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Background: Alterations in benzodiazepine receptor Introduction
function have long been hypothesized to play a role in . , . i
anxiety. Animal models of anxiety involving exposure tof -1anges in benzodiazepine receptor function have been
chronic stress have shown a specific decrease in benzod™=hypothesized to be involved in the pathophysiology
azepine receptor binding in frontal cortex and hippocam-of the anxiety disorders. (Guidotti et al 1990). The animal
pus. The purpose of this study was to examine benzodiamodel of inescapable stress has been used as a model for
epine receptor binding patients with panic disorder andhuman anxiety disorders and for the development of
comparison subjects. medications for the treatment of anxiety (reviewed in
Methods: A quantitative measure related to benzodiaz-Charney et al 1996). Animals repeatedly exposed to
epine receptor binding (Distribution Volume (DV)) was inescapable stress developed a number of behaviors, such
obtained with single photon emission computed tomograas increased fearfulness, increased defecation, and avoid-
phy (SPECT) imaging of f3liomazenil and measurement ance of novel situations like an open field, that were noted
of radioligand concentration in plasma in patients with to parallel symptoms of pathological anxiety in humans.
panic disorder and healthy controls. DV image data wereThese animals also developed a 20-30% decrease in
analyzed using statistical parametric mapping (Spm96). penzqdiazepine receptor binding in frontal cortex (Lippa
Results: A decrease in measures of benzodiazepine recefet al 1987; Weizman et al 1989), cerebral cortex (Drugan
tor binding (DV) was found in left hippocampus and et a1 1986, 1989; Medina et al 1983a, 1983b; Weizman et
precuneus in panip disorder patients rglative to controls. 5 1990), and hippocampus (Drugan et al 1986, 1989;
peric disorder patens who N & panic Ak comberectavoundjan et 2l 1966; Medina et ai 1963, 19630
P P Skerritt et al 1981; Weizman et al 1989, 1990). Exposure

the scan had a decrease in benzodiazepine receptar . ; :
binding in prefrontal cortex. to stress had no effects on benzodiazepine receptor bind-

Conclusions: Findi fad in left hi | ing in pons, striatum, thalamus, cerebellum, midbrain, or
onclusions. Findings Of a decrease in Ieft nippocampa gccipital cortex (Braestrup et al 1979; Drugan et al 1986;
and precuneus benzodiazepine receptor binding may b

related to alterations in benzodiazepine receptor binding,ﬁavc,)und“arl] et al 1986; Lelfur 'Tlt al 197|9; Llppaket a! 1987;
or other factors including changes in GABAergic trans- Medina etal 1983a, 1983b; Miller et al 1987; Skerritt et a
mission or possible endogenous benzodiazepine comk981; Weizman et al 1990). A decrease in benzodiazepine

pounds. Benzodiazepine receptor function in prefrontareceptor binding (B.) was also demonstrated in the
cortex appears to be involved in changes in state-relatedMaudsley genetically fearful strain of rat in comparison to
panic anxiety. Biol Psychiatry 2000;47:96—-106 @00 nonfearful rats in several brain structures including the
Society of Biological Psychiatry hippocampus (Robertson et al 1978). These studies sug-

gest that decreased benzodiazepine receptor binding in
Key Words: Panic disorder, SPECT, neuroimaging, frontal cortex and hippocampus may play a role in the
benzodiazepines pathophysiology of anxiety disorders.

Studies in patients with anxiety disorders and exposure
to stress have also investigated correlates of the benzodi-
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movements (Roy-Byrne et al 1990). Panic patients alsdViethods and Materials

had q dlmlr."Shed sen.5|t|V|ty. to suppression .Of plasmal_he patient group was composed of 13 individuals with panic
norepinephrine and epinephrine and suppression of puISc‘ﬁsorder between the ages of 18 and 65 who gave informed

rate following administration of dlazepar'n.m CO.mpar'sonconsent for participation. Patients were recruited by newspaper
to controls (Roy-Byrne et al 1989). Administration of the 5qyertisement or through clinician referral, met DSMIV criteria
benzodiazepine receptor antagonist flumazenil to patientgy panic disorder based on the Structured Clinical Interview for
with panic disorder resulted in an increase in panic attack®SMIV (SCID) (Spitzer et al 1987) or the Adult Diagnostic
and subjective anxiety in comparison to controls (Nutt etinterview Schedule (ADIS), and were presenting for evaluation
al 1990; Woods et al 1991). The benzodiazepine receptand treatment in a specialized anxiety disorder clinic. Compari-
inverse agonist, FG7142, induced severe anxiety resenson subjectsr{ = 16) were recruited by newspaper advertise-
bling panic attacks and biological characteristics of anxi-ment and were selected to be similar to the patients in age. There
ety in healthy subjects (Dorow et al 1983). Perhaps thavas no difference in age between panic disorder patients and

most convincing piece of evidence linking benzodiazepineg®®™Parison subjects (43 [12 SD] vs. 45 [10 SD]). There were 12

. . . . . white and 1 black patients; all of the comparison subjects were
receptor function to the anxiety disorders is the efficacy of . o -

. . . . white. There were 9 female and 4 male panic disorder patients;
the benzodiazepines in their treatment.

. . . . i there were 8 females and 8 males in the comparison group. All
lomazenil binds with high affinity to the benzodiaz- g pjects were right-handed. Comparison subjects were screened
epine receptor and can be used for imaging of theith the SCID for Non-Patients, and comparison subjects with a
benzodiazepine receptor with eith¥C and PET or'*3 history of psychiatric disorder or alcohol/substance abuse or

and SPECT. SPECT has been used to show a decreasedependence were excluded. Patients and comparison subjects
[**%]iomazenil uptake in frontal (Kascka et al 1995; were free of all medications for at least 4 weeks prior to the
Kuikka et al 1995; Shlegel et al 1994), temporal (Kasckastudy. Patients and comparison subjects were free of benzodiaz-
et al 1995; Shlegel et al 1994) and occipital (Shlegel et afpines or other sut_)stancgs for at least 6 weeks prior to th_e study
1994) cortex in panic disorder patients relative to Compar-as confirmed by urine toxicology at screening and at the time of

ison subjects. These studies were limited by the use 0tpe scan. Patients and comparison subjects were excluded with a

non-quantitative methods for estimation of benzodiaz-hfsftory of current glc_o hOI or drug abuselor dependence, menin-
itis, traumatic brain injury, loss of consciousness of greater than

. R . . g
epine receptor binding (Kascka et al 1995; Kuikka et al10 min, other neurological disorder, or schizophrenia based on

1995; Shlegel et al 1994), absence of medication freg,e c|p interview. Patients and comparison subjects were also
subjects (Kascka et al 1995; Shlegel et al 1994), psychigycluded who had a history of foreign bodies that would preclude
atric comorbidity within panic disorder subjects (KasckaMmR| scanning.

et al 1995), or the use of diseased patients for comparison Patients were evaluated with the SCID for comorbid psychi-
groups (Kascka et al 1995; Shlegel et al 1994). One recertric diagnoses. Twelve out of 13 (92%) patients met criteria for
study used positron emission tomography (PET) ancurrent and lifetime panic disorder with agoraphobia, and 1 out
[*'C]flumazenil in the measurement of benzodiazepinef 13 (8%) met criteria for current and lifetime panic disorder
receptor binding and found global decreases in pani(yvithout agoraph_obi_a. Two out of 13_ (15%) patients met criteria
disorder patients versus controls, with the greatest magn{°" current and lifetime simple phobia, and 1 out of 13 (8%) for

tude in right orbitofrontal cortex and insula (Malizia et al current and lifetime social phobia. One out of 13 (8%) patients
1998) met criteria for current bulimia, and 2 out of 13 (15%) for

. . .._lifetime bulimia. None of the patients met criteria for current or
Reliable and valid methods were developed for quantitaresime generalized anxiety disorder, obsessive-compulsive dis-

tion of benzodiazepine receptor binding using (SPECT)yger, posttraumatic stress disorder, schizophrenia, bipolar dis-
[**Aliomazenil with both kinetic and equilibrium techniques order, major depression, dysthymia, somatization disorder, so-
(Abi-Dargham et al 1994, 1995; Innis et al 1991). In our matic pain disorder, undifferentiated somatization disorder, or
hands we have shown good agreement between quantitatibigpochondriasis. Two patients (13%) met criteria for past alco-
of benzodiazepine receptor binding with PET and SPECT irhol dependence, 2 (15%) for past polydrug dependence, and 1
the same healthy human subjects using kinetic technique§%) for past marijuana abuse. None of the controls had a history
(Bremner et al, in press). The purpose of this study was t&@f Psychiatric disorder. _

measure benzodiazepine receptor binding using SPECT an.dPatlents and comparison subjects were also evaluated at the

1237 iq . . S time of the scan for current panic attack symptoms with the Panic
[ 3|]|omazenll in patients with panic disorder and matChedAttack Symptom Scale (PASS), a state measure of current panic

nor_mal comparison subjects. _Based on preclu_’ncal studl_eg mptom severity. A score of greater than 8 on the PASS is
re\(lewed above', W_e hypothesaed a decregse in benzodi onsistent with a current panic attack as defined by DSMIV (i.e.,
epine receptor binding in frontal cortex and hippocampus, bufyreater than 4 panic symptoms rated as moderate in severity or
not in other areas (pons, striatum, thalamus, cerebellum, Qjreater). Patients were evaluated for general anxiety symptom
midbrain) in patients with panic disorder relative to normaljevel at the time of the scan with the Hamilton Anxiety Scale
comparison subjects. (HAMA) (Hamilton 1959), and the Clinician Rated Anxiety
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Scale (CRAS), state measures of current anxiety level. Panic
patients had significantly higher levels of panic symptomatology
as measured by the PASS (8.1 [6.7 SD] vs. 0.4 [1.0 SDF (
4.1; df= 27;p = .001) ancanxiety as measured by the HAMA
(14.5[8.7 SD] vs. 1.9 [1.7 SD])t(= 5.1; df = 27;p < .001)
and the CRAS (27.5[12.3 SD] vs. 1.2 [1.2 SD{)%£ 8.5; df=
27;p < .001).

All subjects underwent a single SPEC#{Jiomazenil scan
for measurement of benzodiazepine receptor binding using meth-
ods previously described (Abi-Dargham et al 1994, 1995).
Throughout this paper the term benzodiazepine receptor binding
is used for economy of expression to signify binding of
[*23]iomazenil to the receptor. Changes in this parameter may be
reflective of multiple causes, including changes in endogenous
benzodiazepine ligand (the existence of which is controversial),
changes in GABA transmission, or changes in receptor affinity or
number. Toxicology screen was obtained on the day of the scan
to rule out benzodiazepine or other substance usage. Six mCi
[**3]iomazenil was administered as a bolus followed by a
continuous infusion of radiotracer over 6 hours (ratio of bolus/
infusion rate= 3.8 mCi administered as a bolus for each 1 mCi
administered per hour as a constant infusion). Starting at 6 hour
after administration of the bolus, subjects underwent SPECT
scanning at equilibrium of radioligand uptake into the brain, as
determined by no change in brain tissue concentration over 3
consecutive scans. At equilibrium (as determined by this meth-
od), rate of transfer of radioligand (i.e*2fiJiomazenil) onto the ~ Figure 1. SPECT'f4Jiomazenil transaxial image in a healthy
receptor is assumed to be equal to rate of transfer off of receptohumaﬂ subject. Radioligand is primarily distributed in cerebral

Subjects were placed in a Ceraspect SPECT camera with hed"1€x and other grey matter areas with a 20:1 ratio of grey to
positioned along the cantho-meatal line and immobilized withV ite matter distribution, reflecting the widespread distribution

. . . . ... of benzodiazepine receptors on neurons in the human brain.
head and chin straps. Subjects underwent 3 10-min acquisitions P P

with the Cerespect. SPECT images were reconstructed from
counts set on the iodine photopeak (159 keV) with a 10%non—protein bound)‘f3liomazenil parent compound in plasma
symmetric window using filtered backprojection and a Butter- using methods previously described (Zoghbi et al 1992). There
worth filter (cutoff = 1 cm, power factor= 10 mm), with 64  was no difference between panic disorder patients and compar-
slices, 1.67 mm inter-slice distance, 128 128 matrix, with  ison subjects in plasma total parent compound (0.00G%mL
voxel size of 1.67 mmxX 1.67 mmXx 1.67 mm. Adjacent slices [0.0008 SD] vs. 0.0041.Ci/mL [0.0027 SD]) or in the fraction
were then summed post acquisition to create 3.34 mm thiclof free parent in plasma f (0.338 [0.030 SD] vs. 0.349 [0.061
slices. Uniform attenuation correctiop. (= 0.15 cm') was  SDJ).
performed based on an ellipse placed over the skin surface. Magnetic resonance (MR) images were obtained in all subjects
Ellipse placement on the skin surface was guided by fiducialfor coregistration with SPECT. The head was positioned with the
markers filled with**4 placed on both sides of the head along canthomeatal line aligned with the laser light for reproducibility
the canthomeatal line at the time of the scan. Images weref data acquisition and to create MRI images in the same plane
reoriented to the canthomeatal line using the fiducial markersas the SPECT images. MRI scans of 3 mm contiguous slices
Resolution determined as the value of full width at half maxi- were obtained with a 1.5 Tesla General Electric Signa device.
mum (FWHM) of a reconstructed image of a point source of Axial images were acquired with a spoiled GRASS (gradient
radioactivity in water placed in the center of the field of view is recall acquisition in the steady state) sequence with=TR5
1.3 cm. Resolution in water is a close approximation to resolumsec, TE= 5 msec, NEX= 2, matrix 256 X 256, field of
tion for brain. Typically for SPECT devices there is a decrease inview = 24 cm. Both SPECT and MRI images were transferred
resolution with increasing distance from the center of the field ofvia computer network to a Sun Sparc10 Workstation. A surface
view (i.e., resolution is worse for cortical areas than for subcor-matching algorithm running under ANALYZE was used for
tical areas such as hippocampus). A reconstructed SPECGgoregistration of SPECT and MR images (Jiang et al 1992).
[*23]iomazenil image is shown in Figure A 12 cm cylindrical The three SPECT scans were realigned to the first scan in the
fluid filled phantom with a known amount df3 was scanned series and summed into a single image. SPECT scans were then
for the determination of a calibration factor (0.0Q1Ci/cpm) for converted from units of cpm t@Ci/mL using calibration factors
conversion of radioactivity in the SPECT image (cpm) into based on phantom studies. Distribution volumes (that are related
absolute units of radioactivityuwCi/mL). to neuroreceptor binding) were then calculated from the SPECT
Blood was drawn for measurement of total and free (orand plasma data. In the three compartment model, the first
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compartment consists of unmetabolized radioligand (i.e.disorder within these hypothesized regions identified using a
[**3]iomazenil) in plasma that is available for uptake into the threshold ofp < .005 were noted. This threshold is based on
brain, the second compartment is free radioligand and radioliprior studies showing a low level of Type | error using this cutoff
gand that is not bound to receptor, and the third compartment ias the criteria (Reiman et al 1997). Several specific areas,
radioligand specifically bound to the receptor. In the currentincluding pons, striatum, thalamus, midbrain, and cerebellum,
study, radioligand in plasma and radioligand not bound tonot hypothesized to show decreased binding were examined in
receptor was considered to be negligible, considering the 20:brder to demonstrate specificity. The spm type of analysis
ratio of specific to nonspecific binding with this radioligand provides a comprehensive map of the entire brain and other areas
(Sybirska et al 1993). Although the SPECT image includeswere examined on an exploratory basis. Location of areas of
radioligand non-specifically bound to receptor and free radioli-significant difference were identified as the distance from the
gand in brain tissue, as well as ligand in the plasma compartmengnterior commissure in mm, with x-, y-, and z-coordinates, using
the primary contribution to the image is from radioligand the standard Talairach coordinate space (Talairach and Tournoux
specifically bound to receptor. Measurement of unmetabolizedl988). The correlation between panic symptomatology (mea-
radioligand in plasma makes it possible to account for differ-sured with the PASS) at the time of scan and benzodiazepine
ences in availability of ligand for uptake into the brain, or receptor binding was also examined using spm96.
differences in peripheral metabolism or clearance, that may MRI scans coregistered to SPECT scans were also used to
influence activity in the brain in ways that are unrelated to measure quantitative measures of benzodiazepine receptor bind-
neuroreceptor binding. Therefore the ratio of the concentration ofng in the subjects in this study using methods previously
radioligand “bound” to the receptor (as determined from thedescribed in detail (Bremner et al 1998). Circular regions of
SPECT image) to the concentration of unmetabolized radioli-interest were placed on the subject's MRI scan resliced to
gand in plasma provides a measure (Distribution Volume [DV]) correspond to the subject's SPECT DV benzodiazepine receptor
that is related to neuroreceptor binding. Data was analyzed usinignage. Regions were placed on the left and right hippocampus
both concentrations of radioligand in plasma bound to proteinand prefrontal cortex (Brodmann’s area 9) as well as whole brain.
and free in plasma, however similar results were obtained usinghese regions were then used to measure DV in hippocampus
both methods. Data presented is using radioligand not bound tand prefrontal cortex from the SPECT scans. Absolute measures
protein in plasma based on our prior studies showing greatepf DV as well as the ratio of regional to whole brain DV were
reliability using this as an outcome measure (Abi-Dargham et arompared between patients and controls using ANOVA. Panic
1994). disorder patients who experienced a panic attack at the time of
SPECT images in which values for individual voxels (or the scan (based on DSMIV criteria of four or more panic
picture elements) within the brain corresponded to DistributionSymptoms, rated as moderately severe on the PASS) were
Volume (DV) values were then constructed by dividing valuescompared to panic disorder patients without a panic attack at the
for radioactivity in each voxel by the plasma concentration oftime of the scan for DV in prefrontal cortex (Brodmann's area 9).
unmetabolized radioligand determined for that particular subjectCorrelations between panic symptoms and benzodiazepine re-
These SPECT CV images were stripped of extracranial artifacéeptor binding were performed using Spearman correlations.
and coregistered to MRI images. Coregistered MRI images were
used to determine normalization parameters for transformation of
SPECT images into a common anatomical space. This methofR€SUItS

takes advantage of the superior delineation of anatomical detai'-here was a significant decrease in measures of benzodi-
by MRI in comparison to SPECT. Images were then smoothed

using a three dimensional Gaussian filter to 16 mm full-width azgplne receptor bI.ndInQ (DV) |n_one o.f th.e two hypo.th_
half maximum. esized areas, left hippocampus, in panic disorder patients
Statistical parametric mapping (spm96) was used to Comparéelanvg to comparison subjects. This decrease was !denn—
measures of regional benzodiazepine receptor binding (DV) irfied using both spm type analyses as well as a region of
panic disorder versus comparison subjects (Friston et al 1991jnterest placed on the subject’s coregistered MRI scan. In
Analyses were performed using analysis of covariance withthe spm analysis of SPECT DV images normalized using
global benzodiazepine receptor binding considered as a corthe patient's MR scan the area corresponded to Talairach
founding covariate. SPM allows a statistical comparison betweeoordinates: x= 12, y = —26, z= —4 (Z score= 2.76;
patients and controls on a voxel-by-voxel basis. With this methody =  003) (Figure 2; Table 1). Based on the region of
there is a statistical value (e.g-statistic) for the difference jnterest analysis using the coregistered MRI scan and
between groups assigned to every voxel in the brain. Values fof, o, ansformed SPECT DV image, there was a 20%
t-statistic in individual voxels were transformed irtscores and reduction in DV normalized to whole brain DV (23%

displayed as an image made up of multiple voxels (or picture . . o . .
elements) corresponding to individual anatomical areas of th bsolute reduction) in the panic disorder patients relative

brain, demonstrating areas of statistically significant differenced® controls (.79 [.27 .SD] vs. .99 [[19 SDJF(= 5.29;
between the groups. In order to avoid problems with multipledf = 1,28;p < .05) (Figure 3). There was also a decrease
comparisons, hypothesized areas were identified a priori basedd measures of benzodiazepine receptor binding (DV) in a
on studies in animals (i.e., hippocampus and frontal cortex)Pbrain area that was not hypothesizadpriori to have
Areas of decreased benzodiazepine receptor binding in panidecreased binding, the precuneus(>6, y = —58, z=
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Figure 2. Statistical parametric map overlaid upon an axial MR template image showing areas of significant decrease in
benzodiazepine receptor binding (DV) in panic disorder patients relative to controls. Significant decreases were found in left
hippocampus (Talairach coordinates=x12, y = —26, z= —4 [Z score= 2.76;p = .003]).

32;Z score= 2.79;p = .003)(Table 1). This difference cortex, and panic attack symptomatology as measured by
was not confirmed on region of interest analysis. Nothe PASS in the panic disorder patients. Areas of frontal
significant differences were observed in other brain areasortex identified in the spm analysis included superior and
not expected to differ between patients and controls (ponsniddle frontal gyri, or Brodmann's areas 8, 9, and 10
striatum, thalamus, cerebellum, or midbrain). There wagTable 3; Figure 4). This analysis controlled for differ-
no difference in whole brain benzodiazepine receptorences in global benzodiazepine receptor binding, suggest-
binding based on absolute measures of DV between paniag specificity to the regions outlined in Table 3. A
disorder patients (29.3 [29.2 SD]) and controls (27.3 [21.5comparison of benzodiazepine binding (DV) based on a
SD]). These values for DV were similar to our previous region of interest placed over Brodmann’s area 9 between
reports for both PET and SPECT (Bremner et al 1999, irpanic disorder patients who did and did not have a panic
press). attack at the time of the scan showed a marked reduction

Several regions showed increased values for DV inin benzodiazepine receptor binding in the panicking rela-
panic disorder patients relative to controls based on théve to the nonpanicking patients (Figure 5). The lack of
spm analysis, with the most significant difference in rightdifference between the panic group as a whole and
caudate (Table 2). There was no a priori hypothesis otontrols in this area suggests that this is a state-related
increased benzodiazepine receptor binding in panic
disorder.

A significant correlation was found between decreased able 2. Areas of Increased Benzodiazepine Receptor Binding

values for DV in one of the hypothesized areas, prefrontag\g;’;rii?]i%EL?SE?;QE%‘;”W (= 13) Relative t0

Table 1. Areas of Decreased Benzodiazepine Receptor Talairach

Binding (DV) in Panic Disorder Patients (= 13) Relative to coordinates

Comparison Subjectsi(= 16) Zscore p-value X y z Brain region

Talairach coordinates 4.00 <.001 -16 —2 20 R.caudate

7 score pvalue x y 2 Brain region 3.08 0.001 -18 =78 16 Cuneus (Occipital Ctx) (18)
2.90 0.003 34 28 32 R. middle frontal gyrus

2.79 0.003 6 —58 32 Precuneus 2.73 0.004 —-44 —42 0 L. middle temporal gyrus

2.76 0.003 12 =26 -4 L. hippocampus  2.49 0.007 —-48 —=72 12 Visual association (19)

2.76 0.003 16 —-32 -8 2.46 0.007 24 —100 —4 Visual association (18)

2.53 0.006 26 —44 —-16 2.45 0.007 28 —-90 12

Regions in bold indicate area of greatest difference with a contiguous cluster of ~ Regions in bold indicate area of greatest difference with a contiguous cluster of
significant voxels. significant voxels.
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PR decrease in benzodiazepine receptor binding in prefrontal
I 12 RS F=5.29; B<.05 cortex (Brodmann'’s areas 8, 9, and 10) compared to panic
Eg . ¢ ’ patients who did not, suggesting a role for this area in state
LR e 3, panic symptom level. These findings were confirmed by
54 560 $* . both spm and MRI-based region of interest analyses.
gg : : R Exploratory analyses showed a decrease in precuneus in
f% 0.60 * panic compared to controls.

; £ 0.40 R There are several possible explanations for alterations in
88 . benzodiazepine receptor binding in panic disorder as
34 020 measured in the current study. The neuroreceptor imaging
8 o0 N N S e I — techniques employed here derive a measure of the ratio of

Fi Left hi |DV based btai benzodiazepine receptor binding and affinity, therefore a
igure 3. Left hippocampa ased on measurements obtaingg, e 556 in either binding or affinity could result in
from regions of interest placed on the subject’s coregistered MR

scans and transferred to the SPECT DV image. There was a 209§Créases in the measures of benzodiazepine receptor
reduction in left hippocampal normalized to whole brain benzo-binding reported here. Changes in receptor binding could
diazepine receptor binding (DV) in panic disorder patients (.7%e related to long-term changes in receptor binding (relat-
[-27 SD] vs.controls .99 [.19 SD])K = 5.29; df= 1,28;p < .05). e to receptor downregulation with the chronic disorder)

or to genetic constitution, alternatively state changes in

phenomenon. There also were lower global decreases i€ty level at the time of the scan could influence
benzodiazepine receptor binding in patients who had &€ceptor binding. Changes in endogenous benzodiazepine-
panic attack at the time of the scan. A significant correla-iké compounds (the existence of which remain controver-
tion was also found between panic symptomatology andial) or in GABA transmission could also affect the
measures of benzodiazepine receptor binding (DV) inPenzodiazepine receptor binding measures in this study. It
lingual gyrus, in the region of the posterior parahippocamJs also possible that a loss of neurons in specific brain
pal region (Table 3). This area was not hypothesized to b&gions could result in a reduction in binding. For hip-
related to panic symptomatology. An MRI-based region ofPocampus, however, we have not found a reduction in
interest comparison of DV between panicing and non-volume based on a volumetric study comparing panic
panicing patients showed lower DV at the time of the scarflisorder patients to controls (M. Narayan et al, unpub-
in the panicing group in left hippocampus (8.4 [5.8 SD] vs.lished data, 1999). The results are not explainable as
33.8 [22.9 SD)) { = 2.7; df = 11; p < .05), left differences in blood flow as the equilibrium method
precuneus (14.7 [8.2 SD] vs. 57.2 [36.4 SDf)% 2.8; eliminates differences in flow and tracer delivery from
df = 11;p < .05), andright precuneus (13.8 [7.5 SD] vs. €ffecting the outcome measure of receptor binding.
60.6 [37.6 SD]) { = 3.0; df= 11;p < .05). There was The findings of the current study are consistent with
not a significant difference for lingual gyrus (16.3 [9.2 preclinical studies showing a decrease in benzodiazepine
SD] vs. 49.3 [35.6 SD))t(= 2.2; df = 11;p = .07). receptor binding in hippocampus with acute and chronic
There were no significant correlations with general anxi-stress, but not in other regions including pons, striatum,
ety level as measured by the Hamilton Anxiety Scale otthalamus, cerebellum, or midbrain. The hippocampus, that
the CRAS. plays an important role in declarative memory, has long
There was no difference in benzodiazepine receptobeen felt to be involved in the emotions of fear and anxiety
binding in left hippocampus (DV normalized to whole (Gray 1982). Lesion studies are consistent with a role for
brain binding) in women 1if = 18) compared to men the hippocampus in emotional responses to the context of
(n = 11) in this study (.90 [.25 SD] vs. .88 [.25 SD]). a fear-inducing situation (Kim and Fanselow 1992; Phil-
Similarly there were no gender differences for whole brainlips and LeDoux 1992). Animal strains with genetically
binding or other regions (lingual gyrus, prefrontal cortex,low levels of benzodiazepine receptor binding in the
precuneus) measured in this study. hippocampus have an increase in fearful behaviors (Rob-
ertson et al 1978). The hippocampus has been implicated
in the stress-related disorders (Bremner et al 1995a,
1995b, 1997b; McEwen et al 1992; Sapolsky et al 1990),
Panic disorder patients had a decrease in measures afd stress has been hypothesized to play an etiologic role
benzodiazepine receptor binding (Distribution Volumein the genesis of panic and anxiety. PET studies of blood
[DV]) in left hippocampus measured with SPECT flow and metabolism in patients with panic disorder found
[*#¥]iomazenil relative to comparison subjects. Patientsalterations in function of brain areas adjacent to the
who had a panic attack at the time of the scan had &ippocampus (e.g., parahippocampal gyrus) with findings

Discussion
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Table 3. Areas of Negative Correlation between
Benzodiazepine Receptor Binding (DV) and Anxiety Scores
(Panic Attack Symptom Scale) in Panic Disorder Patients
(n = 13)

Talairach
coordinates

Z score p-value X y z Brain region

3.10 0.001 2 56 24 Superior frontal gyrus

2.79 0.003 18 42 36

3.03 0.001 2 36 44 Medial frontal gyrus (8)

2.86 0.002 10 40 40

2.60 0.005 -8 46 36

2.99 0.001 -2 —82 —4 Lingual gyrus
(parahippocampus)

2.95 0.002 8 -84 —4

2.61 0.005 —-18 —104 -8 Primary visual cortex (17)

2.53 0.006 —42 —-38 4 Middle Temporal Gyrus

Regions in bold indicate area of greatest difference with a contiguous cluster o
significant voxels.

of greater decrease in left versus right hippocampus
(Nordahl et al 1990; Reiman et al 1984, 1986). Those prio
findings are consistent with the results of the current stud

A decrease in measures of benzodiazepine receptq
binding (DV) in the area of the precuneus in panic disorde
patients compared to controls was found on spm analys
but not confirmed on region of interest analysis. There
were significantly lower measures of benzodiazepine refigure 4. Statistical parametric map overlaid upon a sagittal MR
ceptor binding in the panicing versus nonpanicing patient¢éemplate image showing areas of negative correlation between
in this region as assessed with the region of interesPenzodiazepine receptor binding (DV) and anxiety symptomatol-

: b i : : ._0gy (measured with the Panic Attack Symptom Scale) in pre-
analysis. This area is immediately adjacent to posterio rontal cortex in patients with panic disordem & 13). There

cingulate, that has been implicated in anxiety and stresgere significant correlations in the superior and middle frontal
symptoms in previous PET studies (Bench et al 1993gyri (Brodmann’s areas 8, 9, and 10), lingual gyrus and primary
Bremner et al 1998). Precuneus is similar to the hippocamvisual cortex. Only frontal cortex was hypothesized to be related
pus in having been implicated in memory function © anxiety levelsa priori.
(Fletcher et al 1996; Shallice et al 1994). Memory plays a
critical role in survival. For example, rapid recall of a declarative memory, executive control and selection for
potential predator may be life-saving in an acutely dan-action (Goldman-Rakic 1988). A prior SPECT blood flow
gerous situation. The concept that anxiety represents astudy found a relationship between decreased frontal
abnormality in the brain’s fear response system (Charnegortical function and increased anxiety in patients with
et al 1996) predicts that alterations in brain areas resporpanic disorder (Woods et al 1988). The current study also
sible for memory (including hippocampus and precuneusfound a relationship between decreased benzodiazepine
will play a role in the pathogenesis of anxiety disordersreceptor binding and increased anxiety symptom level in
(Bremner et al 1995a). Findings of decreased benzodiadingual gyrus and middle temporal gyrus as well as
epine receptor binding in panic disorder in this regionprimary visual cortex. Lingual gyrus is involved in visual
were not hypothesized a priori and were based on explomemory and memory for faces (Kapur et al 1994). Middle
atory analyses. These findings require replication. temporal gyrus has been implicated in several studies of
The current study found a relationship between elevatedeclarative memory (Tulving et al 1994) whereas visual
levels of anxiety and decreased values for our measure afortex mediates perception of visual information.
benzodiazepine receptor binding (DV) in frontal cortex Other studies have found decreased benzodiazepine
(areas 8, 9, and 10), another brain area involved imeceptor binding in panic disorder in orbitofrontal cortex
memory that was implicated in animal studies of stress andnd insula as well as in global measures of binding
benzodiazepine receptor binding. These frontal cortica(Malizia et al 1998). The area of prefrontal cortex (Brod-
areas play an important role in working memory, verbalmann’s areas 8, 9, and 10) identified in the current study
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120 press). We have also found good agreement between
values of benzodiazepine receptor distribution volumes
measured with SPECKinetic and equilibrium techniques
(Abi-Dargham et al 1994).

In the current study we used SPECT equilibrium tech-
nigques for quantitation of neuroreceptor binding. In this
technique, distribution volume is calculated as the ratio of
activity in the brain over activity in plasma when transfer
on and off the receptor is at equilibrium. It is assumed that
7 $ equilibrium of binding on and off of receptor is obtained
Nonpanicking (N=6) Panicking (N=7) when there is no change in brain activity in serial scans (as
Figure 5. Benzodiazepine receptor binding (DV) in prefrontalwas done in the current study). The method assumes that
cortex (BA8,9) in panic disorder patients witl (= 7) and  there is perfect equilibration between free activity in

without (n = 6) a panic attack at the time of the scan (measure ~ ) L .
with the Panic Attack Symptom Scale and based on DSMIVcblasma and non-receptor-bound activity in the brain.

criteria). Benzodiazepine receptor binding (DV) was lower in Based on this assumption, free activity in plasma is used as
patients with a panic attack (12.9 [9.1 SD]) compared to patient$t measure of non—receptor-bound activity in the brain. The
without a panic attack (48.3 [33.8 SD]) at the time of the scanmethod also assumes the nonspecific binding in the brain
(F = 7.22; df = 1,12;p < .05). Benzodiazepine receptor g negligible (given the 20:1 ratio of specific to non-

binding was 274% lower in the panicing patients compared to

nonpanicking patients in this area. The fact that DV in the panic_SpeCIfIC binding of this radioligand). Therefore, all activity

disorder patients as a whole (29.3 [29.2 SD]) was no differentn the brain is considered to represent specifically bound
from the healthy controls (27.3 [21.6 SD]) suggests that this is aactivity. The measure of distribution volume (DV) (or

state phenomenon related to anxiety level at the time of the scapecifically bound activity) is derived from the ratio of
“bound” activity in brain at equilibrium divided by “free”
activity in plasma. Changes in DV may be related to

is more superior to orbitofrontal cortex and insula; how-changes in neuroreceptor number or affinity; however,
ever, a number of neuroimaging studies have implicate@ther factors, such as changes in endogenous ligands
medial portions of prefrontal cortex extending from or- competing for the receptor site, could influence this
bitofrontal (most inferior) superior to BA 9 in the media- Parameter. Violations of any of these assumptions may
tion of mood and anxiety disorders as well as normalinfluence quantitation of neuroreceptor binding. This
emotion. Although we did not find differences in global should, however, not have an effect on specific brain
benzodiazepine receptor binding we did find that patient§€gions more than others, or affect panic disorder patients
experiencing a panic attack at the time of the scan hadhore than controls.
lower levels of benzodiazepine receptor binding than There are some limitations of the current study that
panic disorder patients who did not have a panic attack are worth mentioning. Although an attempt was made to
the time of the scan. These results suggest that decreas@atch patients and controls for a variety of factors,
in global benzodiazepine receptor binding play a role inthere was a slightly greater proportion of females in the
the panic attack symptom states. panic disorder group than in the healthy subject group
Several techniques have evolved for quantitation of(@lthough this was not statistically significant). We did,
neuroreceptor binding with PET and SPECT in humanhowever, not find a gender-based difference in benzo-
subjects. Most studies have used PET imaging withdiazepine receptor binding in any of the regions mea-
kinetic techniques that involve bolus injection of radio- sured in this study. Second, the population of panic
isotope and kinetic modeling of transfer between braindisorder patients was recruited by advertisement and
and blood compartments for measurement of receptotherefore may not be generalizable to other panic
binding parameters. PET in comparison to SPECT haslisorder populations. Most clinical samples of panic
several advantages including higher sensitivity, bettedisorder, however, are treated with medications that
resolution, improved methods of attenuation correctionhave effects on benzodiazepine receptor binding. Some
Advantages of SPECT include lower cost, longer halfof the regions reported in this study, such as the
life of radioisotopes (i.e., 13 hours fdf3 vs. 20 min  hippocampus, are small relative to the anatomical res-
for *1C) that improves counting statistics and ease ofolution of the SPECT image. All of the findings in this
radiosynthesis, and wider availability. We have per-study should be considered exploratory and in need of
formed direct comparisons of quantitation with PET andreplication due to the limitations of generalization from
SPECT using kinetic methods and found good agreeanimal studies of chronic stress to a clinical psychiatric
ment within the same healthy subjects (Bremner et al, irdisorder such as panic disorder.
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This study uses statistical parametric mapping (SPM) irBraestrup C, Nielsen M, Nielsen EB, Lyon M (1979): Benzodi-
a relatively novel way for analysis of neuroreceptor data. @zepine receptors in the brain as affected by different exper-
Statistical parametric mapping has been widely utilized in imental stresses: The changes are small and not unidirec-

: . h . ) tional. Psychopharmacolog§5:273-277.
the analysis of functional brain imaging studies, and onlyBremner JD, Baldwin R, Horti A, Staib LH, Ng CK, Tan P-Z, et

recently has been applied to neuroreceptor data (Friston €t g (in press): Quantitation of benzodiazepine receptor binding
al 1997; Koepp et al 1996; Malizia et al 1998). Statistical ~with PET [*'Cliomazenil and SPECT*f4Jiomazenil: Pre
parametric mapping and ROI analysis methods offer liminary results of a direct comparison in healthy human
several relative advantages and disadvantages. Region of SubjectsPsychiatry Res
interest analyses can be standardized and if coupled witBremner JD, Bronen RA, de Erasquin G, Vermetten E, Staib L,
MR have some degree of anatomical certainty. Statistical N9 CK. etal (1998): Development and reliability of a method
. . for using magnetic resonance imaging for the definition of
parametric mapping, on the other hand, allows a broad |egions of interest for positron emission tomograpByin
survey of the brain not available with traditional ROl  posit Imagingl:145-159.
techniques. This may permit the detection of changes iBremner JD, Horti A, Staib LH, Zea-Ponce Y, Soufer R, Charney
areas that might not otherwise be assessed. Even in areasDS, et al (1999): Kinetic modeling of benzodiazepine recep-
which are surveyed by ROIs, areas of difference may tor binding with PET and high specific activity*{C]-
involve only subportions of the region which are “diluted”  ‘°mazenil in healthy human subjectynapsein press).
by traditional ROIs (but not by SPM). Statistical paramet-Bremner JD, Innis RB, Salomon RM, Staib L, Ng CK, Miller

. - . o HL, et al (1997a): PET measurement of cerebral metabolic
ric mapping, however, has inherent limitations related t0 ., 1elates of depressive relapsirch Gen Psychiatrys4:

problems with multiple comparisons related to the statis- 364-374.
tical comparison of large numbers of voxels (or individual Bremner JD, Krystal JH, Southwick SM, Charney DS (1995a):
picture elements) between groups. This has traditionally Functional neuroanatomical correlates of the effects of stress

been addressed by restricting analyses to hypothesized on memory.J Trauma Stres§:527-554.
regions, as was done in the current study. In the currenBremner JD, Randall P, Scott TM, Bronen RA, Seibyl JP,

study we used MR-based regions of interest on coregis- Scuthwick SM, et al (1995b): MRI-based measurement of
tered ¢ firm the findi fth | hippocampal volume in combat-related posttraumatic stress
ered scans to confirm the findings of the spm analyses.  jisorder.Am J PsychiatryL52:973-981.

_Al,thOUQh W_e predicted no areas to have |ncreaseq3remner JD, Randall P, Vermetten E, Staib L, Bronen RA,
binding, the right caudate and cuneus actually demon- Mazure CM, et al (1997b): MRI-based measurement of
strated elevated binding levels. The pathophysiological hippocampal volume in posttraumatic stress disorder related
significance of these areas of increased binding is yet to be to childhood physical and sexual abuse: A preliminary report.
determined. These findings need to be replicated in future Biol Psychiatry41:23-32.
studies. Charney DS, Nagy LM, Bremner JD, Goddard AW, Yehuda R,

Southwick SM (1996): Neurobiological mechanisms of hu-
man anxiety. In: Fogel BS, Schiffler RB, Rao SM, editors.

Neuropsychiatry Baltimore: Williams & Wilkins, pp 257—
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