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B-Adrenergic Receptors are Involved in
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GORMAN, A. L. AND A. J. DUNN. B-Adrenergic receptors are involved in stress-related behavioral changes. PHAR-
MACOL BIOCHEM BEHAV 45(1) 1-7, 1993. —Cerebral noradrenergic systems have been implicated in stress-related
changes in behavior. Previous studies with receptor antagonists suggested that «;-adrenergic receptors were involved in
defensive withdrawal in rats and in investigatory behavior in mice tested in the multicompartment chamber. However,
B-adrenoreceptor antagonists attenuated the restraint- and ICV CRF-induced changes in defensive withdrawal, suggesting
that 3-adrenergic receptors may also be involved in stress-related responses. To determine whether the 8-adrenergic antagonist
effect was limited to rats tested in the defensive withdrawal model, we studied the effects of L-propranolol in two other
behavioral models. Propranolol pretreatment (2.5 mg/kg, IP) prevented the restraint-induced changes in the behavior of
mice observed in the multicompartment chamber and the elevated plus-maze. It also decreased the plasma corticosterone
response measured in restrained mice after plus-maze testing. To investigate further the role of central S-adrenergic receptors
in defensive withdrawal, the effects of the 8-adrenoreceptor agonist isoproterenol were tested. Isoproterenol (0.3-10 ug, ICV)
produced a dose-dependent increase in defensive withdrawal, statistically significant after 3 and 10 ug. Propranolol prevented
the isoproterenol-induced defensive withdrawal, suggesting that the effect of isoproterenol resulted from stimulation of
B-adrenergic receptors. These results support earlier data suggesting the involvement of CNS B-adrenergic receptors in
stress-related behavioral changes and suggest that 8-adrenergic agonists exert anxiolytic effects that differ from those of the
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benzodiazepines.
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SUBSTANTIAL evidence suggests that noradrenergic systems
are involved in stress-related behavioral responses (7,11,31).
In rats, novelty or restraint induces defensive withdrawal, a
behavioral pattern characterized by increased time spent in a
small enclosed chamber relative to exploration of an open
field (33,38). This change was mimicked by ICV administra-
tion of the selective a;-adrenergic agonist phenylephrine in
unrestrained animals, and the restraint-induced changes were
prevented by the «,-adrenergic antagonist prazosin (38). In
mice, restraint or ICV phenylephrine decreased investigatory
behavior, quantified as a reduction in the mean stimulus-con-
tact times measured in the multicompartment chamber [MCC;
(2-4)]. Prazosin prevented these restraint-induced changes (4).
Thus, in both defensive withdrawal and in the MCC pharmaco-
logical analysis suggests that the restraint-induced behavioral
changes were the result of o;-adrenergic stimulation.

However, B-adrenergic antagonists have also been shown
to exhibit anxiolytic properties in several behavioral models
(8,34,38), suggesting that S-adrenergic receptors are also in-
volved in anxiety-like responses. L-Propranolol (2.5 or 5§ mg/
kg) decreased defensive withdrawal in naive rats and pre-
vented that induced by restraint (38). Propranolol also pre-
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vented the changes in defensive withdrawal induced by ICV
corticotropin-releasing factor [CRF; (37,38)]. The changes in-
duced by CRF were not altered by peripherally administered
CGP-12177, a B-adrenergic antagonist that penetrates the
brain poorly, nor by ICI 118,551, a 8,-adrenergic antagonist
(37). However, the f3,-adrenergic antagonists, atenolol and
CG-20712A, administered ICV attenuated the CRF-induced
defensive withdrawal (37), suggesting the involvement of cen-
tral 3,-receptors.

Our first objective was to extend our understanding of the
involvement of §-adrenergic receptors in stress-related behav-
ioral changes by determining whether a S-adrenergic antago-
nist altered the effects of restraint on mice tested in the MCC
and the elevated plus-maze. The MCC was chosen because
previous studies have shown that the investigatory behavior
measured in this model was sensitive to restraint (1-4). The
elevated plus-maze test was selected as a commonly used
model for anxiety (13,22,27). Because B-adrenergic antago-
nists have been shown to attenuate restraint-induced changes
in defensive withdrawal, our second objective was to deter-
mine whether stimulation of central B-adrenergic receptors
elicited defensive withdrawal.



METHOD

Animals

Adult, male Sprague-Dawley rats (250-300 g) were ob-
tained from Harlan-Sprague-Dawley, Inc. (Indianapolis, IN)
and male albino VAF-plus CD-1 mice (25-32 g) were obtained
from Charles River (Raleigh-Durham, NC). Rats and mice
were housed individually in plastic cages placed in a light- and
temperature-controlled room (lights on from 7:00 a.m.-7:00
p.m.) with free access to food and water.

Cannulation and Injection of Rats

A 9-mm stainless steel 23-ga guide cannula was implanted
above the lateral ventricle on each side of the brain as pre-
viously described (38) according to the following stereotaxic
coordinates: A-P, 0.4 mm (from bregma); L, 2.0 mm; and D,
4.0 mm below the skull surface. The surgery was performed
under phenobarbital anesthesia (55 mg/kg, IP) given 10 min
after atropine (1.0 mg/kg, IP). On the day of the experiment,
the stylet was removed and a 9-mm 31-ga injection needle
inserted into the guide cannula. The needle was attached to a
10-ul Hamilton syringe (Hamilton, Reno, NV) by approxi-
mately 30 cm of polyethylene tubing (Clay Adams PE 10),
and 2 ul of sterile filtered artificial cerebrospinal fluid (aCSF)
or sterile filtered isoproterenol (ISO) was injected into each
cannula slowly over a 1-min period. At the completion of all
experiments, rats were sacrificed and the cannula placements
verified by the injection of 1 ul methylene blue dye into each
cannula.

Drugs

(-)Isoproterenol (bitartrate salt) and L-propranolol HCI
were obtained from Sigma Chemical Co. (St. Louis, MO).
Both solutions were prepared fresh on the day of the experi-
ment. Propranolol was dissolved in sterile filtered saline at a
concentration of 0.25 mg/ml (mice) or 2.5 mg/ml (rats), and
isoproterenol was dissolved in aCSF.

Behavioral Procedures

MCC. We used the behavioral apparatus of Arnsten et al.
(1), modified for use in mice as previously described (2-4).
The apparatus consisted of a Plexiglas box with nine intercon-
necting compartments with a 1-in. diameter hole in the center
of each compartment. A 3.0-cm sphere wire mesh stimulus
was mounted below each hole, and a stimulus contact was
defined when the mouse made contact with this wire. Each
mouse was placed in the center compartment of the MCC, and
various behaviors were scored for 25 min using an NEC8201A
computer modified for use as an event recorder (Stoelting,
Chicago, IL, Model #47250X). The observer was blind to the
treatment group, and no animal was exposed to the apparatus
more than once. The behaviors measured were the number
of crosses between compartments, rears, grooming, and the
number of stimulus contacts and the stimulus-contact time.
Following each test, the apparatus was cleaned with 0.1%
acetic acid.

Elevated Plus-Maze. This test adapted for use in mice was
used as described by Lister (19). It consisted of four perpen-
dicular arms made of black Plexiglas elevated 38.5 cm above
the floor. The arms extended from the central platform (5 X
5 cm). Two arms were open (30 X 5 cm) and two arms were
enclosed by transparent walls (30 X 5 x 15 cm). Illumination
of the apparatus was by a 25-W soft white light placed directly
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above the center, and testing was conducted in a room sepa-
rate from the housing and surgical facilities between 9:00 a.m.
and 2:00 p.m. To initiate a test, the mouse was placed in the
center facing a closed arm and scored for 5 min by an observer
blind to the treatment groups. Each animal was unfamiliar
with the apparatus and testing room, and no animal was tested
more than once. Following each test, the apparatus was
cleaned with 0.1% acetic acid. The following behaviors were
scored on an NEC computer: the amount of time spent in the
open and closed arms; the total number of entries into the
open and closed arms; the total number of rears and the
amount of time spent rearing.

Restraint. Mice to be restrained were transported to a
room separate from the housing room and the behavioral test-
ing room. Each mouse was placed in a 50-ml enclosed, dark-
ened plastic centrifuge tube with air holes at the tip, and tape
was applied to the open end so that the animal could not
escape. Mice were restrained for 40 min.

Defensive withdrawal. The task was used as described by
Takahashi et al. (33) and previously reported (6,38,39). The
apparatus consisted of a white opaque Plexiglas open field
(100 x 110 x 35 cm) with the floor marked in 20 X 20-cm
squares. A cylindrical, galvanized chamber, 15 cm deep and
13 cm in diameter, with one open end, was secured to the
floor and wall 40 cm away from a corner. Illumination of the
apparatus was by a 22-W fluorescent light placed above the
center of the field. Defensive withdrawal testing was con-
ducted in a room separate from the housing and surgery facili-
ties. A white noise generator was used to obscure background
noise. To initiate a session, the rat was placed in the chamber
and its behavior was recorded for 15 min by a videocamera
mounted on the wall above the apparatus. During the behav-
ioral recording session, the rat was alone in the room. After
each test, the apparatus was cleaned with 0.1% acetic acid.
The behavioral parameters measured were defined as follows:
latency, the time from the beginning of the experiment until
the rat placed all four paws into the open field; total time in
the chamber (TTIC), the total time the animal spent in the
chamber during the experimental session; mean time in the
chamber (MTIC), the TTIC divided by the total number of
reentries plus one (initial placement of the rat into the cham-
ber); locomotor velocity (LV), the total number of lines
crossed divided by the time spent outside of the chamber; rear
frequency (RF), the total number of rears divided by the time
spent outside of the chamber.

Rats were familiarized with the apparatus by being placed
in the center of the open field for 10 min on the day before
the experiment. The chamber was removed during the famil-
iarization process to facilitate exploration of the open field.
Each rat was placed in the chamber for 1 min after the 10-min
period so that it would also be familiar with the chamber.
Animals were tested in a repeated-measures design such that
each rat received every combination of treatments. No animal
was tested on isoproterenol or propranolol on 2 consecutive
days. For this reason, animals were tested more than once on
aCSF, saline/aCSF, and propranolol/aCSF. For each of these
treatment groups, the mean of the rat’s scores on each behav-
ioral parameter was used for statistical analysis. No animal
was tested for more than 4 days in any week.

Corticosterone Assay

Each mouse was transported to a separate room immedi-
ately after completion of the elevated plus-maze test. Trunk
blood was collected into heparinized Eppendorf tubes and the
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plasma was separated. Plasma corticosterone was assayed by
radioimmunoassay performed according to the method of
Gwosdow-Cohen et al. (18) after extraction from 5-ul samples
of plasma using methylene chloride.

Statistical Analysis

For the MCC and elevated plus-maze experiments, the data
were analyzed by analysis of variance (ANOVA) with Dun-
can’s test using SuperANOVA (Macintosh). The dose-re-
sponse data for isoproterenol were analyzed by Dunnett’s
t-test, and the ability of propranolol to block isoproterenol-
induced defensive withdrawal was analyzed by ANOVA with
Duncan’s test posthoc. A logarithmic transformation of the
defensive withdrawal measures was used to normalize the data
for statistical analysis.

RESULTS

Multicompartment Chamber Behavior

To determine whether B-adrenoreceptors are involved in
behavioral changes observed in the MCC, mice were pre-
treated with saline or propranolol prior to being restrained
and tested in the MCC. As in previous experiments (2-4),
the only statistically significant behavioral change induced by
restraint was a reduction in the mean stimulus-contact time
(MSCT) compared with the quiet controls (Fig. 1A). Pretreat-
ment with L-propranolol (2.5 mg/kg) prevented this restraint-
induced change but did not alter the behaviors scored in unre-
strained animals. A 1.0-mg/kg dose of propranolol did not
significantly alter the effects of restraint (data not shown).
Neither restraint nor propranolol altered the number of com-
partment entries (Fig. 1B), indicating that mice were not se-
dated by either treatment.

Elevated Plus-Maze Behavior in Mice

To determine whether 8-adrenoreceptors are involved in
behavioral changes observed in the elevated plus-maze, mice

were pretreated with saline or propranolol prior to being re-
strained and tested. Restraint significantly reduced the per-
centage of entries made into the open arms when compared
with quiet controls (Fig. 2A). Restraint tended to decrease the
percentage of time spent in the open arms (Fig. 2B) but this
change was not statistically significant. Pretreatment with pro-
pranolol (2.5 mg/kg) prevented these restraint-induced ef-
fects. No statistically significant changes were observed in the
total number of entries onto the arms (SAL-Q 23.6 + 6.6;
SAL-R 20.0 + 4.9; PRO-Q25.7 + 8.1; PRO-R 32.0 % 5.7).
In pilot studies, a 1.0-mg/kg dose of propranolol did not
significantly alter the restraint-induced changes in behavior,
whereas a 10-mg/kg dose was sedative.

Blood samples were collected immediately after the behav-
ioral test for assay of plasma corticosterone. Concentrations
of plasma corticosterone were increased in restrained mice
compared with unrestrained controls (Fig. 3). Pretreatment
with propranolol attenuated the restraint-related increase but
did not alter plasma corticosterone in unrestrained mice. Both
the effects of restraint in saline-treated mice and of proprano-
lol in restrained mice were statistically significant.

Effects of Isoproterenol on Defensive Withdrawal Behavior
in Rats

To determine whether stimulation of cerebral 3-receptors
is involved in stress-related behavior, we tested rats in defen-
sive withdrawal after ICV administration of isoproterenol. In
three separate experiments, ICV isoproterenol (in the range
0.1-10 ug) produced dose-dependent increases in defensive
withdrawal: increases in the latency to emerge from the small
chamber and in the mean and total times spent in the chamber
(MTIC and TTIC). Although the absolute values for the la-
tency and time in the chamber varied between experiments,
they were consistently statistically significant at doses of 3 ug
or more. Therefore, we tested the specificity of the effect only
at the 3- and 10-ug doses. Figure 4 shows that both 3 and 10
ug of isoproterenol increased the latency to emerge from the
small chamber, as well as the MTIC and TTIC. Isoproterenol
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FIG. 1. Effects of restraint with and without propranolol pretreatment on the behavior of mice tested in the MCC. Mice were
injected IP with 2.5 mg/kg propranolol (PRO) or the same volume of saline (SAL) 30 min prior to being restrained (R) for 40 min
or returned to their home cages as quiet controls (Q). Mice were then scored in the MCC for 25 min. For SAL/Q, n = 11; SAL/R,
n = 12; PRO/Q and PRO/R, n = 8. (A) Mean stimulus-contact time (MSCT: mean + SEM). ANOVA indicated a statistically
significant interaction between PRO and R, F(1, 5) = 76.9, p < 0.001, and the effects of restraint in saline-treated mice and of
propranolol in restrained mice were significant by Duncan’s test (p < 0.01). (B) Compartment entries. ANOVA did not indicate
any statistically significant effects of the treatments. *p < 0.05 compared with SAL/Q, *p < 0.05 compared with SAL/R.
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FIG. 2. Effects of restraint with and without propranolol pretreatment on the behavior of mice tested in the elevated plus-maze.
Naive mice were injected with propranolol (PRO, 2.5 mg/kg, IP) or the same volume of saline (SAL) 30 min prior to being
restrained (R) or returned to their home cages as quiet controls (Q) for 40 min. Immediately after this, mice were tested in the
plus-maze for 5 min. n = 6, except for SAL/Q, in which n = 5. (A) Mean + SEM percentage of entries made into the open
arms. ANOVA indicated a significant interaction between PRO and restraint, F(1, 19) = 6.05, p < 0.05, and Duncan’s test
indicated significant effects of restraint in saline-treated mice and of propranolol in restrained mice (p < 0.05). (B) Mean
percentage of time spent on the open arms. ANOVA did not indicate any statistically significant effects of the treatments. *p <
0.05 compared with SAL/Q, *p < 0.05 compared with SAL/R.

did not significantly alter the line crossings or rears (data not
shown). To test whether the effect of isoproterenol was spe-
cific for B-adrenergic receptors, mice were pretreated with
propranolol. A dose of 2.5 mg/kg propranolol was used
because it had attenuated restraint- and CRF-induced defen-
sive withdrawal in previous studies (39) without producing
apparent sedative effects. The propranolol treatment essen-
tially prevented each of the isoproterenol-induced changes
(Fig. 4).

DISCUSSION

In previous studies of mouse behavior in the MCC, the
stimulus-contact times were selectively reduced by various
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FIG. 3. Mean plasma corticosterone concentrations measured in
trunk blood collected immediately after plus-maze testing. The same
experiment as Fig. 2 (1 PRO/R blood sample was lost). ANOVA
indicated a significant interaction between PRO and restraint, F(1,
18) = 7.0, p < 0.05, and Duncan’s test indicated that the effects of
restraint in saline-treated mice and of propranolol in restrained mice
were statistically significant. *p < 0.05 compared with SAL/Q,
*p < 0.05 compared with SAL/R.

stressors, including restraint (1-4). In the present study, pro-
attenuated the restraint-induced decrease in the mean stimu-
lus-contact time without altering the number of compartment
entries, suggesting that the drug treatment did not cause seda-
tion. In the elevated plus-maze, restraint decreased the pro-
portion of open arm entries, suggesting an anxiogenic effect.
Propranolol prevented this restraint-induced change but did
not significantly alter the behavior of unrestrained animals.
Restraint pretreatment caused increased plasma concentra-
tions of corticosterone relative to those of unrestrained mice
tested in the elevated plus-maze. This response to restraint was
attenuated by propranolol pretreatment. This finding suggests
that propranolol reduced the aversive nature of the exposure
to the apparatus because there is no evidence that propranolol
acts directly to alter corticotropin (ACTH) or corticosterone
secretion (29). Thus, the results of these studies extend our
observations on the “antistress” or “anxiolytic” effects of pro-
pranolol in defensive withdrawal in rats (38) to another species
and two different behavioral tasks.

Propranolol readily crosses the blood-brain barrier (20),
and its effects on restraint-induced behavior may be centrally
and/or peripherally mediated. Because previous studies in rats
have suggested that a central mechanism is involved in the
anxiolytic properties of B-adrenergic receptor antagonists
(12,37), we tested the effects of a B-adrenergic agonist admin-
istered ICV on defensive withdrawal. Rats given isoproterenol
showed a preference for the small enclosed chamber over the
open field. Isoproterenol did not alter the rearing frequency
or the number of lines crossed when animals were in the open
field, indicating that stimulation of central 8-adrenergic recep-
tors induces defensive withdrawal without altering locomotor
activity. Pretreatment with 2.5 mg/kg propranolol prevented
the defensive withdrawal behavior induced by isoproterenol,
suggesting that the effects of isoproterenol were mediated by
activation of 8-adrenergic receptors. Propranolol has affinity
for both 5-HT,, and 5-HT,3 receptors (25), and it has been
suggested that some of its anxiolytic properties could be re-
lated to its effects on serotonergic systems (16). Our results
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FIG. 4. Effects of ICV isoproterenol and propranolol on defensive
withdrawal in rats. Rats were familiarized with the open field and
then tested on subsequent days. Propranolol (PRO; 2.5 mg/kg, IP)
or SAL was injected 20 min prior to injecting either aCSF or isopro-
terenol (ISO; 3 or 10 g ICV), and behavioral testing commenced 20
min after the second injection. All rats (n = 10) received all combina-
tions of drugs, but no animal received PRO or ISO on 2 consecutive
days. (A) Latency. (B) MTIC. (C) TTIC. For the latency, ANOVA
indicated a significant interaction between PRO and 3 ug ISO, (1,
59) = 17.9, p < 0.01, and between PRO and 10 ug ISO, F(1, 59)
= 11.7, p < 0.01. Dunnett’s f-test indicated significant differences
between 3 ug ISO and aCSF, #(3, 27) = 3.50, p < 0.01, and between
10 ug ISO and aCSF, #(3, 27) = 5.5, p < 0.01. The effects of PRO
in 3- and 10-ug ISO-treated rat were statistically significant by Dun-
can’s test. For the MTIC, ANOVA indicated a significant interaction
between PRO and 3 ug ISO, F(1, 59) = 5.9, p < 0.05, and between
PRO and 10 pg ISO, F(1, 59) = 16.3, p < 0.01. Dunnett’s ¢-test
indicated significant differences between 3 ug ISO and aCSF, #(3, 27)
= 4.4, p < 0.01, and between 10 ug ISO and aCSF, 13, 27) =
10.3, p < 0.001. The effect of PRO in 10-ug ISO-treated rats was
statistically significant by Duncan’s test. For the TTIC, ANOVA indi-
cated a significant interaction between PRO and 3 ug ISO, F(1, 59)
= 5.9, p < 0.05, and between PRO and 10 pg ISO, F(1, 59) = 8.8,
p < 0.05. Dunnett’s -test indicated significant differences between 3
pg ISO and aCSF, (3, 27) = 2.9, p < 0.05, and between 10 ug ISO
and aCSF, (3, 27) = 2.7, p < 0.05. *p < 0.05; **p < 0.01 com-
pared to aCSF/SAL, *p < 0.05 compared with SAL/ISO.

with isoproterenol suggest that defensive withdrawal can be
by direct activation of central S-adrenergic receptors and pro-
vide strong support for the conclusion that noradrenergic sys-
tems mediate these behavioral responses.

Cerebral CRF has also been implicated in stress-related

behaviors (10,26). ICV administration of CRF has been shown
to mimic the novelty- or restraint-induced changes in defensive
withdrawal (6,33,37,38), in the MCC (2-4), and in the elevated
plus-maze (14), and the CRF antagonist a-helical CRF9-41
(«hCRF) has been shown to reverse the effects of novelty or
restraint (3,5,33,38). Thus, interactions between noradrener-
gic systems and CRF-containing neurons in the brain may
be important in the modulation of stress-related behavioral
changes.

Previous behavioral pharmacological studies have focused
on the involvement of «;-adrenergic receptors because treat-
ment with the a;-adrenergic antagonist, prazosin, prevents the
effects of restraint on defensive withdrawal and in the MCC,
and ICV administration of the selective «-adrenergic agonist,
phenylephrine, mimics those effects (4,38). In both behavioral
models, «hCRF prevented the effects of phenylephrine but
prazosin did not attenuate the CRF-induced behavioral
changes (4,38). This suggests that «;-receptors stimulate (di-
rectly or indirectly) CRF neurons involved in the behavioral
responses. Exposure to restraint or an unfamiliar environment
may activate noradrenergic systems, which in turn stimulate
CREF release via an ay-adrenergic mechanism. This neuronal
arrangement is consistent with data on the regulation of CRF
release by hypophysiotropic neurons, suggesting that o-
adrenergic receptors stimulate CRF-containing neurons in the
paraventricular nucleus (29,32).

However, most noradrenergic terminals are not associated
with CRF-containing neurons. Moreover, the role of 8-
adrenergic receptors is ignored in the above model. As dis-
cussed above, propranolol can prevent the behavioral re-
sponses to restraint in defensive withdrawal (38), in the MCC
(Fig. 1), and in the elevated plus-maze (Fig. 2). Further, g-
adrenergic antagonists can prevent the CRF-induced increases
in defensive withdrawal (37,38) and in conditioned fear (8).
By contrast, oj-adrenergic antagonists did not prevent the
CRF-induced behavioral changes in the MCC (4) or in defen-
sive withdrawal (38). Together, these results suggest that o,-
adrenergic receptors are involved upstream of CRF neurons
and B-adrenergic receptors are involved downstream. The lat-
ter arrangement is consistent with electrophysiological data
indicating that ICV administration of CRF increases the firing
rate of locus coeruleus noradrenergic neurons (36) and neuro-
chemical data indicating that ICV administration of CRF in-
creases concentrations of norepinephrine (NE) catabolites in
several brain regions (6,9,24) and extracellular concentrations
of NE assessed by in vivo microdialysis (21). It is likely that
CRF-containing neurons interact with noradrenergic neurons
in different ways in different anatomic locations. Thus resolu-
tion of these apparently conflicting data may be obtained
from a more detailed neuroanatomic analysis of the neuronal
substrates involved in these stress-related behaviors.

Antianxiety effects of §-adrenergic antagonists have been
reported in a limited number of behavioral studies, suggesting
that S-adrenergic involvement may be limited to certain types
of stress-related behaviors. Pellow et al. (28) reported that
propranolol, unlike the prototypical anxiolytics, failed to pro-
duce alterations in open-arm activity in the plus-maze in rats.
Because benzodiazepine treatments produce marked effects
in this model (14,22), they concluded that the §-adrenergic
antagonists lacked efficacy as anxiolytics in this task. Our
results also indicate that propranolol did not alter open-arm
entries or mean stimulus-contact times in unrestrained mice
but did attenuate both the behavioral and plasma corticoste-
rone changes induced by restraint. It appears then that pro-
pranolol does not affect behavioral responses to novelty but
appears rather to be anxiolytic when a stronger stressor such



as restraint is used. Thus, 8-adrenergic antagonists may have
an anxiolytic profile different from the benzodiazepines. We
reported earlier that chlordiazepoxide attenuated novelty- and
restraint-induced defensive withdrawal (38), but we have not
observed clear-cut effects of benzodiazepines in the MCC.
Conflicting results in the literature support the notion that
the B-adrenergic antagonists exert anxiolytic effects different
from the benzodiazepines. Clinically, propranolol has been
used to treat performance anxiety (19), but its efficacy has
been attributed to its ability to relieve peripheral autonomic
symptoms in anxious patients (17,23,35). The B-adrenergic
antagonists have been most effective in situations where the
anxious patient tended to have many autonomic symptoms
and was unable to identify a specific, fear-evoking stimulus
(35). In a conflict test, Fontana et al. (15) found that propran-
olol did not increase punished drinking suppressed by differ-
ent shock intensities. However, Terry and Salmon (34) showed
that the ability of B-adrenergic antagonists to increase pun-
ished responding was dependent upon stimulus salience and
the type of discriminative stimulus used. In their study, a
limited range of doses of propranolol increased responding
suppressed by low-intensity shock when a flashing light was
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used to signal the punishment schedule. They speculated that
the flashing lights increased the arousal level of animals, and
their data suggest 3-adrenergic mediation of this effect. By
contrast, chlordiazepoxide increased punished responding at
higher levels of response suppression (30) independent of the
discriminative stimulus used (34).

In conclusion, our results indicate that $-adrenergic re-
ceptors are involved in stress-related behaviors in both rats
and mice. Consistent with our earlier study in rats, propra-
nolol attenuated restraint-induced behavioral and endocrine
changes in mice. We also provided evidence that stimulation
of central S-adrenergic receptors with isoproterenol mimics a
stress-related behavioral response and that this response was
prevented by pretreatment with propranolol, suggesting that
the effect was mediated by 8-adrenergic receptors.
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