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HOLMES, P. V., A. P. STRINGER AND R. C. DRUGAN. Impact of psychological dynamics of stress on the periph-
eral benzodiazepine receptor. PHARMACOL BIOCHEM BEHAV 42(3) 437-444, 1992.—1In an attempt to dissociate the
relative impact of psychological vs. physiological concomitants of stress on the peripheral benzodiazepine receptor (PBR),
the influence of stressor controllability and predictability was investigated in rats. In addition, the effect of a purely psycholog-
ical stressor, contextually conditioned fear, was examined. The response of the PBR in rats confronted with a naturalistic
threat, a cat, was also tested. Various peripheral and CNS tissues were analyzed. Specific binding of [’H]Ro 5-4864 was
significantly reduced in the kidneys of subjects receiving either controllable or uncontrollable shock. Similar changes were
seen in the kidneys of subjects receiving either predictable or unpredictable shock. Mean [H}Ro 5-4864 binding in lung was
reduced following both predictable and unpredictable shock, but only the reduction in the predictable shock group reached
significance. Controllability appeared to protect against the stress-induced reduction in PH]Ro 5-4864 binding in lung.
Contextually conditioned fear only affected PBR in the olfactory bulb, and exposure to a cat was without effect. These data
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suggest that the PBR responds only to potent stressors, and psychological influences on the PBR are tissue specific.

Peripheral benzodiazepine receptor Stress Rats

Controllability

Predictability Conditioned fear

THE central benzodiazepine receptor (CBR) is associated with
the GABA type-A receptor/chloride ionophore. This macro-
molecular complex has been extensively characterized in the
CNS (12,14,32). The CBR mediates the anxiolytic, anticonvul-
sant, muscle relaxant, and sedative actions of benzodiazepines
through allosteric interactions with the GABA, receptor
(11,42). That the function of the CBR involves the mediation
of fear-related behaviors is supported by evidence of anxio-
genic endogenous ligands (1,40) and experiments demonstrat-
ing alterations in CBR density (B,,,,) in rats exposed to various
stressors (22,44).

Certain benzodiazepines (e.g., valium), the endogenous
peptide diazepam binding inhibitor (DBI), and fragments of
DBI bind not only to the CBR but also to a distinct type
of receptor expressed in a variety of tissues, the peripheral
benzodiazepine receptor (PBR) (9,12,36). The PBR is situated
primarily on the outer mitochondrial membrane in cells of
both the CNS and some peripheral tissues (5). The cDNA
encoding the PBR has been cloned, and the apparent transla-
tional product of the deduced DNA sequence is a 17- to 18-kD
protein (16,41). In the CNS, the PBR appears to be associated
primarily with glia (8). The PBR reversibly binds the proto-
typic ligands Ro 5-4864 and PK 11195 with high affinity (~1
nM). High densities of PBR are found in olfactory bulb, pi-
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neal gland, and choroid plexus, as well as the adrenal gland,
kidney, lung, and heart (7,8,11,15). Its distinctive subcellular
and tissue-specific localization and physical structure have
been well characterized, yet its physiological significance is
poorly understood.

Recent evidence links the PBR to steroid biosynthesis in
adrenocortical and Leydig cells in vitro (9,33,36,37). PK 11195
and Ro 5-4864 are potent stimulators of steroidogenesis
whereas lower-affinity PBR ligands such as diazepam are less
potent and efficacious (33). Recent work has elucidated a spe-
cific role for DBI and a 34 amino acid fragment of DBI,
trialkontatetraneuropeptide (TTN), in stimulating steroido-
genesis through specific interactions with the PBR (36). The
PBR appears to be involved in the delivery of cholesterol
through the outer mitochondrial membrane to the side-chain-
cleavage enzyme cytochrome P-450 situated on the inner mem-
brane (37,49). This process, in which cholesterol is converted
to pregnenolone, is the rate-limiting step in steroidogenesis.

The PBR has also been linked to adrenocorticotropin
(ACTH) and corticotropin-releasing hormone (CRH) secre-
tion in vivo and in vitro (13). The molecular mechanisms by
which secretion of these peptide hormones is stimulated is
unclear. Earlier experiments reported an inhibitory action of
Ro 5-4864 on B-endorphin release in vitro, and an interaction
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of PBR ligands with calcium channels in this effect was pro-
posed (10). These actions of PBR ligands on peptide release
in vitro require doses at least one order of magnitude higher
than the K, for these compounds, suggesting that such activity
does not necessarily depend upon the mitochondrial PBR.

Ro 5-4864 has been reported to be anxiogenic (31) and
convulsant (47). However, this action might also involve inter-
actions of the drug with sites other than the PBR. Although
in the above studies the CBR antagonist Ro 15-1788 failed to
reverse the behavioral actions of Ro 5-4864, there is evidence
that Ro 5-4864 may exert some of its effects through interac-
tions with the GABA-gated chloride channel. Ro 5-4864 inhib-
its [**S]t-butylbicyclophosphorothionate (TBPS) binding in
brain membranes with an IC;, value in the micromolar range
(43). Further investigations suggested that the interaction of
PBR ligands with the TBPS binding site is allosteric. This
unique neural Ro 5-4864 binding site may be functionally
linked to the site at which various steroid metabolites influ-
ence GABAergic transmission (6,23).

Electrophysiological evidence of a biphasic response of
Purkinje neurons to PBR ligands in vitro supports the pro-
posal that PBR ligands may exert behavioral effects through
activity at both the GABA-gated chloride channel and the
mitochondrial PBR (4). In these experiments, Ro 5-4864, PK
11195, and TBPS acted synergistically in producing excita-
tions of cerebellar Pukinje neurons. The slower-developing
Ro 5-4864-induced cellular inhibition, on the other hand, was
antagonized by PK 11195. The effects of Ro 5-4864 on certain
learning and memory tests are dissimilar to those of the anxio-
genic CBR ligand FG 7142, further supporting the proposal
that the behavioral activity of PBR ligands does not exclu-
sively involve CBR/GABA, chloride channel mechanisms
(24).

Studies of the behavioral actions of PBR ligands are prob-
lematic because of the lack of specificity of available com-
pounds. However, an alternative behavioral pharmacology
approach provides insight into the functional significance of
this receptor system. PBR binding measured in vitro with
[PH]Ro 5-4864 or [PH]PK 11195 is altered in tissues from or-
ganisms exposed to various environmental manipulations. For
example, the density or B, of PBR, like that of CBR, shifts
rapidly in rats in response to various stressors. A session of 5
or 80 inescapable tail-shocks increases or decreases, respec-
tively, the binding of PHJRo 5-4864 in renal membranes. Cor-
tical PBR binding similarly drops following 80 shocks (18). A
brief forced swim increases PBR density in kidney and olfac-
tory bulb (34,39), and the stress of experimental laparotomy
alone increases densities in kidney and cortex (35). Alterations
in PBR density have also been reported in humans. Maximal
PH]PK 11195 binding is increased compared to controls in
the blood platelets of subjects following a stressful examina-
tion (25). The PBR thus appears to be involved in an organ-
ism’s response to stress.

In an attempt to better understand the critical factors influ-
encing the PBR in an organism’s stress response, we examined
the psychological dimensions and characteristics of a stressor
that induces PBR alterations. Our aim was to separate the
higher-order neural and more psychological aspects of stress
from the metabolic and physical aspects. We also employed a
variety of stressors that vary in severity to gauge the relative
sensitivity of the PBR response. The central question in the
present study was whether the PBR responded to the purely
psychological aspects of stress or whether PBR alterations
were more reflective of the physiological concomitants of
stress. This question arose in part from the initial finding
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that the renal PBR response to 80 shocks was attenuated by
pretreatment with an anxiolytic dose of clonazepam (19).
Later work in this laboratory revealed that pretreatment with
a sedative/ataxic dose of pentobarbital that does not effect
pain sensitivity in the tail-flick test to radiant heat nonetheless
attenuates the stress-induced reduction in renal PBR (21).

Using the 80 tail-shock paradigm, we systematically varied
the psychological dimensions of controllability and predict-
ability and assessed their possible influence on PBR alter-
ations. Experimental subjects in these paradigms receive the
identical physical stress, yet robust behavioral, neurochemi-
cal, and physiological differences are observed between those
animals that can control or predict the stress and those that
cannot (17,26,28,45,46). We also measured the effect of a
purely psychological stressor, a contextually conditioned fear
paradigm, on the PBR. Finally, we exposed rats to a naturalis-
tic stressor, a cat, to determine whether the PBR is involved
in the immediate response to a naturalistic threat.

METHOD

Subjects

Male Sprague-Dawley rats (Charles River, Harlan Labora-
tory, Brown University-Hunter Laboratory) weighing between
230-300 g at the time of experimentation were group housed
(approximately five per cage) with free access to food and
water. A 12 L:12 D cycle was maintained in the colony room.
Lights were on from 7:00 a.m.-7:00 p.m. Animal experiments
were performed between 8:00 a.m. and 12:00 p.m.

Drugs

PH]JRo 5-4864 (sp. act 79.7 Ci/mM) was purchased from
New England Nuclear (Boston, MA). Ro 5-4864 was donated
by Dr. Peter Suzdak (Novo/Nordisk Industri, Copenhagen,
Denmark) and Dr. Peter Sorter (Hoffman-LaRoche, Nutley,
NI).

Experiment 1: Controllable vs. Uncontrollable Shock

Apparatus. Tail-shocks were administered to rats re-
strained in Plexiglas escape-yoke wheel-turn boxes (15.5 X
12 x 17 cm). The restraint was accomplished by taping the
rat’s tail, which protruded through a small notch in the rear
of the box, to a 10 X 1 X 1 cm horizontal post extending
behind the box. A grooved Plexiglas wheel extended 1.7 cm
from the floor of the box. The wheel could be turned by rats
in the escape condition to terminate the shock. The wheel
in the boxes of yoked animals were immobilized. Shocks
were administered by a Lafayette Instruments (Lafayette, IN)
Model No. 82400 shock generator through electrodes taped to
the tail and augmented with electrode paste.

Procedure, Eighty-three rats were randomly divided into
“escape,” “yoked,” or naive conditions for sacrifice at time
points of either immediately or 2 h following stress. Escape
and yoked rats received 80 unsignalled tail-shocks (incre-
mented from 1-2 mA) delivered on an average of 1 per min
(variable time 60-s schedule). Rats in the escape condition
could terminate the shock being administered to both groups
by turning the wheel. The two groups thus received the identi-
cal amount, intensity, pattern, and duration of shock. If the
required number of wheel turns did not occur within a 15-s
interval, the shock was automatically terminated. All rats in
the present experiment learned the wheel-turn escape response
within 20 trials. Rats were sacrificed either immediately or 2 h



PSYCHOLOGICAL STRESS AND PBR

following stress and tissues were prepared for in vitro radioli-
gand binding as described below. Naive animals were removed
from their home cage and sacrificed at the same time as experi-
mental animals. The order of sacrifice between escape, yoked,
and naive animals was counterbalanced.

Experiment 2: Predictable and Unpredictable Shock

Apparatus. The same apparatus as that of Experiment 1
was used with the addition of an MED precision signal gener-
ator.

Procedure. Thirty-seven rats were randomly divided into
signalled, unsignalled, and naive conditions for sacrifice at
time points of either immediately or 2 h following stress. Rats
in the signalled condition received a 5-s warning tone (2.8
kHz., 75 dB) prior to the onset of a 5-s shock for a total of
80 shocks administered on a variable time 60-s schedule as
described above. Rats in the unsignalled condition received
shocks without a warning tone. Shocks were incremented
from 1-2 mA over the course of the session as described
above. Rats were sacrificed either immediately or 2 h follow-
ing stress and tissues were prepared for radioligand binding as
described below. Naive rats were sacrificed at approximately
the same time, and the order of sacrifice was counterbalanced
for all animals.

Experiment 3: Contextually Conditioned Fear

Apparatus. A shuttle-box (BRS/LVE, Laurel, MD, Model
RSC-004) with inside chamber dimensions of 43 x 20 x 20
cm high equipped with a built-in Sonalert signal generator was
used for the contextually conditioned fear paradigm. Shock
was delivered to the grid floor of the chamber by a BRS/LVE
(Model No. SGS-004) shock generator/scrambler.

Procedure. Sixty-four rats were randomly assigned to one
of four groups: “fear conditioned,” “tone alone,” “no tone,”
or naive controls for sacrifice either immediately or 2 h follow-
ing the final conditioned fear stimulus presentation. The ex-
periment thus involved eight groups of rats with eight rats per
group. Experimental animals were placed individually into the
shuttle-box on day 1 and allowed a 5-min habituation period.
The fear-conditioned and no-tone rats received 20 presenta-
tions of a 5-s tone followed by a 10-s shock on a variable time
60-s schedule. The tone remained on during the shock and
terminated as the shock did (simultaneous conditioning). This
procedure was repeated on the following day. The tone-alone
group was presented with only the 20 tones and no shock on
days 1 and 2. On day 3, following the habituation period,
the fear-conditioned and tone-alone groups received five tone
presentations on the same schedule (see Table 1 for summary
of experimental design). During this time, behavioral observa-

TABLE 1

EXPERIMENTAL DESIGN FOR CONTEXTUALLY
CONDITIONED FEAR

Treatment
Group Day 1 Day 2 Day 3
Fear conditioned  Tone and shock Tone and shock Tone
Tone alone Tone Tone Tone
No tone Tone and shock Tone and shock -
Naive - - -
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tions of freezing time, and the number of crossings in the
shuttle-box were recorded as an index of fear. Immediately or
2 h after the last tone presentation, each rat was sacrificed.
The no-tone and naive rats were sacrificed directly from the
home cage on day 3. The order of sacrifice on day 3 was
counterbalanced for group membership.

Experiment 4: Exposure to a Cat

Apparatus. The cat was containedina 75 X 75 X 100 cm
steel cage. The spacing between the grates was 3 cm, allowing
excellent visibility through the cage. Rats were contained in
20 x 20 x 75 cm plastic tub cages with a steel grate top. The
spacing between grates on the rat cage was 1 cm.

Procedure. Twenty-four rats were randomly assigned to
the following groups: 15-min cat exposure, 45-min cat expo-
sure, or naive. For the experimental conditions, four rats at a
time were placed in a tub cage. The cage containing the cat
was then placed directly on top of the rat’s cage. Rats were
removed from the cat after either 15 or 45 min of exposure
and sacrificed. Naive rats were removed from their home cage
and sacrificed at approximately the same times for the two
experimental groups.

In vitro [’ HJRo 5-4864 Binding

At the appropriate time point following the experimental
condition, all rats were sacrificed by decapitation. Tissues
were removed and placed in glass vials containing 0.32 M
sucrose solution, fast frozen in CO,/acetone slurry, and
stored at — 80°C. Tissues were then thawed in a 25°C water-
bath, disrupted in 50 vol of 50 mM Tris-HCI buffer (pH =
7.4), and centrifuged at 20,000 x g for 20 min. The tissues
were resuspended in 200 vol (peripheral tissues) or 100 vol
(CNS tissues) of the same buffer, and the binding of [’'H]Ro
5-4864 was determined as previously described (48).

Briefly, 0.1 ml peripheral tissue or 0.6 ml CNS tissue (con-
taining ~0.04 or 0.1 mg protein, respectively) was added to
each assay tube containing 0.1 ml! radioligand (final concen-
tration, 1 nM), 0.1 ml unlabeled drug or buffer, and 50 mM
Tris-HCI buffer (pH = 7.4) to a final volume of 1 ml. Assays
were performed in triplicate. The reaction was initiated by the
addition of tissue and terminated after incubating at 0-4°C
for 60 min by rapid filtration over Schleicher (Keene, NH)
and Schuell #32 (Keene, NH) glass filter strips using a Brandel
(Gaithersburg, MD) M-24R filtering manifold. Samples were
washed with two 5 ml aliquots of ice-cold buffer. The specific
binding of [PH]JRo 5-4864 was defined as the difference in
binding obtained in the presence and absence of unlabeled Ro
5-4864 (final concentration 100 uM). The radioactivity re-
tained by the filters was measured in a Beckman (Beckman
Instruments, Fullerton, CA) LS 5000TD liquid scintillation
spectrometer using 6 ml ecoscint scintillation solution (Na-
tional Diagnostics, Manville, NJ) as a fluor. Specific binding
accounted for approximately 80-90% of total binding. Pro-
tein was determined as previously described (27,30).

Data Analysis

Due to the drift in baseline values typically observed across
replications of radioligand binding assays, all data from Ex-
periments 1-3 are presented as percent of mean control values
in the concentration of ["H]Ro 5-4864 bound per milligram
protein. Since the conversion of raw control values to percent
of mean control tends to compress the variability in control
groups, all data were analyzed nonparametrically with Mann-
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Whitney U-tests. Such analysis allowed direct pair-wise com-
parisons of experimental to control groups without regard to
differences in variance between groups. Percent of mean con-
trol values from each experimental group was compared to
those of the control groups. In evaluating the significance of
the U statistic, the « level of 0.05 was divided by the number
comparisons made in each analysis. o Levels for Experiments
1-3 were 0.0125 (four comparisons), 0.025 (two comparisons),
and 0.0125 (four comparisons), respectively. This stringent
approach was adopted to minimize the probability of Type I
error.

Data from Experiment 4 represent a single radioligand
binding assay. Baseline drift was therefore not an issue in
analyzing these data. Significance was tested by one-way anal-
ysis of variance (ANOVA).

RESULTS

Experiment 1: Controllable vs. Uncontrollable Shock

Figure 1 illustrates the effect of escapable and inescapable
shock on PBR binding in several tissues. PBR binding imme-
diately following stress was significantly reduced in the kid-
neys of both groups of subjects receiving escapable and ines-
capable shock (escape vs. naive: U = 126.5, p < 0.0125;
yoked vs. naive: U = 139, p < 0.0125). The result of the 80
tail-shock stress paradigm on renal PBR is consistent with the
findings of previous experiments (18,19). The dimension of
controllability does not appear to influence renal PBR. Two
hours following stress, binding in both experimental groups
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approached control values (escape vs. naive: U = 111, p =
0.024; yoked vs. naive: U = 99, p = 0.13). Neither of these
U values fall within the rejection region (data not shown).

Unlike the kidney, PBR binding in the lung was differen-
tially influenced by the dimension of stressor controllability.
PBR binding in the lungs of rats sacrificed immediately fol-
lowing inescapable shock was significantly reduced compared
to naive rats, U = 203, p < 0.0125. Binding in rats that
could escape shock showed no such reduction, U = 150,
p = 0.24. Two hours following stress, both experimental
groups exhibited a trend toward reduced binding. The U val-
ues, however, did not fall within the rejection region for either
group (escape vs. naive: U = 99, p = 0.013; yoked vs. naive:
U = 99, p = 0.013; data not shown).

PBR binding in heart, adrenal, olfactory bulb, hippocam-
pus, and cortex was not influenced significantly by controlla-
ble or uncontrollable stress at either the immediate or 2-h time
points.

Experiment 2: Predictable vs. Unpredictable Shock

Both predictable and unpredictable shock caused a signifi-
cant reduction in renal PBR immediately following stress (see
Fig. 2; signalled vs. naive: U = 15.5, p < 0.025; unsignalled
vs. naive: U = 15.5, p < 0.025). This result represents a di-
rect replication of the effect of 80 5-s tail-shocks on renal
PBR (18,19). PBR binding in the lungs of both rats receiving
predictable and unpredictable shock were apparently reduced
compared to control levels. Only the reduction in PBR binding
in lungs of rats receiving predictable shock, however, reached
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FIG. 1. Impact of stressor controllability on [’H]Ro 5-4864 binding in several rat tissues. Data are presented as mean
percent of naive control binding (+ SEM). Rats were killed immediately after 80 inescapable or escapable tail-shocks.
Open columns represent data from rats receiving inescapable shock. Hatched columns represent data from rats

receiving escapable shock. *p < 0.0125 compared to naive.
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FIG. 2. Impact of stressor predictability on ['HJRo 5-4864 binding in several rat tissues. Data are presented as
mean percent of naive control binding (+ SEM). Rats were killed immediately after 80 unsignalled or signalled
tail-shocks. Open columns represent data from rats receiving unsignalled shock. Hatched columns represent data
from rats receiving signalled shock. *p < 0.0125 compared to naive.

significance (signalled vs. naive: U = 52, p < 0.025; unsig-
nalled vs. naive: U = 50, p < 0.03).

No significant alterations in PBR binding were observed
in heart, adrenal, olfactory bulb, hippocampus, and cortex
immediately following predictable or unpredictable shock.
Furthermore, no alterations in PBR binding were observed in
any tissue at the 2-h poststress time point (data not shown).

Experiment 3: Fear Conditioning

Table 2 illustrates the influence of contextually conditioned
fear on the behavioral measures of freezing and locomotor

TABLE 2

EFFECT OF CONTEXTUALLY CONDITIONED FEAR
ON ACTIVITY IN THE SHUTTLE-BOX ON DAY 3

Group
Fear Conditioned Tone Alone
% Time freezing* 92 + 0.03% 21 + 0.06
No. of crossings} 1 + 0.342¢ 16 + 3.17

*Percentage of time spent immobile, or “freezing,” on day
3. Each trial consisted of a 5-min habituation period followed
by five tone presentations in the next 4 min. Fear-conditioned
rats received context-tone-shock pairing on days 1 and 2. The
tone-alone group received only tone presentations. tp < 0.01.

$Mean number of shuttle-box crossings during the 9-min
trial session. tp < 0.01.

activity (shuttle-box crossings). Presentation of the fear-
conditioned tone and context significantly increased freezing
(one-way ANOVA: p < 0.01) and decreased shuttle-box
crossings (p < 0.01) compared to rats not aversively condi-
tioned to the tone and context. Behavioral measures thus indi-
cate that fear conditioning was successful. However, the influ-
ence of fear conditioning on PBR binding both immediately
and 2 h following the procedure was negligible in all tissues
surveyed except the olfactory bulb. Figure 3 depicts the PBR
binding data at the 2-h time point. PBR binding in the olfac-
tory bulb of fear-conditioned rats was significantly increased
compared to the tone-alone control, U = 56, p < 0.0125.
Binding in fear-conditioned rats did not differ from naive
rats, U = 45, p = 0.1. Although trends toward differences
between fear-conditioned and control groups were apparent
in kidney and hippocampus, these differences were nonsignifi-
cant (kidney fear-conditioned vs. naive: U = 53, p = 0.0142;
hippocampus fear-conditioned vs. naive: U = 45, p = 0.03).
These trends may be due to the experimental procedure itself
since all experimental groups tended to show increases in
[’H]JRo 5-4864 binding irrespective of conditioning. No signif-
icant differences in PBR binding were observed in tissues
taken from animals sacrificed at the immediate time point
(data not shown).

Experiment 4: Exposure to a Cat

No significant alterations in PBR binding were observed
in the kidney, heart, lung, adrenal, hippocampus, cortex, or
olfactory bulb of rats exposed to a cat for either 15 or 45 min
(data not shown).
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FIG. 3. Effect of contextually conditioned fear on [’H]Ro 5-4864 binding in several rat tissues. Data are
presented as mean percent of naive control binding (+ SEM). Rats were killed 2 h following the presentation
of conditioned stimuli. Shaded columns represent data from fear-conditioned animals. Hatched columns
represent data from rats receiving only tones and no shock over days 1-3 (“tone alone”). Open columns
represent data from rats receiving tones and shock on days 1-2 and sacrificed from the home cage on day 3
(“no tone”). *p < 0.0125 compared to tone-alone control group.

DISCUSSION

These experiments demonstrate that lung and olfactory
bulb PBR are responsive to the higher-order, psychological
aspects of stress. Renal PBR, on the other hand, responded to
stress but were not influenced by the psychological dimensions
varied in this study. Although acutely insensitive to psycholog-
ical manipulations of stress per se, the PBR alteration in kid-
ney is perhaps the most robust and reliable effect reported
across different stress paradigms (3,18,34,35,36). The present
results suggest that the PBR in kidney, lung, and olfactory
bulb are all involved in the stress response but have variant
sensitivities to stress. In the 80 shock paradigms, renal PBR
may be more dependent upon the broader, purely physiologi-
cal responses to stress whereas lung PBR may be more influ-
enced by the CNS processes governing differential response
strategies to controllable or predictable stress. Lung PBR,
however, did not exhibit a consistent response across condi-
tions of controllability and predictability as do other physio-
logical and psychological responses. Stress-induced opiate an-
algesia, immunosuppression, and learned helplessness, for
example, are all averted under conditions of either stressor
controllability or predictability (17,26,28,45,46). Stressor con-
trollability appeared to protect against the reduction in lung
PBR binding. On the other hand, only the data from subjects
receiving predictable stress reached significance. Inspection of

the data from the predictability experiment, however, suggests
that values in the signalled and unsignalled groups are of the
same population. The failure of the unsignalled group to reach
significance may be due to the increased variability associated
with these values. The narrow region of rejection adopted for
the data analysis may thus represent a Type II error in this
instance. Although the lung PBR responses differed between
the controllability and predictability experiments, it must be
pointed out that subjects receive a different amount and pat-
tern of stress in these two paradigms. The duration of shock
in the predictability experiment is fixed at 5 s. The duration
of shock in the controllability experiment depends upon the
wheel-turning response of the subject escaping the shock and
may range from approximately 1-15 s within an average dura-
tion of 1-2 s once the escape task has been learned.

Unlike renal and lung PBR, olfactory bulb PBR appears
to be responsive to a purely psychological stressor. A possible
distinction between the role of olfactory bulb PBR and renal
and lung PBR might be that of anticipatory stress responses
vs. reactive stress responses (20). Olfactory bulb PBR may
thus function in a preparatory process; responding to the acti-
vation of internal representations of stimuli associated with
danger. The conditioned aversive stimuli required to induce
PBR alterations in olfactory bulb, however, need to be highly
salient, possibly requiring actual physical stress as the uncon-
ditioned stimulus (e.g., electric shock). Thus, the olfactory
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bulb PBR appears unresponsive to an unconditioned, natural-
istic stressor (i.e., confrontation with a cat).

The present experiments support a role of the PBR in an
organism’s response to stress. This role is evidently complex
and poorly understood. As discussed in the introductory sec-
tion, in vitro studies link the PBR to steroidogenesis in adrenal
cells (33,37). Yet, even though the stress paradigms employed
in the present experiments enhance steroid release from the
adrenal gland (29), the present experiments failed to detect
alterations in adrenal PBR. This absence of evidence of a
rapid, phasic adrenal PBR response to stress in rats is consis-
tent with previous reports (18). More gradual or tonic adjust-
ments in adrenal PBR following removal of trophic influences
(i.e., hypophysectomy) have been reported (2). Individual
variations in emotionality may also predict different densities
of adrenal PBR (38). PBR response to stress in the adrenal
may be too rapid or latent to measure in typical behavioral/
stress paradigms. In vivo radioligand binding analysis of the
stress-induced changes in PBR should be undertaken to deter-
mine whether PBR alterations in some tissues (e.g., adrenal)
require factors present only in the intact organism.

The involvement of olfactory bulb, lung, and kidney PBR
in the stress response points to other, yet uncharacterized,
physiological systems that are activated independently of the
pituitary/adrenal axis or sympathetic nervous system (19).
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The possibility that the PBR in these tissues is involved in the
stress-induced synthesis or release of other hormones, neuro-
transmitters, or autocoids, as well as steroids, deserves further
exploration.

In sum, the nature, severity, and time course of stress influ-
ence the PBR in a tissue-specific manner. PBR binding in
kidney and lung apparently requires relatively severe physical
stress, whereas PBR binding in olfactory bulb may be influ-
enced by conditioned stimuli associated with stress. A sensitiv-
ity in the PBR response to psychological aspects of stress simi-
lar to that of the olfactory bulb has been observed in human
tissue. The reported increase in the B,,, of PBR in human
blood platelets following examination stress may be analogous
to changes presently reported in the rat olfactory bulb (25).
These findings may represent another instance of PBR re-
sponse to psychological representations of stress and may un-
derlie the earliest stages in a cascade of responses serving to
adjust to the physiological demands associated with stress.
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