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Abstract
Rationale Nicotine administration can influence cognitive ability. Some cognitive abilities, such as verbal ability, show sex differences suggesting that nicotine administration might also have sexually dimorphic cognitive effects.
Objective The effects of an acute administration of nicotine on verbal task performance and psychophysiological indices of arousal were investigated.
Methods Healthy non-smoking participants received either a 2 mg sublingual nicotine tablet or matched placebo. Following an absorption period, participants completed a variety of tasks assessing verbal ability while concurrent psychophysiological recordings were taken. Results Nicotine administration increased heart rate relative to a pre-administration baseline period. Verbal task performance reflected the effects of nicotine administration, the participant's sex, or their interaction. Nicotine impaired accuracy in a verbal matching task and impaired accuracy and increased reaction time in an anagram task for both males and females. In females, but not males, nicotine reduced the number of words generated in a verbal fluency task.
Conclusion The administration of nicotine in a sample of non-smoking nicotine naive participants has an adverse effect on verbal ability. Moreover, the specific effects found may depend on the task and presence of individual difference variables (e.g., sex).
Keywords: Nicotine, verbal ability, arousal, heart rate
Introduction
Nicotine is the main pharmacological agent in tobacco and with each inhalation of cigarette smoke arterial levels peak to 50 ng/ml and reach the brain within 10 to 16 s (O'Brien 2001). Nicotine activates nicotinic acetylcholine receptors, which are located in many areas important for cognitive function, such as the hippocampus and frontal cortex (Levin et al. 2006). Nicotine has been reported to show cognitive-enhancing properties on attention, learning, and memory in a variety of tasks and species (Levin et al. 2006; Pogun 2001). However, there are also reports of mixed outcomes and even that nicotine may impair some cognitive functions such as working memory (e.g., Heishman and Henningfield 2000). Verbal ability is one cognitive function that has received relatively little attention in research. This neglect is surprising given that the neural systems underlying verbal skills should be susceptible to the administration of nicotine. Verbal task performance has been associated with increased activity in several frontal lobe regions (e.g., left lateral and medial frontal areas and left inferior frontal gyrus; Gur et al. 2000; Mummery et al. 1999) that contain nicotinic acetylcholine receptors (Grunwald et al. 1991). Verbal ability is also a cognitive function that shows sex differences, with overall better performance in females (Halpern 2000; Hyde and Linn 1988). Moreover, sex differences in the effects of nicotine administration on the activation of brain areas related to language function has been reported during cognitive task performance (Fallon et al. 2005).
Several studies have examined the effects of nicotine administration on tasks that use verbal stimuli (Ernst et al. 2001; Foulds et al. 1996; Howe and Price 2001; Min et al. 2001). Howe and Price (2001) administered transdermal nicotine (7 mg/24 hr or 14 mg/24 hr) to elderly non-smokers at risk for dementia and observed an improvement in rapid verbal retrieval. In addition, Min et al. (2001) administered transdermal nicotine (5 mg) to healthy elderly non-smokers and observed improvements in the retention of newly learned verbal
information. However, the use of elderly individuals in these studies limits the conclusions that can be made. Foulds et al. (1996) administered two doses of subcutaneous nicotine (0.3 mg or 0.6 mg) or a placebo to deprived smokers and non-smokers. Nicotine produced faster reaction time (RT) on a logical reasoning test and more correct responses on a word recognition test in abstinent smokers. In contrast, Ernst et al. (2001) administered nicotine gum (4 mg) to smokers, ex-smokers, and non-smokers and did not observe any effects in a logical reasoning task that required the order of two pairs of letters to be determined. While these two studies together are suggestive of the effects of nicotine on verbal ability, the tasks used were not specifically selected to examine this cognitive function.
Algan et al. (1997) compared performance in males and females on a word matching task in a sample of healthy smoking and non-smoking adults. The task required participants to determine whether two pairs of letters formed a word or not. The task was repeated after a 15 min interval during which smokers smoked a cigarette (1.12 mg nicotine) and non-smokers rested. A sex difference emerged in that females were faster and more accurate than males. However, male smokers who had smoked a cigarette showed an improvement in performance up to a similar level to that of female smokers and female non-smokers. The experiment also included a psychophysiological component (Furedy et al. 1999). Smoking a cigarette increased heart rate (HR) in both males and females. In addition, skin resistance level showed a decrease in females and an increase in males following smoking.
The results reported by Algan et al. (1997) suggest that smoking enhances verbal ability in males. However, two aspects of their study warrant further investigation. The first is that the non-smoking participants did not receive any acute administration of nicotine. It is thus not known whether the sex specific improvement in verbal ability is a general effect that is also found in those without history of chronic nicotine use. Findings obtained with other cognitive abilities, such as the observed improvement in mental arithmetic in smokers (Landers et al.
1992) but not in non-smokers (Heishman et al. 1993), suggest that results obtained with a sample of smokers may not necessarily generalise to non-smokers. The second aspect is that verbal ability was assessed with only one task. Verbal ability is a multidimensional construct and it has been questioned whether females are superior to males in all verbal tasks (see Halpern 2000). A meta-analysis by Hyde and Linn (1988) concluded that there was a slight female superiority in overall verbal ability. The largest effect size was for tasks assessing verbal production, such as verbal fluency tasks. In contrast, analogy tasks tended to have a male advantage. Further research that uses a variety of tasks will determine the generality of the effects of nicotine on different aspects of verbal ability.
The present experiment examined the effects of nicotine administration in male and female non-smokers in tasks assessing word matching, anagram, analogy, and verbal fluency. The difficulty of the tasks was also varied to determine if the effects of nicotine were modulated by this factor. In addition to the behavioral measures of task performance, psychophysiological measures of general arousal (skin conductance level; SCL) and cardiovascular arousal (heart rate; HR) were taken. The psychophysiological measures were obtained both independent of the tasks as well as during the tasks to determine whether the effects of nicotine administration on arousal interacted with task performance. If nicotine produces a general enhancing or detrimental effect on verbal ability, this should be observed across all verbal tasks in both males and females. However, if the effects of nicotine are dependent on the nature of the verbal skill and/or sex, different results may emerge depending on the verbal task used and the sex of the participant.
Method Participants
Thirty-nine female and 43 male first year psychology students aged between 18 and 29 years (M = 19.0, SD = 2.00) participated in exchange for course credit. All except one
participant reported to be never smokers. The remaining participant was a former smoker who had quit smoking for five years. All participants were required to have English as their primary language. Medical exclusion criteria were also implemented due to the administration of nicotine. All participants reported that they did not have a history of hypertension, cardiac disease, cerebrovascular disease, impaired renal function, pregnancy, seizure, abuse or dependence on alcohol or other drugs, psychiatric illness, and current use of any medications. The blood pressure and HR of the participants were also measured with an Omron T9P Intelli-sense blood pressure meter. Following screening, seven males and one female were excluded due to high blood pressure (>140/90) and two females were excluded due to a non-English speaking background. No measurements of side effects resulting from the nicotine administration were taken (cf. Foulds et al. 1997), although participants were monitored by the experimenter. No participants withdrew from the study due to adverse reactions to the nicotine. The final sample consisted of 72 participants (36 male, 36 female) in which half of each sex were randomly allocated to receive nicotine or placebo. All groups were similar in age and prior years of education in addition to heart rate, diastolic blood pressure, and systolic blood pressure assessed during screening (all p > .05). All participants provided informed consent in an experimental protocol approved by the Griffith University Human Research Ethics Committee. Apparatus
Nicotine administration. Participants were given either a sublingual Nicorette* Microtab containing 2 mg of nicotine or a placebo taking the same shape and color as the nicotine tablet. One tablet releases 2 mg of nicotine, which penetrates the oral mucosa and is absorbed into the bloodstream. Sublingual tablets or the placebo were administered in a blind protocol by an experimenter placing the tablet under the tongue to dissolve slowly. Participants were instructed not to chew or move the tablet around in the mouth and to swallow no more
than once per minute (a timer was used to assist in this requirement). The participant watched a movie for 45 min and was subsequently escorted to a testing room for set up of the psychophysiological recordings and the experimental tasks. Testing began 1 hour after administration. Nicotine plasma concentrations reach a peak of 3.8 ± ng/ml at 1 hour following administration of a 2 mg microtab (Molander and Lunell 2001). Due to the suggestion that oral pH may affect buccal absorption of nicotine from tablets (Molander and Lunell 2001), participants rinsed their mouths with plain water prior to administration.
Psychophysiological response measurement. Recordings of HR and SCL were obtained via a PowerLab Model 4/20 data acquisition system (ADInstruments, Sydney). Heart rate was measured by an ADInstruments Model MLT1010 Piezo Electric Pulse transducer attached to the distal phalange of the third finger of the non-preferred hand. Skin conductance level was measured with an ADInstruments Model ML116 GSR amp and MLT116F electrodes attached to the distal phalanges of the first and second finger of the non-preferred hand. Physiological responses were sampled at 1000 Hz and stored off-line for later quantification. Sampling started with the onset of the task or baseline period and terminated at the end of the task or in the case of the baseline period, after 3 min had elapsed. The recordings were screened to exclude movement artefacts and the final HR and SCL was taken as the mean value across the entire duration of each task.
Verbal tasks. Three of the verbal tasks (word matching, analogy, and anagram) were presented on Dell Optiplex Model GX240 and GX1 computers. The word matching task was modelled on Algan et al. (1997) and assessed lexical knowledge (Brand et al. 1983). The task consisted of 16 practice trials and 112 test trials. On each trial, participants were presented with a fixation cross for 1000 ms, followed by a visual display for 600 ms. The display consisted of a central fixation cross and two letter pairs above and to the left and right of the fixation cross and one letter pair below and to either the left or right of the fixation cross. Each letter was
presented at 0.44° x 0.44° visual angle. A match occurred when one of the letter pairs above the fixation cross (e.g., BA) formed an English word when combined with the letter pair below the fixation cross (e.g., NK). A mismatch occurred when a word could not be formed. An equal number of trials were match and mismatch trials. Different displays for match trials were developed depending on whether a match occurred in the left or right visual field and on the same or opposite sides of the display. To manipulate difficulty, 192 high frequency four letter words (M = 1 111.29 times per million) and 192 low frequency four letter words (M = 9.45 times per million) were selected from Leech, Rayson, and Wilson (2001). Half of all trials had high frequency and the remaining had low frequency words as answers. Participants were asked to answer as quickly and accurately as possible by pressing either the letter "B" or "N" (counterbalanced) for a match or mismatch response on the keyboard. The dependent measures were correct RT and proportion of correct responses.
The analogy task was based on Halpern and Wright (1996) to assess semantic knowledge and relations (Gitomer et al. 1982). There were 6 practice trials and 32 test trials.
In each trial, participants were presented with an analogy stem (e.g., car : road :: train :
)
for 5 s, followed by four possible answers (e.g., (a) wheel (b) vehicle (c) fast (d) track) for a maximum of 15 s. Participants were required to infer a relationship between the first two words in the analogy stem, and transfer that relationship to the third word and one of the four possible answers. Participants indicated their answer on the keyboard and were asked to answer as accurately as possible. Difficulty was varied by categorizing the word answer for each problem as a high frequency (74.12 per million) or low frequency (5.43 per million) word (Leech et al. 2001). Half of the trials consisted of low and high frequency words as the answers. The dependent measure was the proportion of correct answers.
The anagram task assessed verbal flexibility (Walker et al. 2002). There were 6 practice trials, followed by 32 test trials. In each trial, participants were presented with a scrambled
word and were required to unscramble the letters to form a concrete word (e.g., ETNPAU = PEANUT). The words were selected from Rajaram and Roediger (1993). The scrambled words were presented for a maximum of 20 s, during which time participants were required to answer as quickly and accurately as possible. Participants typed in their answer on the keyboard. To manipulate difficulty, half of the words comprised five to six letters (short words) and the remaining comprised seven to eight letters (long words). The main dependent variables were the proportion of correct responses and the RT between the onset of the problem until the participant entered in the first letter of the answer.
The final verbal task was a verbal fluency task (Halpern and Wright 1996). Participants were presented with four letters (F, A, S and N), each separately on a piece of paper. Starting with the first letter (letter F), participants were asked to write down as many words as possible that begin with the letter during a 60 s period. The procedure continued for the remaining letters (in order of letter A, letter S, and letter N). Prior to the task, participants were instructed that they were not permitted to derive words from those they had already written (e.g., play, to form plays, played and playing). Performance was measured by counting the number of unique English words generated. Procedure
After providing informed consent, the participants were screened for the relevant medical, language, and smoking history selection criteria and their weight was measured. All participants were asked to wash their hands with soap and water and to rinse their mouth out with water. Participants were directed to the testing room in which the electrodes for the psychophysiological recordings were attached. Participants were instructed to sit quietly for 3 min during which time pre-administration recordings for HR and SCL were taken. The nicotine or matched placebo tablet was next administered. After the absorption period, the tasks were administered. The experimenter gave the instructions for the word matching task
and told participants to commence the practice trials. After any questions were answered, the participant completed the main experimental trials for the word matching task, while psychophysiological recordings were taken. A similar procedure followed for the remaining tasks of, in order, analogy task, anagram task, and verbal fluency task. At the end of the verbal fluency task, participants were asked to sit quietly for another 3 min while additional recordings were taken. Participants were debriefed at the end of the experiment.
Results Psychophysiological measures
To take into account individual differences in baseline levels of physiological arousal, HR and SCL obtained during the pre-administration baseline period was subtracted from that obtained during the verbal tasks and the post-administration period. A positive change indicates that HR or SCL was higher following the administration of nicotine or placebo than during the pre-administration period. Figure 1 shows the mean HR change (top panel) and mean SCL change (bottom panel) during the verbal tasks and post administration period. The mean HR and mean SCL change was averaged across all the verbal tasks prior to being analyzed with separate 2x2 (Sex x Nicotine) ANOVAs. Heart rate was higher following nicotine administration than following the placebo, main effect for Nicotine, F (1, 68) = 10.57, p = .002. Neither the main effect for Sex, nor the Sex x Nicotine interaction was significant. The analysis for mean SCL change did not yield any significant effects for nicotine, but SCL was significantly higher in males than in females, main effect for Sex, F (1,\68) = 6.29, p = .015. Separate 2x2 (Sex x Nicotine) ANOVAs conducted on mean HR and SCL change during the post-administration baseline period confirmed that nicotine administration significantly increased HR independent of the task demands, main effect for Nicotine, F (\, 68) = 9.67, p = .003. In addition, SCL was significantly higher in males than in females during the post administration period, F (1, 68) = 4.01, p = .048.
Insert Figure 1 about here
Task performance
Word matching task.   The mean proportion of correct responses and mean RT for correct responses were analyzed with separate 2x2x2x2 (Sex x Nicotine x Difficulty x Match) ANOVAs. There was an effect of nicotine administration on the mean proportion correct, main effect for Nicotine, F (1, 68) = 4.14, p = .046. Figure 2 shows that nicotine reduced accuracy following nicotine administration relative to placebo. Nicotine administration did not interact with sex or task difficulty, all Fs < 1, p > .05. The analyses showed that accuracy was higher in males than in females, main effect for Sex, F (1, 68) = 9.35, p = .003, and that this difference varied as a function of difficulty, Sex x Difficulty interaction, F (1, 68) = 4.96, p = .029, and match condition, Sex x Trial type interaction, F (1, 68) = 7.25, p = .009. A significant main effect for Difficulty, F (1, 68) = 100.68, p < .0005, a significant main effect for Trial type, F (1, 68) = 154.65, p < .0005, and a Difficulty x Match interaction, F (1, 68) = 202.33, p < .0005, were also found.
The analyses for mean RT yielded a significant main effect for Sex, F (1, 68) = 7.18,/? = .009, indicating that females (M = 983.29 ms, SD = 333.27), had a faster RT than males (M = 1226.84, SD = All AT), although the difference also interacted with the match condition, Sex x Trial type interaction, F (1, 68) = 10.89, p = .002. The analyses also yielded a significant main effect for Difficulty, F (1, 68) = 65.16, p < .0005, a significant main effect for Trial type, F (1, 68) = 161.25,/? < .0005, and a significant Difficulty x Trial type interaction, F (1, 68) = 84.54, p < .0005. However, no main effects or interactions involving the Nicotine factor were significant.
Insert Figure 2 about here
Analogy task. The mean proportion of correct responses for the analogy task were analyzed with 2x2x2 (Sex x Nicotine x Frequency) ANOVAs. As expected, males performed more accurately than females, main effect for Sex, F (1, 68) = 4.63, p = .035. Performance also varied as a function of word frequency, main effect for Frequency, F (1, 68) = 14.25, p < .0005, and both sex and word frequency, Sex x Frequency interaction, F (1, 68) = 6.13, p = .016. The administration of nicotine had no effect on accuracy during the analogy task as shown by all other effects failing to reach significance, all Fs < 2.03, p > .05.
Anagram task. The mean RT for correct responses and the mean proportion of correct responses were analyzed with separate 2x2x2 (Sex x Nicotine x Length) ANOVAs. As shown in Figure 3 (top panel), the administration of nicotine lengthened RTs, main effect for Nicotine, F (1, 68) = 7.62, p = .007. Performance did not differ between males and females, nor did the administration condition interact with sex or task difficulty, all other Fs < 1.53, p > .05. Figure 3 (bottom panel) shows that the effect of nicotine administration on RT was also reflected in accuracy. The analyses indicated that accuracy was poorer in the nicotine condition than in the placebo condition, main effect for Nicotine, F (1, 68) = 5.08, p = .027. Although it appears that the effect of nicotine varied as a function of sex, this interaction or any other effects involving sex was not statistically significant, all Fs < 2.75, p > .05. Accuracy was higher for short words than long words, main effect for Length, F (1, 68) = 316.53, p < .0005.
Insert Figures 3 and 4 about here
Verbal fluency task. The mean number of words generated across all four letters in the verbal fluency task is shown in Figure 4. As can be seen, females generated more words in the placebo condition than in the nicotine condition, whereas males showed a slight tendency in the opposite direction. This pattern of results was reflected in a significant Sex x Nicotine interaction, F (1, 68) = 4.97, p = .029. Pairwise analyses confirmed that fewer words were generated by females administered nicotine than by females administered placebo, t (34) = 2.10, p = .04. The apparent increase in the number of words in males following nicotine administration when compared to placebo was not statistically reliable, t (34) = 1.14, p = .26. Further analyses were conducted to determine whether the sexually dimorphic effect of nicotine reflected physical differences between males and females. A Sex x Nicotine ANCOVA that used body weight as the covariate confirmed a significant Sex x Nicotine interaction, F (1, 68) = 5.45, p = .023, suggesting that the interaction was independent of physical size differences.
Discussion
The results showed that nicotine had a generally adverse effect on verbal ability in a sample of non-smoking nicotine naive participants. The administration method that was used, the application of a sublingual tablet containing 2 mg of nicotine, was successful in that an increase in HR following administration was observed in both males and females. The increase was present during verbal task performance and during a resting baseline period. The observation that nicotine increased HR and not SCL is consistent with prior reports (e.g., Foulds et al. 1997; cf. Furedy et al. 1999). The administration of nicotine also influenced the behavioral measures of task performance in an overall negative way. Nicotine reduced accuracy on the word matching task and increased RT and reduced accuracy in the anagram task for both males and females. Nicotine also reduced the number of words generated in a verbal fluency task for females. Nicotine did not affect analogy task performance. A number of sex differences were also observed in task performance, as expected in the examination of
verbal ability. Sex differences emerged in the word matching, analogy, and verbal fluency tasks, but not the anagram task.
The observation that nicotine impaired performance on verbal tasks contrasts with the results reported by Algan et al. (1997). These investigators found that performance during a word matching task similar to that used here was lower in male non-smokers compared to female non-smokers, but was similar in males who had smoked a cigarette in comparison to female non-smokers and female smokers. Algan et al. (1997) thus found that nicotine had the sex-specific effect of improving performance in males. In the present experiment, the administration of nicotine reduced accuracy on the matching task in both males and females. The obvious differences in the methodology between the two studies, the use of a smoking sample versus a non-smoking sample and the method of nicotine administration, may account for the contradictory findings. Nevertheless, the present experiment suggests that the administration of nicotine in non-smokers, an experimental manipulation not employed by Algan et al. (1997), does not inevitably improve performance on the word matching task.
The impairment of task performance following nicotine administration extended to the anagram task and verbal fluency task, but was not found during the analogy task. One explanation for why the analogy task did not yield an effect of nicotine could be that participants were provided answers for each problem in a multiple-choice response format. The fact that the potential answers were supplied and that the task emphasized accuracy and not speed may have reduced the demands of the task, leading to a reduction in the potential for nicotine to influence performance. The finding that nicotine impaired performance on the other tasks of verbal ability adds to prior research that has shown that nicotine can impair other cognitive functions (e.g., Heishman et al. 1993). Newhouse et al. (2004) noted that studies which show nicotine induced impairments generally use normal non-smoker or never-smokers as participants, similar to the sample used here. Further, studies which show improvements
generally use smokers, similar to Algan et al. (1997), or neurologically impaired individuals, similar to Howe and Price (2001) and Min et al. (2001), as participants. With reference to the notion of baseline-dependency of nicotine effects (Perkins 1999), such findings may reflect that if an individual is performing at or near their optimal level of performance, increasing stimulation through the administration of nicotine will impair cognitive performance. The present findings appear to the consistent with this interpretation.
Baseline-dependency effects occur when individuals are performing the task at an optimal level, as would be expected if the task is easy or moderately difficult. Newhouse et al. (2004) extended this notion to suggest that if the task is made more difficult, suboptimal performance may result and a beneficial effect of nicotinic stimulation will be seen. The anagram task was particularly difficult in that less than one third of the most difficult (long words) problems were answered correctly. The difficulty level of the word matching task and anagram tasks was also varied. However, the effects of nicotine were independent of task difficulty in all cases. The present results thus appear inconsistent with the notion that increasing the difficulty of a task will inevitably produce a nicotine induced improvement in normal functioning non-smoking individuals. However, there are a number of ways in which a task may be made more "difficult" and it may be that the manipulations used here are among those that are unlikely to be associated with nicotine induced improved performance. Increasing difficulty by speeding the presentation rate, demanding more attentional focus, or reducing the evaluation time, may be more likely to see nicotine enhanced performance.
The baseline-dependency interpretation of nicotinic effects can account for the sexually dimorphic effect of nicotine in the verbal fluency task. In the placebo condition, females outperformed males by an average of approximately six more words than males. It would appear that females were performing the task at an optimal level. Thus, nicotine impaired the number of words generated in high performing females to a larger extent than males.
Interpreted in another way, the administration of nicotine abolished the sex difference observed in verbal fluency. Fallon et al. (2005) reported sex differences in brain metabolic responses following nicotine administration in a FDG-PET study. Nicotine decreased the gender differences present in a placebo condition of higher brain metabolism in females than in males in the prefrontal system and mid and anterior temporal lobe, language cortices, and related subcortical systems. The reduced sex difference in the activation in the brain regions related to language production might provide the mechanism for the reduction in the sex difference in verbal fluency observed in the present experiment.
Some aspects of the methods used in the present experiment limit the conclusions that can be drawn. The presence of side-effects or changes in mood inducted by nicotine (see review by Kalman 2002) were not measured. The use of a low dosage (2 mg) nicotine tablet was selected in order to reduce the potential for adverse reactions from the participants. Moreover, participants were carefully monitored and no participants withdrew from the study as a result of adverse reactions to nicotine. It is possible, however, that the nicotine did influence the participants physically or alter the participants mood in a negative way and that this may be partly responsible for the impairments in task performance that were found. Further research that measures mood, such as through the use of subjective measures (e.g., Foulds et al. 1997), may provide further clues as to why nicotine generally impaired verbal task performance. Another limitation is that studying the effects of nicotine in non-smokers limits generalizations that can be made to a smoking population. However, the methodology used in the current study does allow the effects of nicotine administration to be examined independent of chronic smoking status and withdrawal effects present in smokers.
In conclusion, the present results suggest that acute nicotine administration can impair verbal ability in healthy non-smokers. The effects of nicotine appeared to be consistent across a range of task difficulty levels. The impairment occurred in the tasks that encouraged fast
responses and in one case was sex-specific. What can be gained from the present investigation is that nicotine naive individuals with high levels of verbal ability are unlikely to receive any cognitive benefit from a single acute intake of nicotine, such as that obtained after smoking a cigarette. In contrast, individuals with lower levels of verbal ability, such as those with neurological impairment (e.g., dementia; Howe and Price 2001; Min et al. 2001), may be reinforced by the cognitive benefits of nicotine use. Smoking cessation programs would benefit from considering individual difference variables in addition to the pharmacological effects of nicotine (Pogun 2001), particularly in regards to cognitive functions like verbal ability, when assisting people in the battle to quit smoking.
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Figures
Figure 1. Mean change from the pre-administration period for heart rate (top panel) and skin conductance level (bottom panel) as a function of sex and nicotine condition during the verbal tasks and post-administration period. Error bars depict the standard error of the mean.

Figure 2. Mean proportion of correct responses during the word matching task as a function of sex and nicotine condition. Error bards depict the standard error of the mean.

Figure 3. Mean reaction time (top panel) and proportion of correct responses (bottom panel) during the anagram task as a function of sex and nicotine condition. Error bars depict the standard error of the mean.
Figure 4. Mean number of words generated across four letters (F, A, S, N) during the verbal fluency task as a function of sex and nicotine condition. Error bars depict the standard error of the mean.
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