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DUREL, L. A., D. S. KRANTZ AND J. E. BARRETT. The antianxiety effect of beta-blockers on punished responding.
PHARMACOL BIOCHEM BEHAYV 25(2) 371-374, 1986.—Clinically effective anxiolytic drugs generally increase respond-
ing that is suppressed by punishment. Although beta-adrenergic antagonists have been reported to reduce anxiety in
humans, such effects have not been reported reliably in animal punishment procedures. In the present study, three pigeons
were trained to key peck under a multiple schedule. In the presence of a white light every thirtieth response produced grain.
In the presence of a red light every thirtieth response produced grain and electric shock which suppressed responding to
approximately 10 percent of that occurring in the alternate component. Propranolol (1.0-5.6 mg/kg) and, less reliably,
atenolol significantly increased punished responding in a dose-related manner; propranolol effects were approximately
twice as large as those of atenolol. Both drugs no more than weakly increased unpunished response rates at doses that
increased punished responding. These results suggest that (1) beta-blockers have an antianxiety effect on punished behav-
ior, and that (2) peripheral beta-blockade, the predominant action of beta-blockers regardless of whether they readily
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penetrate the brain, is likely to be involved in this effect.
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SINCE their introduction for the treatment of cardiovascular
disorders, the beta-adrenergic antagonists have been asso-
ciated with a variety of behavioral effects [18,22]. Anxiety
reduction has been reported in controlled studies of these
drugs in anxious patients and in healthy subjects placed in
anxiety-provoking situations (see [7, 9, 21] for reviews). Pe-
ripheral beta-blockade, which reduces sympathetically-
mediated activity such as increased heart rate and cardiac
contractility, is generally thought to be sufficient to account
for the antianxiety effect of these drugs [18, 27, 28].

Shortly after the initial reports of anxiety reduction by
beta-blockers, several animal studies were performed with
propranolol, the most widely used beta-blocker. In contrast
to the studies with humans, these studies noted minor
changes in behavior but generally failed to detect any sub-
stantial antianxiety effect in a test usually predictive of such
activity [16, 23, 24].

The standard animal behavioral procedure used to char-
acterize drugs prescribed clinically to treat anxiety and to
test drugs for their possible efficacy in such treatment is a
procedure during which responding produces both rein-
forcement and punishment [11]. Behavior suppressed by
punishment procedure is typically increased by ben-
zodiazepines and other clinically effective antianxiety agents
[3, 10, 12, 25]. Results of human and animal studies of the
benzodiazepines, barbiturates, and meprobamate have led
reviewers to conclude that the punishment procedure is a

valid test to discriminate the classes of drugs which are clini-
cally effective antianxiety agents [3, 12, 25, 13]. Exception-
ally high correlations link the efficacy and potency of the
antianxiety agents in animal punishment studies with dos-
ages of drugs found effective in the treatment of anxious pa-
tients [2, 4, 5].

Although the animal studies of propranolol have reported
either weak or no anti-punishment effects [16, 23, 24], there
are continuing observations of change in mood and behavior
associated with the use of propranolol and other beta-
blockers in humans (see [7,8]). The present study reexam-
ined punished responding using propranolol and the newer
beta-blocker atenolol. Atenolol differs from propranolol on
several pharmacological parameters. For example, as a car-
dioselective beta-blocker, it antagonizes fewer of epineph-
rine’s noncardiac actions; in addition, it has only a very
weak ability to penetrate the brain [22,28]). However, it has
been related to human anxiety reduction [19].

METHOD
Animals

Three adult White Carneaux pigeons were maintained at
approximately 80% of their free-feeding body weights. The
birds were experimentally naive, having no previous expo-
sure to operant schedules, shock presentation, or drugs.

1Requests for reprints should be addressed to Lynn A. Durel, Department of Psycho]ogy, University of Miami, Coral Gables, FL 33124.
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FIG. 1. Averaged drug effects on punished responding are repre-
sented as filled symbols. Averaged drug effects on unpunished re-
sponding are represented as open symbols. Propranolol effects are
shown as circles, atenolol effects as triangles. Squares represent the
mean * one standard deviation of control rates.

Apparatus

The experimental chamber, measuring 29x28x33 cm,
consisted of Plexiglas walls and ceiling, except for the
aluminum front panel and a wire mesh floor. A plastic re-
sponse key (R. Gerbrands Co.) was located behind a two cm
diameter opening in the center of the front panel. The key
was transilluminated by pairs of red and white 7 W lamps. A
key peck of 15 grams (0.15 N) or more was defined as a
response and resulted in an audible click of a feedback relay
located behind the front panel. Below the key was an open-
ing through which acess to mixed grain was provided. The
food magazine, but not the response key, was illuminated
when grain was delivered. The experimental chamber was
situated in an enclosure which was ventilated, sound- and
light-attenuating, and supplied with white noise.

Electric shock was delivered through stainless steel wires
implanted around the pubis bone. The wires were connected
by a phone jack through a harness to a swivel connection at
the top of the chamber. Shock (200 msec in duration, 120 V
AC) was delivered through a variable resistor.

Procedure

The pigeons were trained to key peck on a multiple
schedule of two components, one in which responding was
unpunished and one in which it was punished. In the pres-
ence of a white key light, every thirtieth response produced a
two-second grain presentation (an FR 30 schedule). In the
presence of a red light, every thirtieth response produced
grain and, after stable performance was reached, also
produced electric shock. Shock intensity (3-4 mA) was ad-
Justed for each pigeon to maintain punished responding at a
level that typically resulted in one or two shocks per three-
min component. The two three-min components alternated
regularly and were separated by a 30 sec timeout period
during which the chamber was dark and responding had no
scheduled consequences. The 35-min experimental session
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TABLE 1
PUNISHED RESPONSE RATES (IN RESPONSES/SECOND) AND
MAXIMAL DRUG EFFECTS
Control Maximal Drug Effects
1 Standard
Subj No. Mean Deviation Propranolol Atenolol
P-2229-1 0.286 0.106 1.134* NA
P-2229-2 0.315 0.138 0.925* 0.811*
P-4258 0.140 0.094 1.666* 0.602*
P-4741 0.086 0.045 0.236* 0.116

*p<<0.05 Note: atenolol was not utilized during the first dose-
response series for P-2229 (see text).

was composed of five presentations of each component and
was conducted five days per week.

Propranolol or atenolol (in a saline vehicle) was injected
into the pectoral muscle immediately prior to the session.
Solutions of the drug or the saline vehicle were given in a
volume of 1.0 ml/kg of body weight. Propranolol was ad-
ministered first in two birds; atenolol preceded propranolol
in the other. Four doses ranging from 1.0 to 10.0 mg/kg (salt)
of body weight were given in an irregular order once or twice
for each drug series. (In order to find the range of effective
doses, the first propranolol series in P-2229 was expanded to
include doses of 0.3 and 17.0 mg/kg, that is, doses just above
and below the range of doses which had affected responding
in that animal. Punished and unpunished responding under
the lower dose were virtually the same as the control rates
and so the lower dose was omitted during the rest of the
study. At 17.0 mg/kg, both types of responding were signifi-
cantly decreased, an effect taken to be an indication of
nonspecific behavioral toxicity, and this dose was omitted
for the remaining drug series in all animals.) Drugs were
administered no more than twice weekly, typically on Tues-
days and Fridays, given that control patterns and rates of
responding remained relatively consistent compared to per-
formances that had stabilized prior to the beginning of drug
studies.

Data Analysis

The behavioral measure used in this study was the aver-
age response rate for each bird for the total session time in
unpunished or punished responses per second. The average
of each bird’s response rates for Thursday (non-drug) ses-
sions over the course of the study served as the measure of
control performance. (One animal, P-2229, received two
series of propranolol doses. Control rates for the first series
are based on the control data points for that series alone;
control rates for the second series are based on control data
for the atenolol series and the second propranolol series).
Drug effects were calculated as comparisons with the aver-
age control response rates for each bird at each dose. The
determination for each bird that significant changes in re-
sponding occurred after drug administration was made by a
confidence interval bracketing the control mean by two
standard deviations on either side. Response rates outside of
the interval were considered statistically significant.
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FIG. 2. Cumulative responses are on the ordinate and time on the
abcissa, with the pen resetting after each three minute component.
Downward pips in the odd-numbered components represent food
presentation; downward pips in the even-numbered components
represent food and shock presentations. Shocks are also recorded
on the bottom tracing.

RESULTS

When the data from the four propanolol series and three
atenolol series were averaged across subjects, non-drug con-
trol performances for the three subjects averaged 1.9 re-
sponses per second for unpunished responding and 0.2 re-
sponses per second for punished responding. The average
results of the study are represented graphically in the dose-
response curves of Fig. 1. Drug effects are the mean effects
for the three birds given as the percent of control.

Punished responding was greatly increased and effects
were related to drug dose for both drugs, although effects
were more consistent and stronger for propranolol. Unpun-
ished responding was increased only weakly, if at all, with
both beta-blockers, irrespective of drug dose within the ef-
fective dose range. While the two dose-response curves were
similar for the dose range and indicate considerable anxioly-
tic effect at 1.0, 3.0, and 5.6 mg/kg, propranolol was approx-
imately twice as effective as atenolol in releasing punished
responding. Neither unpunished nor punished responding
changed from control levels in response to injections of
saline. No influence of the order of administration on the
effects of the drugs was evident.

Control and maximal drug effect data for the individual
birds are given in Table 1. Propranolol significantly in-
creased punished responding at 5.6 mg/kg in all three birds;
at 1.0 and 3.0 mg/kg, the increase was significant in two birds
(P-2229 and P-4258). In one bird (P-2229), the increase in
punished responding was significant at 10.0 mg/kg of pro-
pranolol, as well as at the three lower doses. A second pro-
pranolol series following the administration of atenolol in
this bird again yielded significant results at 1.0, 3.0, and 5.6
mg/kg.

Although less effective than propranolol, atenolol gener-
ally increased punished response rates at the same doses as
propranolol in two of the birds. Punished responding was
significantly increased at 1.0, 3.0, and 5.6 mg/kg in one bird
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(P-4258), at 3.0 mg/kg in another (P-2229), and not at any
dose in the third (P-4741).

Figure 2 shows typical cumulative response records of a
control session (top) and a session the following day under
an effective drug dose (bottom). During the control session,
unpunished responding occurred at a consistent and rapid
rate after each brief pause foilowing food; punished respond-
ing was sporadic and suppressed. Propranolol (5.6 mg/kg)
increased punished responding to a level four times greater
than that occurring under control conditions; unpunished re-
sponding was only slightly increased.

DISCUSSION

Both beta-blockers, propranolol and atenolol, substan-
tially increased punished responding. With propranolol, the
effect was large and statistically significant in all three birds.
While effective at the same doses as propranolol, atenolol
resulted in a smaller increase in punished responding that
was significant in fewer instances. For both drugs, the in-
creases in punished responding were dose-related and oc-
curred over the same dose range. The results of this study
are also in accord with clinical reports of antianxiety effects
for propranolol and, more recently, atenolol [19].

The findings of the present study suggest that some pa-
rameter or parameters which differ from the earlier studies
are necessary for the rate-increasing effect of propranolol
upon punished responding to occur. The four studies of the
phenomenon varied in a number of ways. One possibly rele-
vant factor is the difference in control response rates. The
levels of punished responding in this study and in the only
earlier study to report a significant effect for propranolol
[24] were only moderately suppressed and were considerably
higher than the severely suppressed punished responding re-
ported by the other two earlier studies [16,23). The effects of
drugs on punished responding are influenced by a number of
parameters such as shock intensity and level of food depri-
vation which also affect control response rates [15,17]). Very
low rates of punished responding may not be increased even
by well-established antianxiety agents [1, 14, 15]. It is plaus-
ible, then, that the significant increases in punished respond-
ing in the present study are a function of less severely sup-
pressed responding.

Control rates were related to the magnitude of drug ef-
fects for both propranolol and atenolol (see Table 1). The
lowest maximal drug effects for both drugs occurred at the
lowest control rate and the highest maximal effect for
atenolol occurred at the highest control rate. The three high-
est control rates resulted in robust increases with proprano-
lol. This analysis suggests that the failure of two of the earlier
studies to find any anti-punishment effect for propranolol
may have been a function of their quite severely suppresssed
control rates. In contrast, the present study produced strong
increases in punished responding with propranolol against an
average baseline of moderately suppressed responding.

The mechanisms that may be responsible for the behav-
ioral effects of these drugs, and for the difference in effect
size between propranolol and atenolol, remain undeter-
mined. The prevailing thought in the human clinical litera-
ture is that decreases in heart rate and cardiac contractility
rather than central actions are the most relevant effects of
beta-blockers for anxiety reduction, as well as for cardiac
treatment [6, 18, 20, 21, 26]. The results reported here
suggest that propranolol may be more anxiolytic than
atenolol. In this regard, propranolol and atenolol differ along



374

several parameters that influence the extensiveness of their
peripheral actions, as well as their access to the brain (see
[7,22] for a discussion).

The relative effect of these drugs compared to a standard
antianxiety agent is also undetermined since such as agent
was not tested in this study. However, under similar proce-
dures, chlordiazepoxide produces effects that resemble
those of propranolol in magnitude [3,10]. Therefore, the
present findings of increased punished responding with pro-
pranolol and atenolol warrant examination of (1) the
suggested anti-punishment effect of beta-blockers relative to
that of a standard antianxiety drug and (2) mechanisms such
as heart rate change which may mediate this effect.
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SUMMARY

In this study, propranolol and, less strongly, atenolol in-
creased punished behavior while only marginally altering
unpunished behavior in pigeons. These findings strongly
parallel the effects of standard antianxiety drugs in other
studies. These results also parallel the antianxiety effects in
humans reported for beta-blockers.

ACKNOWLEDGEMENTS

This research was supported by Grants HL31514 from the Na-
tional Institutes of Health, DA02873 from the Public Health Service,
and RO7233 from USUHS.

REFERENCES

1. Cook, L. and A. C. Catania. Effects of drugs on avoidance and
escape behavior. Fed Proc 23: 818-835, 1964,

2. Cook, L. and B. Davidson. Effects of behaviorally active drugs
in a conflict-punishment procedure in rats. In: The Ben-
zodiazepines, edited by S. Garattini, E. Mussini and L. O. Ran-
dall. New York: Raven, 1973, pp. 327-345.

3. Cook, L. and J. Sepinwall. Behavioral analysis of the effects
and mechanisms of action of benzodiazepines. Adv Biochem
Psychopharmacol 14: 1-28, 1975.

4. Cook, L. and J. Sepinwall. Psychopharmacological parameters
of emotion. In: Emotions—Their Parameters and Measure-
ment, edited by L. Levi. New York: Raven, 1975, pp. 379-404.

5. Cook, L. and J. Sepinwall. Reinforcement schedules and extrap-
olations to humans from animals in behavioral pharmacology.
Fed Proc 34: 1889-1897, 1975.

6. Cruickshank, J. M. The clinical importance of cardioselectivity

and lipophilicity in beta blockers. Am Heart J 100: 160-178,

1980.

Durel, L. A, D. S. Krantz, J. Eisold and J. D. Lazar. Behav-

ioral effects of beta-blockers: Reduction of anxiety, acute

stress, and Type A behavior. J Cardiopulm Rehab 5: 267-273,

1986.

8. Kaplan, N. M. The present and future use of B-blockers. In:
Symposium on B-Blockers in the 1980s: Focus on Atenolol,
edited by J. I. S. Robertson, N. M. Kaplan, A. D. S. Caldwell
and T. M. Speight. Drugs 25: Suppl 2, 1-4, 1983.

9. Frishman, W. H., A. Razin, C. Swencionis and E. H. Son-
nenblick. Beta-adrenoceptor blockade in anxiety states: New
approach to therapy? Cardiovasc Rev Rep 2: 447-459, 1981.

10. Geller, 1., T. Kulak, Jr. and J. Seifter. The effects of chlor-
diazepoxide and chlorpromazine on a punishment discrimina-
tion. Psychopharmacologia 3: 374-385, 1962.

11. Geller, I. and J. Seifter. The effects of meprobamate, barbitu-
rates, d-amphetamine and promazine in experimentally induced
conflict in the rat. Psychopharmacologia 1: 482-492, 1960.

12. Haefely, W. E. Behavioural and neuropharmacological aspects
of benzodiazepines. In: Brain Neurotransmitters and Hor-
mones, edited by R. Collu, J. R. Ducharme, A. Barbeau and G.
Tolis. New York: Raven, 1982, pp. 81-91.

13. Iversen, S. D. and L. L. Iversen. Behavioral Pharmacology,
2nd edition. New York: Oxford, 1981.

14. McMillan, D. E. Drugs and punished responding I: Rate de-
pendent effects under multiple schedules. J Exp Anal Behav 19:
133-145, 1973.

7

15. McMillan, D. E. Drugs and punished responding III: Punish-
ment intensity as a determinant of drug effect. Psychophar-
macologia 30: 61-74, 1973,

16. McMillan, D. E. Drugs and punished responding IV: Effects of
propranolol, ethchlorvynol, and chloral hydrate. Res Commun
Chem Pathol Pharmacol 6: 167-174, 1973.

17. McMillan, D. E. Determinants of drug effects on punished re-
sponding. Fed Proc 34: 1870-1879, 1975.

18. Middlemiss, D. N., D. A, Buxton and D. T. Greenwood. Beta-
adrenoceptor antagonists in psychiatry and neurology. J Phar-
macol Exp Ther 12: 419-437, 1981.

19. Neftel, K. A., R. H. Adler, L. Kapelli, M. Rossi, M. Dolder, H.
E. Kaser, H. H. Brugesser and H. Vockauf. Stage fright in
musicians: A model illustrating the effect of beta-blockers.
Psychosom Med 44: 461-469, 1982.

20. Neil-Dwyer, G., J. Bartlett, J. McAinsh and J. M. Cruickshank.
B-adrenoceptor blockers and the blood-brain barrier. Br J Clin
Pharmacol 12: 549-553, 1981.

21. Noyes, R. Beta-blocking drugs and anxiety. Psychosomatics 23:
155-170, 1982.

22. Patel, L. and P. Turner. Central actions of beta-adrenoceptor
blocking drugs in man. Med Res Rev 1: 387-410, 1982.

23. Robichaud, R. C., K. L. Sledge, M. A. Hefner and C. E.
Goldberg. Propranolol and chlordiazepoxide on experimentally
induced conflict and shuttle box performance in rodents. Psy-
chopharmacologia 32: 157-160, 1973.

24. Sepinwall, J., F. S. Grodsky, J. W. Sullivan and L. Cook. Ef-
fects of propranolol and chlordiazepoxide on conflict behavior
in rats. Psychopharmacologia 31: 375-382, 1973.

25. Stein, L., C. D. Wise and B. D. Berger. Antianxiety action of
benzodiazepines: Decrease in activity of serotonin neurons in
the punishment system. In: The Benzodiazepines, edited by S.
Garattini, E. Mussini and L. O. Randall. New York: Raven,
1973, pp. 299-326.

26. Turner, P. Beta-adrenoceptor blocking drugs and the central
nervous system in man. In: Recent Advances in Clinical Phar-
macology, edited by P. Turner and D. Shand. London:
Churchill and Livingston, 1983, pp. 223-234,

27. Tyrer, P. J. and M. H. Lader. Response to propranolol and
diazepam in somatic and psychic anxiety, Br Med J 2: 14-16,
1974.

28. Weiner, N. Drugs that inhibit adrenergic nerves and block ad-
renergic receptors. In: Goodman and Gilman's The Phar-
macological Basis of Therapeutics, 6th edition, edited by A. G.
Goodman-Gilman, L. S. Goodman and A. Gilman. New York:
MacMillan, 1980, pp. 176-210.



