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There is evidence that individuals with posttraumatic stress disorder (PTSD) may smoke in part to regulate negative affect. This
pilot fMRI study examined the effects of nicotine on emotional information processing in smokers with and without PTSD. Across
groups, nicotine increased brain activation in response to fearful/angry faces (compared to neutral faces) in ventral caudate. Patch x
Group interactions were observed in brain regions involved in emotional and facial feature processing. These preliminary findings
suggest that nicotine differentially modulates negative information processing in PTSD and non-PTSD smokers.

1. Introduction

Posttraumatic stress disorder (PTSD) is associated with
elevated rates of cigarette smoking (40%—-63%) compared
with population norms (20%-30%) [1-3]. Moreover, smok-
ers with PTSD are significantly more likely to be “heavy”
smokers (i.e., smoke >25 cigarettes/day) [4] and take larger
puffs [5]. In naturalistic studies, PTSD smokers are more
likely to report negative affective (NA) states as an antecedent
to smoking [6] and also report significant reductions in NA
following smoking [7].

A hallmark phenotype of individuals with PTSD is in-
creased psychophysiological responsivity and NA to idio-
pathic trauma-related stimuli [8]. Furthermore, individuals
with PTSD exhibit aberrant responding to nonspecific,
negative emotional stimuli [9]. For instance, individuals
with PTSD exhibit biased attention to negative emotional
information [10, 11]. Moreover, compared to non-PTSD
trauma survivors, PTSD survivors have increased electrocor-
tical responses to sad faces [12]. It has been proposed [13, 14]
that dysregulated emotional information processing in PTSD
is due to hyperresponsiveness of the amygdala—a region

subserving negative emotional information processes [15]—
and also hyporesponsiveness of medial prefrontal cortices—a
region involved in cognitive control of emotional responses
[16]. Support for this hypothesis comes from fMRI studies of
PTSD patients showing increased reactivity to fearful faces in
amygdala as compared to controls [17, 18] coincident with
decreased reactivity in medial prefrontal regions [18].
Laboratory studies show that smoking and nicotine
reduces distraction caused by negative stimuli [19] and
electrocortical responses [20] to these stimuli among smok-
ers. Moreover, neuroimaging studies show that nicotine
acts on limbic (e.g., amygdala) and prefrontal brain areas
that subserve emotional information processing [21-23].
Despite evidence regarding smoking/PTSD interactions, no
neuroimaging studies to date have evaluated the neurobio-
logical basis of nicotine and/or smoking effects on emotional
information processing among individuals with PTSD. Thus,
we conducted a preliminary study aimed at evaluating this
question. Smokers with and without a PTSD diagnosis
underwent fMRI scanning 2 hrs after application of a 21 mg
transdermal nicotine or placebo patch. During scanning
participants viewed emotional or neutral face stimuli. We
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TaBLE 1: Participant demographics®.
. PTSD s

Sub. Age Sex FIND Cigs/day Yrssmoked BDI (CAPS) Psychiatric history Trauma event Drug dep. hx

P-1 27 F 5 10 9 1 Yes . MDD, OC.D’ Witness to assault Alcohol
Adjustment disorder

P2 41 F 3 20 25 11 Yes None Death of daughter None
Agoraphobia, specific  Children removed

P3 28 F 8 >0 1 2 Yes phobia (heights), MDD by social services None

P-4 31 F 6 15 15 9 Yes MDD Child sexual abuse

C-1 68 F 5 60 49 2 No MDD Death of husband Alcohol

c-2 27 M 4 15 8 0 No None Hurricane None

C-3 28 F 3 13 12 1 No None None None

C-4 43 F 10 39 31 10 No Subthreshold OCD Death of friend None

“PTSD group subjects are denoted as de-identified subject numbers P-1 through P-4.
bControl group subjects are denoted as de-identified subject numbers C-1 through C-4.

hypothesized that nicotine and PTSD, both separately and
in combination, would have effects on brain activation,
specifically in regions underlying emotional processes.

2. Materials and Methods

2.1. Subjects and Stimuli. Participants (n = 11) were adult
smokers with and without PTSD recruited from community
and clinic sources. Eligibility requirements included being
between the ages of 18-75, smoking >10 cigarettes per day
over the past year, abstinence from nicotine delivery other
than cigarettes, having 20/20 corrected vision, native English
speaking, free of any neurological history, or major medical
problems, passing a urine drug screen and pregnancy test if
female and not meeting DSM-IV criteria for current drug
or alcohol abuse/dependence (except nicotine). Participants
read and signed an Institutional Review Board approved
informed consent form and were paid $250 upon study
completion. Eleven participants completed all aspects of
the study. Data from 3 participants were excluded due to
computer hardware difficulty (n = 2) and data-related
problems (n = 1).

2.2. Procedure. Participants completed three sessions—one
screening/diagnostic and two scanning sessions. PTSD diag-
nosis was based on the Clinician Administered PTSD Scale
[24]. Other psychiatric disorders were diagnosed based on
the Structured Clinical Interview for DSM-IV diagnosis [25].
Current alcohol and drug abuse/dependence diagnoses were
determined by a 3-month time frame; current diagnoses
for major depressive episode and anxiety disorders were
determined by a 1-month time frame. Two trained raters
(kappa for diagnoses = .97) conducted the interviews under
the supervision of a licensed clinical psychologist (JCB). The
Beck Depression Inventory (BDI), the Fagerstrom test for
Nicotine Dependence (FTND), and a smoking history form
were administered (see Table 1).

On each experimental day, participants were adminis-
tered either a transdermal nicotine (21 mg NicoDerm) or
placebo patch. Placebo patches (resembling nicotine patches)

were manufactured by 1-800-PATCHES. Participants were
instructed to smoke as usual up to patch administration.
The patch was placed on the lower upper arm to avoid
complications during scanning. In the 2 hrs following patch
application, participants maintained smoking abstinence
and were monitored by study personnel. After 2 hours,
participants entered the MRI suite, were placed in the
scanner, and then performed an experimental task during
fMRI scanning. Patch order was randomly assigned and
counterbalanced across participants.

2.3. Experimental Task. The experimental task was a mod-
ified version of a face viewing task previously shown to
increase activation in brain regions underlying emotion
processing [26]; see Figure 1. In brief, neutral and negative
(angry and fearful) faces [27] were presented in a dynamic
(i.e., morphed) fashion. The morphing caused them to
appear to change from neutral to negative in the same actor
(emotion morph) or from one neutral identity to another
neutral identity (identity morph). Trials were separated by
a fixation cross. Participants used a response box to indicate
whether each face depicted an emotion or an identity morph.
Stimuli were presented in a pseudorandom event-related
design. The intertrial interval varied between 12 and 15s (M
=13.55). Each session was divided into eight, 8 min 24 s runs.
Run order was counterbalanced across participants.

2.4. Scanning Procedures. MR images were acquired on a
1.5 T General Electric Signa NVi scanner (Milwaukee, W1,
USA) equipped with 41 mT/m gradients. The participant’s
head was immobilized using a cushion and tape. The
anterior and posterior commissures were identified in the
midsagittal slice of a localizer series. A high-resolution
T1-weight anatomical image was then acquired (124 con-
tiguous slices, repetition time, TR = 8.2s, TE = 3.3 ms,
FOV = 24 cm, matrix = 256, slice thickness = 1.5mm).
Functional images were collected during the task with an
inverse spiral pulse sequence sensitive to blood-oxygenation-
level-dependent (BOLD) contrast (30 slices, TR = 1.5s,



Advances in Pharmacological Sciences 3
TABLE 2: Brain areas where significant main effects of group were observed.
Side Brain area BA Cluster size (mm?) MNI coordinates
X y z Tmax
PTSD > control
L Fusiform gyrus 37 744 —42 —54 =20 6.33
19 -38 -68 -18 6.25
R Putamen 200 32 -10 -8 5.48
R Amygdala 26 -6 -12 4.75
R Caudate 208 10 -6 22 5.21
12 -2 14 3.86
L Caudate 280 -8 4 8 4.85
R Angular gyrus 19 152 40 78 44 4.73
L Thalamus 280 -18 -20 14 4.6
-12 -26 12 4.45
L Superior frontal gyrus 8 104 -22 38 48 4.53
R Inferior frontal gyrus 9 96 60 20 26 4.24
R Thalamus 104 16 —4 12 4.12

Control > PTSD

No significant areas of activation

Emotional morph

+
trial
12
_
Identity morph
. +
trial

Experimental paradigm

1.5 ——————>

(AVT 45 frames/30 frames/s)

FiGure 1: fMRI task paradigm.

TE = 10 ms, FOV = 24 cm, matrix = 642, flip angle = 81°,
slice thickness = 3.8 mm, in-plane resolution = 3.75 mm?).

2.5. Data Analysis. The fMRI data analysis utilized a voxel-
based approach implemented in SPM5 (Wellcome Trust
Centre for Neuroimaging, London, UK). Preprocessing steps
included (1) slice-time correction, (2) realignment using
rigid body translation and rotation, (3) normalization into a
standard stereotaxic space (Montreal Neurological Institute)
with an isotropic 2 mm?® voxel size, and (4) smoothing with
an 8 mm Gaussian filter.

For each participant on each session, statistical para-
metric maps were derived by applying linear contrasts to
the parameter estimates for the event of interest (emotional
morph > identity morph), resulting in a t-statistic for every
voxel. These contrasts were then passed onto the second

level for random-effects analyses. Statistical contrasts were
set up to calculate signal differences between patch condition
(nicotine versus placebo), group (PTSD versus control), and
the 2-way interaction between patch and group. A gray
matter mask was applied to statistical parametric maps, and
results were thresholded at P < 0.001, uncorrected, with a
spatial extent of ten contiguous voxels.

3. Results

3.1. Participant Demographics. Participants were adult
smokers with (n = 4) and without PTSD (n = 4). See Table 1
for smoking history and demographic information. Groups
were matched on age (sample M = 36.6, SD = 14.2), average
number of years smoked (M = 20, SD = 14.3), cigarettes per
day (M = 19.2, SD = 6.8), and nicotine dependence (FTND
score M =5.5; SD =2.4).
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FiGgure 2: fMRI contrast of the main effects of patch type. Across
groups, activation (emotion morph > identity morph) was greater
for nicotine versus placebo patch in left caudate (x = —10, y = 14,
z = —6), whereas greater activation was observed in left inferior
frontal gyrus (IFG) (x = —42, y = 8, z = 8) and right middle
occipital gyrus (MOG) (x = 32, y = —88, z = 4) for placebo versus
nicotine patch.
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FIGURE 3: Model parameter estimates of the main effect of patch
type on task-related left caudate (x = —10, y = 14,z = —6) BOLD
response.

3.2. fMRI Activations. Patch effects Across groups, nicotine
patch compared to placebo resulted in increased activation
in left ventral caudate (Figures 2 and 3). As represented
in Figure 2, significant activations for placebo relative to
nicotine patch were observed in right middle occipital gyrus
(BA 19) and left inferior frontal gyrus (BA 44).

Group Effects. Across patch conditions, activation was signif-
icantly greater in the PTSD as compared to non-PTSD group
in striatum, amygdala, and frontal, parietal, and occipital
cortices (see Table 2). No activations were greater in the non-
PTSD relative to PTSD group.

Patch x Group Interaction. As represented in Figure 4, patch
x group interactions were observed in right superior frontal
gyrus (SFG) (Figure 5) and left middle temporal gyrus
(MTG). In SEG, activation was greatest in the PTSD group
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FiGure 4: fMRI contrast of the patch x group interactions.
Significant patch x group interactions were observed in right
superior frontal gyrus (SFG) (x = 24, y = 22,z = 60) and left
middle temporal gyrus (MTG) (x = —48, y = 10,z = —24).
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Parameter estimates

Control group (CG)
subjects

PTSD group (P) subjects

Control group (CG) subjects| PTSD group (P) subjects
CG-1| CG-2| CG-3| CG-4| P-1 P-2 P-3 | P-4
ENicotine| —=5.7 | -1.2| —45| -6.2 | =09 | —0.6 | —=0.7 | —2.3
BPlacebo | -3 | -3.3| -2.8 | =79 | 11.6 12 6.2 14.8

FIGURE 5: Model parameter estimates of the group x patch
interaction on task-related right superior frontal gyrus (SEG) (x =
24, y = 22,z = 60) BOLD response.

than that in the placebo condition. In MTG, activation was
greater in the PTSD group in the nicotine relative to placebo
condition; the opposite pattern was observed in the non-
PTSD group.

4. Discussion

This preliminary study is the first to systematically assess the
effects of nicotine on neural correlates of emotional infor-
mation processing in a PTSD sample. As in previous studies
[17, 18], PTSD was associated with larger brain responses to
emotional face stimuli in amygdala and prefrontal regions.
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In evaluating the effects of nicotine, we observed patch
X group interactions in several brain areas which suggest
nicotine might modulate emotional information processing
via different neural mechanisms in smokers with and with-
out PTSD. The observed patch x group interaction in SFG
suggested greater reactivity to emotional cues in this region
when smokers with PTSD were in a nicotine-deprived state.
The SFG plays an important role in emotion, memory, and
motivational processes. As compared to controls, individuals
with PTSD have been shown to exhibit increased activation
in SFG upon recall of neutral information that was encoded
in an emotional context [28]. A patch x group interaction
was also observed in MTG—a region previously shown to
be selectively active in response to nonaffective components
of face stimuli (e.g., perception and familiarity; [29]). This
area was more reactive to emotional face cues in smokers
with PTSD when receiving nicotine. Collectively, these
findings suggest that nicotine (and nicotine deprivation)
may modulate reactivity to the nonaffective and affective
components of face stimuli in smokers with PTSD.

In addition to the above interactions, we observed a
main effect of nicotine in which activation to emotional
face stimuli was greater in left ventral caudate following
nicotine patch administration. The ventral caudate is part
of the ventral striatum—a brain region that mediates
reward processes [30]. Nicotine stimulates the release of
dopamine in the ventral striatum in both animals [31] and
in human smokers [32]. Likewise, nicotine abstinence results
in decreased ventral striatal dopamine functioning [33].
Thus, our novel findings of nicotine-induced increases in
reactivity to emotional stimuli in the striatum may be due
to increased dopamine transmission in this region brought
on by nicotine administration (or decreases in dopamine
neurotransmission in the absence of nicotine).

The present study has limitations including a small
sample size and a relatively heterogeneous sample with
respect to age, psychiatric comorbidity, and smoking history.
We manipulated nicotine in the context of brief abstinence
so it remains unknown what effect a longer abstinence
period would have on emotional information processing.
Additional work with larger samples and under other
clinically relevant conditions is needed.

5. Conclusion

The present preliminary study provides novel information
regarding the effects of nicotine on emotional information
processing in smokers with and without PTSD. Smokers with
PTSD report greater NA immediately prior to smoking [34]
and greater decreases in NA following smoking [35], and
these findings are consistent with the observed patterns of
brain activation in the current study. Thus, our findings
provide a neurobiological basis that helps explain why
individuals with PTSD are at greater risk of smoking and
also experience greater difficulty quitting. The present study
is not without its limitations. Our sample size was small
and was predominately represented by female smokers.
Moreover, among the female participants, we did not obtain

information regarding menstrual cycle phase in relation to
the timing of each of their experimental sessions which
may have added some variance to the results. Future work
will examine the effects of nicotine and smoking in larger
samples of smokers with PTSD, control for sex differences,
and among females control for time in menstrual cycle,
and relate these findings to smoking-related outcomes (e.g.,
smoking cessation success/failure).

Acknowledgments

This work was supported K23DA017261 (F. J. McClernon)
and by the Office of Research and Development Clinical Sci-
ence, Department of Veterans Affairs, and by, K24DA016388,
2R01CA081595, R21DA019704, and 2RO1MH62482 (]J. C.
Beckham). The views expressed in this paper are those of
the authors and do not necessarily represent the views of
the Department of Veterans Affairs or the National Institutes
of Health. The authors wish to thank Dr. Kevin Labar who
developed and programmed the task that was used in the
study.

References

[1] J. C. Beckham, A. A. Roodman, R. H. Shipley et al,
“Smoking in Vietnam combat veterans with post-traumatic
stress disorder,” Journal of Traumatic Stress, vol. 8, no. 3, pp.
461-472, 1995.

[2] N. Breslau, G. C. Davis, and L. R. Schultz, “Posttraumatic
stress disorder and the incidence of nicotine, alcohol, and
other drug disorders in persons who have experienced trau-
ma,” Archives of General Psychiatry, vol. 60, no. 3, pp. 289294,
2003.

[3] K. Lasser, J. W. Boyd, S. Woolhandler, D. U. Himmelstein, D.
McCormick, and D. H. Bor, “Smoking and mental illness: a
population-based prevalence study,” Journal of the American
Medical Association, vol. 284, no. 20, pp. 2606—2610, 2000.

[4] J. C. Beckham, A. C. Kirby, M. E. Feldman et al., “Prevalence
and correlates of heavy smoking in Vietnam veterans with
chronic posttraumatic stress disorder,” Addictive Behaviors,
vol. 22, no. 5, pp. 637-647, 1997.

[5] E J. McClernon, J. C. Beckham, S. L. Mozley, M. E. Feldman,
S. R. Vrana, and J. E. Rose, “The effects of trauma recall
on smoking topography in posttraumatic stress disorder
and non-posttraumatic stress disorder trauma survivors,’
Addictive Behaviors, vol. 30, no. 2, pp. 247-257, 2005.

[6] J. C. Beckham, M. E. Feldman, S. R. Vrana et al., “Imme-
diate antecedents of cigarette smoking in smokers with and
without posttraumatic stress disorder: a preliminary study,”
Experimental and Clinical Psychopharmacology, vol. 13, no. 3,
pp. 219-228, 2005.

[7] J. C. Beckham, M. T. Wiley, S. C. Miller et al., “Ad lib smoking
in post-traumatic stress disorder: an electronic diary study,”
Nicotine and Tobacco Research, vol. 10, no. 7, pp. 1149-1157,
2008.

[8] S. P. Orr, L. J. Metzger, and R. K. Pitman, “Psychophysiology
of post-traumatic stress disorder,” Psychiatric Clinics of North
America, vol. 25, no. 2, pp. 271-293, 2002.

[9] J. E. Rose, “Nicotine and nonnicotine factors in cigarette
addiction,” Psychopharmacology, vol. 184, no. 3-4, pp. 274—
285, 2006.



(10]

W. H. Alexander and J. W. Brown, “Competition between
learned reward and error outcome predictions in anterior
cingulate cortex,” Neurolmage, vol. 49, no. 4, pp. 3210-3218,
2010.

R. G. Schlosser, G. Wagner, C. Schachtzabel et al., “Fronto-
cingulate effective connectivity in obsessive compulsive disor-
der: a study with fMRI and dynamic causal modeling,” Human
Brain Mapping, vol. 31, no. 12, pp. 1834-1850, 2010.

K. J. Friston, L. Harrison, and W. Penny, “Dynamic causal
modelling,” Neurolmage, vol. 19, no. 4, pp. 1273-1302, 2003.
R. J. McNally, “Cognitive abnormalities in post-traumatic
stress disorder,” Trends in Cognitive Sciences, vol. 10, no. 6, pp.
271-277, 2006.

S. L. Rauch, L. M. Shin, E. Segal et al., “Selectively reduced
regional cortical volumes in post-traumatic stress disorder,”
NeuroReport, vol. 14, no. 7, pp. 913-916, 2003.

J. E. LeDoux, “Emotion circuits in the brain,” Annual Review
of Neuroscience, vol. 23, pp. 155-184, 2000.

R.J. Davidson, K. M. Putnam, and C. L. Larson, “Dysfunction
in the neural circuitry of emotion regulation—a possible
prelude to violence,” Science, vol. 289, no. 5479, pp. 591-594,
2000.

S. L. Rauch, P. J. Whalen, L. M. Shin et al., “Exaggerated
amygdala response to masked facial stimuli in posttraumatic
stress disorder: a functional MRI study,” Biological Psychiatry,
vol. 47, no. 9, pp. 769-776, 2000.

L. M. Shin, C. I. Wright, P. A. Cannistraro et al., “A functional
magnetic resonance imaging study of amygdala and medial
prefrontal cortex responses to overtly presented fearful faces in
posttraumatic stress disorder,” Archives of General Psychiatry,
vol. 62, no. 3, pp. 273-281, 2005.

A. Rzetelny, D. Gilbert, J. Hammersley, R. Radtke, N. Ra-
binovich, and S. Small, “Nicotine decreases attentional bias
to negative-affect-related Stroop words among smokers,”
Nicotine and Tobacco Research, vol. 10, no. 6, pp. 1029-1036,
2008.

D. G. Gilbert, C. Sugai, Y. Zuo, N. E. Rabinovich, F. J.
McClernon, and B. Froeliger, “Brain indices of nicotine’s
effects on attentional bias to smoking and emotional pictures
and to task-relevant targets,” Nicotine and Tobacco Research,
vol. 9, no. 3, pp. 351-363, 2007.

E. FE Domino, L. Ni, Y. Xu, R. A. Koeppe, S. Guthrie, and
J. K. Zubieta, “Regional cerebral blood flow and plasma
nicotine after smoking tobacco cigarettes,” Progress in Neuro-
Psychopharmacology and Biological Psychiatry, vol. 28, no. 2,
pp. 319-327, 2004.

]. E. Rose, F. M. Behm, E. C. Westman et al., “PET studies of the
influences of nicotine on neural systems in cigarette smokers,”
American Journal of Psychiatry, vol. 160, no. 2, pp. 323-333,
2003.

E. A. Stein, J. Pankiewicz, H. H. Harsch et al., “Nicotine-
induced limbic cortical activation in the human brain: a
functional MRI study,” American Journal of Psychiatry, vol.
155, no. 8, pp. 1009-1015, 1998.

C. Mueller-Pfeiffer, C. Martin-Soelch, J. R. Blair et al., “Impact
of emotion on cognition in trauma survivors: what is the
role of posttraumatic stress disorder?” Journal of Affective
Disorders, vol. 126, no. 1-2, pp. 287-292, 2010.

S. S. Watkins, G. F. Koob, and A. Markou, “Neural mechanisms
underlying nicotine addiction: acute positive reinforcement
and withdrawal,” Nicotine and Tobacco Research, vol. 2, no. 1,
pp. 19-37, 2000.

J. Fan, P. R. Hof, K. G. Guise, J. A. Fossella, and M. 1. Posner,
“The functional integration of the anterior cingulate cortex

(27]

(30

(31]

(32]

Advances in Pharmacological Sciences

during conflict processing,” Cerebral Cortex, vol. 18, no. 4, pp.
796-805, 2008.

A. Azizian, L.]. Nestor, D. Payer, J. R. Monterosso, A. L. Brody,
and E. D. London, “Smoking reduces conflict-related anterior
cingulate activity in abstinent cigarette smokers performing
a stroop task,” Neuropsychopharmacology, vol. 35, no. 3, pp.
775-782, 2010.

CDC, “Annual smoking-attributable mortality, years of poten-
tial life lost, and productivity losses—United States, 1995—
1999,” Morbidity and Mortality Weekly Report, vol. 51, pp. 300—
313, 2002.

CDC, “Cigarette smoking among adults—United States,
2000,” Morbidity and Mortality Weekly Report, vol. 51, pp. 642—
645, 2000.

R. Elliott, K. J. Friston, and R. J. Dolan, “Dissociable neural
responses in human reward systems,” Journal of Neuroscience,
vol. 20, no. 16, pp. 6159-6165, 2000.

H. Garavan, “Insula and drug cravings,” Brain structure ¢

function, vol. 214, no. 5-6, pp. 593-601, 2010.

M. Guitart-Masip, N. Bunzeck, K. E. Stephan, R. J. Dolan, and
E. Diizel, “Contextual novelty changes reward representations
in the striatum,” Journal of Neuroscience, vol. 30, no. 5, pp.
1721-1726, 2010.

E. K. Miller and J. D. Cohen, “An integrative theory of
prefrontal cortex function,” Annual Review of Neuroscience,
vol. 24, pp. 167-202, 2001.

H. S. Mayberg, “Limbic-cortical dysregulation: a proposed
model of depression,” Journal of Neuropsychiatry and Clinical
Neurosciences, vol. 9, no. 3, pp. 471-481, 1997.

G. A. Croghan, J. A. Sloan, I. T. Croghan et al., “Comparison
of nicotine patch alone versus nicotine nasal spray alone versus
a combination for treating smokers: a minimal intervention,
randomized multicenter trial in a nonspecialized setting,”
Nicotine and Tobacco Research, vol. 5, no. 2, pp. 181-187, 2003.



	Introduction
	Materials and Methods
	Subjects and Stimuli
	Procedure
	Experimental Task
	Scanning Procedures
	Data Analysis

	Results
	Participant Demographics
	fMRI Activations
	Group Effects
	Patch x Group Interaction.


	Discussion
	Conclusion
	Acknowledgments
	References

