine deprivation (Bell,
Taylor, Singleton, Henningfield, & Heishman, 1999; Morgan, Davies, & Willner, 1999). The
Positive and Negative Affect Schedule (PANAS) is a 20-item scale that assesses both negative
and positive affective states (Watson, Clark, & Tellegen, 1988). Participants rated adjectives
describing affective states on a 5-point Likert scale. The Profile of Mood States (POMS),
Bipolar Form, is a 72–item rating scale used to measure the effects of medication treatments
on mood (McNair, Lorr, & Dropperman, 1988). The POMS has 6 subscales: (1) composed-
anxious; (2) agreeable-hostile; (3) elated-depressed; (4) confident-unsure; (5) energetic-tired;
(6) clear headed-confused. For all subscales, higher scores are reflective of more positive mood
states.

The DEQ was given 5 minutes before and 1, 3, 5, 8, and 10 minutes after saline or nicotine
injections. The POMS, PANAS and the BQSU were given twice: at the beginning and end of
the session.

Data Analysis
All analyses were conducted with the Statistical Analysis System Version 9.1.3. Unless
otherwise stated, values of p<.05 were considered statistically significant, based on two-tailed
tests. Type I error rate in post-hoc tests was maintained through Bonferroni adjustments.
Comparisons between the two study samples and between men and women in the pooled
dataset were conducted using t-tests and Fisher exact tests. To examine sex effects on outcome
measures, we computed change scores. For blood pressure, heart rate, and DEQ measurements
during IV saline or nicotine administration, multiple measurements were collected. In order to
simplify the analysis, a change score (maximum post dose score minus predose baseline) for
each dose (saline, 0.5 mg or 1.0 mg nicotine/70 kg) was calculated as a summary index. For
the POMS, PANAS, and the BQSU, change scores from before and after the session were
analyzed.

Results
Sample Characteristics

Comparisons between males and females in the pooled sample of 24 smokers are presented in
Table 1. While no sex differences were observed in smoking habits and history, women in the
pooled sample were more likely to be African-American and older than men (p<0.05).

Physiological measures
Analyses of change scores from pre-dose to maximum post-dose revealed significant main
effects for dose for all three outcomes, heart rate, F(2, 21) = 13.39, p = 0.0002, diastolic blood
pressure, F(2, 21) = 3.66, p = 0.0432, and systolic blood pressure, F(2, 43.1) = 11.32, p =
0.0001. However, no sex or sex × dose interaction effects were observed. Dose effects were
further examined through post-hoc comparisons using Bonferroni adjustments. In the case of
heart rate, both active doses generated significantly greater increases compared to placebo
(p<.01). For diastolic blood pressure, only the 0.5 mg dose significantly increased blood
pressure compared to placebo (p<.01). The 1 mg dose of nicotine produced significantly greater
increases in systolic blood pressure than the 0.5 and placebo doses (p<.01).
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Subjective Measures
DEQ—Analyses of change scores from pre-dose to maximum post-dose ratings on the DEQ,
revealed significant main effects for dose on all five sub-scales, “drug strength”, F(2, 21) =
31.12, p < 0.0001, “good drug effects”, F(2, 21) = 19.44, p < 0.0001, “bad drug effects”, F(2,
21) = 5.39, p = 0.0129, “head rush”, F(2, 21) = 18.05, p <0.0001 and “like drug”, F(2, 21) =
9.11, p = 0.0014. In all cases, active doses of nicotine produced significantly greater changes
than placebo, (Bonferroni-adjusted p<.05). For “drug strength”, the 1 mg dose of nicotine also
produced greater effects than the 0.5 mg dose. Females reported greater subjective effects than
males on three scales, “drug strength”, F(1, 23) = 4.95, p = 0.0361, “bad drug effects,” F(1,
23) = 4.40, p = 0.0472, and “head rush”, F(1, 22.8) = 4.34, p = 0.0487. For all 3 items, significant
sex differences were observed under the 0.5 and 1 mg nicotine conditions (Bonferroni-adjusted
p values<.05).

BQSU—For the comparison of tobacco craving prior to the session and at the end (i.e., after
3 dose administrations), both male and female smokers showed a similar reductions in craving
on both factors.

POMS—The POMS scores, changes from the beginning of the session to the end (i.e., after
3 dose administrations), were significant only for “energetic-tired”, F(1, 21) = 6.51, p = 0.0186,
with females decreasing on this scale, becoming more tired (Mean Change = −1.3 , SE = 1.1),
and males increasing on this scale, becoming more energetic (Mean Change = 2.9, SE = 1.1).

PANAS—Women and men reported similar changes in positive affect of the PANAS from
the beginning of the session to the end (i.e., after 3 dose administrations). A statistical trend
was observed for negative affect, F(1, 21) = 3.55, p = 0.0743, with females decreasing on this
negative affect (Mean Change = 1.5 , SE = 1.1), and males increasing in negative affect (Mean
Change = −1.6, SE = 1.2).

Exploratory Analyses
Since men and women showed an unbalanced racial distribution (see Table 1), we conducted
exploratory analyses on 19 participants (excluding 2 Hispanic and 1 Asian participant). We
repeated the analyses above including race and its interaction with gender. No effects of race
or race × gender were observed.

Discussion
The main finding of this report was that female smokers were more sensitive to some of the
subjective responses to IV nicotine than men including the rating of “drug strength,” “bad
effects,” and “head rush”. Sex differences for the rating of “good effects” and “drug liking,”
did not reach statistical significance. Our findings are consistent with a previous study, which
examined the dose-dependent effects of nicotine nasal spray (1 and 2 mg) on the subjective,
physiological and cognitive performance outcomes under both nicotine deprived and non-
deprived conditions (Myers et al., 2008). In that study, female smokers were more sensitive
than men, especially under non-deprived conditions, to the acute subjective effects of nicotine
including the rating of jitteriness as well as negative and positive mood. Other studies using
the nicotine patch (Evans, Blank, Sams, Weaver, & Eissenberg, 2006) or oral nicotine (Netter
et al., 1994) reported similar findings, with women being more sensitive than men to the
subjective effects of nicotine. Our analyses extend these findings further by using IV nicotine
administration and weight-based nicotine dosing, which have not been done in previous studies
mentioned above (Evans et al., 2006; Myers et al., 2008; Netter et al., 1994). Altogether, these
studies demonstrate greater sensitivity of women, relative to men, to some of the subjective
nicotine effects.
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In contrast to these findings, Perkins et al reported that women were less sensitive than men
to nicotine nasal spray for outcomes including nicotine reinforcement and discrimination, as
well as subjective drug effects (Perkins et al., 2009). The reasons for these discrepant findings
are not clear, however, route of administration might be an important factor. While intravenous
nicotine produces robust self-report drug liking and good effects and is self-administered more
than placebo (Harvey et al., 2004; Sofuoglu, Yoo, Hill, & Mooney, 2008), nicotine nasal spray
is considerably aversive and produces minimal or no drug liking or good drug effects, compared
to placebo and is not self-administered more than placebo by smokers (Perkins, Grobe, Weiss,
Fonte, & Caggiula, 1996; Schneider et al., 2005; Schuh, Schuh, Henningfield, & Stitzer,
1997). As a future study, it will be important to evaluate sex differences in nicotine
reinforcement using intravenous nicotine administration.

Indices of mood, the POMS and PANAS, did not reveal significant sex differences in subjective
response to nicotine, except the rating of the POMS scale “energetic-tired” While women
became more tired, men became more energetic. These findings are consistent with preclinical
studies indicating that sex differences in nicotine responses depend on the outcome measure.

These sex differences were not explained by variation in baseline nicotine intake since plasma
cotinine levels were not different between male and female smokers. Similarly, measures of
nicotine addiction including FTND scores, cigarettes smoked per day, and years of smoking
did not differ between male and female smokers and are thus unlikely contributors to these
findings. In our analysis, we used age as a covariate, since women in our study were older than
men. An important question that was not addressed in our study is whether sex differences in
nicotine pharmacokinetics contribute to our findings. Previous studies have shown that women
metabolize nicotine faster than men (Benowitz & Hatsukami, 1998; Benowitz, Lessov-
Schlaggar, Swan, & Jacob, 2006). However, since not all the outcome measures showed sex
differences, including the cardiovascular responses to nicotine, pharmacokinetic differences
likely do not account for the observed sex differences. Another possibility is whether women
have greater subjective responses to IV drugs than men in general. Such a difference might
have potentially contributed to our findings. However, in our study, subjective responses to IV
saline were comparable in men and women. Further, in another study women and men showed
similar subjective responses to IV cocaine (McCance-Katz, Hart, Boyarsky, Kosten, & Jatlow,
2005). These findings do not support a general gender differences in subjective response to IV
drugs.

Our study is limited in several ways. First, although our male and female smokers had mostly
comparable characteristics, they differed in age and racial distribution. Both these variables
may potentially influence our results. Although the potential influence of both variables was
examined in additional analysis, future studies with balanced men and women smokers are
warranted. Second, participants in our study were non-treatment seeking smokers. The
generalizability of these findings to treatment seeking smokers might be limited. Third, we did
not experimentally control for the menstrual cycle phase of female smokers, although previous
studies have not supported menstrual cycle influence on nicotine sensitivity (Marks et al. 1999).

To summarize, women smokers, relative to men, had greater sensitivity to some of the
subjective effects from IV nicotine. These findings, together with previous studies, support
greater sensitivity of female smokers to some of the subjective effects of nicotine. Further
studies are warranted to examine the role of this differential nicotine sensitivity to development
of nicotine dependence and response to nicotine replacement treatments in men and women.
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Fig. 1.
The mean (with standard error of the mean - SEM) peak subjective responses to saline, 0.5 and
1.0 mg/ 70 kg intravenous nicotine in male and female smokers for the five scales of the DEQ.
Bars represent the mean maximum score. *p<.05 after Bonferroni adjustment.
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