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Altered Platelet Peripheral-Type Benzodiazepine

Receptor in Posttraumatic Stress Disorder

Moshe Gavish, Ph.D., Nathaniel Laor, M.D., Ph.D., Miri Bidder, D.Sc., Daniel Fisher, M.D.,
Ora Fonia, B.Sc., Uri Muller, M.D., Ahuva Reiss, M.D., Leo Wolmer, M.A.,

Leon Karp, M.D., and Ronit Weizman, M.D.

DPeripheral-type benzodiazephine receptors (PBR) are
involved in steroidogenesis and are sensitive to stress.
Reduced platelet PBR density has been demonstrated in
generalized anxiety disorder (GAD), but not in obsessive-
compulsive disorder (OCD). We extended this observation
to another anxiety disorder, namely, posttraumatic stress
disorder (PTSD). Eighteen post-Persian Gulf War PTSD
patients and 17 age- and sex-matched controls were
included in the study. All subjects were evaluated using the
Structured Clinical Interview for DSM-III-R-Patient
Version. The severity of symptoms was assessed using the
DSM-III-R scale for PTSD, the Impact of Event Scale, the

Beck Depression Inventory, and the State-Trait Anxiety
Inventory. [PHIPK 11195 was used to label platelet PBR.
All psychological parameters (except trait anxiety) were
higher in PTSD patients compared to controls. Decreased
platelet PBR density (-62%; p < .001) was observed in the
PTSD patients compared to controls. The reduction in PBR
observed in PTSD patients was in accordance with the
findings in GAD patients, but differed from those obtained
in OCD patients. It is possible that the receptoral
downregulation is an adaptive response aimed at preventing
chronic overproduction of glucocorticoids in hyperarousal
states. [Neuropsychopharmacology 14:181-186, 1996]
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Peripheral-type benzodiazepine receptors (PBR) are prom-
inent in peripheral organs, whereas in the brain they are
sparse (Wang et al. 1980; Schoemaker et al. 1981; Tan-
iguchi et al. 1982; Anholt et al. 1985; Basile et al. 1986;
Gavish et al. 1992, 1993). PBR differ from central-type
benzodiazepine receptors in their distribution within
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the brain, their lack of coupling to the y-aminobutyric
acid receptors, and their specificity to ligand binding.
Recently, the amino acids sequence of human PBR has
been deduced from corresponding cDNA (Sprengel et
al. 1989; Krueger et al. 1990), and the PBR gene has been
located in the 13.3 region of the long arm of human
chromosome 22 (Riond et al. 1991). The involvement of
PBR in acute and chronic stress has been examined in
several animal models and in some human studies
(Régo et al. 1989; Holmes et al. 1992; Dodd and Lenfant
1993; Gavish et al. 1993; Weizman and Gavish 1994).
The modulatory effect of stress on the expression of
PBR is in an organ-specific fashion and bidirectional,
i.e., upregulation after acute stress and downregulation
after long-term exposure to stress (Gavish et al. 1992,
1993).

In a previous study we demonstrated lower PBR
density in patients with generalized anxiety disorder
(GAD) compared to control subjects, and normalization
of platelet PBR values after diazepam treatment (Weiz-
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man et al. 1987). On the other hand, in a subsequent
study, we could not find a similar decrease in platelet
PBR density in a group of patients with obsessive-com-
pulsive disorder (OCD) (Weizman et al. 1993), which is
also characterized by long-term stress. Thus, it seems
that PBR may not be uniformly altered in all anxiety
disorders, but rather may be restricted to those anxiety
disorders associated with persistent activation of the
autonomic nervous system. In order to test our hypoth-
esis, we designed the current study, in which platelet
PBR were measured in drug-free posttraumatic stress
disorder (PTSD), a chronic disorder that involves high
anxiety levels and hyperarousal of the autonomic ner-
vous system.

PATIENTS AND METHODS
Subjects

Eighteen PTSD outpatients (five men and 13 women)
aged 25 to 69 years (mean * SD, 47.1 = 15.4 years) and
17 control subjects (10 men and seven women) aged 29
to 65 years (mean = SD, 47.5 + 11.4 years) participated
in the study. All subjects were fully informed about the
nature of the study and gave their written consent.
Patients and controls were recruited from the Tel Aviv
area, and all had been exposed to repeated missile
attacks during the Persian Gulf War. All patients
reported that their symptoms had appeared after the
Gulf War and had persisted for 2 years, when the study
was conducted. All participants were physically healthy,
drug-free, and with no history of intake of psychotropic
medication or alcohol or of drug abuse or addiction.
The PTSD patients had applied to the PTSD clinic,
established in the hit neighborhood after the war, and
received cognitive and group psychotherapy.

All subjects (patients and conirols) were evaluated
by a senior psychiatrist using the Structural Clinical
Interview for DSM-III-R-Patient Version (SCID-P) (Spit-
zer et al. 1989). PTSD was evaluated using the Harvard/
Upjohn Anxiety/Panic Disorder Research Project (HARP)
supplemented for PTSD for the SCID-P. All patients met
the DSM-III-R criteria for PTSD, and 11 out of the 18
patents also met the criteria for current major affective
disorder. All control subjects included in the study had
no lifetime Axis I disorder, as assessed by SCID-P. The
severity of the symptoms was assessed using: (1) the
DSM-III-R scale for PTSD (Solomon et al. 1993), (2) the
Impact of Event Scale (Horowitz et al. 1979), (3) the Beck
Depression Inventory (Beck et al. 1961), and (4) the
State-Trait Anxiety Inventory (Spielberger et al. 1977).

Materials

[BH]PK 11195 (92.3 Ci/mmol) was purchased from New
England Nuclear, Boston, MA. Unlabeled PK 11195 was
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a generous gift from Dr. Anne Bouvier, Rhéne-Poulenc
Santé, Vitry sur Seine, France. Lumax was purchased
from Lumac, Schaesberg, the Netherlands. All other
chemicals were purchased from commercial sources.

Membrane Preparation

Blood samples (27 ml) for assessment of [*H]PK 11195
binding were drawn from the subjects between 9:00
AM. and 10:00 A.M., collected into plastic tubes contain-
ing 3 ml of 3.8% sodium citrate, and spun at 180 x g for
15 minutes at 23°C. Platelet-rich plasma was collected
and spun at 1,500 x g for 15 minutes at 23°C. The plate-
let-containing pellet was frozen at -70°C until assay.
Prior to binding assay, the samples were thawed, and
each pellet was homogenized in 20 ml of 50 mmol/L
Tris-HCl buffer, pH 7.4, at 4°C with a Brinkmann poly-
tron (setting 10) for 15 seconds and centrifuged at 49,000 x
g for 15 minutes at 4°C. The procedure was immediately
repeated. The pellet was homogenized in 15 ml of Tris-
HCl buffer and used for binding studies.

[H]PK 11195 Binding Assay

[*HJPK 11195 binding was conducted as previously de-
scribed (Weizman et al. 1993). Binding assay in a final
volume of 500 pl contained 400 ul platelet membranes
(70 to 100 pg protein) and 25 pl [BH]PK 11195 (final con-
centration 0.2 to 8 mol/L) in the absence (total binding)
or presence (nonspecific binding) of 10 pmolL unla-
beled PK 11195. After incubation for 60 minutes at 4°C,
samples were filtered under vacuum over Whatman
GFB filters and washed three times with 3 ml of Tris-
HCl bulffer. Filters were placed in vials containing 5 ml
of xylene-Lumax (3:1, volwvol) and counted for radioac-
tivity. Equilibrium dissociation constant (Kq) and maxi-
mal number of binding sites (Bmax) were determined by
Scatchard analysis of saturation curves of [H]PK 11195
binding. The binding parameters were analyzed for
each subject individually.

Statistical Analysis

Psychological and biochemical variables were sepa-
rately analyzed using multivariate analysis of variance
(MANOVA), with group (PTSD versus controls) and
sex (males versus females) as between-subject factors.
Differences between PTSD subjects with and without
DSM-III-R diagnosis of major depression were similarly
assessed using the MANOVA procedure. Finally, dif-
ferences between men and women on individual mea-
sures were examined with two-tailed unpaired Stu-
dent’s t-test. Pearson’s product-moment correlations
were used to examine relationships among selected mea-
sures.
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RESULTS

The psychological and biochemical data of the study
population and univariate analyses are summarized in
Table 1 and Figure 1.

MANOVA analysis for the psychological measures
yielded significant effects for group on the multivariate
(F = 168.7, df = 6,26, p < .001) as well as on the univariate
tests. As expected, the PTSD group scored higher than
the controls on every psychological variable (p < .001)
except on the anxiety trait domain (p > .05). No sex dif-
ferences were found on multivariate analysis (F = 1.18,
df = 6,26, p > .05). However, men scored higher than
women on the PTSD inventory (F = 4.83,df = 1,31, p <
.05). The group x sex interaction did not reach statistical
significance (F = 0.79, df = 6,26, p > .05).

With the biochemical variables a significant multi-
variate effect was found for group (F = 20.21, df = 2,30,
p < .001). The multivariate sex (F = 0.10, df = 2,30, p >
.05) and group x sex effects (F = 3.01, df = 2,30, p > .05)
did not reach statistical significance. For By, univariate
analysis showed a significant group effect, with control
subjects showing higher levels than PTSD subjects (F =
41.2, df = 1,31, p < .001). Also, a significant group x sex
interaction (F = 5.28, df = 1,31, df = 1,31, p < .05) was
found for Bpayx. In order to further examine this interac-
tion, posthoc tests were conducted and revealed that
among PTSD subjects, Bmax level was significantly
lower in men as compared to women (t = 2.25,df = 16,p <
.05). Within the control group no significant sex differ-
ences appeared (t = 1.59, df = 15, p > .05). For Kq no
univariate effects were found. Bnax and Ky values did
not differ between PTSD patients with and without
major depression (F = 1.71, df = 2,15, p > .05).

Further psychological and biochemical measures were
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Figure 1. Maximal binding capacity (Bmax) of [PH]PK 11195

in PTSD patients and control subjects (mean + SD). *** p <
.001 versus controls.

Control

compared by MANOVA analyses in PTSD subjects with
and without comorbidity of major depression or anxiety
disorder. Results showed that no significant differences
were found on the psychological measures (all p > .05).
However, Bmax levels of PTSD subjects with panic disor-
der (PD) were significantly lower compared to those of
PTSD patients without PD (means + SD = 637.8 + 325.6
and 1155.2 + 435.6, respectively) (F = 6.54, df = 1,16, p <
.05). The comparison of Bnax levels in PTSD patients
with and without agoraphobia rendered similar results:
posttraumatic subjects with agoraphobia showed sig-
nificantly lower Byax levels compared to those without
agoraphobia (means = SD = 402.5 + 170.8 and 1178.5 +
379.2, respectively) (F = 14.2, df = 1,16, p < .005).

Table 1. Psychological and Biochemical Variables of the Study Population (mean * SD)

PTSD Group Non-PTSD Group
Group Effect
Men Women Men + women Men Women Men + women (PTSD versus
Variable (n=25) (n=13) (n=18) (n =10) n=7) n=17) Controls)
Psychological daf =131
PTSD inventory 618 +18 565 58 579 5.6 194+15 188 £ 115 18.8 = 3.0 695.8¢
Intrusion (IES) 28.0 0.0 25335 26.1 =32 8120 7.6 £ 0.8 79+ 16 450.84
Avoidance (IES) 202+ 34 200x32 20.2 +3.2 10.3 = 3.1 15.1 = 6.0 88 25 94.7%
Total IES? 482 +34 455 + 4.5 463 43 175+ 3.8 17.8 = 34 178 + 34
Anxiety state 732 +33 71.7 + 4.7 721+ 47 276 £ 6.2 268 £ 5.0 273 +56 695.8%
Anxiety trait 456 + 4.2 475+ 15 470+ 25 486 + 1.7 47.7 + 2.6 482 £ 21 3.7
BDI 26.0 £ 8.1 242 9.1 24.7 + 87 08*16 01*x04 05*13 112.4
Biochemical df =230
Bmax (fmol/mg protein) 664 + 333 1105 * 460 982 + 466 2592 + 812 2017 = 677 2356 + 783 41.2¢
Kgq (nM) 43+24 39+19 40+20 58+24 54+23 56=+23 35

Abbreviations: IES = Impact of Event Scale; BDI = Beck Depression Inventory.

Zp <.001.
bThe total IES score was not included in the MANOVA.
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No significant correlations were found between bio-
chemical measures and psychological variables within
PTSD patients or within control subjects (p > .05).

DISCUSSION

The present study revealed a significant robust decrease
(—62% of control; p < .001) in platelet PBR density in
post-Gulf War PTSD patients compared to controls. As
expected, the psychological measures (except anxiety
trait) in the patients were significantly higher than in
the controls.

Acute stress has been demonstrated to upregulate
PBR, whereas chronic stress decreases receptor density
(Gavish et al. 1992; Weizman and Gavish 1994). The
impact of acute and chronic stress on PBR has been
investigated extensively in various animal models as
well as in humans (for review, see Gavish et al. 1992;
Weizman and Gavish 1994). Acute stress has been dem-
onstrated to upregulate PBR, whereas chronic stress
decreases receptor density. Five inescapable tail shocks
in rats induced a significant increase of renal PBR,
whereas 80 repeated tail shocks resulted in a significant
decrease of PBR density in cerebral cortex, pituitary
gland, heart, and kidney (Drugan et al. 1986). A similar
increase in PBR after acute stress has also been demon-
strated in rodents exposed to acute maximal electro-
shock (Basile et al. 1987), a single experience of forced
swimming stress (Régo et al. 1989), and surgical stress
(Okun et al. 1988).

In humans, upregulation of platelet PBR was de-
tected in resident physicians exposed to examination
stress (Karp et al. 1989). Maudsley reactive rats, which
have been bred for a high level of fearfulness, show
decreased PBR density in kidney and heart (Drugan et
al. 1987). Similar decrease in PBR density has been
observed in rodents exposed to repeated maximal elec-
troshock administration (Basile et al. 1987) and food
deprivation (Weizman et al. 1990). In humans, deple-
tion of platelet PBR density was observed in soldiers
exposed to repeated parachute jumps (Dar et al. 1991)
and in anxious patients (Weizman et al. 1987).

The exact mechanisms that play a role in the modula-
tion of the receptor expression in response to stress are
as yet not well established. In steroidogenic tissues,
PBR ligands can affect the translocation of cholesterol
from the outer to the inner mitochondrial membrane,
but the absolute rate changes are limited (Krueger and
Papadopoulos 1990). As stress is accompanied by an
increase in glucocorticoid synthesis and release, it is
possible that this receptor plays a pivotal role in the
neuroendocrine response to stress. It seems that, in
order to avoid long-term hypercortisolemia secondary
to stress, which may provoke damage to central and
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peripheral systems, the maximal binding capacity of the
receptor is diminished.

It should be noted that in the present study we mea-
sured plasma membrane PBR in platelets, assuming
that the changes would reflect those in mitochondrial
PBR located in steroidogenic tissues. Furthermore, it is
noteworthy, regarding PBR, that only a small fraction of
intracellular cholesterol is available for steroid synthe-
sis, and the uptake of cholesterol from plasma is stimu-
lated by adrenocorticotrophic hormone (Krueger and
Papadopoulos 1990). Unfortunately, we did not mea-
sure steroid levels and thus were unable to demonstrate
whether reduced PBR density was associated with low-
ered steroid levels. However, it has previously been
reported that chronic stress (in contrast to acute stress)
leads to diminished cortisol secretion (for review, see
Mason et al. 1990; Yehuda et al. 1990).

As a consequence of decreased PBR expression, cho-
lesterol transport into the mitochondria is reduced, and
steroid biosynthesis slows down. The observation that
in PTSD patients PBR density was lower in men than
women is consistent with the finding of sexual dimor-
phism in renal PBR response to stress in rats; i.e., female
rats showed an attenuated stress-induced reduction in
PBR in comparison to male rats (Drugan et al. 1991, 1993).
However, the human sexual dimorphism of stress-
induced changes in PBR needs a further evaluation in a
larger population of PTSD patients.

It is noteworthy that the downregulation of the re-
ceptor is not observed in all the psychiatric conditions
defined by DSM-III-R as anxiety disorders. A reduction
in platelet PBR was previously detected in GAD (Weiz-
man et al. 1987) and PD (Marazziti et al. 1994), as also
demonstrated in the present study in PTSD, but not in
OCD (Weizman et al. 1993; Marazziti et al. 1994). On the
pharmacologic level, amelioration of anxiety is achieved
by benzodiazepines in GAD, PD, and PTSD, but not in
OCD patients (who benefit only from serotonin reup-
take inhibitors) (Weizman et al. 1993). Taking into con-
sideration the different sensitivities of the receptor in
these anxiety disorders and the different responses to
drug treatment, it seems possible that the disorders dif-
fer from one another. The common neurophysiologic
basis in GAD, PD, and PTSD seems to be long-term
repeated hyperactivity of the autonomic nervous sys-
tem. The receptoral downregulation may reflect an
adaptive response aimed at preventing chronic over-
production of glucocorticoids in hyperarousal states.
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