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LAI H. AND M. A. CARINO. Acute white noise exposure affects the concentration of benzodiazepine receptors in the brain of the
rat. PHARMACOL BIOCHEM BEHAYV 36(4) 985-987, 1990. —Rats were acutely (45 min) exposed to 100-dB white noise, and
benzodiazepine receptors in the cerebral comex, hippocampus, and cerebellum were studied immediately after exposure by the
receptor-binding assay using *H-flunitrazepam as the ligand. An increase in the concentration of receptors was observed in the cerebral
cortex, whereas no significant change in receptor concentration was seen in the hippocampus and cerebellum, No significant effect of
noise on receptor binding affinity was detected in the three brain regions studied. Experimental handling also did not significantly affect
the benzodiazepine receptor properties. These data confirm previous reports that acute exposure to stressor can cause rapid changes
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in benzodiazepine receptors in the brain.
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VARIOUS studies have shown that loud noise is a stressor. Acute
and chronic exposure to noise cause changes in neuroendocrine,
neurochemical, and behavioral functions (1, 5-9, 17). In the
present study, we investigated the effect of acute exposure to loud
noise (100 dB) on benzodiazepine receptors in different regions of
the brain of the rat. Benzodiazepine receptors in the brain have
been suggested to play a role in an animal’s response and
adaptation to a stressful situation (15). Rapid chﬁr‘nges in benzo-
diazepine receptors have been reported in the brhins of animals
acutely exposed to various forms of stressor (10, 11, 13, 16, 18).
Since experimental handling during the noise exposure procedure
could constitute a stressful experience to the rats, a group of
unhandled animals also was included as a controliin this study.

METHOD

Animals

Male Sprague-Dawley rats (250-300 g) purchased from Tyler
Laboratory, Bellevue, WA were used. They were housed three to
a cage in a temperature-controlled (23°C) room adjacent to the
room where the animals would be exposed to moise and were
maintained on a 12-hr light-dark cycle (lights on 7:00-19:00 hr).
The rats were housed in the laboratory for at least two days before
an experiment and were provided with food and water ad lib.

Experimental Procedures
Noise exposure was done between 8:00-10:00 hr. Rats were

exposed to noise in Plexiglas cylindrical cages (15 ¢cm in diameter,
24 cm in length). Eleven rows of holes (1 ¢cm in diameter, 6 holes
per row) were equally spaced longitudinally on the wall of the
cylinder. One end of the cage was sealed closed and the other end
was a removable door. The cage was put on its side. A platform
made of plastic rods was placed longitudinally in the cylinder (3
cm from the lower side) allowed waste to fall through. The rat had
sufficient room to move freely inside the cage. A loudspeaker
(Speakerlab, WA; Model KR 4580) was mounted at 30 cm above
the cage and activated by a white-noise generator (Lehigh Valley
Electronics, Model 581-02) powered by an amplifier system
(Hewlett-Packard 467A power amplifier and 6215A power sup-
ply). The frequency range of the noise generator was up to 40
KHz. Noise level was set at 100 dB and found to be uniform inside
the cage as monitored with a sound meter (B & K, Inc.). The
background noise inside the cage was 60 dB, which came mostly
from the ventilation system in the room. By putting two cages side
by side, two animals were exposed at a time.

Experimental rats were exposed to the white noise for 45 min.
Two control groups were studied: 1) sham-exposed controls were
placed in the exposure cage and exposed to the ambient noise for
45 min before benzodiazepine receptors in their brains were
assayed; and 2) unhandled controls consisted of animals taken
directly from their home cage for immediate assay of benzodiaz-
epine receptors in various regions of the brain. In an exposure
experiment, the experimenter would put an animal in the cage,
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turn on the noise or leave the noise off in the case of sham-
exposure rats, and leave the room. At the end of the 45-min
exposure period, he would remove and sacrifice the rat. The
cerebral cortex, hippocampus, and cerebellum were dissected out
from the brain on ice for benzodiazepine receptor assay. The
dissection took approximately 2 min for each animal. Animals
were sacrificed by decapitation on a work-bench in the room
adjacent to the exposure room. The two rooms are separated by a
door, so that the animals still being exposed to noise or sham-
exposed were not exposed to the sight and noise of the sacrifice
procedure. Furthermore, we found no consistent effect of the order
of sacrifice on the binding properties of the benzodiazepine
receptors in the brain.

Benzodiazepine receptor binding assay was done according to
the method described by Medina et al. (14) using 3H-fluni-
trazepam as ligand. Brain tissues were homogenized in 10 vol. of
0.32 M sucrose solution using a glass homogenizer and centri-
fuged at 1,000 X g for 10 min. The supernatant was centrifuged at
30,000 x g for 25 min. The pellet was resuspended in 0.025 M
Tris-HCI buffer (pH 7.4) using a polytron (10 sec at setting 5) and
recentrifuged at 30,000 X g for 25 min. This washing procedure
was repeated twice and the final pellet was resuspended in
Tris-HCI buffer. Of this preparation, 100 pl (containing 0.1-0.15
mg of protein) was added to each of a set of tubes containing the
Tris-HC1 buffer with different concentrations of *H-flunitrazepam
(New England Nuclear, specific activity 80-85 Ci/mmol). The
total volume was 1 ml. Nonspecific binding was determined by
addition of 3 pM of diazepam to each of a similar set of tubes. The
tubes with their contents were incubated at 4°C for 25 min.
Incubation was terminated by addition of 4 ml of cold Tris-HCl
buffer and the solution was filtered with suction with a Brandel
cell-harvester through Whatman GF/B filter paper. The filters
were washed three times with 5 ml each of cold buffer and then
dried overnight in scintillation vials. Nine milliliters of Biosafe
NA (RPI Corp.) were then added and radioactivity was counted
with a scintillation counter at 63% efficiency. Protein concentra-
tion of the tissue homogenate preparation was determined by the
method of Lowry et al. (12) using bovine serum albumin as
external standards. Concentration (B,,,,,, in fmol/mg protein) and
affinity (Ky, in nM) of the receptor sites were determined by
Scatchard analysis using a computer program. Data points for the
analysis were fitted by linear regression.

Data Analysis

Data were analyzed by the one-way analysis of variance and
the difference between two treatment groups was compared by the
Newman-Keuls test. A difference at p<<0.05 was considered
statistically significant.

RESULTS AND DISCUSSION

Data on the effects of noise exposure on the concentrations of
benzodiazepine receptors in the three brain regions are presented
in Fig. 1. One-way analysis of variance of the data showed a
significant treatment effect in the cerebral cortex, F(2,18)=7.667,
p<0.005. Newman-Keuls test showed that the concentration of
receptors in the cerebral cortex of the noise-exposed animals is
significantly higher than that of the sham-exposed animals, whereas
no significant difference was found between the data of sham-
exposed and unhandled rats. No significant treatment effect on
receptor concentrations was found in the hippocampus, F(2,18) =
3.329, nonsignificant, and cerebellum, F(2,17)=0.672, nonsig-
nificant. Furthermore, no significant treatment effect on receptor
binding affinity was found in the three brain regions studied
(Table 1).
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FIG. 1. Concentrations (B,,,) of >H-flunitrazepam binding sites in
different brain regions of the unhandled, sham-exposed, and noise-exposed
rats.

Thus, our data show a brain-region selective change in the
concentration of benzodiazepine receptors after acute exposure to
loud noise. These data support previous reports that rapid change
in benzodiazepine receptors occurs in the brain after acute expo-
sure to stressor. The biological significance of a rapid change in
the properties of the benzodiazepine receptors in the brain after
stressor exposure is not clear. It may be related to an animal’s
response or adaptation to the stress situation.

However, a review of the literature shows that the direction of
change in receptors after acute stress is not entirely consistent.
Lippa et al. (11) reported a decrease in binding concentration of
*H-diazepam in the frontal cortex of rats after a conflict-test or
foot-shock session. Braestrup er al. (3) reported a decrease in
benzodiazepine binding sites in the cerebral cortex and hippocam-
pus of the rat after repeated electric foot-shock and postnatal
isolation, but an increase in the frontal cortex after repeated

TABLE 1

BINDING AFFINITY (Ky) (nM + SEM) OF *H-FLUNITRAZEPAM BINDING
SITES IN DIFFERENT REGIONS OF THE BRAINS OF THE UNHANDLED,
SHAM-EXPOSED, AND NOISE-EXPOSED RATS

Brain
Regions Unhandied Sham-Exposed Noise-Exposed
Cerebral 1.625 = 0.073 1.971 = 0.157 1.946 = 0.154
cortex (n=6) (n=7) (n=8)
F(2,18)=1.689, nonsignificant
Hippocampus 1.427 * 0.096 1.663 + 0.118 1.788 = 0.122
(n=6) (n=7) (n=8)
F(2,18)=2.396, nonsignificant
Cerebellum 1.404 = 0.138 1.658 = 0.110 1.772 = 0.129
(n=6) n=7) n=7)

F(2,17)=2.17, nonsignificant

Data were analyzed by the one-way analysis of variance.
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immobilization stress. Isolation, forced-swimming, and chronic
amphetamine intoxication had no significant effect on the recep-
tors. However, Soubrie et al. (18) demonstrated an increase in
*H-flunitrazepam binding sites in the cortex of the rat after
cold-water swimming (3 min in 6°C). Rago et al. (14) also showed
an increase in cerebral cortical benzodiazepine binding sites in rats
subjected to 5 min of forced-swimming at 20°C. Havoundjian er
al. (4) showed an increase in the efficacy of chloride ions to
enhance *H-flunitrazepam binding in the cerebral;r cortex of rats
subjected to 10 min of forced-swimming in water at 25°C. On the
contrary, Medina et al. (13) reported a decrease in >H-fluni-
trazepam binding sites in the cerebral cortex and hippocampus
after 15 min of swimming in 18°C water. In/ addition, the
hippocampus showed a rebound increase in binding sites at 1 hr
after the stress episode. More recently, Weizman et al. (19)
showed a decrease in in vivo binding of *H-RO 15-1788 to the
cerebral cortex, hippocampus, and hypothalamus| of mice sub-
jected to repeated swim-stress. Bowers and Wehner (2) demon-
strated an increase in GABA-stimulated *H-flunitrazepam binding
in the cerebral cortex of an ethanol-selective strain of mice
subjected to confinement in a maze. Interestingly, Lane et al. (10)
showed a decrease in *H-diazepam binding sites in the cerebral
cortex of rats exposed to a psychological stressor, a conditioned
stimulus that had been associated with foot-shock.

These diverse findings suggest that the change in central
benzodiazepine receptors may depend on the parameters of the
stressor and possibly the experimental conditions. For example,
increase (4, 16, 18), decrease (19), and biphasic changes (13,14)
in benzodiazepine binding sites in the brain have been reported
after swim-stress. However, the experimental conditions of these
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experiments are not exactly the same. An increase in benzodiaz-
epine binding was observed after short period of acute swimming
(3-10 min), whereas in the experiment in which a decrease in
binding was reported, animals were subjected to repeated swim-
stress (2 or 10 min per day for 7 days). Biphasic response (i.e., an
initial decrease followed by an increase in binding sites) was
observed in rats subjected to longer period (15 min) of swim-stress
when the animals showed signs of exhaustion. Thus, the duration
and frequency of stress exposure may determine the direction of
response of the benzodiazepine receptors in the brain.

On the other hand, the response may be selective for a stressor
and depends on the nature of the homeostatic disturbance triggered
by the stressor. This may explain why some stressors [e.g., short
period swimming, noise, immobilization, confinement in a maze
(2, 3, 16)] cause an increase, whereas other stressors [e.g.,
foot-shock and psychological stress (3, 10, 11)] cause a decrease
in central benzodiazepine receptor binding sites.

An important approach to further understand the stress-induced
responses of the benzodiazepine receptors is to evaluate the effects
of the different parameters of the stressors. Noise can be used the
stressor for such a study. Unlike the other stressors commonly
used in stress research, the intensity and duration of noise
exposure can be precisely controlled. Thus, dose-response rela-
tionship and interaction effects of the different parameters of the
stressor can be determined.

ACKNOWLEDGEMENT

This research was supported by a grant from the National Institute of
Environmental Health Sciences (ES-03712).

REFERENCES

1. Beardwood, C. J.; Mundell, C. A.; Utian, W. H. Gonadotropin
excretion in response to audiostimulation of human subjects. Am. J.
Obstet. Gynecol. 121:682-687; 1975.

2. Bowers, B. J.; Wehner, J. M. Interaction of ethanol and stress with
the GABA/BZ receptor in LS and SS mice. Brain Res. Bull.
23:53-59; 1989.

3. Braestrup, C.; Nielsen, M.; Nielsen, E. B.; Lyon, M. Benzodiazepine
receptors in the brain as affected by different experimental stresses:
the changes are small and not unidirectional. Psychopharmacology
(Berlin) 65:273-277; 1979.

4. Havoundjian, H.; Paul, S. M.; Skolnick, P. Rapid, stress-induced
modification of the benzodiazepine receptor-coupled! chloride iono-
phore. Brain Res. 375:401-406; 1986.

5. Kraicer, J.; Beraud, G.; Lywood, D. W. Pars intermedia ACTH and
MSH contents: effects of adrenalectomy, gonadéctomy and a neuro-
tropic (noise) stress. Neuroendocrinology 23:353-3677; 1977.

6. Kupfermann, I. Eating behavior induced by sound. Nature 201:324;
1964.

7. Lai, H. Acute exposure to noise affects sodium-dependent high-
affinity choline uptake in the central nervous system of the rat.
Pharmacol. Biochem. Behav. 28:147-151; 1987.

8. Lai, H. Effects of repeated exposure to white nbise on central
cholinergic activity in the rat. Brain Res. 442:403—*4{)6; 1988.

9. Lai, H.; Carino, M. A.; Wen, Y. F. Repeated néise exposure affects
muscarinic cholinergic receptors in the rat brain. Brain Res. 488:
361-364; 1989.

10. Lane, J. D.; Crenshaw, C. M.; Guerin, G. F.; Cherek, D. R.; Smith,
J. E. Changes in biogenic amine and benzadiaz:pine receptors
correlated with conditioned emotional response’ and its reversal by
diazepam. Eur. J. Pharmacol. 83:183-190; 1982.

11. Lippa, A. S.; Klepner, C. A.; Yunger, L.; Sano, M. C.; Smith, W.
V.; Beer, B. Relationship between benzodiazepine receptors and
experimental anxiety in rats. Pharmacol. Biochem. Behav. 9:853—
856; 1978.

12. Lowry, O. H.; Rosebrough, N. J.; Farr, A. L.; Randall, R. J. Protein
measurement using the Folin phenol reagent. J. Biol. Chem. 193:
265-275; 1951.

13. Medina, J. H.; Novas, M. L.; De Robertis, E. Changes in benzodi-
azepine receptors by acute stress: different effect of chronic diazepam
or RO 15-1788 treatment. Eur. J. Pharmacol. 96:181-185; 1983.

14, Medina, J. H.; Novas, M. L.; Wolfman, C. N. V.; Levi De Stein, M.;
De Robertis, E. Benzodiazepine receptors in rat cerebral cortex and
hippocampus undergo rapid and reversible changes after acute stress.
Neuroscience 9:331-335; 1983.

15. Polc, P. Electrophysiology of benzodiazepine receptor ligand: multi-
ple mechanisms and sites of action. Prog. Neurobiol. 31:349-424;
1988.

16. Rago, L.; Kiivet, R.-A.; Harro, J.; Pold, M. Central and peripheral
type benzodiazepine receptors: Similar regulation by stress and GABA
receptor agonists. Pharmacol. Biochem. Behav. 32:879-883; 1989.

17. Segal, D. S.; Kuczenski, R.; Swick, D. Audiogenic stress response:
behavioral characteristics and underlying monoamine mechanisms. J.
Neural Transm. 75:31-50; 1989.

18. Soubrie, P.; Thiebot, M. H.; Jobert, A.; Montastruc, J. L.; Hery, F.;
Hamon, M. Decreased convulsant potency of picrotoxin and pentet-
razol and enhanced [*H]flunitrazepam cortical binding following
stressful manipulations in rats. Brain Res. 189:505-517; 1980.

19. Weizman, R.; Weizman, A.; Kook, K. A.; Vocci, F.; Deutsch, S. I.
Paul, S. M. Repeated swim stress alters brain benzodiazepine recep-
tors measured in vivo. J. Pharmacol. Exp. Ther. 249:701-707; 1989.



