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Abstract

Objective—To investigate neural activity in prefrontal cortex and amygdala during bipolar
depression.

Methods—Eleven bipolar | depressed and 17 normal subjects underwent functional magnetic
resonance imaging (fMRI) while performing a task known to activate prefrontal cortex and
amygdala. Whole brain activation patterns were determined using statistical parametric mapping
(SPM) when subjects matched faces displaying neutral or negative affect (match condition) or
matched a geometric form (control condition). Contrasts for each group for the match versus
control conditions were used in a second-level random effects analysis.

Results—Random effects between-group analysis revealed significant attenuation in right and
left orbitofrontal cortex (BA47) and right dorsolateral prefrontal cortex (DLPFC) (BA9) in bipolar
depressed subjects. Additionally, random effects analysis showed a significantly increased
activation in left lateral orbitofrontal cortex (BA10) in the bipolar depressed versus control
subjects. Within-group contrasts demonstrated significant amygdala activation in the controls and
no significant amygdala activation in the bipolar depressed subjects. The amygdala between-group
difference, however, was not significant.

Conclusions—Bipolar depression is associated with attenuated bilateral orbitofrontal (BA47)
activation, attenuated right DLPFC (BAD9) activation and heightened left orbitofrontal (BA10)
activation. BA47 attenuation has also been reported in mania and may thus represent a trait feature
of the disorder. Increased left prefrontal (BA10) activation may be a state marker to bipolar
depression. Our findings suggest dissociation between mood-dependent and disease-dependent
functional brain abnormalities in bipolar disorder.
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The lifetime prevalence for bipolar disorder is 2% in the United States (1) and patients spend
the majority of their time in episodes of depression, not mania (2-5). As bipolar depression
is associated with high levels of morbidity and mortality across the life span, efforts aimed
at identifying the biological mechanisms that contribute to the diathesis for this phase of the
illness are imperative. Functional neuroimaging studies of patients with unipolar depressive
disorder have begun to reveal the dysregulated neuroanatomic circuits associated with this
syndrome (6-21). Similar studies in patients with bipolar depression are more limited.

To our knowledge, five studies have been performed using functional magnetic resonance
imaging (fMRI) in patients with bipolar disorder during the depressed phase (22—26). Only
three of these fMRI studies used affective paradigms known to activate limbic structures,
although the paradigms differed across studies. In one study, patients observed emotional
expressions; bipolar depressed patients demonstrated increased subcortical (left amygdala,
caudate, putamen, thalamus, right globus pallidus) and prefrontal responses to both positive
(happy) and negative (fearful) expressions compared to the control group (22). In another
study involving the cognitive generation of affect, distinct patterns of regional activation
were found with bipolar depressed patients generating predominantly right-sided subcortical
activation (basal ganglia, thalamus, hypothalamus, and amygdala) (26). A third study used a
paradigm to assess implicit versus explicit facial emotion recognition and found that bipolar
depressed subjects tended to over activate fronto-striato-thalamic regions in response to
fearful faces (24).

Functional neuroimaging studies in normal subjects using neuropsychological paradigms
that involve the processing of emotional facial expression have reported specificity for
activation of orbitolateral prefrontal cortex and amygdala in normal subjects (27-32).
Several fMRI studies of bipolar subjects during the manic state, including work from our
group, have demonstrated either attenuation of orbitofrontal cortex (OFC) function and/or
heightened amygdala activation compared to controls (22, 24, 33, 34). The presence of an
attenuated OFC response and a heightened amygdala response in mania suggests an
alteration in a prefrontal-amygdala circuit. The OFC has been purported to play a role in the
integration of emotional information and the regulation of intensity of emotional response
(35, 36). Dysfunction in this area could provide a mechanism for understanding a failure to
appropriately modulate other brain regions and perhaps result in a range of intensity of
mood shifts in people with bipolar disorder.

The current study used fMRI and a facial affect processing task to assess orbitofrontal
cortical and amygdala reactivity in subjects with bipolar depression. While the few studies
reviewed above that used affective paradigms suggest that amygdala activity might increase
during bipolar depression, we hypothesized that orbitofrontal activity would be heightened
and amygdala activity reduced in subjects with bipolar depression compared to a normal
control group. Given our data regarding mania, and assuming depression represents a mood
state that might involve the same brain regions but with an alternate activation, we
hypothesized that we would see an activation pattern opposite to what we had observed in
mania.

Patients and methods

Study subjects

The study protocol was approved by the Institutional Review Boards at the University of
California, Los Angeles (UCLA) and at the Veterans Affairs Greater Los Angeles
Healthcare System (VAGLAHS), and each subject gave written informed consent. Subjects
with bipolar I disorder, currently depressed, were recruited through the UCLA Mood
Disorders Clinic and the Bipolar Disorders Clinic of the VAGLAHS in West Los Angeles,
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as well as inpatient units of both hospitals. Subjects enrolled in other UCLA Mood
Disorders Research Program research projects were also invited to participate. Control
subjects were recruited by advertisement in local newspapers and campus flyers, and were
excluded if they had a current or past psychiatric diagnosis (including history of substance
abuse) or were taking any medications for medical reasons. All subjects underwent the
Structured Clinical Interview for DSM-1V (SCID) to obtain an accurate diagnosis; bipolar
subjects who met SCID criteria for bipolar disorder, currently depressed, and scored >18 on
the (21-item) Hamilton Rating Scale for Depression (HAM-D) (37) were eligible to
participate. Exclusion criteria for all subjects included left-handedness, hypertension,
neurologic illness, metal implants, and a history of skull fracture or head trauma with loss of
consciousness >5 min. Additional exclusion criteria for bipolar subjects included any current
other Axis | comorbidity. Subjects with a past history of alcohol or drug use disorder could
participate if they had been sober for >9 months.

In total, 11 subjects (six women) with bipolar depression and 17 control subjects (eight
women) were scanned. Control subjects were 29.5 + 6.6 years of age. Subjects with bipolar
disorder were 32 + 7.3 years of age. There were no significant differences in age or gender
between groups. Two subjects (18%) were not taking any medication at the time of
scanning. The remaining nine subjects were on a range of medications including lamotrigine
(n = 3), divalproex sodium (n = 3), carbamazepine (n = 1), lithium (n = 1), atypical
antipsychotics (n = 2), selective serotonin reuptake inhibitors (SSRIs) (n = 2), and
venlafaxine (n = 1).

On the day of the scan, severity of mood symptoms was assessed in the bipolar subjects
using the Young Mania Rating Scale (YMRS) (38) and the HAM-D. Additionally, a seven-
item extension of the HAM-D was used to assess for atypical depressive symptoms that are
common in bipolar depression (39). The YMRS average score was 2.9 + 1.9 (range 0-7), the
average HAM-D score was 20.8 + 3.3 (range 18-26), and the average extended HAM-D
score was 31.27 + 4.76 (range 24-41).

Imaging procedure

MRI scans were obtained on a 3-Tesla instrument (General Electric, Waukesha, WI, USA)
with echo planar imaging capability (Advanced NMR Systems, Wilmington, MA, USA).
Functional MRI scanning was conducted with a gradient echo, echo planar acquisition
sequence. First, an automated shim procedure was applied to maximize magnetic field
homogeneity (40). Second, a sagittal scout (T, weighted) was obtained to identify locations
for both structural and functional images. Third, co-planar echo planar imaging high-
resolution structural images were obtained consisting of 26 slices [repetition time (TR)/echo
time (TE) = 4000/54 ms, 4 mm thick, 1 mm gap, matrix 1282, field of view (FOV) = 20 cm]
co-planar to the functional imaging scans. Finally, functional images were obtained with an
asymmetric spin echo sequence (41). This sequence was used to reduce susceptibility
artifact in the area of the amygdala and covered 16 slices from the temporal lobes and
upward (TR/TE/180 degree pulse offset = 2500/70/25 ms, 4 mm thick, 1 mm gap, matrix
642, FOV = 20 cm). Sixteen slices were the maximum possible on this instrument given the
constraint of a TR of 2500 and the relatively long TE of 70 seconds needed for the
asymmetric spin echo images. They were chosen on anatomical grounds from the 26 slices
obtained from the structural scan covering the brain to maximize coverage in the areas of
interest, low enough to image the amygdala fully while high enough to retain coverage of
the inferior frontal cortex.
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Activation task

The face-matching paradigm consisted of three different experimental conditions (‘match
affect in faces,” ‘word identify affect in faces,” and ‘match forms’) and included nine
experimental blocks: four blocks presented faces bearing negative affect and five were
control blocks presenting geometric forms. Each block lasted 32.5 seconds for a total scan
length of 4:53 min (see Fig. 1) (31). We chose this task because of significant differences
seen between control and manic subjects in amygdala and prefrontal cortical activation (34).

Of the four blocks involving experimental faces, two required the subject to choose the
correct match of a face with one of two other affectively charged faces (match faces). Faces
were shown with neutral or negative affect (anger or fear). The other two required subjects
to identify one of two presented words (e.g., angry, afraid) that best matched an affectively
charged face (identify faces). For each affect condition, 12 different images portraying
negative facial emotions were used [six per block, three of each gender, all derived from a
standard set of pictures of facial affect (42)]. There were 12 observations per condition, and
each observation was shown for 5 seconds. The emotions were randomized across blocks
and the order of task presentation was balanced equally in the bipolar depressed and control
subjects. Between ‘match’ and ‘identify’ affect conditions, subjects performed a control task
where they matched an elliptical form to one of two other forms presented in the same or a
different orientation (match forms). During imaging, subjects responded by pressing one of
two buttons with their right hand. Response and accuracy times were calculated for each

group.

Data analysis

From the above paradigm, the data from the *match faces’ (experimental) and ‘match forms’
(control) tasks were used for the current analysis because prior work with this paradigm in
control subjects showed this contrast reliably activated the orbitofrontal cortex and
amygdala (31, 34). Group averaged statistical parametric mapping analysis (SPM) was used
to analyze the patterns of activation on fMRI.

Preprocessing and SPM—AII functional image volumes were examined closely for
time points containing severe motion or spike artifacts. Single corrupted volumes (i.e., those
containing spike artifacts and volume series or runs containing significant head motion of
two voxels or greater) were removed from further analysis. The number of time points
included was 108.6 + 6.06 for the bipolar depressed group and 111.7 + 4.44 for the control
subjects. Mean time points removed were 8.4 and 5.2 for bipolar depressed and control
subjects, respectively. Images were corrected for head motion and spatially normalized
using Automated Image Registration (AIR) tools (43). First, the images from the high-
resolution echo planar anatomic scans were aligned automatically to a site-specific atlas
(44). The co-planar functional scans were concatenated and corrected for linear head motion
using a 6-parameter algorithm in AIR. Following this, the data were smoothed using a 6-mm
full width at half maximum Gaussian kernel in AIR. Then the high-resolution file was
resampled to match the functional files. Next, all transformation parameters from
realignment and spatial normalization were applied to the functional files, which were
realigned to correct for head motion in atlas space (AIR). Within-subject masking was then
applied, retaining only those voxels for which there was signal in all images/scans. In
analyzing within-subject data after head motion correction, portions of the top and bottom
slices were removed automatically by AIR when there was through-plane motion (i.e., when
there were voxels not represented throughout the whole times series due to motion).

The group preprocessing consisted first of cropping images not shared across all subjects
(i.e., eliminating planes that did not have brain images across all subjects), such that voxels
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were entered into analysis if they were represented in all subjects. After cropping, the scan
coverage was 7 cm, covering approximately —20 to +50 in the Z plane in Talairach
coordinate space. Lastly, the cropped functional files were smoothed and the group data then
processed statistically by SPM.

Statistical analysis—Bipolar depressed subjects and controls were compared on
performance variables (response time, percentage of errors) using two sample t-tests as
inspection revealed that the data were normally distributed. The group data were processed
statistically using SPM 99 (http://www.fil.ion.ucl.ac.uk/spm/). Contrasts were first made for
the “match faces’ versus ‘match forms’ (control task) comparison within each group
(patients and controls separately) for a fixed effect analysis. We used a height threshold of p
< 0.05, which is corrected for multiple comparisons, and an extent threshold of >10 voxels
for the within-group contrasts. This extent threshold was chosen to be small enough to
capture a small structure like the amygdala but not so small as to capture false positives. The
individual single-subject contrasts from this analysis were then entered into a second-level
analysis with subject as a random factor (random effects analysis). Only voxels
demonstrating significant activity in the within-group analyses were entered into the
between-groups comparisons. This approach minimizes false positive errors due to random
differences in pixel values between groups and reduces the need to correct for multiple
comparisons over the entire brain.

Behavioral data

There were no significant differences between bipolar depressed and control groups in the
response time on either the match faces task (2.34 + 0.5 versus 2.38 + 0.5 seconds; bipolar
depressed versus controls; t = 0.21, p = 0.8) or on the match forms task (1.25 + 0.3 versus
1.23 £ 0.3 seconds; bipolar depressed versus controls; t = 1.06, p = 0.30). Similarly, there
were no significant group differences in accuracy of response on the match faces task (84%
+ 8% bipolar depressed; 80% * 14% controls; t = 0.79, p = 0.44) or match forms task (99%
+ 3% bipolar depressed versus 98% * 3% controls; t = 0.79, p = 0.45).

Functional imaging data

SPM within-group analyses—Table 1 gives the extent thresholds, Talairach coordinates
(45) and z-scores for significant areas of activation with an extent threshold >10 voxels seen
within either the bipolar depressed or control groups (p < 0.05 corrected for multiple
comparisons) for the match faces minus match forms (control) comparisons. Figure 2
displays activation results of the within-group fixed effect analysis in specific slices through
the brain in the control and bipolar groups, respectively. Both groups displayed robust,
bilateral fusiform activity consistent with activation of the fusiform face area, suggesting
that subjects were seeing and attending to the faces shown. The control group additionally
demonstrated significant bilateral activation of the anterior inferior orbitofrontal lobe
(BA47) (Talairach coordinates x=—50,y = 18,z = —4; x = 46, y = 18, z = —4, p < 0.0001).
This was not seen in the bipolar subjects (Table 1; Fig. 2A). Significant activation was also
seen in right BA9 in both groups, but the extent of activation was much greater in the
control [(k) = 163; x = 48, y = 16, z = 26] than the bipolar subjects [(k) = 14; x =42;y = 22,
z = 30] (Table 1).

Significant amygdala activation was seen bilaterally in the control group (Talairach
coordinates x=—26, y =0, z =—10; p=0.005; x=22, y=—2, z = =12, p < 0.0001) during the
match faces versus match forms task. No amygdala activation was seen in the bipolar
depressed group, despite good fusiform activity (Table 1; Fig. 2B). Even when the threshold
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of activation was reduced to an uncorrected p < 0.1, no amygdala activation was seen in the
bipolar depressed group.

SPM additionally revealed a significant area of activation in left orbital prefrontal cortex
(BA10) unique to the bipolar depressed group [(k) = 144; spanning from x=—42, y=48, z= 6
to x=—42,y =36, z = 10; p < 0.0001] (Table 1; Fig. 2C). No activation was seen in this
brain region in control subjects.

SPM between-group (random effects) analyses—Table 2 gives the extent
thresholds, Talairach coordinates, and z-scores for the significant areas of activation with an
extent threshold >10 voxels (p < 0.01) in the between-groups random effects analyses of
controls versus bipolar depressed and depressed versus controls during the match faces
versus match forms comparison. Figure 3 shows lateral views of the major findings. The
activation in control versus bipolar depressed subjects in right and left OFC (BA47) and
right dorsolateral prefrontal cortex (DLPFC) (BA9) remained significant with random
effects analyses [(k) =139 (x =44,y =20,z =0); (K) =23 (x=-48,y =12, z = 2); and (K)
=114 (x =48,y = 14, z = 28); p < 0.0001 uncorrected voxel level, respectively]. The left
orbitofrontal cortex (BA10) was significantly more activated in the bipolar depressed versus
the control group, with significant between-group differences found in random effects
analysis [(K) = 14 (x = =36, y = 40, z = 14); p = 0.003 uncorrected voxel level]. Follow-up
analysis of these regions using a small volume correction to correct for multiple
comparisons demonstrated that all of these regions remained significant at a corrected p-
value of <0.05. While the within-group fixed effects analyses demonstrated significant
amygdala activation in the control group and no significant amygdala activation in the
bipolar depressed group, random effects analysis did not reveal a significant between-group
difference in amygdala activation in control versus bipolar depressed subjects.

Discussion

In this study, using an activation paradigm involving the matching of emotional facial
expression, we found (i) significant attenuation of right lateral and left orbitofrontal (BA47)
and right dorsolateral (BA9) cortical activation, and (ii) a significant increase in activation in
the left lateral orbitofrontal cortex (BA10) in the bipolar depressed subjects compared to
controls. Additionally, as opposed to the control group, the bipolar depressed subjects did
not show any significant (within-group) amygdala activation, but the between-group
difference was not significant.

The activation of what appears to be orbitofrontal region BA47 seen in our control subjects
using the current paradigm has been previously reported in other normal control samples
(31, 32, 34). No study, to our knowledge, has used this paradigm with bipolar depressed
subjects. In bipolar depressed subjects in the current study, there was a lack of activation of
this brain region. Five functional neuroimaging studies have previously probed orbitofrontal
function in patients with bipolar disorder during mania, and they report a striking
convergence of findings of reduced activation in this brain region (25, 33, 34, 46, 47).
Further, in one [1°0] H,0 positron emission tomography study involving six euthymic
bipolar subjects, decreased bilateral OFC activity at rest was also noted (47). These studies,
in conjunction with the current study, suggest that BA47 hypoactivation may occur in all
bipolar mood states and thus represent a possible physiologic trait marker of the disorder.
One study using voxel-based morphometry found reductions in gray matter density in
subjects with bipolar disorder, including reductions in right inferior frontal gyrus (BA47)
(48). Whether an enduring structural deficit (decreased BA47 gray matter density) underlies
functional abnormalities seen in BA47 across mood states deserves further study.
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The orbitofrontal brain region has been implicated in processing emotional salience (35) and
‘drive’ (49). It has been speculated that the OFC is involved in regulating the highest level
of control of behavior, especially in relation to emotion, through pathways between the OFC
and autonomic systems that govern visceral responses associated with affective stimuli (50).
There is extensive anatomical connectivity between OFC, amygdale, and cingulate (36, 50,
51). Orbital prefrontal areas are also connected with temporal polar and entorhinal temporal
cortex and thus have connections with the limbic cortex (52-54). Neuroimaging studies have
demonstrated a role for medial and lateral regions of the OFC in mood regulation (55, 56)
and in associative emotional memory functions (35, 57-59). Orbitofrontal hypo-activity has
been reported in the literature to be associated with both euphoric and depressive mood
states (23, 60-62). The OFC may thus participate in aspects of emotional processing/
expression that are not exclusively related to a specific valence of emotion. Lack of normal
functioning in this region might result in dysregulation of mood, to either pole.

The bipolar depressed group showed an area of activation in another orbitofrontal area, the
left anterior prefrontal cortex (BA10), that was not observed in the control subjects while
performing the face-matching task. This region of activation is important in that it
demonstrates that neither mood state per se nor medications per se globally dampen brain
activity in the bipolar depressed subjects. Our finding of an increased left prefrontal cortical
activation in bipolar depression is consistent with another fMRI study that assessed 10
bipolar depressed subjects using a different neurocognitive task (25): a relative increase in
activation in left ventral prefrontal cortex was found in this study in the bipolar depressed
compared to the bipolar euthymic group. This left prefrontal activation is not typically seen
in the face-matching task. This regional activation appears to be limited to the bipolar
depressed state, as activation was not seen in the controls in this study, nor in manic subjects
using the same paradigm in another study by our group (34).

Activation of BA10 has been reported to occur in association with conflict resolution and
decision making (63). Further, this region is recruited as cognitive tasks become more
difficult (64, 65). It is possible that in the depressed state, increased cognitive effort was
expended by patients to perform the task and the increased activation is a reflection of this
increased effort. This region was also shown to activate in another study of unmedicated
bipolar patients (performing an attentional task), suggesting again that medications are not
solely responsible for this effect (66). In that study, however, bipolar subjects were
euthymic. Thus, the state versus trait activation of BA10 requires further study. The exact
role of BA10 in mood regulation, if any, is not known and will require further evaluation in
both normal and bipolar depressed subjects with paradigms that can specifically probe this
brain region.

The significant amygdala activation reported previously in a small number of manic patients
contrasts sharply with the lack of detectable activation seen in the current bipolar depressed
sample and suggests that activation/responsivity of this brain region may vary as a function
of mood state. Given the small size of the structure, it is possible there was no activation in
the bipolar depressed group due to a threshold effect. However, we tested this more directly
by reducing the threshold of activation to p < 0.1, and we were still unable to detect any
amygdala activation in the bipolar depressed subjects. While the current study suggests a
reduction of activation during bipolar depression, the between-group differences were not
significant with random effects analysis. As the structure is small, our sample was small, and
there were only two blocks of the match faces condition, there may have been inadequate
power to detect between-group differences. One other published fMRI study used a
paradigm that, like ours, specifically probed amygdala function in depressed bipolar
subjects, but amygdala activation was not reported in patients or controls in that study (24).
Prior fMRI studies in bipolar subjects in either the manic or euthymic state have suggested
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significantly increased amygdala activation in equally small subject samples with either
mania or euthymia (22, 34, 67) compared to control subjects. Blunted amygdala activation
during bipolar depression may represent a state marker of a core physiologic change of
amygdala reactivity. A larger sample may be necessary for more definitive results.

Both control and bipolar depressed groups showed substantial bilateral fusiform activation
as well as activation of right DLPFC (BA9), suggesting that both groups used working
memory circuits to perform the task. However, activation of right DLPFC was significantly
less in the bipolar depressed compared to control subjects, suggesting a failure to fully
activate secondary brain regions involved in the task. Visuospatial tasks involving a working
memory component have been reported to activate DLPFC in normal subjects (68, 69). The
task we used was not designed to explicitly test cognitive function of working memory and
we had no a priori hypothesis regarding DLPFC function when designing the current study.
Additionally, we had a limited extent of coverage of the dorsal prefrontal cortex in this
protocol, with the more dorsal regions not covered. However, it is known that the DLPFC is
a brain region involved in willed actions (70) and is integrally involved with the ‘holding in
mind’ of information on which a future action will be based (71). Functional MRI studies
involving DLPFC function have reported reduced DLPFC activation (67, 72) or no
differences in DLPFC activation in euthymic bipolar versus control subjects (73). In the
current study, there were no behavioral differences between groups in performing the faces
task, despite the fact of significant between-group activation. Studies using fMRI with
neuropsychological paradigms assessing working memory in bipolar depressed subjects may
further delineate functional deficits in this brain region that are state versus trait related.

There are several limitations of the current study. First, our sample size is small, involving
11 bipolar depressed and 17 control subjects, and thus it may not be possible to extrapolate
our findings to the larger population of bipolar depressed subjects. It is, however, one of the
larger in the very few published fMRI studies involving subjects with bipolar depression.
While only two bipolar (and no control subjects) had a history of substance abuse, most
bipolar patients studied were on antimanic and antidepressant medications at the time of
scanning. The impact of these medications on blood flow in the frontal lobes and amygdala
has not been comprehensively studied. Antimanic agents such as divalproex sodium (in
patients with epilepsy) and lithium have both been shown to decrease overall cerebral blood
flow (74-77) or to have no effect (78, 79). The majority of patients in the current study were
taking these mood stabilizers. However, despite taking these medications, significant
activation was seen in some brain regions in the bipolar group, including fusiform and
orbitofrontal (BA10) and DLPFC (BA9) areas. Additionally, in the three published studies
using face-matching paradigms in bipolar subjects on these same medications but in either a
manic or euthymic state (22, 34, 67), amygdala or frontal lobe regional brain activation was
significantly greater in the bipolar than control subjects despite medication exposure. Thus,
medication status alone does not appear to fully account for the current findings. Rather,
mood state may play a role in mediating some state-related brain imaging findings, or
bipolar disorder per se may be associated with some persistent trait-related changes as well,
and these could have complex interactions with medications.

Conclusion

We report an attenuation of the magnitude of activation in bipolar depressed subjects in
specific frontal brain regions (right and left BA47; right BA9) and an increased activation in
another frontal region (left BA10) in the bipolar depressed group. Additionally, we observed
a lack of signal activation in the amygdala in the bipolar depressed group, which is in
contrast to the results from the control group in this study and from manic subjects in
another study (34). These data, in relation to prior studies of other bipolar subjects, suggest
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that some functional brain abnormalities may be mood dependent and others may represent
trait markers of the illness. As the functional neuroanatomic circuits involved in bipolar
depression and in bipolar subjects who are euthymic remain largely unexplored, future
functional neuroimaging studies involving activation paradigms that probe regional brain
function in the same bipolar patients in different mood states may help distinguish state-
versus trait-functional neuroanatomic abnormalities. Additionally, our findings of lateralized
activation (left BA10) and attenuation (BA9) deserve further evaluation regarding specific
hemispheric involvement in the regulation of mood. Studies with larger numbers of patients
with varying symptom presentation may also provide the ability to correlate the presence of
specific symptoms with different patterns of regional brain activation.

This is one of the first fMRI studies of bipolar depression involving a lateral OFC and
amygdala activation paradigm. As changes in blood flow and metabolism reflect differences
in regional synaptic activity (whether that activity is excitatory or inhibitory) (80, 81), it may
not be surprising that some of the same brain regions affected in mania may also be affected
in depression. The attenuation of orbitoprefrontal (BA47) function seen in the bipolar
depressed subjects may be a primary marker of bipolar disorder, as it has also been reported
in mania and euthymia. Reduction in amygdala activation and heightened BA10 activation
have not, to our knowledge, been reported in bipolar manic subjects. Our findings suggest
dissociation between mood-dependent and disease-dependent functional brain abnormalities
in bipolar disorder. Whether either type of change represents a primary regional pathologic
physiology or the result of a primary pathologic process elsewhere in the brain that
secondarily alters function in the regions probed by our fMRI paradigm remains to be
further elucidated.
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Block length = 32.5 sec Total scan time = 4:53 min

Fig. 1.
Functional MRI activation task: face-matching paradigm.
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Controls Bipolar depressed

Fig. 2.

Statistical parametric mapping within-group activation in specific slices in control and
bipolar depressed subjects during face-matching paradigm (match faces versus forms). (A)
Bilateral activation in BA47 in controls but not bipolar depressed subjects. (B) Activation in
left and right amygdala in controls, but not bipolar depressed subjects (despite fusiform
activity in both groups). (C) Activation in left BA10 in bipolar depressed subjects, but not
control subjects.
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Fig. 3.
Between-group random effects analyses. Regions of increased activation in control versus
bipolar depressed subjects (red) or in bipolar versus control subjects (blue).
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